
AQUATIC PLANTS OF SAN DIEGO. 

Dunlr~r,the n e t  sl~ring of 1854 I had an 
escellent ol1po1 tunitj to note the aquatic flora 
of this vicinity. Doubtless i t  selclom reaches 
sr~ch luxnriance ; and in some j cars, ovirlg to 
tlie scarcity of water, nlany of the plants cer- 
tainly make no appearance. 

Surface-n-ater reachecl an esceedingly low 
stage in 1583 ; ancl Sail Diego n as sr~pposed 
reinarkably free from any water-plants, except 
tlie wide-spreacl Azolla, and a few other well- 
known species. I3owerer, the heavy rains of 
1884, flooding the entire country, revealed a 
surprisingly large variety ; and that, too, where 
one would least expect it,  -on tlie broacl, 
usually dry and barren mesas. 

The surface-geology of large portions of 
these mesas is characterized by innunlerable 
hillocks, or small mound-like formations, rising 
from one to four feet abo\-e the intervening 
depressions, and ranging from ten to fifty 
feet in diameter. They are generally nearly 
circnlar, thougll often irregular; and the de- 
pressions contain in stony places accurnula-
lions of cobblestones. 

These innrunerable hollows naturally become 
miniature lagoons as soon as heavy rains com-
mence ; and sooil the leaves of Callitriche are 
floating upon their surface, while the deeper 
portions of the little lakes are lined upon the 
bottom n ith large patches of Pilularia Ameri- 
cana. 'rillaea angustifolia (Kutt.), and Elatine ; 
ancl along the borders are other minute plants 
which altogether form a tanglecl mat of minia- 
ture lusl~riance, exceeding in comparison the 
regetation of the largest lakes. Some of the 
larger pools, longer covered mith water, are 
filled along the edges with junci, sedges and 
grasses, among which, at  the bottom, Isoetes 
thrives as well as in the norther11 lakes. 

Later in the season, Domningia pulchella and 
P o g o g ~ n e  nudiuscola, with several less con- 
slsicuous species. border the pools ; and still 
later a new golden Bloorneria, blue Brodiaeas, 
anci other beautiful Liliaceae. are found ; and 
these, in turn, give way to a few Compositae, 
preceding the next dry season. 

This year another plant, Marsilia vestita, 
common to lagoons at  high altitndes, and also 
Ammannia latifolia (L.) and Echinodins ros-
tratus (Engelm.), grew ztbundantly in this 
vicinity, 011 the borders of a usually dry flat, 
near the level of the sea. Other aqilatics mere 
found in great quantity throughout the country ; 
and nearly two dozen species of common water- 
plants, prerioosly unknown to this section, 
were added to the local flora. C. X. ORCUTT. 

SUNLIGHT AND 2'11E EARTIT'S ATAIOS-

TIIEXEis, me nlay remember, a passage in which 
Plato inquires what ~vould be the thoughts of a man 
who, having lived fro111 infancy tunder the roof of a 
cavern, where tlre light outside was inferred only by 
its shadows, was brought for tlie first time into the 
full splendors of the sun. \Ve lrlay have enjoyed the 
a~etaphor  without thinking that it has any physical 
application to ourselves, who appear to have no roof 
over our heads, and to see the sull's face daily; while 
tlie fact is, that if we do not see that we have a roof 
over our l~eads  in our atniosphere, and do not thirtk 
of i t  as one, it is because it seems so transparent aud 
colorless. 

Now, I wish to aslr your attentioil to-night to con- 
siderations in some degree novel, mlricll appear to ine 
to  show that it is llot tmnsparerit, as i t  appears, and 
that  this seeming colorlessness is a sort of delusion 
of our senses, owing to which we have never in all 
our lives seen the true color of the sun, wl~icll is in 
reality blne rather than white, as i t  loolrs; so tha t  
this air all about and above us is acting like a 
colored glass roof over our heads, or a sort of optical 
sieve, holding back the excess of blue in tile original 
sunlight, and letting only tlie white sift down to us. 
I vil l  first ask yon, then, to consider t.hat this seem- 
ing colorlessness of the air mag be a delusion of our 
senses, due to habit, which has never given us any 
thing else to compare it with. 

If that cave had beeti lit by sunsliirie conling 
t h r o ~ ~ g l l reddish glass in its roof, would tlre per- a 
petual dweller in i t  ever have had an idea but that 
the sun was red ? How is he  to lznow that the glass 
is ' colored,' if he  has iiever i n  his life any tliirig to 
compare it with 3 IIow can he have any idea but 
that  this is the sum of all the sun's radiations (corre- 
spo~ldi i~gto our idea of white or colorless light) 2 Will 
riot the habit of his life colifirn~ him in the idea that 
the sun is red ? and will he not tl~inlc that  there is no 
color in the glass, so long as he  cannot go outside to 
see 7 Has this any suggestion for us, who h a ~ e  none 
of us ever been outside our crystal roof to see P We 
must all acknowledge in the abstract, that habit is 
equally strong in us, wliether we dmell in a cave or 
under the sky; that  what we hare  thought from 
i n f a ~ ~ c ywill probably appear the sole possible expla- 
nation; and that, if we waut to break its chain, we 
should put ourselves, at  least i n  imagination, under 
conditio~ls where it 110 longer binds us. 

The Challenger has dredged from the bottom of the 
oceaii fishes which live habitually at  great depths, and 
whose enormous eyes tell of the  correspondingly 
faint light which must have descended to them 
tllrough the seemingly transparent water. I t  mill 
11ot be so futile a speculation as i t  may at  first seem, 
to put ourselves in ilnagiriation in the co~lditiori of 
creatures under the sea, and aslr what the sun may 
appear to be to thern; for, if the fish who had never 

1 A lecture delivered a t  the Royal institution, April 17, 1886, 
by Prof. S .P. LASGLEYof Alleghmy. From advanoe sheets of 
Natrire, liind!y filrnisheil by the editor. 
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risen above the ocean-floor were an intelligent being, 
might he not plausibly reason that the dim greenish 
light of his heaven — which is all he has ever known 
— was the full splendor of the sun, shining through 
a medium which all his experience shows is trans­
parent ? We ourselves are, in very fact, living at the 
floor of a great aerial sea, whose billows roll hundreds 
of miles above our heads. Is it not, at any rate, con­
ceivable that we may have been led into a like fallacy 
from judging only by what we see at the bottom ? 
May we not, that is, have been led into the fallacy of 
assuming that the intervening medium above us is 
colorless because the light which comes through it 
is so? 

I freely admit that all men, educated or ignorant, 
appear to have the evidence of their senses that the 
air is colorless, and that pure sunlight is white; so 
that, if I venture to ask you to listen to considerations 
which have lately been brought forward to show that 
it is the sun which is blue, and the air really acts like 
an orange veil, or like a sieve which picks out the 
blue and leaves the white, I do so in the confidence 
that I may appeal to you on other grounds than those 
I could submit to the primitive man, who has his 
senses alone to trust to; for the educated intelligence 
possesses those senses equally, and, in addition, the 
ability to interpret them by the light of reason; and 
before this audience it is to that interpretation that I 
address myself. 

Permit me a material illustration. You see through 
this glass, which may typify the intervening medium 
of air or water, a circle of white light, which may 
represent the enfeebled disk of the sun when so 
Viewed. Is this intervening glass colored, or not ? I t 
seems nearly colorless; but have we any right to con­
clude that it is so because it seems so? Are we not 
^taking it for granted that the original light which we 
see through it is white, and that the glass is color­
less because the light seems unaltered ? and is not an 
appeal to be made here from sense to reason, which, 
in the educated observer, recalls that white light is 
made of various colors, and that whether the original 
light is really white and the glass transparent, or the 
glass really colored and so making the white, is to 
be decided only by experiment, by taking away the 
possibly deceptive medium ? I can take away this 
glass, which was not colorless, but of a deep orange, 
and you see that the original light was not white, but 
intensely blue. If we could take the atmosphere 
away between us and the sun, how can we say that 
the same result might not follow? To make the 
meaning of our illustration clearer, observe that this 
blueness is not a pure spectral blue. I t has in it red, 
yellow, blue, and all the colors which make up white, 
but blue in superabundance; so that, though the 
white is, so to say, latent there, the dominant effect 
is blue. The glass colored veil does not put any thing 
in> but acts, I repeat, like a sieve straining out the blue, 
and letting through to us the white light which was 
there in the bluishness; and so may not our air do so 
too? 

I think we already begin to see that it is, at any 
rate, conceivable that we may have been hitherto un­

der a delusion about the true color of the sun, though 
of course this is not proving that we have been so. 
And it will at any rate, I hope, be evident that here 
is a question raised which ought to be settled: for the 
blueness of the sun, if proven, evidently affects our 
present knowledge in many ways, and will modify 
our present views in optics, in meteorology, and in 
numerous other things, — in optics, because we should 
find that white light is not the sum of the sun's radi­
ations, but only of those dregs of them which have 
filtered down to us ; in meteorology, because it is 
suggested that the temperature of the globe, and the 
condition of man on it, depend in part on a curious 
selective action of our air, which picks out parts of 
the solar heat (for instance, that connected with its 
blue light), and holds them back, letting other se­
lected portions come to us, and so altering the con­
ditions on which this heat by which we live depends; 
in other ways innumerable, because, as we know, 
the sun's heat and light are facts of such central im­
portance, that they affect almost every part of scien­
tific knowledge. 

I t may be asked, What suggested the idea that the 
sun may be blue rather than any other color ? My 
own attention was first directed this way many years 
ago, when measuring the heat and light from differ­
ent parts of the sun's disk. I t is known that the 
sun has an atmosphere of its own, which tempers its 
heat, and by cutting off certain radiations, and not 
others, produces the spectral lines we are all familiar 
with. These lines we customarily study in connec­
tion with the absorbing vapors of sodium, iron, and 
so forth, which produce them; but my own attention 
was particularly given to the regions of absorption, 
or to the color it caused; and I found that the sun's 
body must be deeply bluish, and that it would shed 
blue light, except for this apparently colorless solar 
atmosphere which really plays the part of a reddish 
veil, letting a little of the blue appear on the centre 
of the sun's disk where it is thinnest, and staining 
the edge red, so that to delicate tests the centre of 
the sun is a pale aqua*marine, and its edge a garnet. 
The effect I found to be so important, that, if this 
all but invisible solar atmosphere were diminished by 
but a third part, the temperature of the British Is­
lands would rise above that of the torrid zone; and 
this directed my attention to the great practical im­
portance of studying the action of our own terres­
trial atmosphere on the sun, and the antecedent 
probability that our own air was also and independ­
ently making the really blue sun into an apparently 
white one. We actually know, then, beyond con­
jecture, by a comparison of the sun's atmosphere 
where it is thickest, and where it is thinnest, that an 
apparently colorless atmosphere can have such an 
effect; and analogous observations which I have car­
ried on for many years, but do not now detail, show 
that the atmosphere of our own planet, this seemingly 
clear air in which we exist like creatures at the bot­
tom of the sea, does do so. We look up through our 
own air as through something so limpid in its purity, 
that it appears scarcely matter at all; and we are apt 
to forget the enormous mass of what seems of such 
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lightness, but which really presses with nearly a ton 
to each square foot, so that  tlie weight of all the 
buildings in this great city, for instance, is less than 
tliat of the air above them. 

I hope shortly to describe the method of proof that  
it, too, has been acting like an  optical sieve, holding 
back the blue; but it may naturally be arlred, Can 
our senses have so entirely deceived us that they 
give no hint of this truth, if i t  be one T Is the appeal 
wholly lo recondite scientific methods, and are there 
no indications, at  least, which we may gather for 
ourselves? I think there are, even to our unaided 
eyes, indications that  the seemingly transparent air 
really acts as an  orange medium, and keeps the blue 
light baclr in the upper sky. 

If I hold this piece of glass before my eyes, i t  seems 
colorless and transparent; but it is proved not to be 
so by looking through it edgewiue, when the liglit, 
by traversing a greater extent, brings out its true 
color, which is yellow. Every one knows this in 
every-day experience. We shall not get the color of 
the ocean by looking at  it in a wineglass, but by 
gazing through a great depth of i t ;  and so it is with 
the air. If we look directly up, we looli tbrongh 
where i t  is thinnest: but if we look horizontally 
through it towards the horizon, thiongh great thick- 
nesses, as a t  sunrise or sunset, is it not true that 
this air, where we see its real color most plainly, 
makes the sun look very plai~ily yellow or orange? 
We not only see here, in humid English skies, the 
'orange sunset waning slo~v,' hut most of us, in these 
days of travel, can perfectly testify that tlie clearest 
heavens tlie earth affords, the rosy tint on the sriows 
of hIont Glanc, forerun~iing the dawn, or the warm 
glow of the sun as he sets in Egyptian skies, show 
this iiiost clearly, -sliow that  the atmosphere holds 
back tlie blue rays by preference, and lets the orauge 
throngh 

Ii next we ask, What has becoine of tlie blue that 
it has stopped? does not that  very blue of tlie mid- 
day sky relate the rest of the story, -that blne wllich 
Professor Tyndall has told us is due to tlie presence 
of innumerable fine particles in the air, which act se- 
lectively on the solar Ivavcs, diffusing the blue liqht 
towards us?  I hope it will be understood that  Pro- 
fessor Tyndall is in no way responsible for my own 
inferences ; but I think it is safe, at  least, to say 
thdt the sliy if not self-luminous, and that, since i t  can 
only be shining blue a t  the expense of tlie sun, all tlie 
light this sky sends us has been taken by our atmos- 
phere away from the direct solar bearn, which would 
grow both brighter and bluer if this were restored to 
it. 

If all that has been said so far renders it possible 
that the sun may be blue, you will still have a right 
to say that  'possibilities ' and '~riaybes' are not evi- 
dence, and that  no chain of mere hypotheses will 
draw truth out of her well. We are all of one mind 
here, and I desire next to call your attention to what 
I think is evidence. 

Remembering that  the case of our supposed dweller 
in the cave who could not get outside, or tliat of the 
inhabitants of the ocean-floor who cannot rise to the 

surface, is really like our own, over whose heads is a 
crystalline roof which no man from the beginning of 
time has ever got outsideof, -an  upper sea to whose 
surface we have neT er risen, -we recognize that if 
we could rise to the surface, leaving the medium 
whose effect is i11 dispute wholly beneath us, we 
should see the sun as i t  is, and get proof of an  incon- 
trovertible kind ; and that, if we cannot entirely do 
this, we shall get nearest to proof under our real cir- 
cumstances by going as high as we car1 in a balloon, 
or by asceuding a very high mountain. The balloon 
will not do, because we .have to use heavy apparatus 
requiring a solid foundation. The proof to which I 
ask your kind attention, then, is that  derived from 
the actual ascent of a remarkable mountain by an  
expedition undertaken for that purpose, n7hich car- 
ried a whole physical laboratory up to a point where 
nearly one-half the whole atmosphere lay below us. 
I wish to describe the difference we found in the 
sun's energy a t  tlie bottom of the mountain, and a t  
the top, and then the means we tool; to allow for the 
effect of that  part of the earth's atmosphere still over 
our heads even here, so tha t  we may be said to have 
virtually got outside it altogether. 

Before we begin our ascent, let me explain more 
clearly what we are going to seek. TVe need not ex- 
pect to find that  the original sunlight is a pure mono- 
chroniatic blne by any means, but tha t  though its 
rays contain red, orange, blue, and all the other 
spectral colors, the blue, the violet, and the allied tints 
were originally there in disproportionate amounts ; 
so that, though all which make white were present 
froill the first, the refrangible end of the spectrum 
had such an  excess of color, that  the  dominant effect 
mas that of a bluish sun. In  the same may, when I 
say briefly that  our atmosphere has absorbed this ex- 
ces.; of blue and let the vhi te  reach us, I mean, more 
strictly speaking, tliat this atmosphere has absorbed 
all the colors, but selectively taking out more orange 
than red, riiore green tlli~il orange, more blue than 
green ; so tliat its action is wholly a taking-out, -an 
action lilie tliat which you now see going on witli this 
sieve, sifting a mixture of blue and white beads, and 
holdinq back the blne, while letting the white fall 
down. 

This experiment only rudely typifies the action of 
the atmosphere, which is discriminating arid selec- 
tive in a n  amazing degree ; and, as there are really a n  
infinite number of shades of color in the spectrum, 
i t  wo11ld take forever to describe the action in de- 
tail. I1 is rrierely for brevity, then, that  we now 
unite the more refrangible colors under the general 
word 'blue,' and the others under tlie corresponding 
terms 'orange ' or ' red.' 

All that I have the honor to lay before yon is less 
an announcement of absolute novelty than an  appeal 
to your already acquired knowledge, and to your rea- 
sou as superior to the delusio~is of sense. I have, 
then, no novel experiment to offer, but to ask you to  
look at  some familiar ones in a new light. We are 
most of us familiar, for instance, witli tliat devised 
by Sir Isaac Newton to show tliat white light is com- 
pounded of blue, red, and other colors, where, by 
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turning a colored wheel rapidly, all blend into a gray- 
ish white. Here you see the ' seven colors ' on the 
screen; but, thoogh all are here, I have intentionally 
arranged then1 so that there is too much blue, and 
the combined result is a very bluish white, which 
may roughly stand for that of the original sun-ray. 
I now alter the proportion of the colors so as to vir- 
tually take out the excess of blue, and the result is 
colorless or white light. White, then, is not neces- 
sarily made by combining the ' seven colors,' or any 
number of them, unless they are there in just pro- 
portion (which is in effect what Newton himself 
says); and white, then, nlay be made out of such a 
bluish light as we have described, not by putting 
any thing to it, but by taking away the excess which 
is there already. 

Here, again, are two sectors, -one blue, one orange- 
yellow with the blue in excess, -making a bluish disk 
where they are revolved. I take out the excess of 
blue, and now what remains is white. Here is the 
spectrum itself on the screen, but a spectruni which 
has been artificially modified so that the blue end is 
relatively too strong. I recotribi~ie the colors (by 
Professor Rood's ingenious device of an elastic mir- 
ror), and they do not make a pure white, but one 
tinted with blue. I take out the original excess of 
blue, and what remains combines into a pure white. 
Please bear in mind that vhen  we .put  in ' blue here, 
we have to do so by straining out other liglit through 
some obscnri~ig medium, which malces the spectrum 
darker, but that, in the case of the actual sunlight, 
introducing more blue introduces more light, and 
makes the spectrum brighter. 

The spectrum on the screen ought to be made still 
brighter in the blue than i t  is, -far, far brighter, -
and then it might represent to us the original solar 
spectrum before i t  has suffered any absorption either 
in the sun's atmosphere or our own. The Fraun-
hofer lines do not appear in i t ;  for these, when found 
in the solar spectrum, show that certain individual 
rays have been stopped, or selected for absorption by 
the intervening atmospheres; and, though even the 
few yards of atmosphere betneen the lamp and the 
screen absorb, it is not enough to show. 

Our spectrum, as it appears before absorption, 
might be compared to an army divided into numer- 
ous brigades, each wearing a distinct uniform, -one 
red, one green, one blue; so that all the colors are 
represented each by its own body. If, to represent 
the light absorbed as it progresses, we supposed that 
the army advances under a fire which thins its nurn- 
bers, we should have to consider that ( to give the 
case of nature) this destructive fire was directed 
chiefly against those divisions which were dressed in 
blue, or allied colors, so that  the army was thinned 
out unequally, many Inen in blne being killed off for 
one in red; and that, by the time i t  has advanced a 
certain distance under fire, the proportion of the men 
in  each brigade has been altered, the red being com- 
paratively unhurt. Almost all absorptioll is thus 
selective in its action, and oftell in an astonishing 
degree; killing off, so to speak, certain rays in prefer- 
ence to others, as though by an  intelligent choice, 

and not only destroying no st of certain divisions 
(to continue our illustration), but even picking out 
certain files in each company. Every ray, then, has its 
own individuality, and on this I cannot too strongly 
insist: for just as tlvo men retain their personalities 
under the same red uniform, and one may fall and the 
other survive, though they touch shoulders in the 
ranks, so in the spectrum certain parts will bc blotted 
out by absorption, while others nes t  to then1 may 
escape. 

To illustrate this selective absorption, I put a piece 
of didyniium glass i11 the path of tlie ray. I t  nil], of 
course, absorb some of the liglit; but, instead of dim- 
ming the whole spectrnm, we might allnost say it has 
arbitrarily chosen to select one narrow part for action, 
in this particular case choosing a narrow file near the 
oranqe, and letting all the rest go unharmed. I n  this 
arbitrary way our atniosphere operates, but in a far 
more complex manner, taking out a narrow file here, 
and another there, in hundreds of places all throngh 
the spectrum, but, on the whole, much the most i n  
the blue, tlie Fraunhofer lines being merely part 
of the evidence of this wonderful quasi-intelligent 
action which bears the name of selective absorption. 

Before we leave this spectrum, let us recall one 
most important matter. TTTe know that here, beyond 
the red, is solar energy in the form of heat, which we 
cannot see, but not on that account any less impor- 
tant. More than half the whole power of the sun is 
here invisible, and, if we are to study completely the 
action of our atmosphere, we shall have to pay great 
attention to this part, and find out some way of de- 
ternlining the loas in i t ;  whicl~ vil l  be difficult, for 
the ultra-red end is not only invisible, but compressed, 
the red end being sliat up  like the closed pages of a 
book, as you ma) notice by comparing the narrowness 
of the red with the width of the blue. 

Now, refraction by a prism is not the only way of 
forming a spectrum. Nature fnrnishes us color not 
only from the rainbow, but from non-transparent sub- 
stances, like mother-of-pearl, nllere tlie irridescent 
hues are due to nlicroscopically fine lines. Ar t  has 
lately surpassed nature in these wonderful ' gratings,' 
consisting of pieces of polished metal, in which we 
see at  first nothing to account for the splendid play 
of color apparently pouring out from thern like light 
from an opal, but which, on examination with a pow-
erful microscope, show lines so narrow that there are 
from fifty to a hundred in the thickness of a fine 
human hair, and all spaced with wonderful precision. 

This grating is equal in defining-power to many 
such prisms as we have just been looking at, but its 
light does not show well upon the screen. You mill 
see, however, that its spectrum differs from that of 
the prism, in that in this case the red end is expanded, 
as compared with the violet, and the invisible ultra- 
red is expanded still more; so tha t  this will be the 
best means for us to use in exploring that 'dark conti- 
nent ' of invisible heat found in the spectrum not only 
of the sun, but of the electric light, and of all incan- 
descent bodies, and of whose exislence we already 
know from Herschel and Tyndall. 

Now, we cai~riot reproduce the actual solar spectrum 
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on the screen, without the sun itself; but here are 
photographs of it, which show parts of the losses the 
different colors have suffered on their way to us. 
We have before us tlle well-known Praunhofer lines, 
due, you remember, not only to absorption in the 
sun's atmosphere, but also to absorption in our own. 
We have been used to thit~li  of them in connection 
with their cause, one being due to the absorption of 
iron-vapor in the sun, another to that of water-
vapor in our own air, and so forth;  but norv I ask 
you to think of them only in connection with the fact 
that each is due to the absorption of some part of the 
original light, and that collectively they tell much of 
the story of what has happened to that  light on its 
way down to us. Observe, for instance, how much 
thicker they lie in the blue end than in the red, -an-
other evidence of the great proportionate loss in the 
blue. 

If we could restore all the lost light in these lines, 
we should get back partly to the original condition 
of things at  the very fount; and, so far as our own 
air is concerned, that is what we are to ascend the 
mountain for, -to see, by going up through nearly 
half of the atmosphere, what the rate of loss is in 
each ray by actual trial; then, knowing this rate, to 
be able to allow for the loss in the other part still 
above the mountain-top; and, finally, by recombining 
these rays, to get the loss as a whole. Itemember, 
however, always, that the most important part of the 
solar energy is in the dark spectrum, which we do not 
see, but which, if we could see, we should probably 
find to have numerous absorption-spaces in it corre- 
sponding to the Fraunhofer lines, but where heat has 
been stopped out rather than light. To  make our 
research thorough, then, we ought not to trust to 
the eye only, or even chiefly, but have some may of 
investigating the whole spectrum, - the invisible, in 
which the sun's power chiefly lies, as well as the visi- 
ble, and both with an instrument that would clis- 
criminate the energy in these very narrow spaces like 
an eye to see in the darlr; and, if science possesses 
no such instrument, then it may be necessary to in- 
vent one. 

The  linear thermopile is nearest to it of any, and 
we all here know what good work it has done; but 
even that is not sensitive enougl~ to measure in the 
grating spectrum, in some parts of which the heat is 
four hundred times weaker than it1 that of a prism, 
and me want to observe this invisible heat in very 
narrow spaces. Something llke this has been provid- 
ed since by Capt. Abney's most valuable researches; 
but these did not at  the time go low enough for my 
purpose, and I spent nearly a year, before ascend- 
ing the moutitairi, in inventing and perfecting the 
new instrumerit for measuring these, which I have 
called the 'bolometer,' or 'my-measurer.' The  prin- 
ciple on which i t  is founded is the same as that 
employed by my late lamented friend, Sir William 
Siemens, for measuring temperatures a t  tlie bottom 
of the sea, whicli is, that a smaller electric current 
flon~s through a warm wire than through a cold one. 

One great difficulty was to make the conducting- 
wire verg thin, and yet continuous; and for this 

purpose, almost endless experiments were made; 
anlong other substances, pure gold h a l i ~ l g  been ob- 
tainetl by cliernical means in a plate so thin that  i t  
tranvnitted a sea-green light through the solid snb- 
stance of the ~netal .  This proving unsuitable, I 
learned that iron had been rolled of extraordinary 
thinness in a contest of skill between some English 
and American iron-masters; and, procuring some, 
I found that  fifteen thousand of the iron plates they 
had rolled, laid one on the other, would make but 
one English inch, lIere is some of it, rolled between 
the same rolls which turn out plates for an  iron-clad, 
but so thin, that, as I let i t  drop, the iron plate flut- 
ters down like a dead leaf. Out of this the first bo- 
lorneters were made; and I may mention that the cost 
of these earlier experiments was met from a legacy 
by the founder of the Royal institution, Count Rum- 
ford. The iron is now replaced by platinum, in wires, 
or rather tapes, from a two-thousandth to a twenty- 
thousandth of an inch thick, one of which is within 
this button, where it is all but invisible, being far  
finer than a human hair. T will project it on the  
screen, placing a common small pin beside it as a 
standard of comparison. This button is placed in 
this ebonite case, and the thread is moved by this 
micrometer screw, by which i t  can be set like the 
spider-line of a reticule; but by means of this cable, 
connecting i t  to the galvanometer, this thread acts as 
though sensitive, like a nerve laid bare to every indi- 
cation of heat and cold. I t  is, then, a sort of sen-
tient thing: what the eye sees as light i t  feels as heat, 
and what the eye sees as a narrow band of darlrness 
( the  Praunhofer line) this feels as a narrow belt of 
cold; so that, when moved parallel to itself and the  
Praunhofer lines down the spectrum, i t  registers their 
presence. 

I t  is true, we can see these in the visible spectrum. 
But you remember, we propose to explore the invisi- 
ble also; and, since to this the dark is the same as the 
light, it will feel absorption-lines in the infm-red 
which might remain otherwise ut)known. 

I have spent a long time in these preliminary re- 
searches, in indirect methods for determining the  
absorption of our atmosphere, and in experiments 
and calculations which I do not detail; but i t  is so 
often supposed that  scientific investigation is a sort 
of happy guessing, and so little is realized of the 
labor of preparation and proof, that  I have been 
somewhat particular in describing the essential parts 
of the apparatus finally employecl; and now we must 
pass to the scene of their use. 

We have been compared to creatures living a t  the 
bottom of the sea, who frame their deceptive tradi- 
tional notions of what the sun is like from the feeble, 
changed rays which sift clown to them. Though such 
creatures could not rize to  the surface, they might 
swim up towartls i t ;  and if these rays grew hotter, 
brighter, and bluer, as they ascended, it would be al- 
most within tlie capacity of a fish's nlind to guess that  
they are still brighter and bluer at  the top. Since 
we children of the earth, while dwelling on it, are 
always a t  the bottom of a sea, though of anothersort, 
the most direct tnethod of proof I spolce of, is merely 



to group as far as we can, and observe what happens; 
thouqh, as we are men, and not f i~hes ,  somethirig 
more may fairly be expected of our intelligence than 
of theirs. 

We will not only guess, but measure and reason; 
and in particular me will first, ~ ~ l i i l e  still a t  the bot- 
tom of the mountain, draw the light and heat out 
into a spectrum, a ~ i d  analyze every part of it by some 
rnethod that will enable us to explore the invisible, as 
well as record the visible. Then we will ascend many 
miles into the air, meeting the rays on the way down, 
before the sifting process has done its whole work, 
and there analyze the light all over again, so as to be 
able to learn tlie different proportions in which the 
different rays have been absorbed, and, by studying 
the actior~ on each separate ray, to prove the state of 
things which niust have existed before this sifting- 
this selective absorption -began. 

I t  may seem at first that we cannot ascend far 
enough to do much good, since the surface of our 
aerial ocean is hundreds of miles overhead; but we 
must remember that  the air grows thinner as we as- 
cend, the lower atmosphere being so much denser 
that about one-half the whole substance or rriass of i t  
lies witllin the first four miles, which is a less height 
than the tops of some mountains. Every high moun- 
tain, however, will not do: for ours must not only 
be very high, but very steep; so that the station we 
choose at  the bottom inay be almost under tlie station 
we are afterwards to occupy at  the top. 13esides, we 
are not going to climb a lofty, lonely summit, like 
tourists, to  spend an hour, bot to spend weeks; so 
that we must have fire and shelter, and, above all, we 
must have dry alr to get clear sbies. First I tliought 
of the Peak of Teneriffe: but after~rards some point 
in the territories of the United States seemed prefer- 
able, particularly as the go\ erilmeilt offered to give 
the expedition, through the signal-service, and under 
the direction of its head, Gen. IIazen, material help 
in transportation, and a nlilitary escort, if needed, 
anywhere in its owp do~ninions. No summit in the 
eastern part of the United States rises much over 
seven thousand feet, and, tllough the great Rocky 
Mountains reach double this, their tops are the home 
of fog andmist;  so that the desired conditions, if met 
a t  all, could only be found on the other side of the 
continent, in southern California, where the smn-
mits of the Sierla Nevadas rise precipitously out of 
the dry air of the great wastes in louely peaks, which 
look eastward down from a height of nearly fifteen 
thousand feet upon the desert lands. 

This remote region was, at  the time I speak of, 
almost unexplored ;and its highest peak, Mount Whit- 
ney, had been but once or twice ~scended, but was 
represented to be all we desired, could we once climb 
it. As there was great doubt whether our apparatus, 
weighing several thousand pounds, could possibly be 
taken to the top, and we had to travel three thousa~ld 
miles even to get where the chief difficulties would be- 
gin, and make a desert journey of a hundred and fifty 
miles after leaving the cars, i t  may be asked why we 
committed ourselves to such an  immense journey, to 
face such unknown rislrs of failure. The answer 
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must be, that nlountains of easy ascent, and fifteen 
thousand feet high, are not to be found at  our doors, 
and that these risks were involved in the nature of 
our novel experiment; so that we started out from 110 

love of Inere adventure, but from necessity, much 
into tlle unknown. The liberality of a citizen of 
Pittsburgh, to  whose encouragement the enterprise 
was due, had furnished the costly and delicate appa- 
ratus for the expedition; and that of the transconti- 
nental railroads enabled us to take this precious 
freight along in a private car, ~vhich carried a l~itcheri, 
a sten~arcl, a coolr, and an ample larder besides. 

In this we crossed the entire continent from ocean 
to ocean, stopped at  San Francisco for the lnilitary 
escort, went three hundred miles south so as to get 
below the mountains, and then turned eastward again 
on to the desert, with the Sierras to the ~iortl i  of us, 
after a journey which would have been unalloyed 
pleasure except for the anticipation of mhat was com- 
ing as soon as we left our car. 1do not, indeed, lrnow 
that one feels the triumphs of civilization over the 
opposing forces of nature anywhere more than in 
the sharp contrasts which the marvellous luxury of 
recent railroad accommodatioiz gives to the life of the 
desert. Wllen one is in the centre of one of tlie great 
barren regions of tlie globe, and, after looking out 
from the windows of the flying train on its scorched 
wastes for lonely leagues of liabitless desolation, turns 
to  his well-fnrnishecl dinner-table, and the fruit and 
ices of his dessert, he need not envy the heroes of ori- 
ental story who mere carried across dreadful solitudes 
in a single night on the baclcs of flying genii. Ours 
brought us over tliree thousand miles to the Mojave 
desert. I t  was growing hotter and hotter wllen tlie 
train stopped in the midst of vast sand-wastes a little 
after midnight. Roused from our sleep, we stepped 
on to the brown sand, and saw our luxurious car roll 
away in the distance, experiencing a transition from 
the conditions of civilization to those alrriost of bar- 
barism, as s l~arp  as could well he imagined. We 
commenced our slow toil northward with a thermo~n- 
eter a t  110° in the shade, if any shade there he in the 
slladeless desert, which seemed to be chiefly inhabited 
by rattlesnakes of an ashen gray color and a pecnl- 
iarly venomous bite. There is no water save at  the 
rarest intervals; and the soil a t  a distance seems as 
though strewed with sheets of salt, which aids tlie 
delusive show of the mirage. These are, in fact, the 
ancient beds of dried-up salt lakes or dead seas, solne 
of them being below the level of tlle ocean; anrl sncll 
a one on our right, thong11 only about twenty miles 
wide, has earned the name of 'Death Valley,' from 
the number of human beings who hare  perished in it. 
Formerly an  emigrant-train, when emigrants crossed 
the continent in caravans, had passed through the 
great Arizona deserts in safety, until, after their half- 
year's journey, their eyes were gladdened by the 
snowy peaks of the Sierras looking delusively near. 
The goal of their long toil seemed before them: only 
this one more valley lay between ; and into this they 
descended, thinlcing to cross it in a day, but they 
never crossed it. Afterwards tlle long line of rragons 
was found, with the skeletons of the animals in the 
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harness, and by them those of men, women, and little 
children, dead of thirst; and some relics of the tragedy 
remained at  the time of our journey. I cite this as 
an  indirect evidence of the phenomenal dryness of 
the region, -a  dryness which so far served our ob- 
ject, whicli was, in part, to get rid, as much as possible, 
of that  water-vapor which is so well k l ~ o w l ~  to be a 
powerful absorber of the solar heat. 

Every thing has an  end; and so had that journey, 
which finally brought us to the goal of our long travel 
a t  the foot of the h~ghes t  peak of the Sierras, Blount 
Whitney, which rose abo%e us i n  tremendous preci- 
pices that looked hopelessly irlsnrrnountable and 
wo~lderfully near. The whole savage mountain 
region, in its slow rises from the west, and its descent 
to the desert plains in the east, is more like the chain 
called the Apennines, in the moon, than any thing I 
know on the earth. The summits are jagged peaks, 
like Alpi~ie ' needles,' looking in the thin air so delu- 
sively near, that, coming on such a scene unprepared, 
one would almost say they were large gray stones a 
few fields off, with an occasiollal little white patch on 
the top that  might be a handkerchief or a sheet of 
paper dropped there. But the telescope showed that  
the seeming stones were of the height of many Snow- 
dons piled on on(, allother, ancl the white patches 
occasional snonr-ficlds, looking how invitiiigly cool 
from the torrid heat of the desert, \?here we mere en- 
ca~nped by a little likulet that ran dowil from some 
unseen ice-lake in that upper air. Here we pitched 
our tents, and fell to work (for 4011 remember we 
must have two stations, a low and a high one, to com- 
pare the results) ; ant1 here we labored three weeks in 
almost intolerable heat, the instru~nents having to  be 
cor~stantly swept clear of the red desert dust which 
the hot wind brought. Close by these tents, a ther- 
mometer covered by a single sheet of glass, and 
surrounded by wool, rose to 23'i0 in the sun;  and 
sometimes in the tent, %?hicli was darkened for the 
study of separate rays, the heat was absolutely be- 
yond human endurance. Finally, our apparatus was 
take11 apart, and packed in small pieces on the backs of 
mules, who were to carry it by a ten-days' journey 
through the mouiitair~s to the other side of the rocky 
wall, whicli, though only ten or twelve miles distant, 
alose miles above our heads; and, leaving these mule- 
trains to go with the escort by this longer route, I 
started with a guide by a nearer way to those white 
gleams in the upper shies that had daily tantalized 
us bt~low in the desert with suggestions of delicious, 
unattainable cold. That desert sun hacl tanned our 
faces to a leather-like brown, and the change to the 
cooler air as we ascended was a t  first delightful. At  
all altitude of five thonsand feet we carne to a 
wretched band of nearly naked savages, crouched 
around their camp-fire, and a t  six thousand foruld 
the first scattered trees; and here the feeble sugges- 
tion of a path stopped, arid we descended a ravine to 
the bed of a ~rionntain stream, 11p which we forced 
our way, cutting through the fallen trees with an  axe, 
fighting for every foot of advance, and finally passing 
what seemed impassable. It was interesting to spec- 
ulate as to the fate of onrsiderostat mirrors and other 

precious freight, now sorne\vhere on a similar road, 
but quite useless. We were committed now, and had 
to make tlie best of i t ;  and, besides, I had begun to 
h a ~ emy attention directed to a more personal sub- 
ject. This was, that the colder it grew, the more the 
sun burnt the slrin-quite literally burnt, I may say; 
so that  by the end of the third day my face and hands, 
case-hardened, as I thought, ill the desert, began to 
look as if they had bee11 seared wit11 red-hot irons, 
here i11 the cold, where the thermometer had fallen to 
freezing at  night; and still, as we asceiidecl, the para- 
doxical effect increased. The colder it grew about us, 
the hotter the sun b l u e d  above. We have all heard, 
probably, of this curious effect of burning in the niidst 
of cold, and some of us may have experienced i t  in 
the Alps, where it may be aided by reflection from 
the snow, which we did not have about us a t  any 
time except in scattered patches; but here, by theend 
of the fourth day, my face was scarcely recog~~izable, 
and it almost seemed as though sunbeams u p  here 
were different things, and contained something which 
the air filters out before they reach us in our custo~n- 
ary abodes. Radiation here is increared by the ab- 
sence of water-vapor, too; and, on tlie whole, this 
in t iu~atepersonal experience fell in almost too well 
with our anticipations tha t  the air is an eTen more 
elaborate trap to catch the sunbeams than had been 
surmised, and that this effect of selective absorption 
and radiation was intimately connected with that  
change of the priinal energies and primal color of 
the sun which we had climbed towards it to study. 

On the fonrth day, after break-lieck ascents and 
descents, we finally ascended by a rabine down wllicll 
leaped a cataract, till, a t  nightfall, \te reachecl our 
upper camp, which was pitched by a little lake, one 
of tile sources of the waterfall, a t  a height of about 
twel\e thousand feet. but where we seemed in the 
bottom of a valley, nearly surrounded as we were by 
an  amphitheatre of rocky walls which rose perpen- 
dicularly to the height of Gibraltar from the sea, and 
cut off all view of the desert below, or even of the 
peak above us The air was ~vonderfully clear; so 
that the sun set in a yellow rather than an orange 
sky, which was reflected in  the little ice-rimmed lalres, 
and from occasional snow-fields on the distant waste 
of lonely mountain summits on the west. 

The mule-train, sent off before by another route, 
had not arrived when we got to the mountain camp, 
and we realized that we were far from the appliances 
of civilization by our inability to learn about our 
chief apparatus; for here, without post or telegraph, 
we were as con~pletc~ly cut off from all knowledge of 

what might be going on with it in the nes t  inountain 

ravine as a ship at sea is of the fate of a vessel that  

sailed before from the same port. During the en-

forced idleness, we ascended the pealc nearly three 

thonsand feet abore LI-, with our lighter apparatus, 

leaving the question of the ultimate use of the heavy 

ones to be settled later. There seemed littleprospect 

of carrying it up, as we climbed where the granite 

walls had been split by the earthqualres, letting a 

stream of great rock.;, like a stone river, flow down 

through the intel stices by which we ascended ; and. 
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in fact, the heavier apparatus was not carried above to study the differences between his rays a t  the sur- 
the monntain camp. face, and a t  the bottom of that turbid sea where 

The view from the very suminit was over number- we had left the rest of mankind. We descended 
less peaks on the west to an horizon, fifty miles away, tlie peak, and hailed with joy the first arrival of our 
of unknown mountain-tops; fnr, witli the exception mule-trains witli the requisite apparatus a t  the mouii- 
of the  vast ridge of Mount Tyndall, and'  one or two tain camp, and found that  it had suffered less than 
less conspicuous ones, tliese summits are not lrnown might be espected, cor~sidering the pathless character 
to fame; and, wonderful as the view nlay be, all the of the ~vilderness. We went to work to build piers, 
charm of association with human interest which we and monnt telescopes and siderostats, in tlie scene 
find in the mountain landscape of older lands is here shown by the next illustration on the screen, taken 
lacking. I t  was impossible not to be impressed wit'li from a sketch of my own, where these rocks in the 
the savage solitude of this desert of the upper air, immediate foreground rise to thrice the height of 
and our remoteness from man and his works; but I St. Paul's. We suffered from cold (the ice forming 

turned to tlie study of the special three inclies deep in the tents at  night) and from 
.,.--... things connected with my mis- mountain sicltness; but we were too busy to pay 
, 	 , sion. Down far below, tlie air much attention to bodily comfort, and worked witli 

' seemed filled with reddish dust desperate energy to utilize the remaining autumn 
', 	 that looked like an  ocean. This days, which were all too short. 

? dust is really present everywhere Here, as below, the sunlight entered a darkened 
'>, ( I  have found i t  in the clear air of tent, and was spread into a spectrum, which ~ v a s  

Etna) ;  and, though we do
! 

explored throughout by the bolometer, measuring on ; 
the same scparate rays wliich we had studied below 
in the desert, all of which were different up  here, all 
having grown stronger, but in very different propor- 
tions. On tlie screen is the spectrum as seen in the 
desert, drawn on a conveiitional scale, neither pris- 

bottom of a troubled nlatic nor normal, but such that the intensity of the 

' not realize its presencc in 
' looliing up through it, to one 

j ,,,---.. who looks down on it, tlie 
, 	 , -., :,\ 
I i dwellers on the earth seem 's,

I 
8 ;: i 

' :., 
' 

indeed lilie creatures at  the . I,I ?fi $: 
I 	 ( 

' ocean. SVe had energy shall be the same in each part, as it is repre- /1 cer-, ,i i ":'. ' 
tainly risen towards the sented here by these equal perpe~~dicnlars in every 

I8 </ 

': surface; for about us color. Fix your attention on these three as types, II s. 
 \j 1 ,
\ 5 


I s j  the air was of arid you will see better what we found on the moun- 

exact figures used in calculatior~, but round num- 
bers, to illustrate the process employed. I may pre- 

nlise that tlie visible spectrum extends 

of fort,v hundred- 

," . 	 - " .. 
DISTRIRUTIOS 03' SOLAR FXERGP AT SEA-LEVEL AND AT VARIOUS ILTITUDES. nrave - length) to 

near 80. All be- 
low 80, to the 

deep violet-blue as I have never seen in Egypt or right, is the inrisible infra-red spectrum. Now, 
Sicily: and yet even this was not absolntely pure, the ~ h a d e d  curve above the spectrum represents the 
for, separately invisible, the existence of fine parti- alnount of energy in the sun's rays at  the foot of 
cles could yet be inferred frorn their action on tlie the ~nountain,  and nras obtained in this nray: Fix 
light near the sun's edge; so that even here we had your attention for a moment on any single part of 
not got absolutely above that dust-shell which seems the spectrum; for instance, that  ~vliose wave-length 
to encircle our whole planet. But we certainly felt is GO. If the heat in this ray, as represented by the 
ourselves riot only in an upper, bnt a different re- bolometer a t  the foot of the nlountain, was (let us 
gion. We were on the ridge of tlie continent; and suppose) ZO, on any arbitrary scale we draw a vertical 
the winds rvhic11 tore by had little in common with line, t,wo inclies or two feet high, over that part of the 
the air below, and nrere bearing past 11s (according spectrllln. If tlie heat at  anotller point, such as 40, 
to  the geologists) dust wl~ich  had once formed part a line n ~ ~ u l d  were but J O ,  be drawn there a quarter 
of the soil of China, and been carried across the of an inch high; and so orr, till these vertical lines 
Pacific Ocean: for9 here we were lifted into the great mark out tlie shaded parts of tlie drawing, the gaps 
ericirciirig currents of the globe, and, 'near to the and depressions in nrhose outline correspond to the 
sun in lonely lands,' were in the right conditions 'cold bands' already spoken of. Again: if on top 
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of the mountain Te measure all these over once more, 
we shall find all are hotter; so that we must up there 
make all onr lines higher, but in very d<fferetztpropor-
tions. At 60, for instance, the heat (and light) may 
have grown from 20 to 3 O ,  c r  increased one-half, 
while above 40 the heat (and light) may have gronrn 
from +O to lo, or increased five times. These monn- 
tain measurements give another spectrum, the ener- 
gies in each part of which are defined by the middle 
dotted line, n hich we see indicates very mucll greater 
energy, whether heat or light, in the blue end than 
below. Kext, the light or heat ~ h i c h  would be ob- 
served at  the surface of the atmosphere is found in 
this way. If the mountain top rises through one-half 
the absorbing mass of this terrestrial atmospllere (it 
does not quite do so, in fact), and by getting rid of that  
lower half the ray 60 has grown in brightness from 2 
to 3, or half as much again, i n  going up to the top i t  
would gain half as much more, or become 4 t ;  while 
the ray near 40, which has already increased to five 
times what it was, would increase five times more, or 
to 25. Each separate ray increasing thus nearly in 
some geocentric progression (though the heat, as a 
whole, does not) ,  you see how we are able, by repeat- 
ing this process a t  every point, to build up our outer 
or highest curve, which represents the light and heat 
at  the surface of the atmosphere. These have grown 
out of all proportion at the blue end, as you see by 
the outer dotted curve, and now we have attained by 
actual measurement that evidence which we songht; 
and by thus reproducing the spectrum outside the 
atmosphere, and then recombining the colois by like 
methods to those you have seen on the screen, we 
finally get the true color of the sun, which tends, 
broadly speaking, to blue. 

I t  is so seldom that  the physical investigator meets 
any novel fact quite unawares, or finds any thing 
except that in the field where he is seeking, that he 
must count it an unusual expelience to come unex- 
pectedly on even the smallest discovery. This expe- 
rience I had on one of the last days of work on the 
spectrum on the mountain. I mas engaged in ex-
ploring that great invisible heat-region still but so 
partially ltnonn, or, rather, I was mapping in that 
great 'dark  corltinent' of the spectrum, and by the 
aid of the exquisite sky and the new instrunlent (the 
bolometer) found I could carry the survey farther 
than any had been before. I substituted the prism 
for the grating, and ~neasured on in that unknown 
region till I Elad passed the Ultima Thule of p~evious 
travellers, and finally came to what seemed the very 
end of the invisible heat-spectr~un, beyond what had 
previously been known. This was in itself a return 
for much trouble, and I was about rising from my 
task, when it occurred to me to advance the bolometer 
still farther; and I shall not forget the surprise and 
emotion with which I found new and yet unrecog- 
nized regions below, -a new invisible spectrum be- 
yond the farthest limits of the old one. 

I will anticipate here by saying, that, after we got 
down to lower earth again, the explorations and map- 
ping of this new region was continued. The amount 
of solar energy included in this new extension of the 

invisible region is much less tlran that  of the visible 
spectrum; while its length upon the wave-length scale 
is equal to all that previoufly Irnomn, visible and in- 
visible, as you will see better by this view, having 
the same thing on the normal as well as the prismatic 
scale. If it be asked which of these is correct, the 
answer is, Both of them. Both, rightly interpreted, 
mean just the same thing; but i n  the lower one we 
can more conveniently compare the ground of the 
researches of others with these. These great gaps 
I was a t  first in doubt about; but more recent re-
searches a t  Alleghany lnalre it probable tha t  they are 
caused by absorption in our own atmosphere, and not 
in that of the sun. 

TVe would gladly have staid longer, in spite of 
physical discomfort; bnt the formidable descent and 
the ensuing desert journey were before us, and cer- 
tainly the reign of perpetual winter around us grew 
as hard to bear as the heats of the desert summer had 
been. On Sept. 10 we sent our instruments and the 
escort back by the former route, and, ourselves unen- 
cumbered, started on the adveilturous descent of the 
eastern precipices by a downward climb, which, if 
successful, would carry us to the plains in a single 
day. I a t  least shall never forget that day, nor the  
scenery of more than Alpine grandeur which we 
passed in  our descent, after first climbing by frozen 
lakes in the northern shadow of the great peak, till 
we crossed the eastern ridges, through a door so nar- 
row that only one could pass i t  at a time, by clinging 
with hands and feet as he  swung round the shoulder 
of the roclis- to find that  he  had passed in a sin-
gle minute from the view of winter to summer, the 
prospect of the snowy peaks behind shut out, and 
instantly exchanged for that  below of the glowing val- 
ley and the little oasis, where the tents of the lower 
camp were still pitched, the tents tllemselves invisi- 
ble, but the oasia lookinq like a green scarf dropped 
on the broad floor of the desert. We climbetl still 
downward by scenery unique in my recollection. 
This view of the ravine on the screen is little more 
than a memorandum made by one of the party in 
a fen minutes' halt part !I-ay down, as we followed 
the ice-stream bet~veen the tremendous walls of the 
defile which rose two thousand feet, and between 
wllicll we still descended, till, toward night, the ice- 
brook had grown into a mountain torrent, and, look- 
ing up the long vista of our day's descent, we saw it 
terminated by the peak of Whitney, once illore lonely 
in  the fading light of the upper sky. 

This site, in some respects uneynalled for a physi-
cal observatory, is likely, I am glad to say, to be 
utilized; the president of the United States having, 
on the proper representation of its value to science, 
ordered the reservation, for such purposes, of an  area 
of a hundred square miles about and inclusive of 
Mount Whitney. 

There is little more to add about the journey back 
to civilization, where we began to gather the results 
of our observation, and to reduce them; to smelt, 
so to speak, the metal from the ore we had brought 
homc, -a slow but necessary process, which has oc- 
cupied a large part of two years. The results, stated 



in the broadest way, meall that the sun is blue, but 
mean a great deal more than tha t ;  this blue~iess in it- 
self being, perl~aps, a curious fact only, but, in what it 
implies, of practical moment, We deduce in colinec- 
tion with i t  a. new value of the solar heat, so far nlter- 
irig the old estimates, that we riow find it capable of 
melting a shell of ice sixty yards thick annually over 
the whole earth, or, what may seem more intelligible 
in its practical bearings, of exerting over one-horse 
poffer for each square yard of the ~lormally exposed 
surface, We have studied the distribution of this 
heat in a spectrum whose limits on the normal scale 
our exgloratior~s have carried to an  extent of rather 
more than twice what was previouqly known, and we 
have found that the total loss by absorption from tlie 
atmosphere is i~early clouble what has been hereto- 
fore supposed. We have founcl it prob;~ble that  the 
human race owes its existellee and preservation to 
the heat-storing action of tlie atmosphere even Inore 
than lias been believed. 

The direct determination of the effect of water-
vapor ill this did not come witliin our scope; but tliat 
the irnporta~lce of the blanketing action of our atmos- 
pheric constituents has bee11 in no way over-stated, 
rnay be inferred wllerl I add tliat we have found by 
our experiments, that, if the planet were alloa~ecl to 
radiate freely into space, witliout any protectingveil, 
its su~l l i t  surface wo111d probably fal!, even in the 
tropics, below the temperature of freezing mercury. 

I will not go 011 enurneratir~g the results of these 
investigations; but they all flow from the fact, ~vhich  
they in turn confirm, that tliis apparently linlpid sea 
above our heads, ant1 about us, is carrying on a mon- 
tlerfully intricate worli o~ the sunbeam, and on the 
heat returned from tlie soil, picliing out selected 
parts in hundreds of places, sorting out i~lcessa~ltly 
at a tasli whicll rvould keep the sortiug demons of 
Uaxwell busy, and, as one result, changing the sun- 
beam OII its may down to us i r ~  the way we have seen. 

I have alluiled to the yractical utilities of these re- 
searches: but, practical or not, I hope we nlay feel 
that  such facts as we have been considering about 
sunlight aud tlie ea~%h's atmosphere may be stones 
tlseful in the futnre edifice of science; arid that, if 
]lot in our own hantls, tlie11 in t l~ose of others when 
our day is over, they nlay fi~icl the best justification 
for the t~,ouble of their search in t l ~ e  fact that they 
prove of some use to man. 

May 1 add an expressiorl of my perso~lal gratifica- 
tion in the opportunity with which you have hon- 
ored me of bringing these resrarclirs before the 
Iloyal institution, and my thanlis for t l ~ e  kindness 
n i th  which yon have associated ourselves for an  
lionr, in retrospect at  least, with that  climb toward 
the stars which we have made toeether. to find from u 3 

light in its fulness v h a t  unsuspected agencies are at  
work to produce for us the light of conimon day. 

NOTES A N D  NEWS.  
THECommittee on meteorology, instituted by the 

International congress of meteorology, will meet for a 
third session in Paris in the beginning of the coming 
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September. Up to the present time, the followi~ig 
questions have been proposed for consideration dur- 
ing this session: lo.Report of the secretary on the 
labors of the committee since the meeting a t  Copen- 
hagell; 2O. Report of &Iessrs. Brito Capello, ?Tilde- 
brandsso11, arirl Ley, on the observation of t.lle cirrus; 
3O. Does it seem opportune to soon c o ~ l v e ~ ~ ea third 
i~iter~latiorial,co~lgress
of ~rieteorologists :' 4O. Estab- 
l i s h ~ ~ l e ~ l tof stations of the first order on the Xongo; 
5 O .  Discussion on the utility of the summaries of the 
state of the ~veatlier as publislied in the different 
countries, and the eventual preparation of a plan for 
lriore uniformity; Go. Discussion of the utility of 
the ~neteorological telegrairrs from America proposed 
by Gen. Uazen, and of an eve~ltual organization for 
their distribution in Europe; 'iO.By what means 
can the timely receipt of meteorological telegrams 
be assured ? So. Should the reduction of barometer 
readings to gravity under 45O of latitude be generally 
i~ltrodncecl? go. I s  it desirable to also count in 
rrleteorology tlie hours of the day from 1 h. to 24 b. 
according to the resolutioiis of tlie i~~ternat ional  con-
ference in TTashington P lo0. Designation for a nni- 
formly covered sky according to the form of the 
clouds; llO.Definition of rain arid s~lolv days; lzO. 
Sliould not the general adoption of a uniform height 
abore the earth for rain-gauges be recommended? 
13O. What progress has been iiiade lately in the more 
exact measnrement of sllow ; 14O. Irrternational 
meteorological tables; 150. JIoclification of the rules 
for the admillistration of the international committee. 
Any rileteorologists intendir~g to submit to the com- 
mittee rernarlcs 011one or the other of these questions, 
or to propose other questions, can address 31r. Eobert 
H. Scott, Meteorological office, 116 Victoria Street, 
London. 
-Tlle French Acaderny of iriscriptioils and belles- 

lettres offers the Bordin prize in 1887 for the best 
treatment of the subject, ' A  critical examination of 
the geography of Strabo.' Competito~s are invited, 
lo,to review the history of the coirstitntion of the 
text of the work; zO, to compare the language of 
Strabo with that  of contemporaneous Greeli writers, 
such as Diodorus Siculus, etc.: 3O, to classify the o~igi -  
nal observations of Strabo, arid segregate them from 
such as are merely quoted by him from other author- 
i t ~ e s :  4O. to draw such definite conclusions as tlie 
above-n~entionecl studies may suggest. The memoirs, 
under the usual conditions, should be deposited with 
the secretary of the academy at Paris by the 31st 
of December, 1886. 
-The fifth German geograpllieal congress was held 

at  Hamburg, April 9-11 last, under the auspices of a 
local committee. 

-A meeting of the American metrological society 
was held at  Columbia college on Wednesday, May 20. 
Several interesting communications were made. 

-The Geogmaphischesjahrbuch (Gotha), now eclited 
by 11.Wagner since the death of its founder, Behn, 
will hereafter appear in t ~ v o  annual parts, with alter- 
nating contents, instead of as a sixigle volunie every 
two years, as heretofore. The part of ro111rne x.just 


