|

.
A

ln
i
i

il
|

























TRIBUNL

==
Z
&

IESONETNE A RS S

BY

LOUIS AGASSIZ, R. A. PROCTOR, DR. C. E. BRO\VN-SEQ[‘ART), BAYARD TAYLOR, PROF. C. F. CHANDLER,
JOUN LEE CONTE, M. D.,, PROF. FAIRMAN ROGERS, PROF. A. M. MAYER, PROF. W. A, NORTON,
MAJOR J. W. POWELL, PROF. SIMON NEWCOMB, PROF. WM. FERREL, PROF. WOLCOTT GIBBS,

PROF. S. ALEXANDER, PROF. F. V. HAYDEN, PROF B. SILLIMAN, DR. E. BESALS,

PROF. S. ALEXANDER, PROF. ELIAS LOOMIS, PROF. J. S. NEWBERRY,

CAPT. C. E. DUTTON, PROF. O. C. MARSH, LIEUT. G. M. WHEELER,

WM. A. HAMMOND, M. D., PROF. F. ALLEN,

HON. J. H. TRUMBULL,

AND CONTAINING ‘‘ THE POET LONGFELLOW,” BY JAMES T. FIELDS, AND ‘‘ THE PRAYER OF AGASSIZ,”
BY I. G. WHITTIER.

BOSTON:
HENRY L. SHEPARD & CO.,

(Successors to SHEPARD & Giri,)

187 4.



-'wa i Iy ‘
i




TRIBUNE POPULAR NCIENCE.

PARY I

TABLE OF CONTENTS.

PROCTOR’S LECTURES ON ASTRONOMY.

N T T R

Tue SuN’s FAMILY OF P’LANETS... -

COMETS AND METEORS. covvveeecnenrenanncass ,adego

'TRANSIT OF VENUS AND THE MOON....ovvvvvvinns 25

WONDERS OF THE STAR-DEPTHS.....cvvvvnnreeen- 33

BIRTH AND (GROWTH OF THE SOLAR SYSTEM...... 40
THE PRAYER OF AGASSIZ.

A PoeM BY JOHN Cr. WHITTIER . ¢..cvvvieiinoenes 46
AGASSIZ’S LECTV/RES AT PENIKESE.

FirsT LES!ONS TO THE ANDERSON SCHOOL....... 47

THE ART OF TEACHING. cviveurronnnrearenennnnns 48

THE BrST BOOKS TO STUDY ..ovovveveeninan ...49

CLASSIFICA 10N 1N NATURAL HISTORY
Graciat H$Tory OF THIS CONTINENT..

MEMORABLE WORDS OF PROF, AGASBHZ.veeuv.u. . 60
A RAINY DAY AT PENIKESE..ccvevetnetennnnnanes 62
_— e

PPROCTOR — AGASSIZ.

There is 1o science that has been more
illuminated than astronomy, by the discov-
eries of the last ten or fifteen years. Mr.
Proctor, in the course of lectures which is
here preseuted, exhibits the most recent theo-
ries warranied by the facts. Hence the fresh-
ness aud charm of these lectures, their free-
dom {rom what is now the common-place
knowledge of the text-books; and a certain
rush and vitality about them, as if — which was
the case —-there were not time enough to tell
their 1aighty tale.

To this story of the heavens we have added
some chapteis from the teachings of one who
knew more of this globe and the life that
dwells and bas dwelt upon it, than any other
man of this generation. . We feel assured that
thousands will welcome our vublication of

. e

several of the lectures of Prof. Agassiz to the
students of the Anderson School of Natural
History on Penikese Island. Very little that
was there said by that great teacher has hith-
erto found its way into print. The latest words
of the old man eloquent will be found pregnant
with the wisdom of his accumulated years.

SIX LECTURES BY R. A. PROCTOR.
‘A STUDY OF THE SUN.

THE FIRST LECTURE.

DISTANCE, SIZE, AND MASS OF THE SUN ; MARVELOUS
AMOUNT OF HEAT AND LIGHT EVOLVED; WITAT IS
KNOWN ABOUT THE SOLAR SPOTS AND ATMOS-
PHERE.

The first of the series of six lectures was given on
January 9, at Association Hall, by Prof. Richard A.
Proctor, Secretary of the Royal Astronomieal Society,
London, and author of several noted works upon
astronomical topics. The audience packed the capa-
cious hall to its ntmost limits. The treatment of the
subject was largely facilitated by views illuminated
with the oxy-hydrogen light.

THE LECTURE.

LADIES AND GENTLEMEN : I need hardly tell you
that a subject so wide as astronomy cannot be dealt
with in a single course of lectures, except by way of
survey. Every one of the subjects of my lectures
might very well occupy a whole course. I have
myself twice given a course of lectures on the Sunj
two years ago on the stars; and I expect next May
to give a course of lectures at the Royal Institution
on the planets —the subject of the next lecture in
my course in New York. Therefore you will readily
understand that all of my lectures will he mere sur-
veys. I only aim to present the leading features and
those characteristic of modern research.

The subject of our lecture to-night is the Sun —not
the most magnificent of all created objects, as indeed
I shal' = able to show you when I deal with the
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stars, but the noblest of all ereated things that min-
ister to the wants of man. In long past ages there
were men who worshiped the sun, and knelt down
in adoration before him, because they believed he
was the source of all good upon the earth: he was,
in fact, their God. Although in this they forgot the
Creator and worshiped the creature, yet if there was
any fault it may be pardoned. How little we think
when we see the sun rising as a ruddy globe above
the horizon, involved in leaden-colored clouds —how
little we think that at every instant that globe with
a mighty force is attracting not only the earth but
other planets far larger than the carth! Still less do
we think how, not merely in the daytime, but throngh
all time, that sun is pouring forth snpplies of light
and heat, infinitely greater than are required for the
wants of this earth. Now let us consider first the
facts we have to deal with, in order that we may sce
lhiow large and how powerful he is, and thus thor-
oughly appreciate his physical characteristics when
we come to consider them.
DISTANCE AND S1ZE OF THE SUN.

In the first place, let us consider the distance and
size of the sun, which [ need hardly say are nearly
related. There is a comparison by which we are
cnabled to indicate at once the relation of the sun
to us in magnitude and distance. It this earth were
1epresented by a globe one inch in diameter, then
the sun’s globe wonld be represented by an orb three
yards in diameter. If the sun’s globe in turn were
represented by a globe one inch in diameter, then
the distance would be represented by three yards;
our earth a globe one incli in diameter, the sun three
yards; the sun a globe one inch in diameter, the dis-
tance three yvards, Now let us consider what an
enormotts distanee that means.  An Arnstrong gun
fires a bullet at the rate of 400 yards per second. A
bullet fired at that rate, and maintaining it (o the
sun, would take 13 years to get there, and the sound
of the explosion would reach the sun half a year
later. In the case, therefore, of those men who wor-
shiped the snn and raised their voices in prayer to
him, if their voices could have been heard, and there
were an atimosphere, a medimn of intercommiunica-
tion by whieh the sonnd of their voices could reach
him, 13§ years wonld have been needed before their
prayers could have reached their god.  If there were
a steel rod conueeting the earth with the sun, and
the earth were by it brought into communication
with the sun, 300 years would elapse betore the strain
would reach the earth. Another consideration —and
this was suggested by Prof. Mendenhall of your coun-
try — 1> this: Feeling is conveyed along the nerves
10 times slower than sound travels.  If, therefore, an
infant were born having an arm of the somewhat

inconvenient length of 91,000,000 miles, so as to reach
the sun; and if, while in the cradle in boyhood, he
were to streteh out his arm and toueh the sun, that
infant might grow to the three-score years and ten
allotted to man, or even to four-score, but he would
never be ecouscious of the faet that the tip of his
finger wis burned. ITe must live 135 years before
any effect would be experienced.
GRAVITY ACTS INSTANTANEOUSLY.

Light, which travels with such veloeity, which
travels 200,000 miles in a single second of time, takes
cight minutes to reach us from the sun, so that when
we look at the sun we see him not in the place he
actually occupies in the ecliptic, but the place which
he oceupied eight minutes before.  And this leads to
the strange consideration that if gravity, the force
by whieh the snn rules the earth, were to occupy
the same time in passing over the interval between
the sun and the earth that light does, the years
would grow continually longer. Let us suppose the
earth, traveling from my left to my right around the
sun, which is directly opposite. When a body is
traveling forward against a material shower, such as
rainfall, the shower will appear to come somewhat
from the direction in which the shower is moving.
Thus the light from the sun comes somewhat
obliquely to meet the earth.  Suppose the foree of
attraction occupied the same time: that force would
oceupy o line. not from the sun but from a point
on the right of the sunj it would draw the earth not
toward the sun but somewhat in the direetion
toward which the earth is moving, and there would
be a econtinued increase in the carth's velocity and
an inerease in the length of the year; and this would
be manifested in a few years, and still more in the
hundreds of years during which astronomy has been
a seience; and beeanse there is no appreciable in-
crease in the length of the year, it is shown that the
force of gravity acts instantancously: that it acts
very much more quickly than light. Now that is a
wonderful thought. That is a kind of force entirely
unlike that with which we are familiar. It we strike
the water, & wave travels along the surface. If we
raise the voice in sound, it is conveyed along the
waves of air, and there is a certain rate of transmis-
sion.  Light would cirele the earth eight times in a
single second, but still it takes a certain time in trav-
eling; but gravity, the sun's might, acts, so far as we
can judge, instantaneously. It is one of the forces
of which we are able to give no aceount whatever,
for all our laws of matter are opposed to the concep-
tion of foree acting otherwise than by contact.
Newton is reported to have said that a man must be
mad who could assume hat any force whatever could

"act except by direct contact,
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THE SUN’S MIGIT.

Now let us consider the might that resides in the
sun. If the snn were merely an erb very much
larger than the earth, as we see he is, there might
still not boe the force necessary to the sun as a ruler
over the earth. Let me give yvou an idea of how
large the sun is. I am in the habit, in England,
when I wish to speak of the size of the sun, of
jnforming my audience that ** thisconntry (ngland)
in wlieh we live, which seems to us so large, is
nevertheless small by comparison with the earth, for
if the earth were one inch in diameter, England
would be a small triangular speck, which yon conld
scarcely recognize,” Dut I am afraid that to an
American audience that comparison weuld be im-
perfect. in fact, I have heard that an Amevican
traveling in LEngland found the country so small
that he at once songht the central counties, and was
even then afraid to go out in the evening for fear of
falling oft the little island. [Laughter.] We in
England, whether it be the natural courage ot our
disposition or the eftect of long habit, are not troubled
with that feeling. But even America is so small
compared with the sun, that if there were a
spot upon the snn as large as the whele of America,
it would be quite invisible to the naked eye. In-
deed, if an object as large as the earth were placed
immediately before the sun, and tbere appeared as a
black disk, it would nevertheless require a large
telescope to make it visible; 108 times does the sun’s
diameter exceed that of the earth, aud the surface of
the sun exceeds that of the earth 108 times 108 times,
or 11,600 times, while the velume of the sun exceeds
that of the earth 1,250,000 timnes. But the massof
the sun is net so much greater than the carth. It
wenld appear as though the bedy of the sun were
constitn:ed of matter about a quarter lighter on an
average than that which constitutes the earth, and
the result is that the sun’s mass instead of exceeding
the mass ef the earth 1,250,000 times, only exceeds it
815,000 times, Bat only consider what that means!
If this earth were to grow in density until its mass
were equal to that of the sun, then a half-ounce
weight—one of thoss that are used to batance our
Jetters——would weigh 4% tons. A man of average
wweight would be drawn te the earth as a weight of
20,000 tons. An object raised from the carth a single
inck would, in falling that short distance, acquire
a velocity three times greater than that of an express
train. Snch is the might with which the sun rules
this earsh.

TIE SOURCE OF IEAT AND LIGIIT.

buy aow let us pass from the question of the sun’s
might to its heat and light. "The sun is the source
of all these forms of light and life which exist npon
the earth. That is no idle dreamn. Iivery form of
force upon the earth, every action that we perform,

all the forms of energy we know of, even the very
thoughts we think, may be said to coms from the
sun. Itis by the snn’s heat that life is maintained
upon the earth.

And now as to the quantity of that heat. Sir John
Herschel in the South of Africa made experiments
to determine the actual quantity of heat
that is received from the sun. The heat
there was se great that at the depth of
four inches below the sand the thermometer
rose te 160°. He was able to cook a steak by placing
it in a Dbox covered with glass, and that iuside
another box with a glass cover; and to boil eggs
hard. IIe made experiments, and found in tne firsti
place that about one-fourth of the suwn’s light and
heat were cut off at midday by the air, and taking
that inte account, and making the requisite calcula-
tion for a large extent of surface, he fonnd that the
quantity of the sun’s heat that fell on an area of one
square mile would be sufficient to melt in a single
hour 26,000 tons of ice. Well, now that is merely

the quantity received by a square mile
of the earth’s surface. But the earth presents
to the =sun a surface (regardiug her for

a moment as a flat disk) 50,000,000 square
miles in extent. And then how small is the
quantity of the snn’s light and heat that this earth
actually captures. You have only te consider
how small the sun leoks in the heavens, and
consider how small eur earth would look beside him,
with this small diameter compared with his, of one
inch to three yards, and you can see how small a
proportion of the sun’s heat we cantnre. By a cal-
culation which can be readily made, it is found that
only the 2,000,000,000th part, or less than that pro-
portion, of the sun’s heat is captured by the earth;
and all the planets together reccive only one
227,000,000th part of the sun’s heat. Here is another
mystery tlie study of astronomy presents. Onlyone
part in 227,000,000 parts appears to be applied to any
useful purpose, and the rest scems wasted. It
is not for us to judge of the operations of Nature.
But here at any rate do we szem to find a cenfirma-
tion of the saying of the atheist that sounds so
strange te¢ wus, that “ Nature in filling a wine-glass
upsets a gallon.” There is the sun’s heat being con-
tinnally sent forth, and only the 227,000,000th part
received. Only imagine a merchant who spent
large sums of money, and who employed
only one cent wusefuliy for every $2,000,000
of his income. And that is what - the
sun appears teo be continunally doing.*” The
actual emission of solar light and heat correspends
to what would be obtained if on every square yaré
of the sun’s surface six tons of ceal were consumed
every heur. In every sccond the sun gives otd &
much heat as would be given out by burn'nmi

-
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11.670,000,000,000,000 tons: and this ecarth on
which wo live. if its whbole surface were glowing
wiih the samme hiecat as the sun, would give cut in
every second the same amonnt of heat that would
be given by burning up 1,000,000,000,000 tons of coal,
Ons million million ¢ ms of coal tu every second of
time—a globe only as lareo as our earth ! while tho
sun, the great ecenter of our system, gives ont every
second an amountof heat that wounld he given ont by
buraing 11,690,000,000,000,000 of tons of coal, or ahout
eizht times the whole supply of coal supposed to
exist in this earth. Inevery second thesun gjves out
the whola supply of that coal which we look at as
inexhaustihle, but which wo are consnming at snch
arate that in 3,00 or 4,090 years hence there can be
bat il doabt tha eoal vzill be exhausted upon the
earth. .
TIE SUN'S SPOTS.

Now, we have to consuler what the telescope and
other instrnments of research tell usabout the globe.
We have seen 1ts size, its mass, what a wonderfnl
amount of heht and beat it zives; aud now we have
to consider what the teleseopo tellsus. I need not
go over the series of researches by which the aspect
of the sun has been studied; bnt T will ouly remark
thatif Galileo and the others whe studied the sun—
if they had but known, a3 we know, how mnech we
owe to the sun—they wonld with a hundred-fold de-
gree of interest have studied thav wonderful orh.
At the beginning of their research they found the
sun's surface marked from time to time with large
epots, which will now be shown you

ACTUAL APPEARANCE OF THE SUN,

Feicalae d from a pictire af Lthe ann a« scen by Tacchinl on the day of
=~ e e of Deenber, 1470 sahiowing the snn Ppots and [rominences,

*liav e aseries of disgrams which I sliould have

been very glad to have suspended atl the time
for you, but 1 found the size of tho screen
would not permit me. You wilt have the diagrams
ouo by one bhefore you, interspersed with lantern
views, which by the kindness of Prof. Morton I can
exhibit to you. By tho first I will show you the
ceperal aspect of the sun, the way the sun appears
with its various spets. That diagram now bhefore
vou has been taken at the Cambridge Observatory
It is a photographic picture of the sun. There are
four such pictures, and they show yon the different
appearances of the sun. Sometimes there are a few
spots; at others moro; at others two zonecs appear
to be strewn with spots.

It was discovered early that thess spots ave
actually attached to the surface of the sun, that
they are carried round, that the sun’s globe re-
volves in about twenty-five of our days, carrying
these spots along with it. Other features were soon
recognized in these spots. We will have the second
of these diagrams shown, in which yon will have a
larger picture of these svots, and other pictures will
show you what will afterward bo presented on a
lavge scale—the appearance of bright spots around
the spots called facule. The spots are not uniform
in color, and have an outer friuge, while insido
there is a dark part which the first observers
thiought was actually black. But no part of the
supn’s simface, so far as we know, wonld secem to bo
actually black. Certain of the bright parts are
strained into white bright streaks, surrounding the
spot, and when tho lantern is wused you will
find cléar views of that phenomena will
be presented. We will next have a picture
of the sun’s epots presented, and after-
ward the photographic pictures of the spots
bronght before yoa. There isonz other pictura
which, like the last, was taiken at the Cambrideo
Observatory, and shows the feabires of these spots,
They aro well defined. The anter ontline of the
spot is sharply defined,and the outlinoof the central
spot is well marked, an t then thieve are white stroaks
from tho eentral part towards the surronnding por-
tion. All that snrronnding portion, especially near
the edge of the spot, is, on the sun, brighter than tha
rest of the sun’s surface. Now we will hiave the
roomi darkened, and theso things will be shown to
you by photographs taken by Mr. Rutherfurd. Yon
will see these various spots, and vou will have the
assurance that you are notlooking at a pictnre
taken by the hand of man, but sun-painted, in which
all the features were actually existingon the snrfaco
of the sun at the time; and meantime we will pass
on to tho consideration of various features that will
liave to be presented.

In this diagram you will perceive that the central
part is surrounded by whitish sireaks, called the
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faculwo, and you will reengnize on the border of the
sun’s disk mottled markings, the first sign of the
complexity of the solar surfuce. That is a featnre
whieh ean be recognized in a telescope of threeinches
ip aperture. We will have another of those pictures
brought on the scene, differing from the last in the
fact that thcre are spots of considerable size on this
view of the sun.  These spots are sun-painted and
actual pretures of the spots themselves. You can
recognize the half shadow boundary, and the greater
brightness of the nterior part—the mottled part.
the border, and the hright facular streaks. Dut now
we will have pietures of one and the same spot in
various stages of its progress, and you will recognize
the evidence by which Dr. Wilson of Glasgow in
1776 recognized the faet that spots are depressions
below the surface of the sun.
PECULIARITIES OF THE SPOTS,

Here are varions metures of the same spot. They
are all numbered, and you will sce, first of all, the
gpots appearing on the edge of the sun, and yon are
able to look on the further half shadow purt of that
gpot, and it would seem as if you were looking on
ihe edge. The half shadow part arvound the dark
region becomes more and more uniform in breadth.
You see the shape of the spot, and the formation
across it of a streak of bricht light, and you see it
gradually changes in shape. All these spots are ac-
tually sun painted, and youn will recognize the fact
that you are looking on the actnal economy of the
solar surface, able to review some of the processes
realiy taking place there. You may not be able to
find an explanation of these changes of form. They
remainstill a mystery of astronomy. The processes
are continually taking place, althongh the sun
looks so calm aud still. Ihave spoken of the irreg-
ularity of the sun’s surface, and we will now Lave a
picture showing that irregularity on a larger scale.
Father Seeeki took a picture of one of those facule.
1f you look on the snrronnding part as representing
the general surface of the sun, yon will see that the
facule ave very large, and distinguished from the
rest by their brightness. Thae irregulavities around
the facule ave not the rough mottling, but a feature
more delicate. This was recognized by Iierschel,
and called by hiim the corrugation. He compared is
to the irteanlarity of the surface of an orange.

Now voun have another picture showing the same
corrugations, the whole picture being devoted to
that ope teature. There are the corrugations, and
Yol see them snrrounding a small spot without a
penumbra, Now yon ean recognize the justice of
dlerschel’s description. These corrugations have
given rise to a great deal of study in late times.
Yon can recognize the central part of these corrnga-
tious as bright granuleg, but in preference I will use
the term “rice-grains,” becanse Prof. Langley has

found it convenient to distingunish the rice-graing
from still smaller spots to which the name of
granules has been given by him.

The picture next to be shown will indicate tho
rice-grains, which are not so delicate as those Prof.
Langley has discovered. Dr. Huggins in England
has taken the picture, and from its regular aspect 16
has been called Dr. Huggins’s floor cloth. Still &
have very little doubt that he perceived these gen-
eral features. You can see the general darkness of
that portion where granules are few. Ihese
dark regions are the dark parts of that mottling
which is scen in smaller telescopes. These rice-
grains are not in reality small, although they ool
small in the telescope. Their length is about 600 or
700 miles, and the breadth about 300 miles; in other
words, they are about as large as Great Britain.
[Langhter.] The study of these objeets led to a very
singular theory. It was thonght by one gentleman
from the aspeet of the spots that the sun is sur-
rounded by double coating, the outer giving hght,
the 1nner coating only able to reflect the light, but
with no power of its own to give light, and that
wben the inner coating is broken you see throngh
the dark surface of the sun, and that surface may be
so slightly illuminated and heated by surrounding
cloud layers, that hfe may be possible there. Sir
John Herschel said that whatever view we might
form about these riee-grains, it was certain the
greater part of the light and heat of the sun comes
from them, and he thought that vital energy 1a
living organisms might Le the seciet of that light;
that, because vitality is connected with electricity,
and electricity with lieht, some of these spots of 600
miles long by 300 miles wide, might Le living creca-
tures!

OBSERVATIONS OF ASTRONOMERS.

Y now pass 6 the particular observations whick
suggested these thoughts. On the suw’s surtaco
there were observed *‘ willow leaves,” which gavo
rise to a great deal of controversy as to their char-
acter. Yon all see those willow leaves of Nasmyth,
You will notice that the whole of the bread surtace
of the snn appears to be made up by the crossing of
a multitude of willow lcaves. They appear moro
distinetly in the central part, and are very well
recognized on the outlying border of the spot. Bub
when that matter was snbmitted to earcful study, it
was found that there was great occasion to doubs
whether the long willow-leaved streaks existed all
over the surface of the sun, and an astrouomer of
your own has given a good account of them.

But before I come te Langley’s work 1 must give
a picture by Father Secchi. It would appearthat ho,
observing the solar spots in the clear atmosphere of
Rowme, was able to recognize the true nature of these
streaks, The general surface of the sun is made up
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of that peculiar rongh dotted appearance already
deseribed. It would seem as though from this gen-
eral surface there was a gradnal streaking out in the
neighborhood of the spets.  You will see that they
spread aronnd aud across these spots, and are there
qnite distinet in eharaeter from the rice-grains in
the general surface of the sun.

We will now have a pleture from Prof. Langley,
wio worked in the neighborhood of Pittsburgh, at a
hight of about 1,100 feet. IIe would scem to have
been ablae to recognize the fact that tho rice-grains
may be divided into smaller partieles. Ile has found
that the greater part of the sunlight nundoubtedly
comes from these little speeiks of brightness on the
gnrtaee of the snn, while the general level of the
sun. the backeronnd on whieh these bright speelks
ave projeeted, is very much darker.  And the pictnre
now presented is a drawing by Prof. Langley. It
would appear to be the case that little more than
abont one-lmndredth part of the sun’s light is given
by the dark backeround on whiell these brieht
gpecks of lizht may be seen.

I have to pass on to the spectroscope diseoveries
by which the real nature of tlis wondecful orb,
whose appearance we bhave been considering, has
been determined—I mean speetroseopie analysis.
We have to eousider what arve the real substanees in
the sun, and what the processes taking place on that
golar surface. In Langley’s picture you will notice
the details are on a minuter seale tban in Fr.
Seeehi’s pietare. Langley has been able to recognize
in these grainsg mmltitudes of granules, and in the
neichborhood of the spots yon will sce how they
lengihen out, how they seem carried aeross this dark
remon in the spot.  In some places Langley has been
able to recognize on the dark backgronnd of the
epot what seem to be long filaments. the breadth of
whieh eannot be less than 50 miles. They seem to be
snspended vertically with respect to the sun, and in
the neighborhood of the spot some wondertul foree
seems to sway them toward the center of the spot.
These wonderful filaments ave thousals of miles
in length, and 40 or 50 miles in width. We will now
consider the results of the spectroseopic study of the
B,

I will show you a diagram of the solar speetrnm.
Yon take the light of the sun, and you reeeive it
through certain triangular picees of glass, and the
light of the sun is spread into the rainbow-tinted
etreak, which streak is erossed by a multitude of
darlk Iines.

This picture, to which T now point, Is a picture of
the solar spectrum.  On further mvestigation, it was
found that an ineandeseent body nsed as a sonree of
light, instead of having a rainbow-tinted streak
crossed by a multitude of dark lines, threw a ran-
Now-tinted streak without any dark lines at all.  Lg

was also fonud that a gaseous hody gives a spactrar
ditferent from this, consisting of two or three dark
lines.

Here is the spectrum given by sodinm in a vapar-
ons condition; and that—a dark speetrum wish
bright lines—was found to be the quality of a spec-
trum given by a gascous body.

COMPARISON OF SPECTRUM LINES,
Fiz. 1. Spectrum of the solar prominences.

. Nolar spectrom,
. Cont nuous spectram. with dark lines of sodinm.
. Double bright live: the spectran of so iinm,

I willnow ecall your attention to a comparison
Tetween these results aund the musieal scale. Tho
red licht eorresponds with the bass, and the purple
with the treble noetes, and then this rainbow-tinted
streak without dark isthe complete secale without
breaks. The one with the durk lines is the seale
crossed by dark cherds. If a musician were to hear
a viano played in another room out of his sight, and
lie heard a ehord struek, he would kunow whieh it
was, aud in the same way, if youn see that a gaseous
light gives a certain kind of speetrim, the chiomist
knows what the light is; and it was found that the
davk lines of the solar spectrnm wmdicated vapors
cooler than the sun’s mass and cutting off a portion
of the sun’s light, These vapors are giving out a
quantity of Light. but being cooler than the sun,
aronnd which they lie, thev eut oft a portion of his
light. Thus arise the dark lines, aud the ehemist
ounly wants to determue the exact position of these
lines to find ont what elements are in the sun.
Thus iron, copper, and other elements known to us
were discovered to be in tho vaporons atmoesphere
surroundiug the sun.

A well-known German phyvsicist eame to the eon-
clusion that certain elements giving out tho bright
line speetrin, give more fines the greater thoe pres-
sure, and that the first lines given eorrespond to
those seen in the solar spectriin.  The research
was continued at the Mint, where it is important in
connection with alloys of metals, and Dr. Ienry
Draper, oflyour country, is continuing it. These re-
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searches will throw impertant light on the eondi-
tion of the sun.
SOLAR PROMINENCES AND CORONA.

It was observed that the spots waxed and waned
in number over the surfaee of the sun, and aiter mlf
a eentury of researeh, that tlie spots inerease and
duninish (uuiil they disappear altogether), and that
the period within whieh they waxed and wane is
about eleven of our years. After that was diseov-
ered, it was noted that the magnetie influenees of the
carth waxed and waned in abont the same time. The
magnetie needle whieh peints in Eugland to west
of north, in this eountry not to due north, has
a swaying motion as if endeavoring to move to-
ward the sun. That motion undergoes varia-
tions, sometimes greater and sometimes less,
and physieists watehed, and they found that in
about eleven years the swaymg of the maguetie
needle, whieh was so insignifieant us to seem diffi-
cult of detection, nndergoes a slight ehange whieh
corresponds with the number of spots on the sun.
When the spots are greatest it has its greatest sway,
and when the spots are fewest it has the least sway.
The aurora also was assoeiated with the sun. But
further evidence of these influenees was needed, and
it eame in 1859, when a bright spot suddenly made
its appearance on the sun, and it was found that the
seli-recording magnetie needle at Kew made eertain
jumps at the same instant ; auroras appearedin both
hemispheres, and everything proved that at that
moment the sun had given out magnetie influenees,
not to our earth alone, but doubtless to Mereury and
Venus and Mars, then to the asteroids and to Jupiter
and Saturn. A new bond of harmony had been found
within the solar system.

[A photographie picture representing prominenees
on the sun was here exhibited.]

In 1842 these were looked npon as belonging to the
atmosphere of the moon, but they were proved in
1868 to belong to the sun. They were like carnets
arvound a breoch of jet, and these were found to he
aetually existing on the surfaee of the sun. What
were they? During the eelipse of 1868 that question
was answered, and it was fonad that they ave not
flames or mountains, but masses of glowing hydro-
gen. It was by the spectroseope that it was discov-
ered. Consisting of glowing gas, they would give
such lines as these, and the four lines of the gas
hydrogen were recognized.

A eurious experiment will ke prodneed by glow-
ing hydrogen. Tubes ave filled with hvdrogen nnder
a low pressure eorresponding to the pressure which
is believed to exist on the prominenees of the sun,
and youn will have the true eolor of these promi-
nenees. shining with the true light of glowing
bydrogen.

[An exeeedingly brilliant experiment was hero
made, the hydrogen appearing to glow brightly
even with all the lights in the rcom iu fall blaze,
and showing an exact imitation of the solar promi-
nenees.]

A new method of research was applied ; it was now
known that the flames shone with a light that could
be divided into separate lines in the day time. The
speetroseope spread out these lines; they were
visible. It was found even possible to see the promi-
nenees themselves.

[A picture of the sun’s ehromosphere was uvext
produeed.}

THE CHROMOSPHERE,

This ruddy matter around the sim 1s ealled the
ehromosphere. You will presently see injeeted into
it a stiil more ruddy matter, as if there wasan ex-
plosion on the surfaee of the sun. [A bright erimson
mass was here shot through the ehromosphere and
slowly fell baek. The audienee applinded vigor-
ously.] Proeesses sneh as this bave been watched
and have taken plaee on the surfaee of the sun, be-
fore the eyes of ohservers. Another of these experi-
ments will be made for you by Prof. Morton’s assist-
ant, Mr. Wale. In this pieture you see the whole

fieid eovered with ruddy matter, and this eorre-
sponds with diagrams of real pietures taken by as-
tronomers.

ERUPTION PROMINENCES.

First stace of a prominence obs2rved by Zollzer at 10b. 22m., Ang. 29
1869. Hight aboat 43,000 rmiles.

In this pictnre you see the explosion just asifa
rocket was sent up, and hkere, in the next pieture,
one hour later, the npper part of the eruption sinlk-
ing back to the surface of the sun. The next picture
is one taken at the Cambridge Ohservatory. Nothing
is elearer than that here some matter has heen
thrown torth from the sun. lereis a raddy easeade
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of hydrogen, and there you see it gradually return-
ing to a position of rest.

FRUPTION PROMINENCES,
Seeand stage of promivence observed by Zollner at 11h. 20, Anz.
29, 1869,

One thingon this subject is very suggestive, thongh
its true meaning is yet to be discovered. The spots
on the sun are arranged in tywvo zones, and these cor-

espond with the temperato zoues on the earth. I
s in these zones that the largest spots appear, and
gpols are never seen far outsido these zones. In
+ho other parts of the sun’s surface we have a
sradual spreading out of this ruddy matter, as if
you should pour an oily liquid into water or other
matter of a stightly difterent density. You see that
matter spreading through the water. It is matter
of one kind of density spreading through ancther.
In the region ontside of the spouting zone it is as it
this hydrozen were floating about, finding its own
level. ‘Ihie prominences are in many cascs 80,000, in
one case 200,000 miles in hight. Ten globes such as
this earth might be piled one on the other, and only
reach the nght of one of these. We have manifest
evidenee that there is really an eruptive activity in
these spouting zones, In this picture you see how
there was a real erupticn, propelling something un-
cen, and carrying avmstiing away from the sun

SOLAR OUTBURST,

Snceesgive ptaces of an erupiion on the ann'a surface, ohserved by
Prof. Young of Dartmoath College, Sept, 7, 1871,

The first view shows what Prof. Young ealls a long
ow-lying cloud of glowing hydrogen, ouly at the

insigeificant hight of abont 20,000 miles. He was
away about half an hour, and when he came back
the clond had vanished and nothing was left except
these small bright fragments, and these fragments
were being carried up. They were carried to
a hight of 200,000 miles, and the rate was such
that, taking dne account for all tne circumstances,
there must have been a propulsion of matter from
the sun at the rate of 500 miles per second. There is
nodoubt that there ave motions of 100 or 120 miles per
second, but this matter, according to calculation
was carried up at the rate of 500 miles per second.
A velocity of 380 miles per second would have been
enongh to carry it away from the sun forever. The
greatest force which the sun can excrt, either in
attraction or propulsion, is 330 miles per second;
auything greater than that will never come back.
Now this was 500 miles per second; not, aslconcerve,
of glowing hydrogen alone, but disturbed matter
coming from a lower stratum. Why should this
matter have been invisible? If it had been {from
the 1nterior of the sun, it would have given a con-
tinuous spectrum ; no lines could be shown by u
glowing mass; it would give a rainbow-tinted
streak. But we have the evidence of the carrying
out of something from the sun. Now this must have
been a solid or liquid mass of great density, rifting
its way through the hydrogen gas, and being car-
ried outwards and onwards through space. What
could it have been? If the sun is thus at times giv-
ing forth matter, what becomes of it? Our earth
may possibly be exposed to that matter coming from
the sun. Oun this point I shall have more to say in
wy lecture on comets and melenrs,

RADIATION OI' THE CORO™"
From a photogrsph mndn unring the solar eclip
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THE SOLAR CORONA.

I pass on to another object, the solar corona, which
gives us further indication of the force acting out- -
ward trom the sun. I have a third of thoseingenious
experiments by Prof. Morton te illustrate these vari-
ous phenomena. We shall have the natural progress
of a selar eclipse. The moen’s dark body will pass
over the sun’s disk. In America the moon is allewed
to travel faster than under ordinary circumstances,
and an eclipse which usually takes about three
hours will here take but a minute. [Laughter.]
You will netice the tormation of Bailey’s beads, and
sce that the bright edge of light is broken nup. Then
instantly bursts eut the corona. I am told that this
really corresponds very closely indeed to what is
feen during a total eclipse of the sun. Now what is
that corona ? It was once thenght to be merely due
to the sun’s light shining through <ur atmesphere.
When it was found that the prominences of hydre-
gen exist at a very low vpressure, it
was a npatural conelusion that there cannot
be a solar atmosphere extending to the hight
of thiscorona. The pressure at the base would be
cnormously greal. As time wenton, it wasseen that
it must be a solar appendage. In the first place, we
will have a picture taken by a noted French as-
tronomer. 1tisa very remarkable view, so much so
that considerable doubt was expressed ; but that has
now been all removed. In the eclipse of 186S this
question of the cerona naturally came into great
prominence. Now it was to be dealt with. The
point was that pictures should be taken of it very
carefully indeed. In 18G9, a picture was taken of it
by Mr. Gilman of New-York, which showed a new
appearance—an appearance of radiation, as if it was
combed out. You will netice all these streaks
spreading out. Hereis a picture of the same on a
larger scale. In this I shall invite you to notice the
number of minute bright specks. Mr. Gilman says
they were there as distinet entities. Zdollner has no-
ticed such bright specks constantly fashing out.
They ceem to be masses of incandescent, exceed-
ingly bright matter. Now we begin to see that the
corona gives evidence of a force going out of the
sun. Itscemsto me that the evidence of such a
force is to be found in photographic pictures. If we
can shiow that during the progress of an eclipse the
moon’s dark body traverses the corena, it muast be
material belonging to the sun. We will have apicture
- showing the eorona of 1870. It was photographed
in Syracuse. So the denbt began to be re-
meoved that it is really a solar phenemenon, radi-
ating in this wonderful way. Upon the confirming
evidences and features here presented, not in a pic-
ture subject to artistic fancies, but from the corona
itself, yon begin to realize that there is continuous
action outward from the sun, and that there are

means by which this corona, extending a millien
miles from the sun, isrepelled by some central forces.
They do not seem to be coustant, for in other pic-
tures, taken in the eclipse of 1871, the corona was
very much unlike this. This picture shows the
corona photegrapted in India by Lord Lindsay’s
party. During the time of the eclipse six photo-
graphs were taken. By combining these pictures,
instead of that radiation there are various curves of
double curvature, as we call it. This will shew that
from the center of the sun a force is produced out-
ward, and then there is a drawing back until a new
force is exerted and there is another throwing out.
So that there seems clear evidence thav the corona
belongs to the suu, and that it is acted upen by a
propulsive force.
THE EXHAUSTION OF SOLAR HEAT.,

Here, then, we have an immensge mass of matter,
glowing with an enormous inteusity of heat, sur-
rounded by vast flames, swept by storius of a nature
we cannot conceive, surrounded by the glowing coro-
na,which gpreads out again inte another phenemenon,
the zodiacal light, growing more and more tenuous,
and extending even astarastheorbit of Marsifnot te
the end of the solar system. The sun seems to us to
be perfectly still. When we consider what we have
learned about him we know that all the forms of
uproar on this earth are as absolute -quiet compared
with what is taking place on his surface. Even the
hideous groanings of the earthquake are surpassed
a million fold by the disturbances on every square
mile of that inflamed sea. This is neo idle dream,
This great central machine of the solar erb, theo
central heart, pulsates with life and will ecoutinue to
do so until the fuel is exhausted. How does the sun
maintain this fire? Why is there ne gradunal loss of
energy ? If the sun were a mass of coal of the same
bulk, that coal, in the course of 5,000 years, would be
entirely consumed, and the sun would he a mere
cinder. If thesun were a mass of water, which has
a quality of specific lieat in its cembinations by
which it gives out more heat in cooling by any num-
ber of degrees than any other matter, in the course
of 5,000 years it would lose 1,500 degrees Fahrenheit
in temperature. There are two theories of the man-
ner in which the sun’s heat is kept up. Oneis by
the downfall of meteoric matter. The other is that
it is maintained by the gradual contraction of its
substance, the same process by which the rest of the
solar system was formed. In any case there is cer-
tainly a {ime in the far future when the sun’s heat
will be exhausted.

There is indeed one wav in which we may imaginga
that the perennial supply may be continued. Oar
sun is traveling along through space, carrying with
him the planets, the comets, &c., which circle
around him as he sweeps onward, and it may be
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{"at he comes to new regions of meteoric matter, or,
as it wore, to fresh fields and pastures new, where
the supply may be renewed. Whether this be so or
not we do not know. But there is this process of
exhaustion which must one day come toanend;
and yet thereis no contrivance by which that waste,
that squandering of which I have spoken, may be
prevented. Conld it be, every year of that supply
would be changed into 227,000,000 of years. The
waste is continually going on. Verily we have here
a problem which may well tax all our thoughts.
Let us not diswiss it at once, as we are apt to do,
with the thought that our new knowledge has
shown us imperfection in the scheme of creation.
Let vs rather say with the Poet Lanreate :
Iet knewledge grow from more to more,
Iut more of revercoee 1n ns dwell
Tuat ind and sonl, according well,
May muake one musie as before,

but vaster. [Applanse.]

THE FAMILY OF PLANETS.

SECOND LECTURE OF R. A. PROCTOR

CIIARACTERISTICS OF TIIE INNER
FAMILY OF PLANETS—MERCURY AND VENUS—
TUE EARTH, REGARDED AS A PLANET—LINDS
AND SEAS, POLAR SNOWS, OCEANS, AND AIR-CUR-
RENTS OF MARS — WONDUERFUL CHANGES 03-
BERVED IN JUPITER'S EQUATORIAL BELT—SIMI-
LAR FEATURES OF SATURN, URANUS, AND NEP-
TUNE.

DISTINGUISHING

The sceond Iecture of the course on astronomy by
Mr. Richard A. I'roctor, Honorary Seeretary of tho
Royal Astronomical Society, was given at As-
sociation Hall, Jaunary 15. 'The subject—* The
Famly of Plauets” —was illustrated, like tho
first leeture on “The Sun,” by means of a
serics of prectures and diagrams, made specially to
illustrate Prof. Proctor’s leetures in Ameriea. A
large andienee greeted the lecturer, wno spoke as
follows:

THE LECTURE.

The planets are 8o ealled from a Greek word slenifvine
“to wander,"” heeanse they chiange their position on the
heavens. Unhke 1he snn aud moon, the plaucts do not
travel nlways i one direction roaod the heavens, but on
looped pathn, pursuing

Their wand'ring conrse,—now high, now low, then hil,

Progressive, retroeriade, or standing still,

In the £rst pletare here shown you have vlews of lonpg
puraued by the different planets named in the dagram,

Iu the next view you are shown how the loop iraiversed
by any given planet (Jopiter o the 1lestrated cise),

varles fo shape as thie planet s pursuing dlfferent parts
of its course rouud the heavens,

sarupy << >
JUPITER _

e

MARS

VENUS

MERCURY

LOOPED PATHS OF THE PLANETS,

——
==
> W:
==\

C —  ——

SRR

VARIETIES OF LOOPS TRAVERSED BY TIE PLANET
JULITER.

It scems to me desirable, In taking the subject of plane
ets, 1o consider them frem the point of view of life in
other worlds,  Althongh it 1s not of any very great sel-
cilific vatne, the subjeet is one in which we all take
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fnterest. A simple method will enable ns=to remember
readily the vartous tacts regarding the planets. I divide
the solar family iuto two parts—the interior family,
Mereury, Venus, the carvth andmoon, and Mars ; and the
outer family, Juniter, Saturn, Uranus, aud Neptune.
One of the facts is the utter diversity of ehar-
acter between these two families. I want to show
that instead of Dleing regarded as two similar
famihes, they ought te be looked upon as two sep-
arate families, ntterly unlike each otber. Whatever
we think of the outer tamily of larger planets ought te be
derived from the evidences wo have, and not from the
analogy of our own earth, It is only the inner family of
planets that we can judege by our own earth, Andeven
in this case we must not falt into the mistake that Iife
on other worlds nust be like that of our earth. Our
earth itseif cives us some sueh lesson., If we saw one
part, and heard of but wers prevented from seeing the
other Darts, we might think that life would
npot exist under the varying condiiions. Yet we know it
does. Even very reeently ther: was a very striking
case in 1llustration. We ail thonght that there could
Dbe no life at the bottom of the sea; that in the deepest
geas there was a great darkness and a pressure which
must prevent life. At the depth of a wmile or two the
presaure is so great that when wood is carried down the
water is forced inte it, so that it will never tloat again.
We know also that light i3 a desirable quality for all
living ereatures we are acquainted with, and we
came to the conelosion that light could not exist
there. But Drs, Carpenter and Thompson have let down
their dredges and drawn up, from the depth of two or
three wiles. living ecreatures—and not merely living
creatures, but having eyes and able to see, not-
withstandiug the darkvess that was supnosed to reigu
there. So unlize are the conditions there, that when
these creatures were brougiut up where the pressure was
less, they burst. There was quite enongh remaining to
show that they had been alive but had been torn apart
when the pressure diminished,

That was one exawmple. We might also consider
the Aretic regions, and say how unlikely it wouid be to
anyhody in the temperate zones that life could exist
there. How utterly unlikely, agan, that life should
exist in the torrid zone ; or, agzamn, when you climb the
hignts of mountains, and come to piaces where the at-
mosphene pressure is very mueh diminished, and great
cold prevails, and all the conditions are unlike those
that exist at the sea level, you would Ue certain ne life
could exist there, if it were not for the faet that we visit
those regions and ascertain that life does exist there.
Bo that in dealing with the diffsrent planets we need
not concern ourselves to show that the condilions are
absolniely lik» those prevailing on the earth. But it
will be a uselfu! thing to compare the conditions of
things as they exist in those planets with what prevalls
on the earth.

Inorder to get rid of those numbers, which will be
foun! in the text-books of astronomy, let us take
reative coneeptions as to the distance, If you call the
distunee of the carth 10, then for the distance of Mer-
cury from the sunn you have the number4; VenusT,

and Mars 16. For the dlameters of those plancts we
have Mercury 3,000 miles; Venus, 7,500 miles; for the
earth, 7,900, and for Mars, 4,600. You sce we lhave an
increase upward te the eartlh and then downward,
Mereury being 3,000, Venus 7,500, the earth 7,900—the
largest of all these planets, and also dignifie 1 by bhaving
a moon ; and then wo have Mars with its diameter of
4,530 miles. All these planets rotate on their axes In
about 24 hours. Tuey all resemble each other in that
respect. They all seem to have very similar densities,
to be composed of malter of about the same densitv as
of this earth, the deusity of our earth being ahout 43
tnues, some say as mucb as 6} times the density of water.
Ic¢ 18 somewhere between these vialues,

MARS

OPPBITS OF TIIE INNER PLANETS,

To begin with Mercary. the nearest of all these
planets to the sun, Tae feature waich strikes us fiest in
dealing with Mercury is the great heat to which that
planet 18 exposed. Merecary travelson an eccentrie

.orbit, and 1s exposed to a greater heat from the sun

at ecrtain times than at othars. We have before us dia-
grams of the ormtits, This inner orbicis the orbit of
Merenry, and yon will netice Mercury is at one time
muel nearer to the sun than in another parc of his year,
The year of Mereury is 83 of our days, so that in the
course of 83 days Merenry passes from a very great heat
wlen nearest, to a comparatively less heat when
farthest from the sun. But, even when the sun’s heat is
least, it is much greater than that to which our earth i3
exposed. The quantity of beat received by Mer-
cury varies from four times to ten times what wo
have. Now, thatis really a scrinus difference. Ouly
imagine what wonld happen to us if the sun’s light and
heat were increased four-fold, and then exteud your
conception to an increase ten-fold. Xthink I need
barvdly say that the heat 1n that case wonid be 8o great
that creatures such as we are could not exist ; anunal
life would be destroyed on the earth if the sun suddenly
gave out from four to ten times as much heat as he
actually does. Then, can thera be iuhabitants in Mer-
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cury ¥ Some say that If only the atmosphere were very
rare which surrounds Mercury, that planet could pos-
sibly bave life there. In the Torrid Zone, at a certain
night you reach the snow line, and above that hne there
would seem to be no life; but yet it does seem posslble
that life may exist and does exist there.

But there is one circumstance thatis overlooked in
that. Inreality when you go to the higher regious
where the alr is so rare, the sun's rays are not dimiu-

ished. The air does not get warm; it does not prevent

the heat from passing through it; it does not get warm,
and 11 the shade the air is eold. But iu the dircct heat
o! thie sun expose your haod, and the heat is more in-
tense than s easily bearable. Even with snow and ice
covering the mouzinin tops, the face and bands are blis-
tered by the heat of the sun. We should have a wmore
intolerable contrast in Mcercury than in the case of an
atwospliere like our own, There would be very intense
lLieat under tne divect rays of tlie snn, and comparative
cold 1u the shadow, and life would be almost unendura-
bLle to us; and if the atmosphere of Mercury were so
thin there wonld be evaporation of all the water, and
ttat would be another coudition opposed to ours. It
appears to me that that diflienlty is sufficiently great to
wake us doubt whether life can exist en Mercury; I
will not ray such lite as can exist on the earth, but any
of the hugher forms of life, under these couditions,
LIFE IN OTHER WORLDS.

Mercury 18 a planet waitiug for the time when life
may exist ou it; when the sun’s heat shall be sufliciently
recuced, aud then life will be as comfortable as it 15 on
carth, Hete we are introduced to considerations of great
fmportanee in this point of view of life in other worlds.
Though life now exists on the earth, there have beeu
long successions of ages, during which life has not becn
possibie on earth; and there may be long successious
of ages during which life will be 1olerable on the planets,
A planet is intended to support life, bat not for all tiwe,
but for a small poit ton of the ptanet’s existence.

Now, coming t¢ the gravity of the plunets, The
gravity of Mercury, owing to its smallness, is so
reduced that oue pound would only press about five
ouuces; and here we are introduced to a considera-
tien of the fmportance of gravity to ourselves. We
sowethnes lopk on gravity and welght of matter as be-
Jne an inconvenience rather than otherwise, but if it
were not for gravity we should be couttnually at a loss;
ohjects would not stand firm, and we should stageer for
want of weight, and would be in that dilficulty which
we flud in endeavoring to walk in water beyond a cer-
talu depth.  As you know, divers wishing to wallk about
in deep water have hicavy weights attached, so as to
Lkeep themeelves in place.

It 18 an absolate necessity, therefore, that gravity
ehould exist, and what we are 1 the habit of looking
upon as an luconvenrence s, thervefore, 1 reality, a
very important part of the earth’scconomy. If the
culth's gravity were reducea to that in Mercury all the
plants would suCer; flowers droop or keep their heads
ercet according to thelr structure, and it {s absolutely
neeessary to contlnuance in life that a plant whose
tioper condition 8 $l:at of uprightness, should remain

80, and that that which droops should drocp at a proror
angle. It §s shown that if that were not the case tho

-stamens and pistils would not be property adjusted for

tie fertilization of the germs. And so it has been re-
marked that the whole mass of the carth, from pole to
pole, Is engaged in keeping the snowdrop, the crocus,
&ec., in their proper positioh. In the ease of Mereury
gravity is so much reduced that all these things would
be changed. The same difficulty applies to the planst
Mars, which is 80 much swaller than the eavth,
TIIE CIIARACTERISTICS OF TIE PLANET VENUS.

But I now pass frow Mereury to the uext planet,
Venus., Venus is the most beautiful, and we would
jmagine from ordinary appearances to be the noblest o2
all except the sun and our moou. You will remewboer

Milton’s words:
Now glowel] the firmament
With living sapplires: Hesperus, that led
The stargy Lost, rode brigatest. * * *

But Venus, examined by the telescope, docs not re-
ward the astronowers so well as vou might expeet, She
is too gloriously illuminated bv the sun, and tne applicas
tion of thoe telescope is disappointing. Again, we never
see Venus under proper ecuditions, You never see the
whole portion of the illuminated surface. Look at this
diagrawn. You lhave the path of the earth here, and
the path of Venus is iuside. Wnen Venus is nearest
to the earth the sun lies in the same direction,
and therefore Venus turns her darkened sile and can-
not be seen. When beyond the sun his brightuess
obscures her. The ouly time Venus cau be stadied is
when she is oo the two opposite sidzs of her path, and
then she is seen either as a gibbons moon or a half woeon.
We kuow, with respect to Venus, that sbe, being very
much nearer to the sun than the earth is, muat have a
great deal more heat. Eer bheat is not so great as that
o1 Mereury; still she has twice as much heat as the earth
has. Iun other respects Venus is more like the carth,
Although Venus has ne moon, yet being nearer the sun
ghe mmust have tides, and they are barely comparable
with those that exist oo the earth, :

But there is one peculiavity in the condition of Veunus
that seems very untavorable to life, as we koow it here.
According to the observitions of the Ttalian astronowmers,
who seem to have been able to see spots on Venus, (pro-
bably ont account of tha clearness of the atinosphere,)
which we cannot see at all in Euglaud, the axis, justead
of being siopug at a small angle, is much neliaed.
Only for a short time would she have equal day and
night, but when the northern pole is toward th2 sun, all
the polar par:s would be continually turne ! toward the
sun ; not merely a small part, but very necarly half of
the planet on that side, When the sonthern pole would
be turned toward the sun, that side would have a con-
tinual day, and there wouldl be continual night over
nearly half of the plunet. So there would be a very
great change in the condition of the planet in Winter and
Sumwer. The year of Venus Is abont seven and a half
wonthis, It must be remembered that this sun shines
with twice the size and gives out twice the heat that it
does to the earth. The change hetween the two condl-
tious of Winter and Sumser would be even mwore scrlous
than the extreme heat and cold in cither conditinn, In
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oxvlanntion of this 1at ne take New-York. You know the
pole 18 ralsed about 41 degrees. In Spring the sun rises to
ahight of abont 50 degrees above the horizon, iu Snmwer
23 degrees higher, iu Winter it rises 23 degrees lower at
midday. Suppose instead of 23 degrees the ebange
amounted to 50 degrees. Then yon would have
at the New-York of Venus—you would have it 50
degrees higher 1n Summer, which wonld earry it 10 de-
grees north of the point overhead. The sun is circling
about the pole, round and round. There wonld be day all
the time, and then there would be tnhat tremendous sau,
with all the effeet of tropieal suashine, The aceumulation
of heat in the Summer by Venus muxt be enormously
great. Copsider the Winter. Thereis the snnin the Spring
50 degrees above the horizon, but in Winteritis 50 degrees
below. Itdoes not rise at all above the horizon, It is
continual nizht, and tiat after that extremely beated
Summer. Tiese changes are not agreeable to our ideas
of the possibllities of life. They suggest the nceessity—
migration, That is absolutely neeessary to certain
classes of beings here on this earth. Now, human
Leings on the earth do not migrate, but the
inbabitants of Venus, if there are any, must migrate so
as always to be in parts where the sun does not rise
too hizh. That would be quite possible; it may be 2n
absolute essential condition there, not tor a portion of
living beings as here, but for all,
RELATIONS OF THE MOON TO THE EARTH.

I shall only pause to speak of the earth in relation to
the moon. Our eartn has a companion, the moon. We
look upon 1t asa mere satellite, but 1t is another member
of the inner famiiy of planets, If you were a member
of a world cireling aronnd some diztant star, you would
be unable to distinguish the motion of the moon from
that of the earth., It is only from our earth that it
seems to go around us. It really goes around the sun,
Ivery world ust have that peculbarily, that it m st
seem to its inhabitants to be the center of the whole
universe. In Venus, Mars, in even the asterolds, cach
seems to be the center of the uhiverse. Thus the astrou-
omers of ol time fell into the mistake of thinzing the
earth was the fixed center of the universe.

Mars, instewd of heing like Venus, is a planet that we
can stndy very fully indeed. We hiwve here the orbits;
bere is that of the earth, there that of Mars., A portion
of the time the face of Mars is turned toward the suun
and is also turned toward the earth, and thus illuami-
nated is studied to great advantage. You ean conceive
therefore how it is that astronomers have been able to
take such pietures as these of the planet, having fea-
tures resembling those of the earth, There is an appear-
anee of two bright white points at opposite sides, which
have always heen ealled the snowy poles of Mars. Her-
schel was the tirst to perceive that they waxed and
waned in siz>, He noticed that the axis was inclined
very much like that of ourearth, or rather more than our
earth, but so nearly like it tnat the same sort of seasons
prevail. IIe noticed that when the Summer was in pro-
gress the polar regions seemed smaller than in Winter,

“That was the first thing to show that the planet was
like onr earth, Onr snowy regious do not cover more
thau the arctie regions, and they occupy about the

same proportions as those of Mars’s surface. Since the
potar snows do not extend further, therefore the same
sort of climate it seemed probable prevailed there.
Other features eorresponding to the idea of the habe
itability of Mars were noticed. Some portions have a
greenish hue, as though there were oceans. The plan-
et’s continents, or what we call contineunts, wera rnddy;
and white surfaces sometimes seemed to form over these
continents or oceans, and to melt away dnriug the day,
as if clouds were being dissipated by the aetion of the
un,

¢ THE VEGETATION OF MARS.

There were others, Freneh astronomears, who sug-
gested thot the vegetation in Mars, instead of green,
may be red. Spring may, indeed, eome tuere, blushing
hike a maid. It was said, however, that we have
no evidence that that is the case. How do we know
that these green regions are oceans, or the wlhite regions
suow? It seemerd somewhat bold to say so—to say
that that must be the case. DMight not the whito
region bhe frozem earbonie aeid, and the oeean
something altogether different from what we have on
earth? That argument 18 put forward by Dr.
Whewell, and it seemed very difficult to overcome
it. A man might certainly be thought wvery bold,
on considering that he never eould come nearer to Mars
than 30,002,000 miles, to say what 1ts surfaece contains.
But we know now as certainly as though we had taken
water from itand had tt analyzad by achemist, or
drank it; we know eertainly that water exists there.
The speetroscope comes iun here. When the sun 1s nof
high above the horizon you recognize in its speetrum a
number of sharply defined dark lipes. As his licht
shines through the vapors of our atmospliere, the physi-
eists eame to know that these liues were due to water in
our atmosphere. Here I take the opportnnitv to cor-
rect an injustice, of which I have been guilty to
one of yourleading physieists, Dr. Cook of Cambridge.
I have been saying m my leetures tha® Szechi anl
Jansen found out that these streaks wera due to water;
but that faet had been shown in a mueh more scientific
manner several months before by your countrymar.
Heobserved the sun, noted these bands a3 they firss
taintly mase their appearanee, while the sun was still
high up. Then he took his hygrometer, and he noted
that as the hygrometer showed greater moistare ta tha
air, these bands beeame more distinet. He showed be-
youd the possibility of doubt that they were dus to
water in our atmosphere., Mars was observed in 1364 by
Dr. Huggins, and it was notieed that across the faiut
solar spvetrum of the planect, there wero those wa'er
bands. They might have been in the atmosphere of the
planet, or tley might have been eansed ;by the
moisture of our own air. But Dr. Huegins determined
to remove all doubt bv turning his speetrum to the
moon, whleh was low down ; so if the bands of the spec-
trum had been due to moisture in our air, they wonld
have been more clearly scen iu the speetrum of the
moon’s hght, but instead of that they were wanting,
Therefore no doubt remained that they really belonged
to the planet Mars, that there was vapor of water in the
atmosphere of toe planet. This was a most eharming
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«velation, How could water exist there withoat alse
svaporation §  All the operations of our atmosphere—
oTs, winds, rain, &e.—dne te evaporation and pre-
Mpitation take place fn Mars, These white mnasses may
M clonla,

Quo pecullar observation was made. A ccertaln
ghito reglon along the edga of an  cecan in
Mars appeared liere, as the  plauet tnrned

round. Mr. Dawes watched the planet duringz tle
whole night, aud at 2 o’clock the whole of that cloud
Gad isappeaved, and he saw that ocean in groat dis-
Jnctae s. It was then midday in Mars.  Taat totro-
Gueced a consideration of some iotercst as to thd study
@ Mars, We want in that study nos merely a clear
@ akv, but a clear Ilartial cky. Auother curious
tu ng binders observation, All around tho planot there
¢s «b appearance as thongh irs edzo was coveroed with
cload, O . ono sude it marks where the day i3 beginoinz;

~nther whergt i3 ending.  The presenco of the
s'oul, therefore, secms to indicate the gathoering of
@isty ciouds in the morning and misty elouds in the
svenlng.,

It has been sas! that after all, although there may be
«ater there, there may not he an atmesphere carrying
great clond mmists, bat one so shallow that on acconnt of
:he wreat cold, 1mstead of elonds boar frosg is formed
apon the surface of the planet in the mght, and when
the day is proceeding that hoar frost is melted, and
the surface of the planet is exposed at ouce.

DIVERSITY BETWEEN MARS AND TIIE EARTH.,

Thistheory in velation to Mars was that it was a disk
or giobe covered with a hoar frost, and having other
pecaliarities different from ours. That theory seemed
to we 20 unpleasant that I put forward myself, or at
least I adopted, the thcory that Mars is a globe like ounr
earth where all similar proeesses take place—rain, wind,
storm, clonds, rivers, being prodnced, deuundation tak-
Ing place—everything seemed so much like the earth.
Bnt then camo this annoying theory that wonld put
Mars altogetlier out of the schieme of an inhabited world,
that it "vas only covered at night by lhoear frost, and
that there was everything in Mars unlike
the carth instead of like fit. I determined
to destroy that noxtous theory, and I began au
essay for the purpose. But U foand as I went along that
the new theory was as strong as the oune I had adopted
loats stead, and I finished that essay by advocating the
theory that Iintended to destroy. I found thiers was
very good reason indeed to believe that Marsisin a
coudition quite unlike our earti; that it has a very rare
atmosphere, that it has an atmospliere bearing the same
relatton to that of this globe that the oceans of Mars
antt 1ts continents bear to ours. You will netice that the
occuns tn Mars are very much smaller proportionately
than the oceans on our own earth. There is no Pacifio
there. Ia faet there 1sno Atlantie. You have only oc -ans
comparatively small; the lands and seasareintermixoed,
Y vt 1ake the case of our own earth, The two Amerieas
form a single island; Burope, Asia, and Africa foim
avu her large island; and we have the oceans aronnd
tooecislands. Tnere i3 nothing of thatin Mars. You
ceworavel from avy ove part of Mars to another. You

need not leave the sea or land, according to your taste,
if youaro na inhamtant of Mars. Ifere is a chart of
Mars. There are the vavionsdlvisionsas I eharted them
down, and here you will notios yon can pass by water
from one oceau all around, on to the side oceans and
again northward; in fact, there i3 no limit to the extent
of the Journeys. And there is a curious featnre, the

existenco of Dbotile-necked oeeans, with wnarrow
inlets connecting them with tho larger
ones. A French student who recently deals

with that matter has shown that if our seas were to
become shallow, the form of the oceans would be lika
that; there would Dbe manv beottle-neckad seas. It
seems therefore as tf Mars bad a smaller quantity of
water in proportion to ils snrfaco than our eurin, And so
wa in respeet to the atmosplicre; there will be much, tess
nosphere to each square mile; and altogother we have
vudition of things quite unlixe that I had previousiy
supposed. And then there is the small graviy of the
planet. It the gravity of our own earth were suddenly
changed to tho gravity in Mars, a pound weight would
be rednced from 16 to 6 onnces, and the air would ba
reduced in the same proportion. At the hight of six
or seven Imiles in a balloon ascent with Mr,
Glaisher the air was so rare, Coxwell found the
strength leaving him, while his companion was insensi-
ble. It wasonly by the skin of his teeth he escuped,
for his avms being benumbed, he pulled the valve ropo
with his teeth. Ab the hight of seven miles the atmos-
pheric pressnre 18 reduced to one-fonrth. And here. in
the ease of Mars, I am speaking of areduetion to one-
sixth, which wonld bappen; and if you add the cousid-
eration that the quantity of air is less, vou bave a rarer
atmosphere, you havs a condition altogerher ehanged 1
so that light, as we know it, wonld become impossible,
the cold wonld Dbe greater than you ean imagine, aml
the eondition of things becomes altozether different.
Evaporation wonld t.ke place rapidly, and 2 considera
ble gunantity of the vapor of wiater would riso
in the air {n daytime; snow woult be formed
and  carried aloug by the currents—currents
that would neecessarvily arise and ecarry it toward t e
pole, and there woulid be a gatherinz of suow at the
poles which would be due in fact to the daily forma-
tion of snow and the coniinuous swoeping of those
snows toward the polar resions. The author of that
theory, Mr Matthow Williams, says the gathering of
snow would tend to the formation of enorinous glaciers,
and then sometimes these lurge masses of snow would
be broken up. Ilooked out for evidence agalnst thoe
theory, aud I found evidence in favor ot it.  Gen. Miteh.
eli of Cincinnati has given an account of an observae
tion of Mars, in which a great mass as large
as this white region was hroken of%, and
seemed te  him to be carrled up to the
polar regivns., We pever look at Mirs nearer than 30,
000,09¢ miles, Yousee that aslarge a mass was carried of)
as though a territory as big as Spitzbersen or Nova
Zembla, or as large as England, wers broken off by sotnd
great catastrophe. The ilea sugzostod by the mow
theory as to Mars i3 that Mirs may havo tesa Inhabtted
in past times, but 18 as present too blesk wn abode, We
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know that on our own earth life ceasesin those upper
regions at the hight Coxwell and Glaisher reached, and
in Mars life only of tho tower kinds could possiobly exist.

THE ROTATION OF MARS.

I have yet to make a few remarks aboat
Mars. I bhave told you the planet has Dbeen
charted. Its period of rotation bhas also been

determined. It would seem strange that yom could
tell the time taken by a planet turning on its axis, ex-
actly, within a few seconds, or partot a seccond. You
see that spot in the middle of the planet. You could net
be certain, within a quarter of an hour, whether that
gpotis 1o the middle of the planet. But if yon note this,
Yyou can observe it in the planet in the second rotation.
If you are a quarter of an hour wrong in that case, that
gaarter of an hour is divided between the two rotations.
The difference is only seven and a half minutes. That is
divided into three rotatious the next day, and so the
error is reduced to five winutes; and so on for a month,

until the error beeomes smaller, and you can
let the planet pass away for a year, so
that you ecan know when exactly 1t comes

back and llow many rotations it has made in the in-
terim, and thus the error is still more reduced by rota-
tion after rotation, untitin the course of many years
you get the tiwe of rotation accurate within a second or
much less, It had been shown by a certain German
astronomer that the period of rotation of Mars was 24
hours 37 minutes and 23} seconds, or thereabouts. Then
auother German astronomer, Kaiser, improved on that,
and he made the period of rotation 24 hours, 37 minutes
and 22 6-10 seconds. Well, then, an English student of
astronomy, oue who does not venture to call himself an
astronomer, an Epglish student, Mr. Proctor,
thought he would try his hand at this problem,
[Applause.y And to his great distress o
found that his result was greater than the German’s by
a whole tenth of a second—that it should be 24 hours, 37
minutes and 22 7-10 of a second. Kaiser thought it neces-
sary to go over his work and publish a paper on the sub
ject. From his paperI found he seemed to make out his
case very accurately indeed. Taere was a wonderfnl
amount of Gerwan care and labor, many details; but I
found, strangely enough, two mistakes. Ie called the
years 1700 and 1800 leap years, whereas we know that in
the Gregorian caleudar they are not leap years, and
that made all the difference. And when that was
corrected, I found my theory of the planet was correct,
and the actual tie it turned around in was 24 hours, 57
minutes and 22 7-10 scconds, It may seem to yon un-
necessary to be so exact. But there is one important
question whiclh may be solved by sach information as
that. It hasbeen found that our earth is rotating more
and more slowly as centuries go by. The mooun lifis the
tidalwave; that tidal wave acts as a brake, as 1t travels
in a @irection contrary to that in which the earth
rotats, and slowly indeecd our earth is losmng
its speed. We capnnot measure that change by
any crdinary clock, because our clocks aro
set by the rotation of the eacth. We time our clocks to
the transit of the stars. ITow can we answer a question
such as thatexcept by having sowme true clock? Here

1s Mars, this small planet, a pocket chronometer, and
we can bave that chronometer’s time, and g0 soon as
we have her time we cau compare with that our own
terrestrial clock. There are well-marked places on the
face of the planet, and there is this also, that the planet
has nothing to disturb its rotation. The sunis so tar away
that the solayr tides do not affeet it; 1t has no moon, and
the oceans are not snited to the formation of a tidal
wave; therefore the change of the plauet’s rotation
would be insignificant. The planet is a suitable clock
for getting at our earth’s rotatioo.
THE ASTEROIDS AND TIIE GIANT PLANETS.

I now pass from these planets to the asteroids. There
are now known 134 of these minor planets. There is g
itheory in the books that the asteroids are prodnced by
the bursting of planets. Toat is not correct, Ohserva-
tions on the orbits which would result from such a catas-
trophe completely demolish that theory.

WEPTUNS

ORBITS OF THE OUTER PLANETS.
Considering the giaut pianets, to which I next pasg
we shall feel that they may be quite unlike this earth

on which we live. Conslder the enormons size of
Jupiter. We are accustomed to consider him larger
than our earth: bnt it is not merely that; he is
1,230 tlmes larcer, Here 18 a difference altogether too
great to be regarded as a difference of degree; it is
a difference of kind., Our conceptions of Jupiter are
necessarily different. We should expéct it would be a
different kind of body from that on which we live, and
we find clear evidence of that as we cousider him. We
have views of the planets here, but they are not as
clearly visible to this large audience as I require,
I have better views, and I shall have the room
darkened and the views thrown npon the sereen.

As soon as you look on Jupiter you feel that you have
to deal with a body altogetber ditferent from Murs and
Mercury; altogetlier Gifterent from those which we have
been dealing with. Compare these views with those of
the planet Mars, and you will see that there 1s n¢ simi-
larity in the conditions. In Juplter you have bands of
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clouds which have sometimes been compared to the
trade-winda zones, But our trade-wind zones and bands
of clouds upon the equater woull not be visible from a
distant planet.

When Jupiter i3 brought on, you will realize how
much Juplter differs from Mars. Yon will feel when
you look on these views of Jupiter, taken at Cam-
bridge Observatory, that yon have before you an
atmosphere heavily laden with some Xkind of vapor
or vapors, it may be many. Cloud masses traveling
over the surface of lands aund seas would show
some degree of agrecment in shape with the con-
tinents over which they traveled, and if disturbed
by the wind they would be torn apart ; but we find them
great masscs, a3 if their depth correspouded with their
breadth,asif the depthof these ¢lou! masses was as great
as thelr length and breadih—everythiug that the tele-
scope shows us learls to the couclusion that there Is a
deep atmosphere.

You have in the lowest right hand picture a very
emall round disc of one of lhe gsatellites of the planet
Jupiter, and thoe diameter of it is 2,000 miles. Imagine
the 20th partof that tlay satellite; that wonld be 100 miles.
It is fnoonceivable that rhese clond masses have no
greater dopth than the 20th part of that little satellite.
Youn must feel that these cloul masses, as they appear,
have a depth comparable with their length.

1f tho atmosphere of Jupiter were ouly 100 miles deep,
tho pressure at the bottom would be so great that the
lower atmosphere woulill be a million of times as dense
asplatinuin, the heaviest of all the elements. It isutterly
impossible, of course, thut any =such atmosphere
could exist; but that is the legitimate caleulation, the
pressure would be millions of times as great as ours, 80
as to produce a density equal to that of platinam,
Thero is one pecr.narity about tioe planet opposcd to that
idea. Iustead of Jupiter being the densestplanet, 1visless
dense than the cartll  [ts ensity i3 one-fourth thoe real
density of the earth ana corresponds with that of the
sun, and this scems to give an explanation of the difli-
culty. The great compression of the sun’s atlraction
woull male his atmosphere dense, but his enormous heat
expands the atimosphere, and tostead of being a denso
globe, we have a globe less cense than the earth.
Must it not be mauvltestly so in the case of Jupiter, and
that by its zreat size it 18 brought moro nearly in rela-
tion to the un than to the carth, and must it not be like
the san ju regard to the heat within his globe T You
lhave the argument derived from the compression of
the atmosphere ofvthe planets. Again, the ¢louds are
formed und carricd around and around, and tho planct
carried around and aronmd lu 10 honrs, the equatorial
more rapidly thau the temperate zones. Nolice the
equatorial band, brighter than the rest, and you will
percelve that it corresponds with the equatorial band of
the sun, There are no features In Jupiter like thoso in
tho carth; and nll goes to show a plauet more of tho
nature of the sun than like curs. But misht not the ap-
pearances be those of ordinary elouds, after il

That can be tested by experhinent. The light of that
planet, instead of giving the samo kind of light ag it
wade of rocky matter and eovered with stounes, shines

three times as brightly: 1t shines almest as hrightly as
if in tho midst of a mass of clouds or snow. If Japiter
were purely white, you might say that it was only these
clouds shining that we sce; but in point of fact, Jupitor
does not lovk white. Therefore you have the certainty
almost that there must bs au inberent light in it, and if
it be inherent light, if the'center of tho plauet eives it
out, it must be at a heat corresporanding te that ot red-
hot iron,

The satellltes of Jupiter may be bodies well lighted,
though not iutended to supply light to the planet, All
the satellites canneot snpply tho planet with 1-16th of
the light which we get from the full moon. They are
{lluminated by the small sun of Jupiter, which 1s bat
the oue-twenty-fifth part of our sun in size. We will have
another picture of Jupiter. You «co low processes are
tukiog place which seem to bhave led to the uprising
Irom some interior surface, perliaps a surface far down
below the atmospheric envelope, the uprising of a great
clondy mass, surrounded by a dark border, which was
distinctly visible to Prof. Maycr tor hours., Everything,
as I think, scems to show ns that ia Jupiter we havo &
scene of tremendous activity,

THE RING SYSTEM OF SATURN.
Now to bis brother giant, the planet Saturn, with his

glogions ring system, Those belts ou Saturn correspond
ju kind to those that exist on Jupiter; and I might ap-
ply the argument on Jupiter to Saturn without any
further explifnation. This great belt of Saturn during the
whole long yeuar of Saturn—lasting 22 years of ours—
remaing persistently ecquatorial. Now the axis of
Saturn is incllned very much as tho earth’s axis
{s inclined, but the equatorial belt never shifts, follow-
1ng the sun, as ours ecs, along the ecliptic. It scomsg
by 1ts position to show that it is produced by a force re-
siding in tho planot itself. Now there is ono argument
denved from the ring of Saturn., Thoserings have been
described by Brewster as glorious bodles reflecting light
on Saturn, and wmaking up for want or tne sun. Instead
of doing that, those rlags cut oftf the suncshine.
You will sece  how the rings appear when
they are seen edgewixe. The planet i31n the full light
of tho sun, and tho ring 1s cutting off every little light
indeed, and no harm is done. But tire planet changeg-
and the ring shifts in position backward or forward as
the vear proceeds. Look at this picture illustrating
those changes, and you will sce that where the
Winter of part of the planct Is in progress when
more lNght 18  wanted, the rlug’ cuts off
the light. S8o if we are to arguo from
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~eation, if wa ara to say the Almighty intended that
tc ve the abade of life, we have at oncoe an enormous
dificulty brought belore us. Tnstead of the thing being
well-devised, it seems 1ll-devised. It seems as if
the onlv time the ring reflected licht was when it was
not wanted, and when 1t was wanted the ring camoe and
cut off a great partof the sun’s light, and it does net
cut it off Tor a short time. bat for 8} years a certain per-
tion of snunlieht is eut off, and for six of these years the
whole of the sunlight is cut off by the ring.

TIIE ARGUMENT OF DESIGN,

That is an argnmeut well worth eonsidering,
gnite aware that in modern times men of :cicnee satis-
fled themseives that they had disposed of that argu-
ment, and I think there is a great objection to the arcu-

I am

ment of design. Wa are too much in the habit of assum-
ing that we know the design ot the Creator. Then comes
one who Bays the creation does not fulfill that design,
and 1t sewetimes seems then, as 1t the beauty and
perfection of the Creator’s works had been done awiy
with. The difficulty 1s not in believing there is design,
but in becoming able to recognize what that design is.
Now the two schemes of these great planets, one eontain-
ing four and the other eight eorbs, are not, as we are
in the babit of supposing, insignificant. The
largest of the satellites of . Saturn 1is as large
as the planet Mars, and certainly as large as DMercury.
Tue least has a diameter of 1,000 miles, In the case of
Jupiter, those four orhs of Jumter correspoud 1n a very

gingular way te the four orbs which form
the inner family of the sun. The dis-
tances of those four orbs of the sun-—DMer-

cury, Mars, Earth, and Venus—are represented by the
uuwbhers 4, 7, 10, 16. The distances of the four sattellites
¢f Juvniter are represented by numhers, not 4, 7, 10, 16,

.t 4, 6},10,18—a very close resemblance. In fact, we
sce in Jupiter a miniature picture of the sun and the
.nner family of planets. Similarly in the relation be
tween Saturn and his satellites we have a complete pic-
cure of the sun aud his whole family of planets.

SATURN AND TITAN.

The largest of the sateilites of Sarturn is ealled Titan,
and it is eertanly larger than Morcury, anl prohably
as large as Mars. IHow splendid wmwust be the scena
which the planet Siturn presents to its inhabitants ! Kb
docs scem as thongh a scone of sueh wonderful beauty
was not inteuded to remain withoat speetators. It pre-
sent8 through the telescope the miost heantiful celors,
the most wonderful symwetry—ail preseuted to thein-
banmtants, if inhabitants there be. I pass over the in-
teresting facts in the discovery of the outer planets be-
cause the time that remains is short.

It secms to me that Neptune and Uranns present an
intermediate condition. Thev are not large enough
to be supposed fit to e the centers of schemes of
worldz to give out heat and light. Toey are further

away from the sun than Jupiter and Bat-
urn. But 1t scems to me they might very
well be in an intermmediate eonditien and still re-

tain enough of the beat they originally possessed
to be thie abodes of light and heat—that is,inherent light
and heat enough to sustain the life of ercatures. What
I want you to notice 18 the division of the solar family
inte twe parts, perfeetly distinet from cach other; and [
was very glad to see, in the recent gather-
mg of the American Association for the Ad-
vancement of Scienece, that a distinguished
mathematician of yonrs, Prof. Peirce of the Coast Sur-
vey, has arrived at the counelusion that Jupiter and
Saturn are really unlike the earth., He arrived at bis
conelusiens from mathematical resalts educed from the
formation ef those planets on the nebnlar hypothesis;
1 couie to mine by a different path, hut the conclusions
are the samne. So that I really think we wmay speak
confidently that Jupiter and Sature are npof
what they have becn supposed to be, but are semi-suns,
distinet trom the inner planets.

Now a few words remnain to me on the general ques-
tion of life in the solar system. I must confess tho
more [ study the matter, Iam eonviuced we are not
bound, in order to reconcile us to the Almighty’s work,
te adopt the theory that all or any considerable
portion of the planets aro Inhabited. We look
biek at the past history of the earth, and
we find that the Creator is, in our eyes, wastefnl
of s powers. But infiulty ean never be wasted. 8o,
in the question of time there has been no special care to
make available every instant of the existence of the dif-
ferent worlds, We find that for miilions of years back
our world was uninhabited, and we see, in regard

to future conditions, that even though thers
shiould not be destruction from fire, life will
probably by otlher causes pass away from tho

ecarth. Se, far from considering that every meimber of
the solar family must be inbabited at the present tlme,.
the ehances really are millions of mitiions to one againsg
any special planet being inhabited, becanse the time it
has been inhabited, if judged 12 analogy with our own
carth, must be a very, very small part of tho whole:
time in which the planot exists.

Here, agaln, we are bronght face to face with another
ditticnity ¢ In tho emission of light and heat from tho
oun there seems to be waste ; but lere, in. reality, we
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ar« in the presence of inflnite power, and we may say

vith the Psalmist that man eannot by search-
fneg flod out God. * Canst thon find out the
Almighty  into perfection § It 1s as high

a8 IIeaven, what canst thou do? deeper than Hell,
what canst thon know 1’ I think we wmay content our-
sclves with viewing fthe matter fn that light. Mcen of
science tell ng on every side that science teaches them
nothiug of God. That is the very thing we
are told in the words of the Scriptuire,
‘*Thou canst not by scarching flnd out God.” Myste-
ries are brought before ns whiech ne effort on eur part
enables us to resolve. So far from indueclng donbt, it
should encourage onr faith. As we are in the presence
of infinite space and iufinite time, so alse are we 'in the
presence of inflmite wisdom and intinite power.

COMETS AND METEORS.

THIRD LECTURE OF R. A. PROCTOR

REMARKABLE COMETS OF HISTORY—REPULSIVE AC-
TION DBY WIHICH THE TAILS APPEAR TO
BE FORMED—COMET FAMILIES OF JUPITER AND
HIS 1LEILOW GIANTS—THE METEOR SYSTEMS—
METEORS AND COMETS IN THE SUN’S NEIGIIBOR-
HOOD—-LVIDENCE OF TIE THEORY TIHAT METEOR
BYSTEMS HAVE BLEN EXPEILED FROM THE
GREAT PLANETS.

Prof. R. A. Proctor, I'. R. 8., gava the third lecture
of the course of six, on Astronomy, under the
atspices of the Young Men’s Christian Association,
at Association Hall, on Januury 17. The subject,
“Comets and Metcors,” was treated as in form-
er lectures, by means of pictures and diagrams
prepared specially for Mr. Proctor, and also by pho-
tographs, exhibited on a large scale by means of the
oxy-hydrogen stereopticon of the Stevens’ Lechno-
logical Institute.

THE LECTURE.

The longer I continue to give thesz lectures
in Amerlea tho more my difilenlty seems to lucrcasec.
When o Boston, I was asked to zivetwelvelectures, nnl
feared 1t would Lie too great a task. Before I eame over
to Ameriea I tlhought it impossible that any andience
would attend so nany as twelve lectures; but since
then, slnee that, difllculty has pussed away from my
mind, the feellng I have Is that these lectnres are not
nearly enough to give the facts I would lhike to
lay before you. ‘Tuch time [ give a lecture I
fecl more and more iow muceh I have to om¥. I men-
tion this because I shounld ke yon to bear in mind that
if I secmn to bring the faets too rapldly before you, it is
due to the difficulty under whieh T labor, 1 feel that I
am taxing an andlence greatly by Lringlng facts before
them, one after snother, with such rapidity, Itis only
the confidence I bive in American audiences which -
pela me to go on with these lectures, bringing on these
facts without giving time, ng8 1t were, for any rest of

mind. I desire yoil, however, to reeoxnize the difGenity
noder which Ilabcr.

The subject I have to deal with to-night is really a i
subject for twelvo lectures. It s full ot mysterios, and full
also of great discoveries which have recently been madle.
To deal with it ju one lecture is a somewhat ambitious
attempt., We have, to begin with, the great wouder
that comets and meteors should in any way be
associated, they are so unlike each other. Comats are
very large bodies, much excceding the sun in magui-
tude and the largest of the stars, and having that
mysterions faculty that thev possess of coming from
fathomless depths of space, after jonrneys which must
have lasted over miflions of years, rusbiog up toward
the Sun, passing close around him, and then passing
away with no hint as to what depths of gpaece they will
fly to. Itisa strange fact that we should have to ass0-
crate with bodies like metcors, so small in dimen-
stops that & child conld in many cases earry them,
bodies 80 large that our snu sinks into insgnificance in
comparison with them,

TIHE COMET’S COURSE EXPLAINED BY GRAVITY.

Now let us puss to the facts wost important in this
matter, Again, I rennnd youthat I am obliged to leava
out the facts dealt with 1 our text-books of astrono-
my, to take the more striking facts associated with thoe
views taken by astronomers of the present day, To
begin with comets., We have in the first place the fuct
that cowets come frow outer space, and after travehng
almost dirvectly toward tue sun for a long pertod
of time, circle around him, and pass away
azgain  into the depths of space. There 18 a
fact which seems at flrst to remove them from
all the ordinary laws of motion, certainly all the lLiwa
preseated by the planetary systemn; bot it was pre-
cisely in that, especially, that cowmets first gave astrono-
mers a proof that there was noresisting the truth of
the law of gravity. Newton took the comet or 1630, and
having found that it was traveling on a paravolic coursg
—--utter described as an exccedingiy long oval—was
able to say that that comet would follow suech and such
a course, although its orbit was of an entirely different
nature from the planets, and countinnaliy changing day
by day. Yet he said: “I will follow that body and
tell precisely where it will go;” und it was this
mastery of Newton over the laws ot celestial motion tuas
first convinced astronorers ot the troth of the laws of
cravity. The comet came and follo ¥ed the precise path
that Ncwion suggested, Let us sce how the comet
moved. Itcame traveling np toward {lie sun, seceming
to move dircetly toward lnm, marked among all eomets
by the directness of its path toward the snn. Wuen it
was  within a sixth part of tae suu’s diam-
eter it circled aronnd him and O ttea
passed away on n frack precisely like that on
whieh 1t had amived. Like all other comets of
distinetlon it had a loug tail, and as 1t approached the
sun, that tall extended, according to the known laws of
comers, away from the sun, and was thus carried b --
bind the eomet; but as the comet passed around ti
sun—and passed around it In a few honrs—when it we ¢
scen cun the otber side, a long tail—I cannot call it th




Prootor’s Astronomical Leetur 19

fame tall—a long tafl, 90,000,000 mlles in ex-
tent, was seen, no longer  carried L:hivd
the comet, but traveling now in front of it;

and in the day ar two that that oomet was lost sight of,
that long tail was thrown out by the retreating comet.
Now that comet had taken four weeks in approaching
the sun over a distance of 90,003,000 miles, though hav-
ino, at starting, all the velocity with which it had ar-
rived; butin less than four days that wondrous tail,
§1.000,000 miles long, was thrown out in front of the
body.

COMET OF 1630,

There is a fact which either shows us we have to deal,
s to & oomet’s tail, with matter whlch has not been
forwed in reality, but i3 some wayv made to become ap-
parent to us, or else we have to deal with a force incom-
parably greater than gravity. This repulsive force of
tho snn seewms incomparably greater than that of grav-
ity. Gravity had led that comet over a distance of
9,000,000 miles in four weeks, and it threw out its tail in
four davs There is the first evidence
of this mighty repulsive force of the sun.
The comect came 80 ©lose to the sun—a distance only
tho 160th part of that which separates our earth from
the sun—that the heat to which it was exposed was
95,600 times greater than the heat endured by our earth.
There then was a heat which we might very well
jmagine woald destroy the vory substauce of our ele-
ments, ATl the taterials on ecur earth would, under
such a heat, be vaporizod. Newton assigned a path to
the comes of 1630, but was not able to assign a period
to1t. He was not able to say for how long a time
it would pass away hefore it returned; but in the case of
Halley’s comet, Dr. Halley not only calenlated the path
the comet would follow, but he looked throngh the
annals of astronomy to see if there were any comet
traveling on the same path. He fourd oume in the
year 1607, and avother in the year 1531, and
noticing - that the interval from 1667 to
1682 was not very different from the interval between
1531 and 1607—76 years about—he concluded that the
comet had a period of 76 years, and he boldly presented
the predictlon that in the year 1759 that comet would

return to our neighborbood, The prediction was an
exceedingly bold one, and it was the first time an
astronomer had ever ventured to say a comet would
follow a certaiu path at any given time; and there
was this interesting circumstance about it, that when
that comet returned, the astronomer who predicted is
would long since bave passed away.

BUCCESSFUL PREDICTION OF A COMET'S RE-APPEARANCR,

‘When 1759 came astronomers went over the calcula-
tion made by Dr. Halley, and they fouund, from their
greater mathematical experience, how that comet might
be dealt with. They were ableio tell the very mounth,
and even predict the day. They said upon April 13, 1769
with a limit of error of one month, this comet would
come back to its point of nearest approach to the sun.
It actnally returned, and made its nearest approach to
the sun on March 13, 1759, or just within the limits of
error. They did not know at that time that the planets
Uranus or Neptune existed, and these had cxerted their
influence on that comet.

But when the return year 1835 was approachlng, as-
tronomers had learned about Uranus, though Nep-
tune bad not been discovered, and also how to
deal much more perfectly with the processes of
mathematical amnalysis involved in calculating
the course of celestial bodies; and they said this
comet would return in November, 1835, and they put the
dates between Nov. 12 and Nov.16. A German astron-
omer, Rosenberger, gave the exact date as Nov. 13, The
exact date on which the comet did make Ity nearest ap-
proach to the sun was on Nov. 12, and certain strange
facts were noticed. As it approached the sun it pre-
sented a very remarkable head, which you recognlze here
(picture shown),with a crescentic ridge of brightness.

COMET OF 1835,

It seemed as if It were torced from side to side by some
disturbing foree exerted by the sun. That comet passed
around the sun, made 1its nearest approach, ap:l came
around on the other side, passing southward There
fore it was observed by astronomers of the souther:
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bemisphere that, Instead of preseoting the appearance
1t had when it approachei the suu, it appeared
wot only withont tail, but even withour any head.
It appeared as a small  bright speck, like
the swall central part within that crescent, which
you sce lhere. Nothing distinguished that cemet
from a star cxcept the fact thal it was moving slowly
over the heavens, and as days passed on it increased, 8o
that In 17 days 1t increased 50 times in size. It seewed
as ir it were trying to develop a loug tai, but
it passed away before a tail had been developed.
It was noticed that there seemed to be a power in the
gnn toraise from the nuclens of that eomet vaporous
matter, which was, agalu, swept away by the sun; and
8ir John Herschel at that time said tuat, io his epinion,
that was the nature of the economy of a comet—that
matter is so raised, and thal the sun has power over that
tnatter to repel it.
EVIDENCES OF THE REPULSION TIIEORY.

You notice I am dwelling on that fuct of repulsion. I
want toshow that power of the sun in repelling matter
from ¢ I will now deal with one of those smalt comets,
ve:sy carlous, indeed, in thelir history. We have here all
the evidence we can get, altheugh it is not very striking.
In the year 1770 a small comet wade its appearaunes,
which, having been watched for a time, was found not
to be traveliugin one of these long oval paths, sueh as
are here presented; but in a path whieh, instead of
nhaving one of these long periods, was completed
within a period of 63 years. It was ealled, from the
wame of the astronowmer, Lexell’s comet. It was never

gcen sgain. Astrobomers then were led to inquire

what bad become of this comet. Tracing it
baeck, they fouod it was in a path se near to
Jupiter that the glant power of that planet ar-

rested 1t in its conrse, and sent it out on a path entirely
different from what It was before. It was uscless to look
for it. This question then arese: ITow was it that this
cemet of very slriking appearance had mn2ver been
gecn betore$ Traveling in a period of five and a halt
yenrs, how was it it had rever been seen i They traced
1t back and calenlated its patn, and they found that the
sawme giant hand which sent that comet away had intro-
duced it. That comet, in 1667, approached quite close to
Jupiter; so clo=e, in lact, ns 10 mtrude itself among its
gatehites. Jupiter is not the ptanet te stand auy non-
sense of that sort, and so compelled it to follow another
ocourte. Anether flve and a half years, and another five
and a half years, and then it was aguin seized by Jupiter,
and seut onlside of the solar system, and where it has
gone nobody knows, There is rather a euriousfactin
cennectlon with the history of the French revolution.,
Blanqul, a republican, wus imiprisoned, nud he took
it 1nto bis head to write abeut comets, and someching
made him look on Jupiter asa sort of policeman, and
bo described Jupiter as being always patrolling ou the

wateh for cvomets. When they came near be drove
them Into the petllous &gtraits, and it was well
for tho comets Iif  they could escape from
that time  forth. But  still there Is  one

poiut abeut this comet of Lexell werth notice. It had
c¢one 1nto the midst of Juplter’s satellites, The satel-

lites are not large objects, and if tha comet had 14y
mass he could disturb them; bat ivstead of that it
those satellites are sull naveling the path they uad
before that eomet had arrived, and we learn. there-
fore, that that comet at anv rate was mere vapor,
had ne pewer and no weight, although it was much
larger even than Jupiter. It had no power,no weight
or attractive influence to disturb those little satellites
whieh Jupiter manages so easily.

Now we coqke to another cemet—that soen in 1243,
whicii {8 really Interesting, as traveling on the suortest
period of any eomet we kunow of, a period of three years
and foor menths, It is noteworthy on this aceount, that
this little comet seems to be getting closer and closer to
the sun, traveling always on a shorter aud shorler
period. It 18 apparently retarded by the influcuce of
some matler occunying space. It may seem a strange
fact te say that it is retarded, and yet 1t 13 travehng
more and maore quickly. Bug that is the ¢fl=ct of retarda-
tion iu any instance. Il our earth is to be retavded, the
effeet will be that our eartb will travel more and wore
rapidly, because the effect of the retardation wonld he te
get the earth nearer and nearer to the sun, and all tho
tiine she is being retarded by resistance she would be
hastened by the pull of the sundrawing her inward, and
when she arrives so that she travels oun the path of
Venus she will travel as fast as Venus, and wheun travels
ing the path of Mercury, she will travel as tast as Mer-
cury, then faster and faster until in the course of timo
she wili fall en the sun. This eoiwnet is traveling faster

and faster on a smaller and smatler oruit,
% *
% *
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@
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COMET OF 1818,
But I pass frem that. and go to oue, the faets revealel
by which are among the most curfons—I mean the cometd

which was discovered in 1826. It was carctilly
watehed, and it was then found tbhat this comet had
been séen before by Caroline Herschel and others, and
a path was assigned to it, having n pertod of siX year3
and elght months. Now this comet was Inthe hirsg
place remarkable, because 1ts path erossed the carth’s
path; nnd, Indeed, on the next return, in 1832, astrono-
mers announeed tiat that comet wonld actually cross
the enrth’s path, anpd many thoueht that that meant
that there would be a collision, and great atarin was
excited. A member of the Yaris Aeademy
sald it was imprudent for astronomers to mnake sneh
an apnouncewent, for in 1771 annouacementa mace In
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that waz had frightened the peopleout of their wits.
L. 1771, o hundred years ago, tickets were offered for
mle purporting to be reserved seats in Paradise, and
people actunlly bought those tickets. [Laughter.] In
1832 they wore not quite so bad, but still they were much
frightoned, and many nufortnnate eircumstavnces hap-
pened in France on account of that faet. They required
to be told—and tien they were not comforted—that the
mere tact that the comet passed the path of the earth
would not iuterfere with the earth; that the pas-
gage across the path of the earth would not
injure the path, for the path was not a material thing.
The people were frighteued, and they were not certain
that astronomers had calculated the path so exactly

that there would be mno collislon. But that
passed away, and nothing more Was heard
until 1846, and then the comet was found trav-

eling ou 1ts usual path, and to the great astonishmeunt of
astronomers 1t was annouuced that the comet had
divided into two parts, eaeh haviag a distinet bead and
nuclens. It was noticed bv Capt. Maury at the Observa-
tory at Washington; but strangely enough, on the night
wheu he ob-erved the comet had doutled, the
records of the German Obs¢rvatory showed the
cowet  to be siugle, and it would appear,
thevefore, that the greater clearness of the atmeos-
phere in Americn had enabled him to recoguize
the chango before it was noticed in Europe. Two sepa-
rate comets traveled aloug, side by side, and the strange
cireumstance was noted that they interchanged lights
sometimes one aud sometimes the other was brighter,
as if there were coimmuunication between them. They
were a kind of Siamess twins. They passed into space,
and astronomers thougnt they could wateh the eomeots
agiin and ascertain how they were separated, but the
comet was nevor seen again. The year 1866 came around,
and astronomers caleufated toe path of the comet.
They looked for it. Tuey examincd the path overthe
heavens a great distance vn either slde, bnt they failed to
recognize that comet. I told yon that comet passed the
path of the earth, and there are other systems which
also cross the path of the earth, ft was suggested that
the comet had enconntered meteor systemas and split
up, and was again avd agam split up, and so vaulaaed.
You will see there was an ilmportant eoniection between
that and what we have tearned since about the comet’s
history. The vear 1872 came, and that comet was again
lovked for. Obher calewlations wero made as toits path.
T¢ was looked for more cavefully, but in 1872 it was not
secn. I leave its listory for the time, presently to re-
tirn to it.
WI11Y SOME TAILS ARE STRAIGIT AND OTHERS CURVED.
There wias a ecomet seen in 1858, and called ‘Donati’s
cowet, Here s a piecture of the comet as seen in Eon-
glaud, and it looks like a plume, but in America that
comet was observed to have net merely the plume-
shaped body, but also a perfectly stralght tail, and iu
gome "pictures tweo straight tails. Let us,in the flst
place, deal with that comet. Why should th: tail of a

eomet be enrved? The posltion of a comet’ ail is dus
to repulsive action, and if thas rep e actwon
take place immediately, it i qui clear the

tail will be swept
1f you lock at a straight
how placed, ft wounld look straight. Bat it the
process of repulsion takes placo at a wmodorate
rate, the tall would appear curved. Yeu ean uunder-
stand that a eurved tail bahiad a comet is doe to repul-
sion not taking place instautancouasly. The head of the
comet consists of two kinds of matter—ons was repshed
with moderate velocity, vory gro.t but moderate by
eomparison—and the other repelled with areat velocity,
and so swept off into a straight line. It would bo pianie
fest to you, that beiag the case, sinco there was usep-
aration of the matter in the comet’s tail, thut it the
comet’s head was complicated in structure, there would
pe an Intermixture of the two klnds of matter,
end the portioa of the matter more readily repelied
would escape, carried off by the other talil, carrcd ot
to the curved tail, and at last would be swept away ;
and perhaps a llttle later anether portion weuld be
swept away, and so you would see extendiug from the
curved tail various streaks of this matter. Yoa have
here a picture of the ecnrved tail, and you will notice the
variety ol sircaks thrown out from that—thrown
straight out, indicating the action of that kind of process
we have been descrivlng. Matter more easiiy repelled
wag catried away with tho matter less easily repelled,
aud Irom time to tlno coms parts were swepc off,
80 that there was a eombing out of tha tail of the larger
part, while the stralght tail remined pertectly distinet
all the whiie. There was a curious fact indeed; and it
seemed to dispose of Tyndall’s theory that the tail of a
comet is not produced by repulsion, but a certain kiad of
action produced behind a comet, ani brinzing out as it
were {from space cloud-like matter. Ilere is a proeces3
which seems perfectly to correspoud with the theory of
repulsion, and it seems explicable in no other way. So
that there Is some force in the theory of a repulsive
power exerted by the sun.
EXPLANATION OF THE PLURALITY OF TAILS,

I must remari at this poiut that we owe to Prof. New
ton ot Yale Collego those views as to the formation and
behavior of that comet’s tail. They occurred independ-
ently to SirJ. Herschel; but [ fouad a paper contaln.
ing a complete account of all the phenomena of that tail
had beeu publizhed mauy years hefore. Now let us con:
slder the way in which the head is formed. There i3 the
eomet as it first appeared as a small rouud object, not
more distinguished io appearance than tho comet of 1843.
Lu time the comet became lengthened, and then grew oui
a tuil.. There wasin the first place the formation of
a crescent-shaped object, and from either side of that
object matter was thrown off. The tail beecame divided
behind the head. As time passed, all around the cenira!
brigut part of the head, matter was raised from the
head of the comet, even as Herschel had found matter
was raised from Hualley’s comet; it was raised and then
condenszed aud formed an envelops areunid the comet
Over our rain-clouds the vapor of water is raise!l, and
the process of cloud formation takes ptace again, so that
we 8ee two layers of clonds; so atter a time we begip
to notice two envelopes were formed, and in fact you
can sce the third envelope beginning to be formed

futo a siraigiat dine; .and

Hue, no 1uatter
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When those three envelopes were formed, that
was the time when the comet, as secn in Amerlca, had
three talla It seemed ay though the threo envelopes
cach of them gave the material wlhen a tailt
wus to be formed. And we are led in that way to an
explanation of another coinet, a very well-known comot,
the slx-tailed comet of 1744. This was ealled tho six-
1ailed comet ; but it seoms to me that when we view the
wuitter in the way we have been considering it we should
luok upon that comet as a three-tailed comet, not a s1x-
tailed. You will see clearly in & momoant that there is
pood reason for reducing the number of tails,

A ouvmet such as the comet of 1811 has around {ts
lead an envelope formed, and from either side of the
euvelope there 18 a bright streak, with a dark space
Sehind tae hondef tho comot. We don’t call a comet
auch as that a two-tarmed domet ; we say it is a one-tailed
comet, with the sides of the tall exceptionally bricht.
af we call that tail, where thero are two bright
atreaks, a single tail, I think we should cull this tail
where there are six bright streaks a three-talled comet.
We rhounld regard the two outer streaks as the outer
atreaks of the tail, the two next ns tha outer
aide of the scecond tail, inside the first, proeceeding
{irom an inuer envelope as in this case, and the
two insido streaks as tho sides ot the third tail. That
scems to be the more natural explanation of the matter.
And then we rewemhber what we are so apt to forget,
that comets have three dimensions, that they are not
mwerely display ed before us as a pictare, with length and
breadth, but they have thickness also. If you view
thetw from any part they would present the same ap-
pearance. That six-tailed eomet 8 renlly a three-tailed
comet, with one tail luside the other, and donbtless it
had three envelopes aronnd the head, and from these
envelopes were streaming away those tails—anotLer
proof of this wouderful repnlsive action,

o R

GREAT CHOMET OF 1811,
Now, 1if we consider the aspeet of the head of Donati’s
comet, we shinll recongnize something of the solar aetion

by which the head and tail nre formed. Here [refering
vo the etiarl] Is the head of the comet,  Ilere you recoz-
wize the different envetopes, convected one with anotuer
by bright streaks, and you can perceive that from thes

envelopes appear streaks of bright mntter swept away
on either side of the head. In the other pioture, taken a$
a later time, the two streaks are dlstinct, one from ane
other. Here is a wonderful process, and remomber the
scale on which it is going on. Dr. Hollmes spoke with
poetio lleense of ten million cubloe wlles of head of thae
cowet, aud ton milllon leazues of tall: tho tail was many
tiwes as lurge as Dr. Holmes’s numbers,

I must brlefly toneh on the theory of Dr. Tyndall, and
it i3 well worthy of attention. Dr. Tyndall went
through this experiment: He had a long tube, ap-
pareutly eiear of all material substancs execept air, as-
samed to be pure alr,and what happeaed ! He allowed

o small quuantity of vapor to pass into it
by taking a small mece of blotting paper, ime-
mersed 1o water, allowed to dry, nnd then

put into the tube, and morely lettinug the alr pass
upon it, It seerued as if nothing was carcied ln, yet
when the Light from the electric spark was letinto 1t a
cloud made its appearance. e onened the tube, and
swept everything away exeept an invisible residus, The
light from the clectric spark was mads to shine npon i
again, aud the clond again was forwad, so that Dr. Tyn-

dall said he bhad an exact analogne of
the tail of the eomet, aund he cousidered

that the head of the comet, depriving the solar rays of
heating power by not allowing tho heat to.pass throagzh,
left the actinie power of the rays in the mactter behind
the head of the cemet, bringing down out of space
clouds formed in matter not belongiug to the comet, but
bronght down as tue comet’s tall; and Dv. Tyndall eone
siders that he ean represent not wmeorely the formation
of a comet’s tail, but alt the appearances presented by
tho head ot even Donati’s complicated eomet.
CONNECTION OF METEORS WITH COMETS,

I pass from these facts, wouderful as they are, aud
introdneo the subj2ct of weteors. For a lovg time
meteors were looked on as phenomena of our atnios-
phere, but tacts began & be observed whieh led to

a difierent couelusion. Oue fact was that the
meteors occurred in showers on certain
days, Take, for instanee, the Nov. 13 shower.

What could it mean? Why shonld a shower of meteors
tako place on Nov. 137 Thero is no reason why
meteors should show brightly on thy 13th of Novewber
or auy special day, sofar as the earth was eoncerned,
But, on Nov. 13, the earth is passing o particalar pirt of
its course. Iu November tho earth, rovolving aronuod
the sun, when sho reaches that part of her course
18 suluted by coctaln  nissiles  whieh”  strike
ber atmosphere from withont, aud beeome illuminated
in passipg throngh It. The inferencs is this. If a trave
eler in passing aloug a eertain rowt found hlmself in a
certain plaee alway s salured with a shower of stones, ho
would coucinde that come nuschicvous pursons infested
that part of the road asd amused themselves at
lis expense. By the way, this ittastratlon whieh I mada
in a fore.er lecture, was sorang:lv anslhitorpretol i a
morning paped. Isnolke or ifla gehoolbovs throwingg
gtones ot a  traveler; 1 was  deserlbed “as  an
occeuirenco happealas i Eazlimd, anl to my hoerror T
found It 1n vac of the wmoraiug papers that it was cus,
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tomary in England to salute travelers with missilesidirtr viiy oy asry, aalthoy wou'd have such and such

fLaughter.]

Wo suppose the sun in this place, and the earth in
passing here is 8 aluted with a shower ot stones, Thes
stoues would be carried by attraction to the sun, and
there would be an end of the matter. How then does it
happen. that for centuries the earth is thus satuted on
passing there by these meteorsand ghat the foree of
gravily has been resisted? If these stones have a
motion of their own, they cau travel around
the suwp; there can be always a streawn by whicll the
earth can be saluted with & shower of stones at that
particular place. To remove all doubt, let us reason in
this way: If there were bodies traveling that way
lindieating it on the chart], and the earth was
passing there, these stones passing over a short
part of their course, and the earth passing over a short
part of its course, there would he a shower euconntered
Ly the earth. Buppose a shower of rain i3 falling from
a particnlar part of the heavens, all the drops
seem to come from a particular part of ths sky,—
from a pardcular direction. Thus also would appear the
shower of stones, only instead of having a certain rela-
tion to the horizoo and the point overhead, they wonld
De related to that particular part of tae starry heavens;
they would seem to rush from a partieular part of the
Leavens; and this has been actually observed.

Prof. Newton of Yale College notified to the astromo-
mers of Europe that there would be a great shower of
November meteors in 1856 plainly visible both in America
and Europe. In point of fact1t was not well seen in
America but in Eacsland, and we know the differ-
ence of time is only a few hours, so that you see how
closely he made his caleulaticu.

PERIOD OF TIIE METEOR STREAMS.

As to the period in which they travel their course, it
is a third of a centnry. That was the aetual time when
the last great display took plaec, Arago heing one of the
astronomers who deseribed it most elosely, and Huin-
boldt deseribed another shower in 1779. If they travel
on their conrse, huving a period of 33 years, wo might
account for the recurrenca.

But this seems too immense. These objeets. a few
graius in weight, have been truveling on such a eourse
of 33 years, which would eorrespoud to a eonrse carrying
them tar away outside Uranus, and that seemed to Prof.
XKewton too graud, and showed that if they traveled a
thirty-third purt of tho yeur the same course that our-
gelves would follow, 1u another yeur they would be a
thirty-third part behind, and the next year another
thirty-third part bebind, and the third year aoother
thnrty-third part behind, and so on until the enl of 83
years, they would be brought to their plaee again.

But, meuntime, a strange fact had been diseovered.
The comet of 1862 was noticed to pass that part of the
eurth’s orbit corresponding very elosely with the course
in whieh the August wmeteors seem to come from,
and Schiaperelll suia they may be associated with
the comets, and Schiaperelli coneluded that the
metears follow in the train of the gomets, and supposiug
this to be true, it was possible to give the November
metcore a period of 33 years, which before seemcd incred-

acourse; aud that being the ease the astronomers thought
they would look for eomots 1n the paths of meteors,
They townd that a comet had been observed that very
year 1866, traveling in that very course. There was
another strange coineidence—a small eomet wad

seen traveling over the course assigned to
these meteors. Prof. Adams  undcertook  to
show that the November metecors eau have

10 other course than 33 years., It had been noticed thas
whero the earth encountered these meteors that pary
of the heavons had Dbeen slowlv advaneing iu the direo-

tion which the earth travels—the shifting ol
the nodes owing to the attraction of the

celestiai bodies—and Prof, Adams calculated whether
the perturbation woulill be such if a vear and s
33d part were the true perivil of these meteors, and ho
found that the perturbation would not be so great, s
then took a period of 33 years and he found that tha
porturbation would be as larze as it was cbserved; ao
that he was the flrst to demonstrate that thoy did travel
in 33 years.

Iverything sccmed to be done to show that the
meteors traveled 1n the track of the comats. But ona
test remained, and that was to predict that after
a comet had passed a ecertain plaee there would
be a shower o! meteors, and the prediction would be
confirmed ; then there would be a new kin 1 of evidenee.
And that evidence was given by that very Biela’s comat
which frighlened penple so much in 1832, which van-
ished in 1866, and was again looked for In 1872. Alexane
der ITerschel, in England, predieted that when the earth
came to that part of her orbit, Nov. 26, 1872, there
would be probably a ereat display of weteors.
Thut happeued. Xt was a glorious display {n Eagland
and Amerieca, but it was stiil more gloriously seen in
Italy, where 1t appeared with all the glory ¢t the large
meteors, with a great number of minute oues. That
shower came from the foot of Audromeda, or the exact

path that the comet would have followed if
it had struek the earth. Then came in a
curious feature. It was suggested that sinee

this meteor shower had struck the earth, why should
not the astronomers ou the other side of the earthh look
out for them or the cowet theret It was said that it was
Bicla’s eomet which had struck the earth. Xt touched
the earth on Nov. 29. The comet waslook=d out for near
the shoulder of the Centaur. A nebulous obj-et was seen
aud identified. The next morning it was seen again and
it had sbuifted. That was not the end of the
matter. Astronomers made a caleulation to see it the
meteor path accorded with expectations, but found 1t
d1d not ; they were far behind—many weelks behind. So
it scemed shown that there were streaks of meteors
traveling from the direction of the comet’s course,
Tonese are a few facts that show that meteors are assoei-
ated with comets, More than a hundred meteor streams
are encountered by the eurth within a year. It bhas
been diseovered by Prof. Newton that this carth en

counters about 400,000,000 meteors every yeal. We have
then a very striking feature1n the economy of our solar
aystcm. The meteors are following the eourse of the



24 Tribune Extras—Pamphlet Series.

eomots, In fact, tucrels every recason to belleve that

there is so grent a guthering of eometary matter follow-

Ing these meteor traeks. that when we see the sun in an

eclipse we ehiould see a gathering there, as wo do scee in

the corona.

EVIDENCE THAT MIWEORS ARE EXPELLED
LARGER PLANETS,

In this leeture I prowised to give somo account of
what was expelled in those great explosious from the
sun., If I wastosay that the com=ats were shot out of
the sun, you wight be startled, or if I asserted that thoy
were also thrown from Jupiter aud Saturu. But the
cvidence of thatis very curious. In the first place, wo
koow thiat niatter is ot out from the sun, with a velos
elty ~80 great as to Lo carried tar away
from tim, and eo would travel forever away
into space. That has only been observed a few tnnes,
bt it 1s probably very frequent. The matter whieh was
expelied, if 1t struck the earth at all, woutd strike in the
daytime. If the suulisover there and the earth is here,
the side of the earih toward the sun will be the illu mi-
nated glée. Tue meteorle matter coming from the sun
can oaly strike the illuminated part, which 13 the dav-
tiime. You throw a stone at any objeet, 1t wust
sfrike the side ot the ohjeet you aim at, that is turued
toward you. HHuowmboldt wentioned that the largest
number of meteoric masses had fillen in the day-time.
But then this is scarcely suflicient, The larger aero-
lites bave been exawined and their micruscopie strue-
ture studied. Sorby of Sucflicld has examined them,
and says they eonsist of a unumber of small glob-
ules, and wero evidently onginally in a  va-
porous  state Dbeloro assumiug  their present
state, or were at one timo in that
condition. Then came a ehemical analysis by I'rof.
Graliam and Chandler Roberts of Loudon, They
found in i€ fron of the weteoric mass wmoro hydrogen
than iron contalus In a natural eondltion. Prof. Gra-
han, wao was a very good eliemist indeed, said that in
his op.non cerrainly that meteor, that iron, had been
expelted Irom one of the stars that people spiee. Ilo
paluted out that thero were stars that contained

FROM TIIE

nydrogen lu their atimmospliere, These are  somo
of the facts conoected with the larzer wmetcorie

masses.  How shall we aceount for these mcteorle
streams of which I have been speakinz® I have men-
tloned one as traveling close to the path of Jupiter, All
cemets of short perlod have patbs closely approaching
those of someof the large plavets. That particular ono
went cloge to Japiter, about seven ycars ago, long he-
fore the explosive pouer of the sun was uoticed. i eail
them Jupiter?’s comet fawmily. SirJohn Merschel sald that
it was very curions that they had that relation. If we
put forward the tucory that Jupiter expelled these
eomets, we have a very startiing theary, but many of
thq theories whieh have been propounded, some of tho
most lmportant charncter, and whichh have proved to bo
true, have been the most sturlling, It 13 said that as
Jupiter, Saturn, und Uranog go on their paths, they
draw lo the eoruets which travel eloss to them, and cap-
ture them. Twade a ealenlation nbout the November
moteors to sce how close they must go to the path of

Uranus in order to be captured, and found that they
mns<t approach nearly as close as the nearest satellite.
Only those which came almost in contaet with the planet
eould be eaniured. Now, If they were sbut out when
Uranus was as a swaller si, thon 1t wonld be explained,
whereas we fiad great dilliculty lo Imuginlug that a
comet  eomiug out  of epace  would be eap-
tured bodlly by a planct like Uravus. Let
us eousider thus; if comets are expetled from a
planet, they will bo carried atong with the forward
motion, If it could appear thatsome of them went
backward, then we would have no evidence of the the-
ory I have beon advaucing., If most of them travel fore
witrd, then we should bave some evidence for tlue the-
cry. Now thers ls this curious fact that all the comets
of shory periods, the whole of Jupiter’s comet family,
travel forward. They do .not travel in all direetlons
of slope; all nave a very maoderate stope to the path of
the planet. They do not have the slope even of some of
the asteroids. That is preeisely what we unotiee—tha
they travel vory mueb with Jupiter. Taking the bals
ance between the two theories—that of expuirlon and
that of capture—it secms to be 1n the favor of the moro
etartling one—that Jupiter has had the power to expel
these ¢bjects,

The cowets that are ecomimg from intcrstellar spaes
liave sowe of thom tageu eight willions of years to
make thetr journev, and we have no reason to think
that it Is toeir first visit to our solar system. They scem
to be flonting frow sun to sun. During these numense
perods of tiwme our sun and tbe ~whole of the solar
ystem have updergone changes. Donatr's comet
s an lastration of one of these long periods The facts
must be remewbered, that while showers of meteors are
unusual plhenowmona, meteorltes fall every day and
every hour of the day. Our earth is absolutely growing
by these falls, The timoe is ac.ually past when the earth
is  growing wisibly, but yet immecuse amounts
ot mateer are added to it in this
way. Andnot enly the earth, but the mooa and Mer
cury, and we way say ail the pianets are growing unda
this meteorie downtall, Jow are we proiceted from
tis downlidl, with 400,006,000 or them every day 7 The
rate at which they arive 1s very muel more rapid than
that of a bullet. If there was uo protection
we should ecrtainly be destroved. Taat protection 1s
the atmosplere. When a meteor cieounters the atmos-
phore its velocity is first redueed, and then it 18 cone
sumed througn the heat whish is generated, and falis In
the shapo of a vaporous dust. On the tops of moun-
tains the waterial ol these mateors has been fonnd.

|A dlgrara of thoe appearance of the sua’s corons was
shown.] It would appear hiere as it there was an asure-
iution i the sun’s neighvorhnod of the watter thrown
off Irain the 8un with the aggregated gathering of the
meleoric iasses.  These appearances of ebanges taking

plaee, not merely in the present but in all past
thue, teach us  the reality of the truth of
thoss  words of the Psalmist, *“’lhe heavens
deelare the glory of  God.” They  secmn to

have a real meaning, * The beavens declure the glory
01 Ged; urLd tLle fununent eleveth Lis lLandiwork
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Day unto day uttereth speech and night unto night
showeth knowledge. There is no speech nor language
but their voices are heard among them.”

TRANSIT of VENUS—The MOON

FOURTH LECTURE OF R. A. PROCTOR.

HOW TIE TRANSITS OF VENUS ARE OBSERVED—TIIE
IMPORTANCE OF TIE TRANSIT OF 1874 —TIE
MOON’S ASPECT AND MOTIONS — HER SERVICES
TO TIIE EARTI—LAPLACK’S IDEAL MOON—LUNAR
PHOTOGRAPHY—TIIE MOON DESTITUTE OF WATER
AND AIR — THE MOON’S PROBABLE IIISTORY,
SIIAPE, PRESENT CONDITION, AND APPARENT
VOLCANIC PHENOMENA.

Prof. Richard A. Proctor delivered the fourth of
his series of lectures on Astrouomy at Assovciation
Hall on Jau. 19, the subject treated being *“The
Transits of Veuusand the Moon.” Ingenious diagrams
were employed to depict the various appearavces of
the moon as observed throngh the telescope, and de-
lineate the path and points of view for the coming
transit of Venus, which occurs this year, and which
is at present a topic of greatest discussion and inter-
est to astronomers. ‘The audience was very large,
and the lecture was listened to throughout with the
closest atteution.

THE LECTURE.

It has seemed well to the gentlemen who
have arranged this course that a few remarks sliould be
made upon a subjeet at present attracting great 1nterest
among astronomers—I mean the question of the ap-
proaching transit of the planet Venus. You know, of
course, that on this transit depend the best methods of
determining the distanee of the sun, and that upon de-
termining the run’s distance depends our estimate of all
the dimensions of the planetary system. Therefore tliat
Is the fundamental problem of astronomy, because

when wo puss on to the stars also, our 1deas
depend on that one fundamental measurement
of distance. Now it happens that the planet
Veous, by ecoming Dbetween the earth aud the

sun, enables us to measure that distanee in a manner
very easily explained. We know that the distanee from
Venns to the sun is to the distauce of the earth from the
sun as flve to seven. If observers at the porth and
at the south of the carth’s globe look at Venns at
a tlme when she i3 diceetly towards the snn, the
southern observer will see Venus at the highest of those
stations, and the northern observer will sece her at the
lowest of tho-e =tations; =say they are 6,000 miles apart;
then we know the distance apart of 1he lines that Veous
appears to have Iraveled on the surface of the sun is
15,000 miles, and then we know the whole diameter of
the sun is s0 aud 8o, becanse we ean cempare it and
know 1t 18 proportionately so mneh larger. We ascer-
taln the diameter of the snn, and if we know tho
s1ze of any object and know how large it
looks, we kuow how far away it i8. You see that
having this distance of 6,000 miles we ascertain that

distance of 15,000, and afterwards, knowing the dlam-
eter, we know tho distance of the sun. Buat then it is
not possible for observers to note the planets at two
points like that, because they are not 1n communieatlion.
Those two observers at distant places cannot work at
the saume moment. The sonthern observer watchos
Venus erossing the suu’s fice on tho northern track, the
northern observer sees her on the lower track, and if
they nute how long a timeshe talkes, they determine how
long these two tracks are, and then it is a simple prob-
lem in geometry to tell the distanee of one from
the other. Tnat 1z Halley’s method. Again, you will
notiee that the observer who sees Venus traveling this
longer course will gee the transit begin earlier than the
observer who notices her traveling the shorter course,
Therefore, if one observer is pluced where Venus begins
as early as possible, and another is placed on the earth
where Venus begzins as late as possible, by comparing
those two moments 1t heeomes a mere geometrieal prob-
lem to tell where those chords are aud how far apart
they are. Thig is Delisle’s methbod, IIalley’s method
requires only two owservations of the length of time
Venus takes. It they have a very orvdinary kind of
eloek, so long as it does net gain or lese during the
time their observations are in progress, their result is
achieved.
E L
¢ 0
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DELISLE’S METHOD OF OBSERVING TIIE TRANSIT,
A, B, stations von opposit- sides of the ‘arth, A a. part ot the earth's
orbit. V, Venus. CD and E ¥, apparent paths ol Venus on tle son,

BUN’S8 DISK WITH TRANSIT THUS OUSERVED.
Upper and dark ima e of Venus as seen from Southern Hemisphereg
lower and light image as seen jrom Northern Hemisphere,
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But the case is very different with these obscrvers,
who employ Delisle’s method. They require to know
the absolute mowent, because one ohserver is as far
away a8 possible en the oppesite side of the eartd from
the other. TThey canvet communicate, and, thercfore,
the only way they can compare their time is by knowing
the true time at their station. But in order to know the
true time it is necessary that the lougitude should be
known. Suppose in Eugland a certain event happened
at 5 o’clock iu the afternoon; then you will know it in
New-York as earlier by flve hours. It would certaiuly be
difficnlt to be accurate within a second or two. Now, in
order to apuply Declisle’s method tbhe two observers

must know the troe time of their stations within
a second cor two, and while this obstacle
might be surmounted in such places as

Greenwich, Washington, Paris, &c., yet it would be very
difficult to do it in a desolate place or island on the
earth’s surfacc; and that is the difficulty of Delisle’s
method. [It is very well werth noting that during
scasous of ebservations made between Greenwich, Paris,
and Washington, the Washington observers, by making
a comparisen between those results, found the true
difference of longitude between Greenwich and Paris.
American astrovomers were the first to give the true
differenee of longitude between Paris aud Greenwleh.)
You wiil notice what we have tode lu these two methods
are two very different things, Halley’s is easy, aud the
other is difficult,

Then comes the history of those matters by which the
observations of the next twe transits have beon deter-
mined. By an unfortunate mistake in 1857, repeated
later in 1868, the Astronomer Royal of Engluud came to
the conclusion that ITalley’s metbed could not he applied
to the year 1874, and he cime also to the eouclusion that
it could be applied to the traunsit of 1882. Therecfore,
observations were to be made by that method 1n 1882,
and expeditions weuld have been prepared for that pur-
pose, wten I chanced, in looking over the arguments of
the Astronomer Royal, to diseover that he had arrived
at n conelugion that waserroneouns, I found those state-
ments must be reversed; that it is in the transit of
1882 that the latter method 1ust be applied, while this
yeuar Halley’s method can be employed with great cer-
taluty. I made the statements accordingly. These pic-
tures indicate the point on which my reasoning was
based. Ilereis the carth as sccun from the suu at tho
moiuent the transit begins. Therefors at any place
now in view the beginning of the transit must be seen.
Here i1 a preture sbowing the ecarth when the end of the
transit of 1874 ean Le sceu. Now, you notice the begin-
ning occurring here in North Asia, Japan, &c.; tho
end can also be scen in those regions. So that tho be-
&inningand end are thus seen. There is nothing to be
dane it to place observers in those parts of the earth
and they, seeing the beginning and the end, will know
the time it takes. Southern statlons also exist, as yon
see, for soeing the whole transit. Therefore, thero is
nothing to prevent northiern and soutliecrn ohservers
from mezking those observations necessary to IHalley’s
method. The northern observer will notice Veuus at
vhe lowest of these lines, while the southern watcher

will sce tho uppermost or shortest of those 1lin es,
Everything they want is ready for them, and al
hat 1s npecessary is, that another observer should bel
sent to this part of the earth, to tthis more desol.te
region [pointing it out on the diagram], and then the
whole thing ecan be aecomplished.

Ta the transit of 1882 there is a difterent srate of
things. XMereis the surface of tho earth at the begin-
ning of the tranesit in 1882, lIere is North America.
New-York and Washington are theve, aud the begiuning
and end ot the transit can be scen from that northern
region; but there is no southern place wiero the whole
of the transit ean be well seen. There is a great change
between these former features and those we huvo now,
The transit will enly last four hours in 1874, Toe
chord of the tr.nsit is very short. In 1882 yovu will
notice South Awmerica is carried’ right away the other
&ide of tho earth, and the result is there will be a very
great change in all the stations. You will notice the only
southern station where the beginning and end of the
transit is ever scen is in Possession Island, and anether
here at Repuise Bay. But although they are in view
there, they are so clese to the edge of the disk at
the begioning of the transit that at that moment the
sun, I found, would only be tour degrecs above the
horizon. It becowes a diffieult problem, a very difticult
observation, to tell within a second or two when Venus
touchies the inside of the sun’s edge, and that ebscrva-
tion eannet be made when the sun is so low down.

MR. PROCTOR’S EFFORTS TO ORTAIN A HEARING.

Then you see the condition of the two trausits. Yeu
may know that Anierica has done mere than ber share
in that matter. There are as many as seven stations to
be oecnpied by North American observers in tuese
northern regions, and then, bheslde, they are send-
ing observers to this soutbern region. In this
controversy, I must admit I spared no efe
forts, At the Dbeginning eoif last year, when
I found tho time was drawingz near, I used all
means to get my views urge:d as strongly as possible,
The whole controversy hLas beeu about this point:
whether Epngland will change the arranczewents orig-
nally made to sclect and search ont the place in which
to see the transit from the Southern rexions. ¥ spared
no efforts—writing in daily, weekly, monthly, quarterly
papers, for which I was abused right and lett—to insist
upou the true views of the matier. It is objectionable
always to insist upon views, nnless thero is good reason
and the time is near when a decision mnst be taken.
Feeling that no time was to be losr, I for the moment
neglected that rule, in order to press my arguments;
und last June, at a meettug at the Greenwich Observa
tory headed by Prof, Adams, the greatest of astroneom-
ical mathematierans, it was proposed that measores
sheuld be taken to scarch over the sub-Antaro-
tie reglons, and the proposition was unaoi-
lmously ecarried by all the asironemers present,
That has already been done, and I hope good resnlts
will be obtained. Ouoe other polut I notleed in making
my oxamination. By another great mistake of the
Astronomer Royal—who, it should be rememb 'red, hag
other duties to perform at Grecnwicly which take up all
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his tmo—~tihs partioular roglon on the ehart hors in
India, where the beginning and end ot the trausit wili
be seon, wuas overlooked. It happened that the name of
the map fell exactly ou that region and obseured it, so
that the mistake arose. I recognlzed that region,
and afler a shorter s ruggle of about two years that
region bus been selected for a new station, so that the
transi$ will also be observed frowm that point.

It I mention this, it 1s because some reason must be
given in excuse for the opposition of a eomparative be-
ginner against one not merely standing high, but de-
servedly standing high, as does the Astronomer Royal.
No mun living basdone so much for the cause of astron-
omy, given so many years of hls lifo to the work. and has
labored so energetically In 11, as the Astronomer Royal.
But the time wus approacking when it would he oo late
to speak, and manv years must pass before a similar oc-
casion would return. Thisinduced me to eome forward,
and nothing would have led me otherwiss to take so
energetio a part as [ have douo in this matter. Now I
leave this matter of the traasits of Venus to pass to the
study of the moon.

THE MOON AS A GIVER OF LIGHT.

When I dealt with the subjeet of the sun, I spoke of
the worshipers of the Sun, who knelt down to himn and
regarded him as the ruler of their destinies, but there
werg nations who worshiped tho moon, and if we in-
quire into toe reason of such worship we very readily
findt. We notice that Job speaks of the moon as walk-
sng 1n brightness, and ho speaks, too, of the subjeet of
the moon’s worship. It was natural that men should
worslip the moon. The ancients worshipad any body
that seemed 1o move upon the heavens, and, therefors,
they worshiped the sun, the moon, and the planets,

Now this orb that woves around the carth seems to he
there in order to give light during the night time. Lot
us sea what astronomy has taught us. It teaches that
the moon is very much smatler than the earth, with a
diameter of 2,100 milea. She is distant from the earth
238,528 miles. The surface of the moon is less than the
earth’s 1o the proportion of 1 to 134, Ia other words, the
surfaee of the moon is aboat 14,600,000 square miles, equal
almost cxaetly to the surface of North and South Amer-
jea. It is also equal approximately to tbe surface of
Evropo and Afriea taken together., If the moon is the
abode of life there i3 plenty of room for life there, and it
18 an interesting quesiion whether she now cau maintain
life. We kuow that the voluine of the moon is to that of
the earth as 1 to 493, while her density is rather less than
that of the earth, so that her muss is to the earth as
about1to 81." °

First of all, as to the offices of the moon. Ifitis shown
that sho disebarges important offiees to the earth, you
will see that we are no longer bound by the argument of
design to recognize her as the abode of life. First, we
know she serves for the division of time. Bhe gives light
by night. God set His lights in the expanse of heaven,
the greater to rule by day and the fesser by night alter-
nately, There Is a service performed by the moon which
is t0 regular a8 to suggest that perbaps the Almighty
intended the moon for that speeial purpose.

Laplace went g0 far as to say if he had made the moon

he would havoe made it muech moro usoful to man. He
would have put 1t four timos its present distance away
from the earth, when 1t wouid be fur enough nway te he
a full moon and give a regular light contlnuously by
night. The first objectioa to this 13 an astronomlcal one,
for of all nuisanees the moon’s light is one which the
astronomer dislikes most, cspeclaliy at 2 time when he
wants to atudy soms necbul®, or some barely visible
comet; at those times the moon’s brightness serie
ously interferes with his observations; and I am
surprised, indeed, that Laplace, himself an astronomer
should have suggested sv inconvenient an arrangement
as that. But thero are other difficulties. It the moon ig
in that condition she would always have to be opposite
to the sun. The sun would go around once a year and
the moon also. The moon would no longer be a measure
of time, she would no longer ruie the tides in the same
way. Bhe now raises a great wave called tbe tide-wave,
represonted in hight by 5. You have another caused
by the sun, represented by 2. Those two waves are
sometimes combined in a single wave, and act
together, sometimes opporing, sometimes eoalescing. Ae-
cording to these changes, the tide varles ia night from
the differenee of 5 and 2 to the sum of 5 and 2. That is te
say, 3 the least hight and 7 the greatest, Taat i3 a very

important matter. It is of great service, as
any one who Ilives by the seashore knows;
it i1s of great interest to the shipbuilder and
merchant that there shonid be variable tides,

that there should not always be high tides, nor always
low. That important service would not have been snb-
gserved by the moon 1if the cunsideration suggested by
Laplace had prevailed. There is another very ime
portant service. The moon enables the astrono-
mer or seaman in long voyages to ascer-
tain the longitude, wmch 1i8 nothing nmore
or less than the true tlme at the observer’s station. If
ghe moved 12 times more slowly she would be less fic to
indicate the time in exaetly the saine degroe as tho hour
hand of a watel is less fit than the minute band. There
are other very great and important advan-
tages of the real moon over that suggested
by Laplace, which I wonder did not occur
to a mathematician such as he, the only man who ever
lived of whom it can be said “ He wus the rival of
Newton.” He himselt said Newton was fortunate in
having lived before hiw. In another man it would have
been rank eonceit, but in Laplaco it was consldered as a
just statement. Yet o failed to notice, when he sug-
gested this moon’s belng four times furthertrom us, that
under his conditions if spread so as to give the same
lizht, the material of whieh the moon would be made
would be lighter than any solid element known to us. I
thinde it was well that the Almighty did not take counsel
from Laplace in creating tho moon.
TELESCOPE VIEWS—THE MOON HOAX.

I pass trom these considerations to the toleseopte study
of the moon. When we think how near the moon is, the
planet that comes nearest to us belng 130 times further
awny than the moon, certaluly the hope wonld seera
naturai when Gahleo first turned his telescope to the
moon that he would discover signs of its fitnoss to be
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the abnde of life. We gnow what happened. Ile fouud
there a sarface covered with mwountains so that he com-
pared them in uumber on the mwoou to the “cycs” oo a
peacock’s tail,  Where there appeared to be durk
surfaces of a level mnature he called them seas.
Hec found them to be really solid, aud afterward tele-
scopic observations went ou, and all that was fouad was
the gradual culargetent of these features, and the reve-
lation of new details, but nothing to suggest that life
existed on that avid surface. Meu weat on hoping that
witli telescopes of increased size more would be obe
tained. It was thought that with Herschel’s great tel-
cseope something more would be determined. Hersehel
thought he could recognize in the Lright part of the
moou signs of volcanie action, because he saw a faiut
light as of voleanic eruption. We kuow it was only the
reflected light of the eartin

Other ¢fforts were walde, and it was at that time that
some one in America, a Mr, Locke, conceived the idea of
pubtishing thut strange book, tue Moon Hoax, which
wisled notouly the mass, but these who were well edu-
cated, | There was great ingenuity displayed in the
wethod of its constrnetion. There is the eounversation
between Brewster and Sir Johu Herschel, the enthusi-
asi of Brewster, which is very cowmieally deseribed, as
e lcaps from his seat and, eatehing Herschel by the
Land, exclaiws, * Thou art the man1”

Then a eurivuz appeavence of different flames, and
then animwals which sccemed to escape away whbeuever
the observer tried to fix his atteniion upon them; and
the Dat-men—imonstrous creatires—and the compari-
son between these Bat-inen and the militia of Loundon,
At this point the story scemed too absard for belief; yeo
we can imagine the impression it made, when some one
wrote to Sir John ITersehel 1rom Awmerica, asking if it
was true, auill urginge nieans ot couveying religious in-
struetion to the poor benighted inhabitants of the moon.
[Laughter.] Aud, strapgely, at a quite recent time, the
idea  has been sugsested of studying  the
moon, €9 as to  discover living creatures
theve, by the siune method. I saw a few days ago in an
American paper an idea based on the same wmistake that
cxisted in that Moon Huax, ouly there it was nog a
wistake but a trick. If you have the iniage of the wmoon
photographed to perfection, it seemed as theuch you
might tnagnity that image bv the microscope aund see
objects of hall a wile or tess in size, if not recognize liv-
ing creatures.  But this is the same mistake as thuse
make whe believe in the transfu~ion of light, What the
astronomer does wlien he sees the moon through a tele-
scope, or when he takes a photograph of the woon 1s
to magnity the imuage ns much as 1t will bear.
If he mterposes a screen and tries to magulfy the imace,
Le is magnifying a woon less perfeet; his best ehance is
by looking through the eve-piece at the 1mage in the
focus of the telescope. Tlere 1s a limit in the telescupe
beyond which it cannot be increased. I heard, a few
days ago, that the observatory to be established on the
Rocky Mouvutains will brlong the moou within thirty
miles of us; bt that is hupossible. Ii 18 not a quesiion
of a place above the utimosphere, sceing the moon
through the rarer parts of the atmesphere,

but the eoptical difficulty. The optical image
formed Dby the objeet-glass of the astronomeg

has defects, and if you maguify it you iwagnify the
deteets. When you get bayoud a certaiu point it is usae-
less 1o magnify the 1mage as it appears, aud there i3 vo
hop: of any telesecope larger than Rosse’s to get a cluse
view of the moon, [The best view of it obtained, per-
Traps, is that at the Cambridge Observarory.] We have
itnages here taken by the Cambridge refractor, and there
are all the details, as you see, of the craters and flaws
and irregularities of surface, but no sign of hfo can be
secil.
EVIDENCES OF ALSENCE OF ATMOSPIERE.

When we begin to inguire into the relanons of me
mooun, we see how hopeless 1t is to expeet sigos of life,
We have an orb having ne atmosnlere, or a very
shallow one. This is shown by the fact that shadows
thrown by the lunar mountaing are seen as thesoe black
parts, iodieating that there is no eonsi:lerable atmos-
phiecre. An observer watching our earth from tho
woon would wunot see Dblack shadows but dark
shadows, ot greater aod greater darkness, bhat
there would bo a certain amouut of lignt iu
the valleys all around the wountains; tor we
know we can stind on a wountain top when the sun is
rising and sce that the valley below is not black : there
is rwilight there, and it comes from the atmosphere. If
there were atmosphere 1n the moon, an observer from
the earth would sce shadows thrown all around the
mountaing, but not black oves, The blackness of the
lunar siiadows shows that chere is no illuminated sky
suen as ours, no atmeosphere to illuminate those regions,
and that is the first proof that the moon has uo «ppre-
ciable atmosphere.

On our earth, as you know, there is a twilight surface
extending a very great distanee, whieh divides true
sunhsht frow the place where thero 1s no sun, and the
twilight surface extends over 18 degrees ou the earth,
Ou the moon we can recogize no twitight surface what-
ever, Look at the earth frow the wmoon, the pictnre of
the “new’” earth, when the earth is betweon the sun and
the moon, aud there would be scen all aronnd the blaels
disk of the earth this twilight. We, as you know, on the
contrary, when wo bave a [Iull moon, see
the edges  sharply defined; it is  ouly tho
same cirele, no extension on cither side by twilight sur-
face. Thatis the second proot of it, Yet another proof
of it. When the moon passes over a star, thoe star flashes
out sud.feuty ; it there were au asimosphere round the
oo, that star would be seen preeisely as our suu when
sinking., When he sinks, thoush he scems not to pass
below  the lorizon, yet he is really below it,
and a lne drawn from the snu to the earth
wonld pass below the horizon. Trere can be no
doubt that if you are looking at the earth from
the moun, you would see the stars close aronud the
earth, when they were really behind it, vhey would be
raised by refraction of the earth’s atmosphere. Now, in
the moon’s ease, wo sco nothing of that kKind., A star,
even some telescople star, Is visible in one moment on
the moon’s edge, and the next it is gone. These ard
three convincing proofs that the moon has no apprecig.
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ble atmosphere, and If it has no atmospbere, there

can he no life such as we Lknow. There
may be life of other forms incounceivable, and
1t would b 1dle to inquire what they may be. I believe

there is ro life. I flud a hmit to where life 1S ou onr
earth. We may say the conditions on our earth are not
the same throughout—greater or less light, less moisrure
or more moisture ; but we find that thesc cond.t.ons
really limit life on the earth; beyoud a eertain hight on
the mountains there is no life except of mere auimal-
culze and these earried up by the air; and so far as
analogy teaches us we must believe that there is no life
in the moon. ’

THEGRIES TO ACCOUNT FOR THE CRATERS.

Besides, there 1s no sign of water. We can recogniza
regions, such as those inclosing the floors, wiich
are sometimes perfectiy level, and sometimes show
gtreaks and marks, and they always remain un-
changed. If there were water, the water under that
shallow alr would be raised into the lunar atmospuere,
nud 1ncrease or decrease these markings.

Now, it certainly seems prohable at first sight, while
tlie aspect of the moon is such as T havoe deseribed, that
at one time or other there must have becn a great
amount Qf vapor around it. All the craters wust have
thrown out enormous quantlties of vapor. There are
those who say, as Prof. Mallett of England, that there
are no volcanves without the actionof water. If that
De the case, these sizns of past volcanie action in the
moon are dne o volcani¢ eruptions, and there
must have  Deen water on the surface.
What huas beeowme of the waler? There are four sug-
gestions made 1n reply. Oue, that a comet carried away
the Iunar oceans and atmospliere. We give up that at
once. It was the theory ot Whiston, who acceused New-
toun of being jealons of him, and Whiston’s name has
been nearty forgotten. He thought that a eomet would
cause the destruction of the eartl by fire, anl thut one
had already done so by water. Bul we know that white
the moon might get something from a comet, no cowmeat
could draw anything from the moon.

Another one I was onee attached to, is that the surface
1+ rovered with frozen snow. I wasono of those who
b d this theory, and as it is exploded I will talke it for
my own. 8ay the white surface is covered with snow.
That whiteness mnst be accounted for, and there are
signs of & great downfall of snow, and glaciers, and the
armosphere also may have become frozen. Carbonic acid
813 may be frozen into semething like snow. The
obje ction to that theory is that the moon is not white: it
1s w ore nearly black than white. I dare say you remem-

ber Dr, Tyndall’s telling you that if the moon
was blaek, it ., wonld yet be white 1n the
sky. Measures “of its light have Dbeen taken.

and it appcars that it is no whiter thun weather-
beaten brown sandstone. Sir John Herschel discovered
it thus. He noticed the moon settlng by a mountain of
sandstone, and their respective reflections of lignt were
thesamo, Certaln parts of the moon are brighter than
others, and from Zollner’s observations it secins that
these may be looked on as white, but great portious of
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the lunar recions are prebably darker very mueh than
ouy ordinary skies.

Another explanation in that the lunar oceans have
been withdrawn into the substancs of the moon. Mara
has oceans smaller than ours, when the earth s com-
pared with his dunensions; and we may suppose it due
to the wilthdrawal of a portion of the water into the
planet. The planet In cooling eontracted and left spaces
into which a portion of the water witndrew. We should
find reason for believing thar Mars, a small planet, in
cooling, cooled so minch that <11 the water woula be
withdrawn inte the interior. But there is a difficulty in
that; the atmosphere remains unaecounted for, and it
seems difficult to unaerstand that any atmosphere of
moderate extent would be withdrawn entirely within
the Innar cavities and give no sign of existence,

Tuere remains yet anethar theory—that the moon i3
egg-shaped, and the center of gravity being displaeed on
the further side, has carried to that side the oceans and
air of the moon, and that the side of the moon. never
toward us may be a comfortable ahode of life. The llttie
end of the egg toward us has no waters, and they are
drawn to the further side. The one objeetion to that is,
that if the moon is egg-shapol, the oceans and the
atmosphere onght to be on this side instead of
the other. If the more pointed eud of the
ege-shape were toward the earth, it wonll
correspond to a hill of matter, 1o a pile of it on onr side.
That pile of matter would act as an attracting cause and
draw the oceans and th» atmosphere from tae furtber
side to this sude; and we find, so far as I cun see, no
theory aceounting for tne displacing of any former
oceans or atmosphere in the moon. We have great diffi-
culties to account for, and we way izl reason tv doaht
whether the sigus of voleanic action indicate eruptions,
or whether they may have been produced by forces aet-
ing from outside.

PHOTOGRAPHIC PICTURES OF THE MOON,

We will now have the room darkened, and pass to the
examinaiion of this pictuve. This picture of the moon
in the first qnarter is not that whicih you see with the
naked eye. You sce 1t left for right, because in the tele-
scope one always sces it this way, and it is preferable
to follow the plan in the books on astronomy and show
the pictures as showu by the orlinary telescope. We
will now have the second and third quarters. The pho-
tographic study of the moon was commenced by your
American conntryman, Dr. W. H. Draper, in 1810, and
one of the works we study 18 so much in advance
even of those men of the present day that we owe a
great deal to Dr. Draper. He bezan in 1840 his
photographic work ou the moon, and that work
greatly fncreased in perfaction. Mr. Do La Rue of En-
gland got a mastery of photograpby,and Mr. Ruther-
ford of New-York made maps which Mr. De La Rue
acknowledeed frankly were better than any ona of his,
owing to the clear atmosphere of New-York. Dr.
Henry Draper made lnpar photographs earlier. Ihave
had no opportunity of comparing his with Mr. Rather-
furd’s, and I shonld be sorry for you to suppose that in
tna supcriority attributed to Rutherfurd’s photographs
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I was making & comparison between Mr. Rutherfurd and
Dr. Draper.

There you have a picture of the full mooo, and you
will notice how exceedinzly dark these ridges are on
the bright upper region o! the moon, and that wonder-
ful region which 1is called Tycho, and that wonderfully
bright region where crater overlaps crater, even as it is
there shown by the photograph and more remarkably
by a telescopoe of great power. Dr, Schmidt of Atheus
has been ceunting the number of these craters, and
that nuwmber has gone on growiug greater, uotil
at last a map of &0 many has been made
that they cannot be distinguished one from another.
This work of Dr. Schumiidt's was the noblest work of that
kind that exists, and it is very unfortunate that we cane
not get money enouch in Europe to publish it, and
mwake him some rewunneration for the work of so
mwany years, Weo will now have a map of the gibbous
moon, pissing on to the third quarter. This picture is
by Mr. Rutherturd. Arouud the right of the moon we be-
Ein to see arcgion abont which a very important discus-
sion has latcly taken place. Low down on the right is a
small dark round spot, on this curvea bright streak. In
the middle of tauat 1s 1hls dark round spot, called the
Floor of Plato. Itlooks very dark indeed, especially in
the case of the gibbous moov, In the next picture you
wili sce how it becowes apparently highter. When this
1slooked at closelv, and certainly when looked at
thirough a telescope, it is fonnd that it looks lighter at
the time of the quarters than at the time
of the full moou when  brightly illuminated.
Now, it bhas been snzgested that on that spot
some process of vezetation is taling place. In that
case we should have a verv striking fact of sowe
chauge taking place there, Unfortunately for that, it
happens that there 18 ulso a strong argument against the
theory that there has been any real chango there., Of
course wlcn you view the spot at the tiwe of the quar
ters you have shadows thrown; and 1n contrast with
those shadows, the floor of that spot paturally looks
lighter. Whereas in the case of the full moon, all aronnd
1t there is i brightly illuminated region. The mountains
bave a great illuminating power, nnd therefore by con-
trast the spot fooks dark. I have made the calculations
myself, and found that that is absolutely the case ; in-
stead of growing dark with the full moon, it grows
lighter. Itisa mere subjective effect, and we have not
the evidence wo hooed for, evidence of change, Tuera
is an lilustration of that fact in the anpsarauce of the
gatcllites of Jupiter In their transit across the face of
that pianet. Tiey look black by coutrast, but start into
brightness as soou ns they move off the disk of the

planet.
THE LUNAR MOUNTAINS,

We will have this other picture, which De La Ruo said
‘was better thun any he ever took himself. We have here
the moon 1n the third quarter. Here Is the lowerregion,
the Floor of Plato, here the innar Apennines, here the era-
ter of Copernicus, and here the Junar crater Aristarchus,
the very regloo where Sir John Ilerschel noticed
bright epat which lie took for an eraption. The fact was
that that very bright spot, by reflectiou of the earth’s

light, hecame visible, That was the truth of {t. We
will vow bhave a pleture of the very same thing,
ovly more distinctly shown; the detalis are somewhat
more distinetly shown. The Apennines cav be very
plaioly recoznized, passing in a eurved streak npward.,
Iere 18 Copefnicus, here Kepler, and lere Arlstarchus.
From these three centers Lhere is a wadiation, anda it
appoars clearly to observers that the strata wers up-
heaved at different times; the later ones secm to breax
through the earlier ones. It is hoped that by that chare
acteristic we can learn something of the clrouological
order1n which the changes of the moon’s surface took
place.

This pieture has been ernlargred by Mr. Rutiterford,
Here 18 Copernicus and here yvou see the Apennines on
the lower lightened side. The moon you se¢ i3 covered
all over with theseirregnlarities. We know bow voleanie
ernptions are brought about. First there is a gradual
contraction of the skiu, the onter ecrust of the
earth; a mechanical eftecet i3 produced, gases
are generated, and these gases  escape out
of the mouth of the voleano. If anv sueh processes
bappened upon the moon they must have been much
more violent. But then one would have thought thag
any one of these lnnar craters, the largest b2ine two or
three or four miles acyoss, wouid bave been larze

cnough  to  let all the gas in the whole
moon escape. Now, what was the mnecessity of
8o many? It was suggested by Dr. Hook that

in a former state of existence, there wasa bubbling, and
as the bubbles broke these circular openings were
formed. We will have anotber picture brought oo, still
fuarther iilustrating this. Here yon will see the Floor of
Plato again, and the Apennines also, scen running
across toward the left of the picture, This erater is the
cruter Aristarchus.

We will now have that carrled away, and have an-
other series of pietures of a diff'rent kind. We will
have two pictures of the Floor of Plato. You will notice
that the shadows there are thrown on the Fioor, in the
picture on the right. In the plcture on the left, where
1t is mornipg, you will notlce how that long bank differs
from the appearance as presented on the right. You
recognize how far the appearance of the moon may
chuange, froin a mere change in the illnmination, and
how difficult it is to say that changes are going oo, from
voticing the apparent changes. Ilere ts an illustration,

It appeared that a certain  crater bad vanished,
as though a sort of ciondy matter had ULeen
thrown out. When the supposed volcanie erup-
tion ceased, the hills apparently bad Dbren

wade more sloplng, and the crater could not be go well
seen. Bnt unfortunately for this eupposed evidence of
change, the crater has again appeared as before. Our
moon changes and shifts, not merely with regard to the
sup, but to the earth, and, by a oulculition of mine, X
find that 1,300 years must elapse before you couid sco
any part of it agaln In the same view cxactly.

You have now a picture of the lanar crater Copernt-
cus. This picture 13 very different from that taken by
other observers. It is quite manifest that the skill of tho
artist has worked out the plcture in a cariilu way
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notice tae pecualiar slope of them. Again we have the
erroneous signs of weathering. You never see mountaing
like those except where snow is.

22 aS enother will work it in another way, it
Is Yy comparing the two that you are led
to tink that there was a change. I must

mention thai the mwoon is unlike our earth in its goneral
oonditions, in nearlv all the importaut respeets which
e associate with it. The total day lasts 29 of eur days.
While the day lasts so long, the year 1¥ very much
Iess than ours. It is ouly 346 eof our days. It
may scem rather strance that as the moon is a planet,
in reafivy, that theretore it has a year less than ours;
that it ought to be the sawe asours. DBut thereis a
slow tilting of the moon, corresponding to the preces-
sivn of the equinoxes. That shortens our year by afew
hours, hut in tue moon it shortens it for a few days.

AN EARTH-LIGIT S8CENE ON THE MO8 BURFACE.

There you have a picture of the lunar errter Copers
nicias as it wight appear to the inhabitanis of the moon.
It wus drawn by James Hamilton of Philugelyhia. Yeu
will notice the earth suspended as a woon to the
inbabitants ef the moon. The earth i, according to wy
counception, too small. It would appear to thcm as
a moon 13} times as large ns the moon appears
to us. We will bave a ricture of the lunar erater Tycho,
from which these great radiations extend, which give
the moon the appcearance of aun orange, and which
caused Dr. Holmes toliken it to a peeied orange. [Laugh-
ter.]

Aiways In these lunar pietures, these imaginary ones,
the mistake is made of intre’ucing signs of weather
ing which we kpow to be due {o the effect of rain, or more
remarkably te the effects of snow. We know that th.
peaks of our mountains are becomlng more and more
worn down by the glaciers. But as there is no water in
the moon, there cannot be any rain or anyv soow, and
therefore none of these effcets of denudation eun he
seen,

Here is on ideal pieture of the Apennines. Yeou wiil

IDEAL VIEW OF MOUNTAIN SCENERY I¥ TI{” MOON,
In the picture you are supposed to bLe leoking a}
the Apennines from Aristarchus.

UNLIGHT SCENE CS MOON’S SURFACE: EARTH SHOWING
1T8 DARK SIDE.
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Here 18 a picture in which von are suppused to ba
looking at them from Plato. You will also see a little
work of the imagination here; a little village is inter-
posed, probably the dwellings of inhabitants of the
moon who were to have received religions instruetion
from the earth, for you perceive there is a chureh there,
[Laughter.}

We will have a pieture brought on showing the won-
derful wayin whieh the moon 13 covered with craters.
It is different from the appearance of eraters and moun-
tains ag we picture them to ourseives. When vou look at
that you will begin to think that there is some other op-
eration at work there than that which prodnces our
mountaing and the few eraters we have. You seem to
have an appearance produced by boiling over, or the
pouring down of some very heavy rain, as a heavy rain
on a muddy sur‘ace produees pirs like these, As regards
Dr. Hook’s explanation, I need hardly say that bubbles
would probably not be formed so large as that, and no
forms of matter knoswn to us wounld be coherent enough
to form these of wiles in extent. We secem torced
to a theory very startling, that we had on the moon’s
surface a pouunding down of meteoric missiles, not
necessarily solid ones, but a falling down of meteors on
the plastiesurface. Itseems to me tobe the only theory
left. At the present day it is estimated that over
400,000,000 meteors fall through the day, hut the resule is
very slight indeed. I have tound that the
earth would require 405,000,000 years to
have her diameter inereased a single ineh
by them. When we look back upon the past history of
our system, we 8ce rigns that there wasa time when
larger metcors and more splendid comets were at hand
to be abserbed 1n the golar system. While ths earth was
siill in a lorm of vaporous matter the mnoon was rolling
on, still plastie, and these weteors falhing down upon
her surface would prodnce that pitted appearance.

I will have the room lizhtened up again while the
swall lapntern is prepared, and then I will have three
pictures of the residue from boiling a ealeareonssolution,
Yon will sece how very much like my pictures are those
of the moon. I will underialke to say that all those who
are not acquainted with every nook and eranuy of the
moon will be deceived by these, especiully the third and
last one. Yon will notlece that there appear in them
scas which bave terraces around them.

I will now invite you to notice what was sugrested to
me by Dr. Barnard of Columbia Collegze, that wo have
in the solar system the slgus of a beginning and of an
end. Juplter and Satarn have made progress to n
further state than the sun, but are still full of lite and
euergy. Then in the progression eomes our earth, and
Mars, and Venus, and Mercury, which have lost most of
their inherent heat. In the moon we have a body scem-
ing to have lost all 1ts inherent neat, and to have neither
water norair. All these 8igns of progression seem to
point to the day of ereation and teach us to look forward
to the time when these processca began. We geem to
gee slzns of beginning, Tiere must have been a begin-
pingof these proeegses whichin the moon have come to an
ond. Looking forward we see that oursun—ihe youngest
a8 it were, so far as sigus of passing on at old age 13 con-

ceruca—will one day lose heat, and a'l the othermemnarg
of the solar system will have lost theirs. There sccins
to be an end of our solar system, a beginning and aa end
marked, and in that respect astronomy differs from
other sciences, which give us no such signs of a begin
ning or end.

CALCAREOUS RESIDUE LIKE M&ON PIIOTOGRATPH.

In this picture of the residue of a ealeareons sglution
before you, notiee the hlack region around the crater
and signs of terraces. You have in the next pictore no
terraces visible. Ninety-nine observers of the moon out
of a hundred would not be able to tell me that this is not
a photograph of some part of the moon’s surface,

There is one point I inteniled to toueb on more fully, I
gnoke of the possibility of any planet only being in-
tenaed to be inhabited during a short time of the exist-
ence of the planet,—millions of years before it was fit,
being followed by millions of years after it became un-
fit for habitation. Let us bave an illustration of that.
It it were known that some gentleman in Brooklyn
only intended to remain at home ton minntes on a
given day, and you did not know whetber it was
mermng, noon, or evening, and youn called at random,
you would be surprises to fiud him at home. Take any
partieular time in the same way, and consider the
chanees that the planet is iwvhabite@d in 1t The
chances are emall; much more in favor of the present
moment belonging to the millions of years before or tho
millions of years alter it beeomes fit for habitaton.
That is the cise with the moon, I feel tolerably certain.
That the moon has long sinee passed the time when it
was flt to be the abode of 1ite was touehed uponin tho
seeond leeture, and that Jupiter and Saturn have not
reached the tune wben they are fit. But thongh we
aro much more likely to sec a planet when itisnot it
for hattation, we must tale the immense number of
themn into cousideration. There are miltions of stars
and millions whien no telescope ean rovoal.
Aud you have the chances reversed; and though for




Proctor’s Astronomiecal Lectures. 3

oevery planet inhabited now there may be millions not
inhabited, yet the number inhabited mnst be many mil-
lons, 8o that we get rld of the palufnl thoughc that
our insignificant planet is the only one inhabited. We
got rld of the difficulty that the greater number we
know of are unot flt ror habitatlon, and we can
address the Creator in tho languagoe of the poet,

God of the granite and the rose,
Soul ot the sparrow and the bees
TLe niighty tide ot being flows,
Through connticss channels, Lord, to thee.
It leaps to life in grass and flowers
Through every arade of belng runsg
Wuile from Creation’s radiant towers,
Its gluries fliune in stars and suuvs.

THE STAR DEPTHS.

FIFTH LECTURE BY R. A. PROCTOR.

THOE SEEMING CALM OF TIE STAR DEPTHS COM-
PARED WITH THE REAL VASTNESS OF THE
MOVEMENTS TAKING PLACE WITIIIN THEM—DIS-
TANCES AND DIMENSIONS OF THE STARS—
DOUBLE AND COLORED STARS, AND CAUSE OF
THE . COLOR—TIIEORIES OF TIIE STELLAR UNI-
VERSE—DISTRIBUTION OT STAR-CLOUDLETS, AND
NEBULE—TIIE LECTURER'S PREDICTION—MAR-
VELOUS EXTENT AND COMPLEXITY OF THE SIDE-
REAL UNIVERSE.

Prof. R. A. Proctor’s fifth lecture, and last but one,
on the discoveries of astronomy, was given Jan.
R0. at Association Hall, and was equal if not
superior in scienfific interest and entertainment to
any of the previous four. The subject treated was
*The Wonders of the Star Depths,” and the lectnrer
set forth in clear and at times eloquent language
the various hypotheses which have been put for-
ward in regard to the mysterions occupants of
space. Additional interest was ereated and the
subject more clearly explained by means of pic-
tures illuminated by the powerful oxyhydrogen
stereopticon of the Stevens Technological Institute,
under the skilltul management of Prof. Morton. The
audience was very large and strictly attentive.

THE LECTURE,

LaApirs aNp GeNTLEMEY: I have seen in one
of the papers a questiou relating to a point of great in-
terest in the lhistory of our earth; that is to say, the
gradual change of the earth’s rotation period. It issup-
posed to have been demonstrated ithat this effect is dune
to the action of the tid:l wuve, which really acts as a
brake, because the tidal wave travels in a direction op-
posite to the earth’s rotation, and the question asked ls,
How mueh does the earth’s rotation lose, at what rate 1s
the great terrestrial cloek losing time? I made a rough
ealeulation, and I found the loss is so small 18 thise
that at the end of 2,000 ycars the terrestrial time would
be about three minnres behind what 1t would be if thoe
earth were to continue to ro:ate from this moment on-

ward without any change—three minutes in 2,000 years.
You will pereeive, therefore, that as that is the accumu-
lated loss, that the actual loss of the earth 18 so very
small that a milllon of years will have to elapse before
any reailly serlous change in the earth’s rotation period
or the length of the day takes place.

TIE CALM OF THE STAR DEPTIUS.

If you look at the sky in a ealin, elear night, such as
you have in America, “ when all the stars shine and the
fmmeasurable heaveus break open to their hlghest,” tho
thoughtful wind 13 impressed with the feeling that a
solemn ealin reigns ino those infinite depths. Tais is the
idea sungegested to the poet. Nor docs any other view
preseunt itsclf to those who study the first teachings of
astronomy. Wo know that the stellar spliere is carried
from east to west as the sun and woon are carried, in
the period of a sinzle day; and we know if we watch
the heavens night after might, at the same hour,
there i3 a wotion from east to west taking placo in
the conrse of a year. Aud there Is yet one other mo-
tion by which the whola sphare of the heavens scems to
gyratle about an axis, thie period of that gyration being
26,000 years. DBut we know quite well that these mo-
tions are not real, that thay are prodaced by our earth’s
motion. It is the earth rotating on her axis in the
course of a day, which ecanses the heavens to appear
to turn round in that timae. It s the oarth travele
ing aroumd in an orbit whleh eanses the heav-
ens to lhave a yearly motion. Aud it 18
the earth gyrating, like a glgantie elock, in
that period@ of 26,000 years, that causes the wholo
sphere of the heavens to seem to gyrato in that
period. Butso soon as we pass from those first teachings
of astronomy, and consider what ha3beaen tauzht us by
modern discovery, we ses that where there seems
to be rest there is an aetivity compared with whieh all
the forms of life on our earth are lpsignificant. Every
one of the stars that seew so still, is travellng through
space many miles i{n every second of t‘me, The very
least of these orbs—some star so faint that it Is only visi~
ble by momentary scintillations—is an orb in every
second of whose exlstence there is more life and energy
thau is sufficient for the wants of this earth for hundreds
of years; and the least change of those stars, whether
by an inerease or diminution of brightness, corresponds
to an acceession or dimluution of life and onergy come-
parable to the supply whleh the earth receives from our
sun durlng hundreds of years.

In the first lecture I reminded yon of the actlvity of
the sun; that that orb is the scene of aetivity, of tnmult
and energy, compared to which all the forms of nproar
known to us are as nothing. Every one of these stars
has enacted In it a simiiar scene. Therefore you will
see how utterly dlfferent 1s the reality from that which:
is preseuted to the mind. Yon look at the heavens in thls-
country of elear skies, where everything looks so far off,.
and the stars seem so stiil, and the heavens appear sa
trangnil — seeming so suggestive of calm and peace,
while in reality you are looking at the most stupendous
scene of activity. Andnow let us refleet on the factsfrom
which we bhave learnced that thls1s the aetnal condition
of the stellur heavens, Ia the first plaee, we havo te
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over the bodv, and trampled on by sowme 10 or 12 persons
over lier linhs and belly aud clest, and still bore it ull
without apy sizn of paln whatever.

As regards tue power of produelng anmsthesla, it
scems to we unfortunate that the distovery of ether was
made just when it was, It was, as you well kuow, In
1846 or 1847 that the uso of ether as an amesthetle was
begun. It started from this clty. At that time in Ea-
glund Dr, Fortes was trying to show from facts observed
in England, and especially i fodia, [rom the practice
of Dr. Esdaile, that something which was called nres-
weriswm, but which, after ali, was nothing bat a peculiar
state of somnambualisia induced i paients, gave to
them the dea that they were deprived of feeling; so
that they were in reality under the Influeree of wheir
Imagiuwtion, and operations weroe perforuied taat were
quite paluiess, Isay 1t was a pity that elher was in-
woduced just then, as it preveuted the progress of
our knowledge as  to tlus method  of  pro-
ducing anasthesin, My friend, Prof. Broca, took it up in
1857-8, and pushed it very far; and for a time it was tue
fasluon In Paris to have a:putatious perforined after
laving beenanestbetized by the influcoce of Braidism or
bypootism., A great many oberations were verjormed
tu that way which were quite vainless, But it was a
process which was lons and tedious, and surgeons were
lua horey and gavo itup. I regret 1t very much, as
there never has been a case of death fromn that metbod
of producing anwesthesia, while you well kuow that a
great many cases of death bave beea produced by other
methods,

EFFECTS TUAT BORDER ON THE MIRACULOTUS,

Not ouly anwsthesis may be produeed, but the seere-
‘tions may be very powerfully affeeted by the infiuence
of the mind over the body. Here we tlud facts of great
fuiportance indecd. ‘there are mavy foets wineh show
that the seerctions of milk may becomo poizonous for
& child from a wiere cmotion in the mother, and
especlally from anzer. Audif it were not the daty of
every one to nvoid auger It would eerwainly be the duty
of a young mother who nas to norse a child. There are
cascs, nlthoush they are not connnon, iu which death
bas vesulted; nnd alterations of health in ebildren from
this eause nro very frequent, A great many meu who
have reached an adult nge owe their ill health to such an
Influence {u enildhvod.

Every oue kuows, ulso, that the secretien of bile, the
sccretion of tears, wnd the se«cretion of saliva are very
wnch under the jutlaence of the wvervous system. Tho
pirging of the bowels, whleh depeuds on a secretion
there, or a secretion iu the Hver, is ulso wueh dependent
on the influence of the Pragination, The Emperor Nich-
ofas tried to sco wilat power there s 1n the hmagination
fu that respeet. Bread-crimb pills were given Lo a great
many patlents, and, us a result, most of thenr were
purged. Inone caso a student, not of wedielne but ot
theology, having the 1den that the word pill wmeant a
spurgative, lovked fur < plil” in the dictionary; and the
firsg kiud of pilis that e fonud there was one composed
analoly of opium and henbane, both astringeots, wnd
capable of produclng great constipation. Ie winted to
bo purged, and took a certalu nmumber of these pills, and
tugtead of becoming constipated ho was purged just as
ho wlshed to be. [Lunughter.)

Yomiting may be produced fno the game way, Da
Cres, a Frenel physiologist, tells of a trlal mnde in
o hospllal by » nurse whio went nround aud gave to alt
the paticuts a very harmleas ktnd of medieine, wud then
told them that sho was sorry that she had by mlstake
diven them atl very powerful cmeties.  Oul of 100 Pa-

tients, 80 were nffected as if they had taken the most
violent emetie and vowited for a long time,

Tins we sce on a very lurge scale on seaboard every
Summer, Ihave no doubt whatever that sea-sickness
151 a great measure due to that, and if you couid go on
board of a steamer with the idea that you would not
vomit € am well satistled, from experiments I have
wade, that you would cscape a great deal of sca-sicle
ness, il you did not esecape 16 altogethier. One fact I
recall is very interesting., A person had crossed, on one
occusion, a small hay when it was very roush. There
was a man playing the violin on the hoat. The person ]
refer to was terrlbly sea-sick and vomited a great deal,
ITe had not, of course, made up his mind that e could
nct ve slek,  However, the point i3 that after that s
could never hear a violin without vomitiug, [Luughter
and avplause.] -

To pas3 to somethlng more serious: Yon have all
heard of what ave called the stigmata—marlks represent
ing the wounds on the Hmbs ot Chmst. ‘Those marke
have appeared in persons who lave dreamed or ime
agined that they were erucitled and sufloring tae paing
of Clrist, having invoked the gooliness of God to let
theur have that sutlering to punisi them for their faults,
The tnost remarkable faet of that Kind is that coneern-
ing St, Francis ot Assisi, There is no doubt that he had
the mark as clear as possible. If yon commpare with
this fact oue whieh is related by Dr. Carter you will
nave the explauation of it. Dr. Carter says that

while a mother was looking at her child whe
was standing at a window with the tingors
on the Dlorder of the window just under the

lifted sash, she saw the sash come down with great force
and c¢rush the three fingers of the poor child, The
mother remalned unadble to move, feeling fmwediately
w pado on the three fingers at the very place where the
¢hild had been injured.  Ifer iagers swelled, an effusion
of blood took plaee and uleeration followed and she was
a long thoe in being eured. 1t 1n the case of this mother
thie imagination could produce suel resunits, you will sce
fu the case of the stizmata the ruagiuacion may have
been equally powerful,
PERFORMANCES OF RELIGIOUS DEVOTEES,

The mund in a state of cinotion has also great power
ou the heart, the breathing apparatus, and several
othier orgaus. The wost tnportant of the facts bore—
which I must say I commilted the fanlt of denylug for a
loug time—arve those which relate to the fakics of India.
You know that they may romain dead to alt appearance
for a uumber of days, and 1t i3 even said for mmonths,
without auy chaugo occurring it their body, without
any change in thelr weighl, without their receiving any
food, They show neither cireulatlon nor respiration,
as their temperature had dumintshed very counsiderabdly,
and altogethier present a series of effects wileh are cor-
tainly  very marvelous.  But marvelous as ic s,
tho testimouy of some ollicers in the Brit-
Ish army who are men of perfeet  veraclty
leaves no donbt as to the possibillty of the fact. Buat in
the light of the fact that T mentioned fu y {lrss lecture,
that Ihada dead animal In wy lavoratory lywg for
geveral months without any sign of decomyposition, in &
temperature varying from 40° to €0° during day and
nlght, we can understand that these Inkirs may remaln
aole to llve although they do not live—that is, do not
have actual nud active Hfe, But why, yon will say, do
they come out? Admnit that there 1s in usa power whieh
Is quite distinet from our ordinary power of mind,
wlilch is quite distinet from what we call consclousuess,
which ¢aring our sleep ls awake aud watehes; with
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thiz admission nand the facts T have mentloned beofore,
we have all the elements, I think, for au explanation of
what has beeu said about the fakirs.

I flud, unfortunately, that the time presses so that T
ehall be obliged to pass over a good many facts and
conic to the miracles of Lu Salette and to the miracles
accomplished at the tomb of Father Matthiew, and also
what has been said of a great many other instances of
recovery from iliness. I eaunot but believe that there is
no need of appealing to any other power than what we
know ot mmagination for the explanatiou of what takes
place in those miracles. They are very curious, but
bhardiy more currous than what we see when we know
without doubt that imagination is the cause of such a
chauge. Tohe cure of any illness which does not consist
1o any disorganization of the tissues can often be ae-
complished when the porsou thiuks that it can be doue.
If we pliysicians, who treat paticuts every day, had the
power to make them believe that ihey are to be cured,
wo cerrainly  would obtain  less feces than we
do, and I must 8say that the best of
us would rejoice at it. Tuere is  mo
doubt at all thatif we could glve to patients the idea
that they are to be cured they would often be cured,
especially it we could nawme a time for it, which is a
great element ju suceess, I have succeeded in this way
sowmetimes, and I may say that I suecced more now than
formerly, because I have myseit the faith that I can in
giviug faith obtain a cure. I wish, iudeed, that phy-
sicians who are younger men than mpself, and who will
have more thue to study this question than I have,
would take it up, especially in those cases in which
there is a functional vervous affectiou only to deal with,
as it is particularly, though not only, in those cases that
@ cure can be obtained. Indeed a cure may thus he ob-
taived in certain orgauic affcctions; eveu in dropsy 1t
may lead to a cure. You kuow that it will stop pain;
that going ro a dentist is often quite enough to make a
toothache disappear. |Laughter.] I have scen patients
come to me with a terrible neuralgia, who dreaaed the
eperation I was about to perform, and, just at the time
I was to undertake It, ceased to sutfer, [Lanshter. |

LIMITS OF NERVE FORCE—LAWS OF HEALTIL

I think T bave shown that the power of nuerve force is
excecdingly various; that nerve foree can be trans-
formed into chemical force, into motion, into eleciricity,
into heat, iuto ight, and 8o on. But what are the limits
of the action of uerve force? I may say that the limits
of the aetion of nerve force, except after ic has been
trausformed into other forces, are our own boly. Those
persons who think that by an imagination, or by an act
of will, or by the action of a mesmerizer, we can send in
any part of our body an influence that can modify it,
those persuns make a great mistake if they think that
this can tuke pluce by forces distinct from nerve foree
in the subject in which the actiou takes place. If we
divide a nerve going to a part, never mind how mueh we
may imagine that we can move the museles to whieli it
goes; mnever mind where we go to be the object of a
musecle, we sball not have the least action in the musecles
to wlich that nerve went.
outside of our control. Nerve force cannot bhe
propagated to parts that are not In couuection
with the vervous centres, This fact 1s a death blow to
the view that there are other forces acting in ns than
mere nerve force. To continue the iilustration of this
fact : I£ ke spinal cord, which establishes communica-
tlon between the brain and the various parts of the
bedy, is divlded, the parts of the body that are Lelow

That nerve Is absolutely

that scetion are separated absolutely from any aet of
witl, any act ot 1magination, aay act coming from emo-
tion, in fact, from anything that comes from the brain
Theve 15, T repeat, no force in our system other than
mere nerve force for the transmissions that may come
from the brain, as the seat of the imaginatlon, the seat
of emotlon aud the scat of the will.

I shall now add but a few words on the production and
cxpeuditure of nerve force. Nerve force is produced as
you know througih blood. Itisa chemical force which
Is transformed there into nerve toree. This nerve force
accumulates in the various organs of the nervous system
in which it is formed during rest. Dat if rest is pro-
louged, then it ccases to be produced. Alteriation tales
place iu the part whieh is uot put to work. Oun the other
hand, action whieh is so essential to the production of
uerve foree, if prolonged wili exhaust force also, but
produee a state distinet from that of rest. Rest wiil
produce a lack ot blood, while over-action may produce
congestion. The great thing, theretore, is to have sufli-
clent but not exeessive action.

There is anotlier law which is that we should not
exercise aloue oue, two, or thrce of the great parts of
the nervous systetn ; since thus we draw biood to those
parts only, and the other parts of the body suffer. In
the due exerciso of all our organs lies the prineipal
rules of hygiene., This view, you know, comes from a
physician. Itis uotin agreement with what the poet
Churehiil wrote :

‘“The surest road to health, say what yon will,
1s never to suppose we shall beill

Most of those evils we poor mortals know,
From doectora and imagination flow.”

Unfortunately Churebill died a vietim to this view
that doetors wero wurderers. He died of a fever at the
age of 34, aud that beeause he had been too careless
about calliug in a doctor to help him. But it is certainly
rruc that the great rule of health isnot to lay imagina~-
tion aside, and this is why I have quoted tuese verses.
Imagination. on the coutrary, 1s to be appcaled to far
more than we do, and this is one of the great conclusions
that I hope youung physicians will keep iu mind.

To couclude with these great rules of hygiene, Ishould
say that we should not spend more than our means
allow us. Many commit this fault. As before said, we
should make an equal nse of all our organs, aud of the
varlous parts of the nervous system. Those who employ
the braiu suffer a great deal from ivattention to tiis law.

Lastly, thero should be regularity as regards the time of
meals, the time and amonnt of action, the time and
amount of sleep—regularity in everything., It is very
difficult indeed to obtaiu it. But there is in our nature
more power than we know, and if we couform ourselves
to the lasw ot habt things will soon go on without our
meddiing with them, and wo eome to be perfectly rege
ular, alchough we perhaps had waturally a tendency not
to be,

In counecluslon, T have to thank the audience that has

listened to me so patieutly through these long aud dis-
counected lectures. !Loud applanse. |

ERRATA.

Page 14, col. 1, line 18: for *‘ diys,” real years.

Page 3:;, col. 2. lines 10, 1ls for ** bad the power of conveying
various seasations in it of otuer thiugs,” read is portrayed n the nerves
and that they carry with them its animus.

Page 33, eol. 2, line 15: for ¢ Thomas,” read James.

Puge 34, eol. 1, line GU: for *‘ boib astringents,” real and an astrin-
gent substance. Y

Page 34, col. 1, line 66: for * Dn Cros,” read Durand de Grose

Page 34, col. 2, line 103 for “‘ recall,” read have heard stated.
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but yet, perhaps, is hetter suited in other respects for
observing nebulae. You will have next anether pictnre
bronght on sbowing a different appearance from that
now on the screen. You will have the great spiral nebula,
as seen from the Rosse Observatory, and not indicatiug
all the enormous extension of that ncbula. You sve
there a process as though some great quantity of nebu-
fons matter bad floated in with a spiral motion, travel-
tng through a resisting medium, and in approaching the
center it traveled on a spiral conrse. One argument in
refercnce to that i3 that 1t was matter of smull
density traveling in martter somewhat less dense. Hero
is another diflerent picture of the great Orion nebula,
which has been compared to the mouth of some
gigantic sca monster  [nat picture was obtained by Sie
Jotin Hersehel with one of his father’s telescupes that
he used at the Cape of Good Hope, and to show the ef-
feet produced by different;, telescopes on the appearaunce
of nebula, we wlll have that pictire removed and place
another picture of the same ncbula on the sereen, the
picture odtatued by Bond when uswug the great refractor
of the Cambridge University,

And iet me ticre mention the superiority of the retrac-
tor at Cambiidze to the Rosse telescope, and let me
allude, also, to the possibilities of great future dis-
coveries by means of a telescope to be five feet in
aperture, which it is said your optician, Alvan Ciark,
proposes to malke, at a cost, I believe, of $1,000,000, That
amonnt will be wanted, It seems a considerable sum,
Dut if any one can do it it is Clark, for he is unrivaled
as an optleian. Cooke of England was the only optician
comparable with him, but Mr. Cooke is dead. T have
never had an  opportunity of making any com-
parison between the great telescope of Cooke, 235
juches in diameter, whoich is nsed in an iuferior
atmosphere, and was completed in the hands of s sue-
ces~or, and those of Clark, The teleseope at Waslnngton
1s 26 inclics {n aperture. But now that Cookels away,
Ciark is the greatest of iiving epticians, and if a tel-
escope is to be made of enormonus aperture, to be nsed
in Califcerala, 1t is te be hoped he may be spared
to make {t.  Auother picrure is now brought on the
screen—Orion’s nebula.  You sec these irregular starry
clouds. They elve a spectrum altogether different
character from the speetrom given by star-clonds con-
gisting of geparate stars. These last give a rainbow-
tinted apectram, showing they consist of suns rescme
bllug our own In structure., This nebula now on the
screen is called the true lover’s knot. Nebule sueli as
that give epectra indleative of the gasisty of
the source of light. Tiey spread through all thesa
wonderful depths of space. Remember thelr distanea
from us, and the lengih of the earth’s oriit by which it
18 measured.  Wo have the diaueter of that orbit as
183,000,000 miles. Compared with the stars’ distauce, the
whoie orbit ot our earth sinks into inslznificance. And
remember that the loast of these sturs—its mere disk-—
has enormous heating power ; then remember how great
the distance from stur to star of these shown in thls
view, and then counsider that this nebulous matter is
epread between these stars and continues from one star
to anether, and then you have an idea of the wondcrful

extension of that matter. Neptune has a diameter 30
tlmes greater than the earth, and a globe such as that,
if placed on that picture, would be less significant than
the litile star to which I point; and when
yon come to the nebular hypothesis, when you
come to consider that fully, you wilt find that of the
pebulous mass that exists in that space there is abund-
antly sutlicicnt materlal out of which solar system3
could be forined. We wlll now pass to another system,
showing a great nebula, which is remarkable in this
way, that it has varied in brightness. There scems to bo
an association between the nebula and the star to
whoso ivfluence it scems cxposed. Ierschel noticed a
star 1n Argus which at one time appearcd to be a
star of the second magnitude; fifty years later
it bad sunk to the fonrth magnitude; when Herschel
noticed it, it was of the second magnitude, and it rose
to the first while he was at the Cape of Good Hope, aod
when he came home he heatd thet it bad risen nntil ita
brightness exceeded every starin the heavens with the
exception of Sirius. At this meoment that star can oaly
be seen o1 the darkest and clearest night. It shows now
with Inster less than the one-hundredth part of swhat it
had a quarter of & century ago, suggesting this idea, that
many of the planets are not fit to be abodes of lifee
Bo there are many stars of which thisis a type, stars
which are unfit to be the centers of ecircling
worlds, simply becanse their lLight is 80 variable,
If that star wero the center of a system, a
quarter of a century ago it was a great deal too bright,
if on the other hand o quarter of a century age it gave
out the right kind of light, it is now too faint. We will
pass from this object to another which illustrates the
connection between the nehule and stars, Iora long
time the theory was that this nehulons matter was far
away out in space from the stars, but when you look at
the group such as yon now see, you wlil recongnize the
fact that thereis a connection between the nebulons
mass and stars. We will bave here a portion of tha
great Orion nebnla, whieh i3 found to have branches
extending from the centrat part of the nebula to the
star Tota and noward to the star Ipsilon, and you will
observe nebulous streaks streteching from star to star.
Yon may view thiem as the fingers of a mighty hand,
showing beyond all possibility of questlou thereis a
real connection between the nebulous matter and tho
star seen in the same view.

The great astronomer, Kepler, discovered the threo
fundamental laws of the solar system. Now, he jm-
acined that the center of the universe wasthe solar
system. He considered that the light and heat of the
sun spread out and was canght up by a shell, ineloslvg the
stars, and there was none of the waste of which I spolke
in my first lecture, and he made a series of calenlations
which have not the least trustworthiness in them, and
came to the ceonclusion that the shell of the universo
13 70 miles in thiekness.

Inow pass to Wnight’s theory, which 1s commonly
aseribed to Sir Wilham IXerschel, that our starry system
i8 one of several starry systcms. As you know, Her-
chet ganged the heavens, and, because he found ths
ftars were great in number in the direction of the
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£y Way and {n its neighborhood, he concinded the
sturry system Is a great extension toward the zone of
the Milky Way, and beeanse that zone is divided in one
part, he coneluded tha system is cloven {n that diree-
tlon, and he came to the conelusion that that systemn Is
Aeecerdlng to
appear to be

that theory,
a number of

hke a eloven disk.
the nebul® would
galaxies of stars.

WRIGIT'S TIIEORY OF THE UNIVERSE,

But another astronomer noted that the Milky Way
was not of that unlform structire which the theory
of Wright seemed to require. It is llke a eloud, and
there is sufficient to indicate that the IMilky
Way consists of elouds of stars. The next picture will
show you a seetion of our starry system based on that
view, aud in that section there is suvpesed to be a mul-
titude of eomparatively small spherieal elusters of stars
Aecording to Lambtert, these spherical elusters form to-
gethier a cloven, flat disk.

LAMBERT’S THEORY OF THE UNIVERSE.
Then came the work of 8ir William Herscbel.
here I puint out that error in our books of astronomy,
repeated over and over agzain, of supposing Herschel's
theory to be that our starry system is like a flat disk.
It must be reinembered that we cannottake the labors
of Hersehel, extending as they do over half a eentury,

And

and treat all as if they all were part of one work. His
essays 1n the Philosophieali Transactions eannot be
treated like a boek written at once, and we must note
how he tells us that he biwmself elanged his mind

But 1 the Milky Way he thonght the stara were epre~d
unifermly. *“I am ecouvineed.” hie xaid, ** by prow..sed
examloation, that the stars in 1he Milky Way are differ-
ently spread frein these which lie Immediately avound.,
IIe used the same telescope, aud he counted the stirs
in different localities. That was the first part of li3
method. Tu other sets of observatious he used differens
teleseopes; first a small one, and then a larger, aud then
a st1ll larger oune, and he dealt with the difficult parta of
the heavens where the stars are clusicred &0
richly that the telescope refused to show them
separately; and then he used a more powertul telesccye,
and eousidered that he was penetrating further and
further iuto space. Toat was when he was nearly four-
score years of age, and there was a possibility that any
error in that method would not be detected by him, and
he failed to note thatif he were loeking at a small
cluster of stars, and looklng at them first with a email
telescope and then with a more powerful and suli
another wore powerful one, if he were really passing
further and further oun, that eluster, instead of being a
spherical group, wonld be spike-shaped, a projection of
stavs extending out backward from our earth, whieh 18
inconecivable, when we eonsider the iwmmense number
ol these elusters on our Milky Way.

Whoat 1 wish and hope to 4o, 1s Lo earry on that system
of star ganging, eombined with this system of Hevschel ;3
to take one telescope and survey tiue whole heavens,
couuting the number of starsin different aQivections ;
not a ficld here aud a tield there, as Hersclier did, but field
after fleld, littie sqnare fiesds, side by side, in the heaveus,
counting the number and wupping the resunlts; aud ten
seeing where the stars shown by that teleseope are
richly or pooriy distributed. Then take a teleseope ol
higher, and afterward anether of lngher power; seefng,
after each set of observations, whether the rieh regions
seen by ouo correspord with the rieh regions seen by
another teleseope, and so knowing something of the
heavens. Suppose you were looking at the sky and saw
large birds spread irregularly over it; if you noticed
that there were small birds also spread over it, that
where the large objects were tho sinall ones wore also
pumerous, you would eonclude that these large ar.t
small objcets formed a gingle eloud—were intermixed : 3
it were—and Le certain that the large and the small
ones were interwixed in the same ciouds, That conclus
gion wonld be important in our star system.

I pass to the results of the investigations of Struvd
of Germauy, who numbered the stars and found that
large and small stars are rieh in numbers in the Milky
Way, and ioferred that there is anintermixture of them,
and that the star system has net the shape of a disk, but
that what was supposed a disk has no limits. I passto
some maps which I made as a beginning toward a syse
terr of star guuging, and I have not been able to go far;
but thiese few maps are an indieation of the method.\

Here ave all tlie rtars on thc northern heavens, on a
seuale absolutely neeessary to this kind of werk, of sur-
faee projeetion, and you will notice that here is the
Milky Way, and bere are gatherings of stars. I invite
your attentiou te the dark region here. We shall aow
Lave the soutlern heaveus brougibt on, and there is 2
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more marked gataering of stars in certaln parts, Thero
38 a bright region here, known as the Magellanic
Clouds, and that part of the heavens 18 so bright that
when it is ubove the horizon it lias the same cffect as
the rising of the young moon, and yon will seo how
poverty-stricken that other region is allaronnd it.

The next wmap 1s one coutalulng 324,198 stars. Ithought
I would pass fromstars visible to tho naked eyo to those
brought into view by a small telescope; there were 40
charts, and T thought if they were Included in a single
chart the resalt could not fail to be of interest. If my
view 13 troe, that there is an interspersion ot large and
smnall stars, the tel: scope onght to bring in stars gather-
ing more richly in the Milky Way than elsewhere. There
s au equality of lizlit elsewhere, but a rich region inthe
lower party ~ Jlhat is the zouoe of the Mlky Way, and by
thus mappivg the starsin it, the Miixy Way 18 distivetly
bronghitiuto view, There are the Plaladesin the Milky
Way aud the head of the Bull, and here {s a reglon
where comparatively few stars are soen.

Now I shall ask you to notiee that a work of that kind
must proceed slowly. There 1s a want of laborers in the
fleld, There is always a posslbility that we may gather
tn laborers here and there, and there i3 a possibility that
I may gather assistunee hero 1 this way. What is
wanted 18 laborers to gather 1n. Apy one can survey
tho heavens with a teleseope, and it is oniy necessary to
carry ot that survey on a nniform plan, and then the
work done will fic in with the work done by another
observer.

I{ you consider this map with its 824,000 stars, yon will
readtly perceive that it takes time necessarily. Give a
single second to cach star, and it amounts to a consider-
able time, The titue 1 gave to that map amounted to 400
hours, nearly,

PROCTOR’S THEORY OF TIR
UNIVENSE,
Take a more powerful telescope, and the number of

ILLUSTRATION OF MR.

gtars will be not merely lucreased but  maltiplied.
Witha 12-inet telescope you will get a greater nawber,

and take one like IMersehel’s—13 inohes in aperture—
and 20,000,000 stars will be seen. There s a tremendous
worlk, dud the resnlts will be worthy of the trouble ; and
this Is the ouly means we have of aseertaining the
architecture of tho heavens.

We have to note here that the stars all wnove. There
13 a wonderful proeess going on all aronnd. The sun
tates his family along. IIe is called a fixed star, butin
reality he is moving rapidlv. Tune stars have a wounders
fullv rapid motion. I knew not which is the more won-
derful, the rapid motlon or the relative immobility of
the s&till heavens., The process of ehange in a block
of gramte is relatively  greater than those
processes  {u the still  heavens, wvet theso
stars are every one travehug 20 and 30 miles jn a second,
and not a star in the heavens but bas some motion.
Every oue of them {s traveling so rapidly, and yet if
when a man was born the heavens were mapped at bis
birth, and he were to live threescore ycars and ten, or
even fourseore, at the end of that tlme the aspect-of tho
heavens, to all ordinary observation, would be the same
as at the man’s birth.

TIIE MOTIONS OF TIIE FIXED STARS,

We will now have upon the sercen a few maps in
which I have jotted down the motions of the stars, of
all the stars whose motions have been measured. Hero
also yon will see the rate at which they move. These
little arrows show the direction 1n which and the rate at
whieh they are moving. I have been obliced to
make the length of each of them ecorrespond to
the motion of the star in 36,000 years, that
ts that each of them must take 36.000 years
to go to the other end of its little motion arrow. A great
many of thew travel in the same direction, showing
signs of being velated together. We shall have another
map showing the recion of the Twins, These two atars
scem to be drifting toward the Milky Way, like waves
toward sowe mighty shore,
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TIHE DRIFTING STARS OF TIIE GREAT DBFAR,
Now we ahall have a pleiure hrought on &hcwing the
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seven stars of the Great Dear. Five of theso stars are
travelivg in & comwun direetion and apparently ata
Cummon rate. Now these stars are notable also in
Laving the satie kind of a speetrum, that leadiug order
to which Sirius belongs. [t has the sirongly marked
lines of hydrogen. They wust bo really mueh further

avay thau  these otuer stars, those 1ingmthe
ujppar fuc asuro, and they are really fur-
tuer awsay, Whaat, I thought, when I noted that

crif:lng, w~o that they belonged to a drifting family,
aad. prog¢hes.d shat wheon Dr. Buggzins should apply
mesas of deteim. aing the reeession or approach of a
8ty ™, thts would be fonnd to bo the taet. The experi-
ment was made and my predictlon verifled. Onr knowl-
edge of thiv ract is based on a very simple prineiple.
L'ght cowes to us by a series of waves. If we are ap-
Fro..hing the source of these waves, they seem to come
guicker; if we are recediug from it, they appear slower.
1f yon are swimmning 1 the water and meet the waves,
they seemn to have narrower crests. It is the same
with sound. If you are on a railroad train when another
tra‘n is approaching upon whieh the bell is sennding,
when that train passes you will notice a sudden change
iu tho sound frem acute to grave. Soitis with light.
11 we are approaclhivg a star with rapidity, the waves
will be sliovtencd; otherwise they wiil be lengthened,
The lues 1n the speetrum will he displaced, and we shall
know whether the star is approachinz or reeeding. Dr.
Hnggins found that these stars were receding at the
rate of 17 wiles in every second of time.

There is another sign of ehange in the stars; a gather-
g in a certain region. There is, in puint ot fact, a vass
variety where everything scems soregular. Look at the
aulky way In a dark and elear mght, curdled
in one part, branching 1n another, and how the
branches separate, gatbiering in nodules of lighte
ness and then fading, ana then believe that the
star systems are so regalar as you suppose! It is
inflnitely more fnll of variety and vitality thuan you
have svpp..>d. Now wo will have a pieture, which I
hive drawn very roughly, to'show the variety existing
in the star system. We e there streams aund nodules
and branches of brightnrss, and it seems to me that
when the astronomer has penetrated into tho recesses

of the Milky Way, that he bhas no more reached the .

bounds of the uwiverse than at the begiuning
of his research. o bhas only examined 1ore
and more minntely a particnlar eorner

of the star system. Tt really extends on every side,
around and arvund that system, and we have 10 reason
to believe that we can reach the bounds of the stur sys-
temn. The telescove vrings into view, beside the larger
stars, minute starry flakes; and if the telescope eould be
made stronger, it would bring into view more and more,
and wo should find that the extent was really illimita-
ble.

‘We find a group of suns of which our sun is a single
member. Then again we pass to systems brought into
view by the telescope, and flnd that the star system to
which our sun belongs is onlv a part of that one—an
atom in space. The astronomer caun give the flgures,

but he can no more express their significance to hlmself
than he ean unfold their hnutiess weaning to others.
RICITER'S DREAM. ]

I do not know that I can couelude my lecturo better
than by quoting Riehter’s dream, in whieh he shows the
fecblepess of man’s Imagination In the preseunce of the
influite wouders of the universe, as translated by our
own prose poet, De Quiucey :

God ealled up from dreains a man into the vestibule
of Heaven, saying, * Cowe thou hither and sce the
glories ot My Kingdom,” and t» the ancels that stood
aronnd His throne He said: * Take hiw ] Strip from hilm
his robes of flosh, ¢leanse his vision, and put a new
breath into bLis nostrils; only touch not with any
changs his human hear:, the heart that weeps
and trewbles.” It was done, aud with a miguty
angel for his guide the man steod ready for his
infivite voyage; and fromm the terraces of Heaven,
without sound or farewell, on a sudien they swept into
inflnite space. Sowetnnes, with the solemn flight of
angel wings, thev passed throngh Zibaras of Quarke
ness, through wildernesses of deatl taoat divided tho
worlds of life; sometimes they passed over thresholds
that were guickeuing under prophetic motlous frou
God; then, from beyond distanees that are counted only
in IHeaven, light dawnoed as thirough a shapeless fitm ; by
unutterable pace they passed to the light, the light by
uuntterable pace passed them. Ina moment the blaza
of suns was upou them, in a mement the rush of plan-
ets wag nround them,

Then came eternities of twilizht that revealed, but
were not revealed; on the rignt hand and on the left
towered gigantic eonstellations that by self-repétitions
and answers from afar, that by eounter-posit#ous, huilf
up triumphal gateways whose archways, whose archi-
traves, horizontal, upright, rested, 10se, at altitude of
spans that seemed ghostly from infinitude; without
measure were the architraves, past number the arch-
ways, beyond mewmory the gates. Within were stairs that
sculed the eternities around ; above was belowand below
was above, to man stripped ot gravitating body. Depth
was swallowed up in hight insurmountable; hight was
swallowed up 1 depth nufathomable. On a sndden, 48
thus they rode from iufinite to infinite, on a sudden, as
thus they tilted over abyswmal worlds, a mighty cry arose
that systems more mysterious, that worlds more bil-
lowy, other lights, other depths, were coming, were nears
ing, were at hand.

Then the man sighed and stopped, shuddered and
wept. His overladen hears uttered itself in tears,and
he said: ** Angel, I will go no farther, for the spirit ol
man acheth with this infinity, Insufferable is the glory
of God. Let me lie down, and bide me in the grave
from the persecution ot the [ufinite, for end I see thero
is noue.” And trown all the listening stars that shono
aronnd there issued a choral voice: *“The wman
speaks truly. End 18 there none that ever yet we
lieard of.” **End 1s there noue?” the angel solemnly do-
mandoed; *Isthere indeed no end, and i3 this the sor-
row tlat kills you?” But no voice answered, that he
might answer bimseif, Then the angel threwup hils
glorious hands to the heiven of heavens, saying, “ IEud
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there none to the Unlversoof God !
N0 beginuing I’

TIIK SOLAR SYSTIEM.

LAST LECTURE BY PROF. R. A.

BIRTH AND GROWTH OF TIHIE SOLAR SYSTEM—TIIE
NEBULAR HYPOTHESES OF HERSCHEL AND LA-
PLACE—IIERSCHEL'S FIRE-MIST—A THLEORY AC-
COUNTING I'OR CERTAIN STRIKING FEATURES OF
THE SOLAR SYSTEM AND ITS CHIEF PECULIAR-
ITIES—HINTS TOWARD A THEORY OF TIIE STI (.-
LAR SYSTEM—TRIBUTE TO PROF. PROCTOS% BY
IS AUDIENCE.

It is comparatively rarely, in a large city, that an
audience takes such special pains to express its
grateful acknowledgments to a le~turer, and es-
pecially one who is not a countryman, as did Prof.
Proctor's listeners on the evening ef Oct. 22 at Asso-
ciation Tlall, ou the oecasion of the last licture of
his series on the discoveries of astronomy During
the delivery of the eourse of lectures just coneluded,
the good-will displayed by American aundiences

Lo! also, there 13

PROCTOR.

towands the distinguished DEnglishman, which
has been shown, as DProf. Proctor himsclf

remartked feelingly, Ly silence, by attentive con-
sideration, and by appreciative applause, has been
very marked; and after the cordially-worded reso-
Infions of ackunowledgment had been passed, the
seientist responded in a few heartfelt words which
proved his thorough recoganition of these facts.
The subject treated by Prof. Proctor was *“ Tne
Birth and Growth of the Solar Systen, with an Ex-
position of the Nebular My potheses of Herschel and
Laplace.”

THE LECTURE.

LADIES AND GENTLEMEN: I was rather hor-
rificd when I came into the room to find cirenlating a
certiadn paper regarding myself.  [This was o biographi-
cal &keteh with a portrait.] I reaily have not the feast
objection to this, hut should hke the audience to know
that I bad notbing to do with its clrenlation. [Ap-
plause]

Therve are few subjects more difficulr, more foll of per-
plexities, than the thought of the orizin of the solar sys-
tem. Tae powers that have been given to man—unet the
fodividual, but the race—nave heen great. The mys-
teries tuat lto around him are greater yet, and it scems
almost hopeless that man should be able o recognize any-
thing a8 to the lawas according te which our systen
arose. And yet thatisa very fit sulject on which man
may cxervise histhoughis, 1t secms 10 mo it is well for
man to follow ont the paths that scem to lead him back-
ward toward the orvigin of our system. Ile necd not ho
afraid, whatever his religlous feelinss may be, to follow
out those paths, 8o long as they lead him to facts. It
may be that as he follows theu he will lud views that
lie nevoer entertained before; it may be that be will find
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much perpiexity s but Inasmueh as the «ork is a stuidy
of setence—rhat is to say, a knowiedge of the works and
ways of God—it cannot but fead vo hizher ideas ot the
wisdomn and omuiscience of the Almighty.

1 oiter tins preface to wy trealment of the subject of
the cvelution of the selar system, becanse, strangely
enough, many look with doubt and almost with aver-
sion on wmquiries of that sort. They seewmn to be afraia
that too much will be discovered. They are men full of
religious feeling, but they doubt, and I think that tbe
conscientions stu dent of science may justly say to them,
“ O ye of littlo faith! Why are yo so fearfal?” But I
thivk both the student of scicuce and the thevlogian
should bave charity, oue towards the other. It
does scem to we a misfortune when we find
on the one hand the believer in religion
taunting the student of scicuce who takes this special
work forbis ewn, speaking ot him as an infi lel and as if
his purpose was evil. Oa the other hand, I cannot
adeguately express the indiguation I fecl when I hear
the student of scieuce—sometimes it happons; thank
Godl 1t Is not often—expressing doubts a3 to the real
truthfulness, and impuogniug the religious belief of those
who differ with i, On each side there shonld be charity,
There is a great deal of truth and of the love of trath in
human vatnre. Bothsides are seeking for the truth, and
it seems to me tho greatest possible misforr-ine when
they fall out with each other.

THE EVIDENCE OF GROWTH IN THE I'LANETARY SYSTEM.

Now if we luok around at the coudition of the plane
etary system, we find much te lead us to the beliet that
it grew to1ts present state; that there was a process of
its development. Take the primary planets. In the
first place, we sce that all the planets eirele 1n the same
direction aronnd the sun. Toers are cight primary
planets, and 134 astervids, and all these bolies traovel in
tha same direction aronud the sun. Then every one of

the Dbodies whose rotatien has Dbeen  deter-
mined, turns in the same direction. More-
over, the four satellites of Jupiter, the ono

of our carth, and the cight of Saturn, travel still in the
same dircction ; and wo flud only one exception, in tho
case of the satellites of Uranns, which may be said to
travel in the opposite diroction, if, tho course of travel
being nearly npright as compared with the planetary
orbit, they ean be said to have anv direction. As fat
as they have any direction, howover, it 13 worthy of
note that it is a contriny direction to that which the
planets travel aronnd tho sun.

Well, I find so many of theso similarities, concerning
whick we ave bonnd, I thinlk, by the laws of probabitity,
to believe thatv thoy arose from some process of ¢vo-
lution. Of course we may believe, it we choose, tnat
the Alimghty ordains everything in that way; that
every planct was created in the first place moving ip
that direction ; that thusit was everything about us was
formed. The studeut of geology, too, may learn of the
existence of living creatores on the carth huudreds of
yoars past; but we may believe, if we clioose, that all
those fossils are signs planted tliere by the Almighty;
ihat they are mnot the remains of liviug erea-
tures, but mera appearances It scems to me that
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thnt i’ a painful belief, making tho Almighty God
give evidenees that merely lead men astray. And,
theretore, when we find these facts in the solar system,
it is natural and right for us—our reasoning powers not
being given to us for nothing—.t is right for us to try
and counccive how that state of things arose. The
netual probabilities are great against anything like
chance distribution of the solar system, particnlarly
wlien we remember there are 142 primary and secondary
planets, and when we take into aecount their motion
alone, each eireling around the sun in the same direction.
Tbe chance that oune is going in one direction and the
Dext going in the same direction is only one chanes out
of two, and the chance that a third wonld o in the
eame direction i3 only one chance out of four; the
chance that a fourth would go likewise is only ore out
of eight; a fifth, one out of 16; 80 wWe must go on
doubling until we find that the chance of 142 planets
going aronnd in the same direetion—I hope you will be
ratient while I tell you the number—is one in
2,774,8C0,000,000,000,000,000,0(0,0:0.000,000,000,000,000, [Laugh-
ter and applause.] But that is mot all. The way in
which the planets travel is a fact in itself that seems to
Indicate a certain process of covoluation by which they
have a particular motion.
LAPLACE’S NEBULAR THEORY.

Now if we consider the way in which that mo-
tion, arose we are first led to the hypothesis of
the Freneh astronomer Laplace. Laplace, in his ex-
planation of this motion, had the idea that there
was a great nebulous mass having the sun in
the center, extending on either side far bevond the
present breadth of the path of the utte~most planet,
that is, a path of 5,000,000,000 miies diameter, and the nohu-
lous system of Laplace extended beyond that, That
mass was intensely hot and vaporous, and it was
rotating, and as the rotating mass contracted aud it
began to rotate more rapidly, the result was that a riug
was thrown off by eentrifugal force. In time the ring
would gradually break up, its parts would gradually
amalganate ; many parts woutd have different rates of
motion, and different parts would encounter each
other, and in the course of millions of ages there
would be an amalgawation into one mass, having
the same direction of motion that the nebulous mass
had, and traveling around a center which was
the sun. Buot as this minor mass went on contracting it
would follow the same law as the original body which gave
birth to it. It would goon contracting, and go round
more and more rapidly ; perhaps it would throw off true
rings, which would become satellites. 8o the earth was
formed ; she turnson her axis in 2¢ hours in the sanie
dircction, while she takes 365 days in going around the
egun. Bo it was with Jupiter and 8iturn and all the
pisnets—all 1 rotation in the same direction. That
process wounld go on nutil one planet after another was
formed. And so it was that the solar ecouomy, as we at
present kuow it, wonld arise.

That 18 a rough account of the nebular hypothesis of
Taaplace. It scews to me that there is great difficulty in
tae way of acceptingit. In the first place, we have
uothing to lead us to believe that a great mebular mass

of so enormous dimensions and extreme tenulty zod
rotate as a whole or existasa whole. Wo have no evi-
dence to lead us to believe that the rings of Suturn are a
continnous solid.  We know they could not exist as
nchulous rings, and we bave now as the aecepted
theory that they are a muoltitude of separate satellites

that could not have existed as a whole and rotated as a
whole.

Another point: That nebulous mass rotating by uni-
form process, if contriueting, must give birth to a unl-
form system. There would be some law associating the
planets’ distances with their dlmensions, and that, as we
koow, 18 far from being the eise. We have thiree parts
of the solar system—the joner plauets, the
asteroids, the outer planets. The sun is 751 timmes ag
farge as the outer ones; the outer ones over 200
tiines as great as the inner ones. Take any
one of these famllies, and we find apparently no law 1n
their arrangement. Awmong the inner plapets, there is
first Mercury, a very small planet; then Venus, very
mwuch larger; then the earth, still larger, and dignifled
with a moon ; bnt then we come down again to Mars,
which is a small planet. Then we have the asteroids,
mere speeks, 134 of them. Then take the outer famiiy, and
there is still no progression. We have the largest of the
planets, Jupiter; then Sacturn, also imimense, and then
the plancts Uranus and Neptuue, about equal in size but
smaller than Jupiter or 8 »urn. Laplace’s theory does
Dot expiain why the fami.y of least dimensions shonld
be in the middle, and the larger one outside and the
smaller pear the sun; avd we have no account of the
relations of these bodies by his theory, and only an ex-
planation of the general facts first noted.

ASTRONOMERS LIKENED TO A COLONY OF MAY-FLIES,

We are led, therefore, to auother theory, and I adopt
what appears to me a snitabie method of illustrating 1t.
If we imagine a colony of small inscets, of the May-flies
or ephemera, whieh live but a few hours, and living in
and having as the center of their dowain a large tree,
these epbemera are not able to ascertain anything
about that tree in their time of existence, as they live
but one day. But we may suppose them to be
reasoning beings, and that they have handed
down from one to another the discoveries made
by their ancestors, and they proposed to ascertain
in time, by exercising their intellectual powers,
the laws according to whieh the tree grew, and some-
thing of the future of the tree. They would trace back
the history of the trce and arrive perhapsat some notion
by comparing that trce with others, and that it sprang
from a seed, and they would do as we do, aud think that
was the beginning of all things, for this tree would be
their nniverse, If they were told by some thoughtful
May-fly that the tree resnlted from the contraction of a
great mass of vegetable matter, they might remain
satisfied with this notion for a long time, but
if they found Ly observing other trees that there were
no such vegetable masses contracting in that way, it
would be just on their part to look to another theory,

. and finding the processof growth, they would trace

hack the process and say thatit was the result of the
quite different process of tree-growth to that stage.
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They wonld recogniza the process and trae - it baek, anl
gay *hat the tree did not contraet from a vegetable mass,
but spruug £rorn a small vegetable mass, and grew by
the additlon of matter.

Then I think there is another polut to notice. They
may refect the notion formed of the vegetable mass,
aad say very reasonably, that with all due respeet to
the opinlon of 8o highly ewinent a May-fly as he who
propounded the condeunsation theory, whole days have
passed sinee they have forwmed truer ideas. So I think it
is with the theory of Lanlace; w: have a great respect
for him, for e was tho greatest mathematician that
ever lived after Newton. But we must consider these
wouderful faets that wo have recently learned about
the planets—about thic sun’s conditions, about the heated
coundition of Jupiter and Saturn, about the relatiou ot
cowets and meteors. We have learved that the earth is
growing, though not appreciably; as I have stated to
Yyou, the carth 1ucreases onlv one iuch in diameter by
the fall of meteors in 400,000,000 years. We ean hardly
call that growth a% all, but still, like the tree atter it
it has ceased to grow, and only lives, the present de-
volopment of the earth shows us, leads us, to look back
at the distant past, when the meteor system was mors
nuwerous, and the whole solar system was grow-
ing. Itseems more natural to look at the process as a
process of accretion than of coutraction fron sowe neb-

ulous mass.
THE THEORY OF ACCRETION,

We will now have the room darkened, and this process
will be illngtrated on the screen. With this now view of
the matter, does it promise to give ns light on any ques-
tions which were previously unausweredt Will it ex-
plain how the vlauets are arranged iu tho manuerin
which they are? We shall find it will. You have a pic-
ture illustratiug the great difference in size between
the outer part nud the inner part of the system.
Here are Uranng, Neptune, Saturn, and Jupiter, and
here 1o the lower right-hand corner you will notice a
circlo ouly as lurge as represents the planet Uranus;
within It are Mereury, Mars, the Earth and Moon, and
Venus. We might Imagine a great uebulous imass hilke
the fire-wist of Herschiel, in space, gradually approach-
g towards the sun, approaching spirally. We might
conceive that as the begiuning of all things, like the 1ree
from the seed, We know that as one nebulons mass
paeses luto annther by condensation, heat and light
are produced,

There 18 evidenco that these nebula are gaseous.
Well, then, these nehalous mmasses would be thrown into
the great center. There would be oue ecnter of aggroe-
gation, That ecoter woulld grow coutiuually in size and
power, eradually draw in more and more matter to it,
and the more 1t drow in of these nebulous masses, the
greater {ts power would beeome. Ilow then does the
sceandary aggregation take its origin ¥ I suppose tlat
would avise wot in one direction only, but
some 1in one nnd some in  another, with a
superabundance  in ono  direcllon; great subor-
dlnate 1Aasses would be  formed,
pot continning separate for any lenglh of time. In the
neighborhoou of a great central aggregation, a guthor

perhaps,

e of that kind conld not form, for the reason that o

the motions near the great coutral aggregation would oo
very rapid. Tako oursan, whichisthe vriginal eenter of
agcereution, and we find that n the sun’s neizhborhood
the motions are very rapid. A body comivgout of
space and fallinginto the sun would reaeh the sun at a
veloeity of 380 miles a second, and if only golng around
the sun, would travel 290 miles a second,
but at the distance of Jupiter ttie velocity of an arciving
object would bo only about 12 miles a second ; therefore
it would be ecasier for au aggregation to form at that
distance, some great distance from the center. It would
unot have to overcowe the tremendous velocities which
an uggregation would have to masterin attempting to
form near the sun; it would have time to cateh
the flying masses, A secondary aggregation
at a coustderable distance from the center would not
sufler from this great velocity., An aggregation
there wounld have grzater power over atter around
it, and a larger and larger aggregation would form, nnd
as 1t beecame larger and larger it would be more and
more mighty; by a sort of geometrical progression it
would grow larger and larger, while all the objects at-
temptiug to form within 1ts intluence would be kept
down, reduced iu size. 7Thus we explaiu the fuce that
we find Jupiter, the greatest aggrezation, at a much
greater distance than the inner family of plauets aod
the asteroids.

Beyond Jupiter we come to apother system, which
shows s1gus of greater activity and development. At
Saturn’s distanee the motions would be less rapid than
at Jupiter's distance. TLero would still rewmain a great
quanptity of matter ont of which an aggrcgation would
be formed, and s0 we should tind S iturn, ot so large a8
Japiter, because the matter wounld naturally decrease
outwards from the sun, but owing to tho =siwaller
veloeity there would be a greater {frecdom of
aggregatlon, aund €0 wo lhave Saturn, with a
ring around 1t, and {3 eight satellites, And
then we nexrt eome to Uranusand Neptune,and they arve
smaller, because the gnantity ol matter diminishes with
distanee. Then take the inner fanly, close to the sun,
Close to the sun, they are prevented from accumulating
much by tha suw’s ueighborhood, becaase of the tree

mendous veloeity of wmatter there, aud they are
consequently  small.  Passing far out aeain, wo
find the iolluence of Jupiter beginnlng to be

felt, Jupitor resisting the formation of an aggregation
swithin his influevee. The ecombined influence of Juplter
and Saturn proveuting agorecations from forming, re-
sults ip tho smalluess ot Mars; and close within thoe
path of Jupiter's intluence we flnd the zoue of asteroids,
eaeh too small to forn a planet,

That is better than Laplaee’s thoory., It is not 1o bo
expected that you could have a complete account of
thiose relations, nelthier conld you by theory explain the
size and color of every bough and leaf, and the detailg
of arrangement of a tree.

COMYLIMENT TO AN AMERICAN ASTRONOMER.

Aund now I shall allude to the strange results ohtained
by Prof. Daniel Kirkwood, of Bloomington, Indiann,
whom I have ealled the llepler of wodern astronoiny
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from the woy lie haslooked ont for relation after relation,
and the connectlon between the different relatious of
the planetary systew. Hig resoarohes are worthy of all
praise. His results are full of iuterest. Mo teok the
paths of the asteroids aud arranged them in
their order of distance, and he found cer
tain places where, for some distances, there were
no asteroids. There are asteroids af a great number of
distances from the sun, cxtending over 400,000,000 of
miles, but there were gups, like those between the rings
of Saturn, and the way in which Kirkwood explained
this was: ho noted where the gaps occurred, and he
found them corrcsponding to the paths of asteroids
having perlods commensurate with the period ef Jupi-
ter; and a stadent of astronomy kuows that this com
mensurate period must have led to great perturbation,
The periods of Jupiter and Saturn are as the numbers
two and flve, and when there is a conjunetion in dif-
farent parts of their orbits the perturbation takes place
there, and they disturb cach other, producing what is
known as the greatinequality of Saturn and Jupiter.
In the same way Jupiter would dilsturb the motiou of
the asteroids, if they bad a perlod like his own, and
would prevent them from forming, his mass ie 8o much

greater. . And 80 you will flnd there are no
asteroids in  those  particular  spaces. This
supports the theory that the solar Bsystem  arose

from motlon and aggzregatlons of discrete masses ;
not from the contraction of a great nebulous mass, The
rings of Saturn give further ovidence of the same. The
gapin Baturn’s rings—the gap in the true ring—ecor-
responds in position to the place where this influence
would affect the paths of little satellites traveling be-
tween the rings. There on the sereen befere you is the
great Spiral Nebulaas observed by Rosse, andthere you
see two central aggregations, As we look on
that mpebula we find its conditien unchanged year
after year, and recognizea in  the slowness
of any perceptible change taking place, evidence corre-
sponding to the nature of its being, Herschel and La-
place had a somewhat similar theory in regard to this
nebulous matter and the stars. Herschel’s theory was
based on the faet that he recognized in the heavens
signs of a Inminous fire gathering toward certain centers
of ageregation. There are parts of the heavens where
he noticed that the whole tieldl was lit up with a faint
light, and he made the strange mistake ot supposing that
by tncreasing his telescopic power he could see the fire-
mist better. But the real fact was he could not see it as
welli. If you waut to recognize that fire-mist—and
Amorica istbhe best place to look at it—have no telescone
at all. Use a telescopie tube, but with noe wagnitying
power. I wish I had the keenness of eyesight for
ir.  Provide yourself with a tube shaped like a tele-
8cope, with the thinnest glass, and place disks in such a
position before your eye-piece so as to hide the stars of
any Jpartioular constellation; carefully observe the
beavens ana you will have a elearer view of any flre-mist
than you woutd by the telescope. The telescope will not
make luminous bodies brighter. You look at the moeon
with a relegeope, and you think it looks brighter. but is
does not. The intriusic brightness is not incrcased in the

least. By looking, one eyo through the telescope, and
the other not through it, at the moon, you will find that
although to the naked eye the moon is sizalier, 1t is much
brighter than in the telescople view, Tae fire-mist Her-
schel recognized, if it 1s in the heavens, should be viewed
without a telescope.

ASPECTS OF THE NEBULOUS MASSES.

I shall next pass to the gathering in of the fire-mist to-
ward particular partsof the heavens. We will have a
gerics of those views on the screen. These views are of
different kinds of nebule. Nebul® may be looked upon
as flowers in a gardeun in different stages—one springing
from the earth, another in full bloom, and another in
seed time. There you have a nebuia after if clusters,
and other pictures will show you the immense varieties
of those nebulous masses, and I would remind you that
the number of these nebnl® is something enormous,
There are 28 many nebulx discovered as there
are stars visible to the naked eye. Those pietures before
you exhibit different kinds of nebul®. You see the size
of the great nebulous mass, gathering toward certain
centers of aggregation. Herschel thus illustrated how
out ofthe great mass of fire-mist, stars might be formed.
There you see three stars, and now we will have another
picture in which still other forms of aggregations will be
seen. There are certain of these nebulons masses in
which the stars form single clusters When examined
by a powerful telescope the most wouuerful complexity
is fouud in those nebulous masses, O:uher pictures will
show you the process of the formation of stars, There
you see a quantity of nebulous matter in certain parts
gathering toward the center. And now we will pass to
o series of pictures showing the way in which these
nebulous matters cling around stars; and tbose are on
a larger scale, and you will see the nebulous matter
apparently drawn toward the various stars.

Then, you will reecognize the great difference betwaen
the way in which that nebular mass is forming and
Laplace’s theory. We shall have the room more dark-
ened for some time, as these nebular pictures do not
show sufficlently unless the room is darkened; and we
wiil have the pictures bronght on rapidly one after
anotber, the next three or four of them illustrating the
same theory.

In the first yon perceive three rich stars, and the nebu-
lous matter there also is rich, Tnere you will recognize
the same features. You unotice the dark spots between
the nebnlar regions, and the stars always in the brighter
part of these nebular regions, and evidence of the
gathering in of it toward the stars, but we have no evi-
dence of Laplace’s view of a rotating nebular mass,

We will have another picture, and it will be a bright
one. Here the nebula would appear to have changed in
shape, Here is one vlew of a ncbula, and the next ono
taken by Lascell of the same nebula, differs materially
from it. This nebula is called Omega from its rescms
blance to the Greek letter. The same nebula is in the

picture by Laseell, and it is so changed that
it is difficult to believe that it is tbe same
object. This leads us to the ides that

these masses change in form. Thls is a view of the
heavens, illustrating the variation of tha diff:rent parts
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ot the keavens in brightness. This ts the brigut rezion
fn the southern heaveus of whieh I said that when 12
rises above the horizon the effect is the same as 8
caused by the young ruoon. There is io the midst Eta
Argiis. Tlus is a sehula which varles In shape, and the
star In it varles from the first (o the sixth magnitude.

Here we seo fresh signs of variability tn space, svhich
beor on the birth and evolution of our system. We sce
that the sun was once vartable,aud the planets were stars
of all varfations ia the eaviy bistory of our system. While
the aggregation was taking place, the sun would at
gote thues blaze with fluning glory, and there would be
atr inrerchange of brightness, regular or lrregular, as
masses of matter were aggregated uto it.

As to {ke question whether the sun s likely suddenly
to have a defalcation of brightness, consider how some
of the stars vavy in brightoess, and the thought 18 sug-
gested that the same may happen to our sel. The pro-
cess of evolition mayv be so far ineomplete. Carefal
obscrvations made by the Eugllss astronomer Hind
nnd othiers—a process not very mucl earried ou in this
country—show that the stars varv very mueh io bright-
ness; but that observation must be carried ou n lung
tine tafore sure results ean be obtained.

VARIATIONS TAKING PLACE IN THE STELLAR HEAVENS,

1o the constellations, if we can imagine that there
were figurcd resembiing the bear and the lion in shape
in the old times, and if we tind now no traces of thew,
the idea Is suggested that there has been a change, and
1 was once dispused to think this was the case; for L
conld not think how the early nations could imagine a
bear, for instanee, if there was no such shapein Ursa
Major. But by making the figure of tlhe animal
larger and studying the head, and, as was suggested
to Dick Swiveller by the Marchioness, by making
believe a good deal, we ean make it out. The four
limbs of the Bear are differently placed here. View
thal gronp forming the licad, and there is a certain
resemblance to the peculiar snout of the head of a Bour.
The stars are small, but on a elear night you ean recog-
nize a certain resemblanee to the head.

We bave here the licad of the Lion, the fizure being
larger than Is nsually depicted, and inclnding several
nelghborlng constellations. The grouping of stars all
around gives really gome resemblanes to the hiead of a
hote ThLuerodp whieh I have made the tail is the eon-
stellation Comna Bererdels. Perhaps, after all, the stars
never did vary much, There isenough there to ake an
imaginative people think there was the fizare of a lion.
In these seven stars of the Bear the middle star bas vi-
ried much. having declined from belng as bricht as the
others. We cannot he certain that our sun may not di-
minish or inerease tn brightuess. That mlddle star was
once as bright as the rest, and now it 1s greatly reduced,
This next pleture shows how the great nebula in Argo
bas varied. Now, we have two pictures, In one of
whiecli 18 the fizure llke a kev-hole, and on the next it I3
greatly varied and everything s 8o changed as to show
that the netular mass is drifting hither and thither;

that the regions of the fire-nmst contaln drift-
fug 1wasses. Wo shall bave moro pletures tend-
fng to suow the dlsposlilon of these pebwm
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over the Leavens. The cloncl~ts of stars arc found tolg
spread with astrange vanation over the Milky W.y,
and not uniformly ; and that has been putin evidence to
prove, I know not why, that these star cloudlots de not
belong to our stellar systemn. But the diversity—the two
parts of the heavens so diverse, one fllled with nebule,
the other with star cloudlets——scemns to shiow that thera
i8 a conncction between the parts. We have
the idea that in the Milky Way, where
the stars are rich, the cirecumstances were favorable
to the formation of stars and star elusters; tbhe star
elondlets are more numerous in the Milky Way than
elsewhere, whercas outside of it eircumstances weroe
not favoravle to the formatiou of stars, and the process
of aggregation not being so rapid, these necbuld wero
formed.

Here you have a picture showing a dark region and
the nebular riasses complete. Notice the northeru
nebular masses and these streams eoming vut. Heve it is
extending toward a small cluster of nebule. The Milky
Wuy contains star elusters, and outside of It ure
sepiarate stars, In the star clouds we find a multitude
of sturs discernible with the telescope, but so closely
clustered as to be irresolvable, and ip these masses or
elondlets we sece proof, we have a certajuty, that the
sidereal system 1is not a mere aggregation of
stara, but contains ail varieties, nebul®. star-clondlets,
and stars of all varicties ; and that it resembles the solar
system, notin uniformity, but in varicty of stracture. In
studying its laws we have a proplem of enormous iffi-
cnlty, but one which mnst one day be solved. Man can-
not stand unsatistied in the presence of such a problem,

TIIE MOTIONS OF THE STARS.

Here is a picture showing the stars in the northern
heavens, with arrow-licads attacied.  You notiez that
there is a bope, by comparing maps of this nature and
making them moerce perfect—there is a hope of ascertiin-
ing why thiese move this way, and these this way, and
of determining tho way in which they arose, and what
was the nature of the schicme out of whicl the present
universe sprung.

You will notic2 those of the nortliern stars with their
little star arrows. On the next map you will sve those
of the Southern Ifemispliere. It is a matter for great
congratuletion that here in Amceriea a map of the exact
positions of the stars is being nade,so that a hundred
years henee all these motions can bo deteeted. This isa
noble worls, the real value of which will only be known
a bundred years hence, and its promoters deseive o
great deal of honor. [Applause.]

Now, I wish to bring before you a series of pietures,
showiLg, on a suieewhat better seale, the appearance ol
that chart of many stars whleh was showu at the last
lecture. 1t 1s 1Mo beginning of the third proeess, the
proeess o} star-gauging. The plcture now before you
represcuts the central part of that ehart of mauy stars.
The central one is the Polar Star. Inthe lower part
there t3 g veglon of greater brightness, and 1n the next
picture yon will sce how the positlon of the Mllky
Way {8 elear'y indleated. In the next, in
the upper pairi there 18 much greater briglhitoess. Cas
slopeia cav be 1 cognized. Iu the next picture, joining
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this on the right, you can see the Pleiades and the clus-
% In the sword-hand ot Perseus, and the Milky Way
golng across trom the npper right hand to the lett hand.
And then there is that dark region of which I have
spokeu. The next picture will natorally be of the
Twins. Yon have again the Milky Way. Here is the
constellation of the Dog and the two Twin stars,

end pDow Wwo¢ ure coming to the region where
the stars are fewer. In the next  pe-
ture wo bagin to approach the Mliky

Way again. We have gone nearly round the heavens,
One other piciure carries us to the richest part of the
Milky Way and the constellation of the Swan. We see
the rich gathering of starsin that constellation. Now
we will have the whole picture of the northern heaveus
egain shown, not, the same one, and you will sce how
the Milky Way Is mapped out by these stars. You can
see the Milky Way carried right ronnd that picture,
You begin to see the evidence we have that the Miiky
Way is a stream of stars gathering together, large and

smail. We sce it as a spiral, as it were. Looking at it
in that ay, we Dbegin to reccognizs how the

pebul®® may have formed it; how in the very
beginning of things it was formed; how at the ontside of
the spiral, the agglomeration gave Dbirth to stars
much furtber apart. While we cannof go much further
than the star svsiem, that is not the end of the matter.
We look back into abysmal space and sec these vro-
cesses taking place. We look back from the formation
of the solar system to tho stellar system and to the
sidereal sysl(‘m.. We begiu to sce that there are pro-
cesses still further back, * Lo, these are but a portion
of God’s works; they utter but a whisper of his glory.”
TRIBUTE TO PROF. PROCTOR BY HIS AUDIENCE.

At the couclusion of the lecture, Mr. Morris K, Jesup,
President of the Young Men’s Chrisrian Association,
stepped upon the stage and said:

I am sure, ladies aud geuntlemen, that you will not
desire these most interesting lectures by our friend
Mr. Proctor to close without some expression on your
part of our appreciation of their great interest. Our
friend Mr. Caarles Butter will offer some resolutions for
your action.

Mr. Butler—TI am sure we shall all like to have Prof.
Proctor know how grateful we feel to him for the en-
Joyment and iustruction his lectures have given us. T
have been asked to sav, on behalf of the audieuce, how
muoech we appreciate the opportunity thas we have had
of following bim, night after night, to that world of
thought where pone but a master’s hand could
lead us. I have to bear messages of gratitnde, not
ouly from those who, hke bhimself, had already stndied
*other worlds than ours,” but from so many of us as
have been turned away and upward from the earth,
which absorbs us in our daily oceupations, That some
of the licht he has shed unon our hearts and mwleds may
in some form be reflected back to him, that atleast he
may have some share In the enjoyment of his visit to
our country, and that he may have a happy return to
his own, is the wish of many warm American friends.

I propose the following resolutions, expressive of the
sonse of the audicuce*

Resolved. That we who have attended thn eouras of
leetures given by I'rof. Proctor, Secretury of the Roval
Astronomical Sovlety ot Loundou, desite to express vur
appreciation of the masterly manner in which the sub-
Ject has beeu presented, making vlain tlhidngs so ditBeutt,
aud bringing to us the latest resutts of the studv of the
noblest of scicnees.

Resolved, That we desire 10 express ouy adwiration of
tlhie generous spirit in which the achievements of his
cotemporaries, including some of our own countrymeun,
have been recoguized and described, .

Resolved, That the revereud and Christian spirit m
Whiclh he Dhas unfolded tae wonders vl asioaowy s
tmade us recoguize more fully than ever bofore that
‘“the heavens declare the zlory of God,” and to declare
with the Psalmist, **O Lord, how manitold are thy
works] in wisdom hast thoun made them all.”

Resolved. That in tendering our gratefal acknowledo-
meuts o Prof. Proctor for this course of lectures and lor
tire pleasnre and instroction we nave derived from them,
we cannot refrain at the same time trom expressing var
best wishes that his visit to our country miy prov:
source of happiness to himself, an.l that lus ecaveer ia hy
fuiure may be'as eminently successful as ic has ocea
honorable and brilliaut in the pasr.

MR. PROCTOR’S REPLY.

Prof. Proctor roplicd. I thank you, lidies auu grntla-
men, very earu stly for the kindness with which yon
have expressed your thanks to me. I felt that T it
really undertaken o tausk of cowsiderable dificulty 1
condensing into o serics of six, my lectures on so vast u
suiject. [ knew there was no diticulty in bringin g
these subjects beforo an American audience, if
I ouly had snffi ient time within which to deal
with thew; but to deal with the whole sube
ject of astromomy in six lectures was really a very
great strain upon the endurance of an audicnce. Buk
for the way in which tLey have been received, and the
way they have been followed, and the elose attention
with which they have beeun listened to, I am very grate-
ful to yon indeed, The only feetlug of regret T have had
bas been that Iconld not (ransfer some of your euthu-
siasm lor seience, esp: falty as it is represented in the
numbers that come to hear of these thiugs, to my own
people at home. N .

Inregard to the 1esolmitons, svhich are so kind and
complimentary, I can assure you, speakinz irom my
heart, that dnring my whole stay in America—inore
than three months—I have not had one experience that
has not been altogeth ' pleasing. Everything has been
more than gratifying. The kindoess I have rececived on
all hands has boen very grateful to me,indeed, aud very
remarkable, too. I bhad no thought when I came over
here of meeting with anything like that kinduess,

There i8 oue thing T would like to mention. Many
have addressed lctters to me, hayve proposed to call upon
me, and invited me to call upon them. I wish to say
that I have felt unable iu many cases to do so, however

much X desired it, or cven to return an answer to some
of the letiers, unless a sl tanswer, which is worse than
no letter atall. Itrostt! t.any ot these—some of whom
way be here present, wil~colleet tne difficulties under
which T have laborel. I feel that ic is well thesa
difficvlties shonld bo kn .nvu; and I now thank you
heartly, not only tor the resolations that have been
pussed, bur for that gecatest landness that ean be shown
bv audiences to a lecturer—atcentlon to amt considera
tion of what he has to Lring Lefore them. [Great agr
planse.]

Tue audience then slowly dispersed, many remaining
*o cxchange pleasant greel gs with the lecturer,
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Prof Agassiz’s Lectures at Penikege.

THE PRAYER OF AGASSIZ,

The All-Father hearcth us;

BY JOHN G. WHITTIER.
From The Chriatian Unfon.

On the Isle of Penikese,

Ringed about by sapphire seas,
Fanned by breezes salt and cool,
Stood the Master with his school
Over gails that not in vain

Wooed the west wind’s steady strain,
Line of coast that low and far
Stretehed its undulating bar,
Wings aslant along the rim

Of the waves they stooped to skim,
Rock and isle and glistening bay,
Fell the beautiful white day.

Baid the Master to the youth:
*We have come in search of truth,

Trying with uncertain key

Door by door of mysterv;

‘We are reaching, through His laws,

To the garment-liemn of Cause,

Him, the cndless, unbegun,

The Unnameable, the (ime,

Light of all our light the Source,

Life of life, and Force of force.

As with fingers of the blind

We are groping here to find

What the bicroglyphies mean

Of the Unszen in the seen,

What the I'hought which underlies

Nature’s masking and disguise,

What it is that hides beneath

Blight and bloom and Lirth and death,
3y vast efforts unavailing,

Doubt aund error, loss and failing,

Of our weakness made aware,

On the threshold of our task

Let us light and guidance ask,

Let us pause in silent prayer!?

Then the Master in his place
Bowed his head a little space,
And the leaves by soft airs stirred,
Lapse of wave and ery of bird
Left the solemn hush unbroken

Of that wordless prayer unspokeny
While its wish, ou earth uncaid,
Rose to heaven interpreted.

As, in life’s best hours, we heas
By the spirit’s finer car

His low voice withiu us, thme

And his holy ear we pain

With our noisy words and vain,
Not for him our vivlence
Storming at the gates of sense,
His the primal language, Iis
The eternal silenecs!

Even the carcless Lieart was moved,
And the doubting gave assent,
With a gesture reverent,

To the Master well-beloved.

As thin mists are glorified

By the light they canunot hide,
All who gazed upon him saw,
Through its veil of tender awo,
How his face was still uplit

By the old sweet look of it,
Hopeful, trustful, full of cheer,
And the love that casts out fear,
Who the secret may declare

Of that brief, unuttered prayer §
Did the shade before him come
Of th’ inevitable doom,

Of the end of earth so near,

And Eternity’s new year?

In the lap of sheltering seas
Rests the isle of Penikese;
But the lord of the domain
Comes not to his own again;
Where the eyes that follow fail,
On a vaster sea his sail,
Drifts beyond our beck and hail!
Other lips within its bound
Shall the laws of life expound;
Other eyes from 1ock and shell
Read the world’s old riddles wells
But wlien breezes ]l;:])t and lul.md
Blow from Summer’s blossomed land,
When the air is glad with wings
Aud the blithe song-sparrow sings,
Many an eve with his still face
Shall the livinge ones displace,
Many an ear the word shall seek
He alone eould titly spealk.
And one name fnr(‘\'cmmm
S8hall be uttered o’er and o’er
By the waves th'lt kiss the shore,
By the emrlew’s whistle sent
Down the cool, sea-scented airg
In all voices known 1o her
Nature own her worslhiper,
Half in tviumph, half lament,
Thither love shall tearful tun,
Friendship pause nneovered l]lez\

ud the wiscst reverence learn

s Maatc1's cilent prager.
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TEAOHINGS OF AGASSIZ.

LECTURES DELIVERED TO TIIE ANDERSON SCHOOL
OF NATURAL 1ISTORY.

The following reports of some of the lec-
tures delivered by Prof. Louis Agassiz before
the Anderson School of Natural History on
Penikese Island, during July and Amngust,
1873, have been compiled from the note-books
of students present at their delivery. Though
necessarily incomplete, and to a certain ex-
tent fragmentary, they will be found, as far
as they go, substantially accurate; and it is
believed that in them the more important of
Prof. Agassiz’s discourses at Penikese are
fairly represented.

FIRST WORDS TO STUDENTS.

PROTESSOR AGASSIZ'S OPENING LECTURE AT THE
ANDERSON SCHOOL, DELIVERED JULY 9, 1873,

LApiEs AND GENTLEMEN: Were I about to teach
o class in the ordinary sense I should make a very
difterent beginuing. My iutention 1s not, however,
to impart information, but to throw the burden of
study on you. If I succeed in teaching you to ob-
serve, my aim will be attained. I do not wish to
communicate knowledge to you, you can gather that
from a hundred sources, but to awaken in you a
faeulty whicli is probably more dormant than the
simple power of acquisition. Unless that faculty is
stimulated, any information I might give you about
natural history would soon fade and be gone. I am
therefore placed in a somewhat diffienlt and abnor-
mal position for a teacher. I must teach and yet
not give information. I must, in short, to all ine
teuts and purposes, bo iguorant before you.

The very first snbject to which I will call your
attentioun is oue where yon would naturally eome to
me with questions. Do not ask them, for I shall not
answer, but 1 shall try to lay out your work in such
away that you will find your own path without
too mueh ditficulty. What is the nature of the so1l,
and what is the geological eonstitution of thas island ¢
I believe I know all abont it; but I wish to prepare
you to solve this problem, which is, by the way, no
easy one, for yourselves. Try first to find how
the island lies. Wo have mno compass, but our
main building runs East and West. Let
thas be your compass. You will find position
an essential element in the study of geological char-
acters. Perhaps you have already notieed the gene-
ral outline of our island. Youn may have seen that a
gravelly, water-wornneek of land connects a smaller
island with the main one, and that the two run
parallel. What is the meaning of the curve between

thiese two islands? What is the msaning of the flat
beyond the curve ? What is the meaning of the
loose materials about us ¥  What is the meaning of
bowlders scattered over the surfaee? It would bo
easy to explain all theso features upon well known
theories, but I should do you a poor service by any
such ready-made interpretation.

There are many other pointsto be counsidered
before you will solve the problem. Yon must, for in-
stance, distinguish the differenee between materials
in coutact with the water and those above it;
between the various dimensions of these loose mate-
rials and their relative size as fonnd above or below
the tide level. What relation does the island bear to
the adjoining islands? How are they connected?
When you liave oceasion to do so, extend this inquiry
to themain land. These are the elements for a com-
prehensive appreciation of the way in whieh this
island has been tformed. This investigation would
in itself be enough for a Summer’s work. If you
could answer me in two months the questions I
have put to you here. I should say you have
indeed done well. I want you to learn practically
how wide is the field of seience ; how much investi-
gation of a valnable kind may be found eveu in this
small area. And the method of investigation you
apply here will enable you to examine the same
subjects wherever you live. You will find the same
elements of instruction all about yow, where you
are each teaching; and you can take your classes
out and ghow them the same lessons, and lead them
to the same subjects you are uow studying here.
And this mode of teaching children is so natural, so
suggestive, so true! That is the charm of teaching
from Nature herself. No one ean warp her to snit
his own views. sShe brings us back to absolute
truth as often as we wander.

Until our apparatus comes of various sorts which
has not arrived, we must occupy ourselves with the
geology, and I would advise yon to begin by collect-
ing all the various kinds of rock on the island. You
will be surprised to hear, perhaps, that you will
find on this small space three-fourths, perhaps nine-
tenths, of all the rocks in the United States.

With these and a few words on tho animals the
students were already begining to eollect, the mode
of handling them, &e., this introductory address
closed. It canhardly be fairly appreeiated by any one
who did not hear the next session two or three hours
later, after the first ramble was over, when the
Professor collected his class again, and drew them
out by questions, and without telling them anything
except a few facts which they could not by any
possibility find for themselves in the neighborhood,
showed them what they had in their own minds,
and led them by comparison and combination to un-
derstand the significance of what they had already
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sbserved. This sccond exercise showed tho fresh-
ness and originality of this made of instruction from
which routine was banished, and in which all pro-
gress depended upon awakening and stimulating the
mind by a direct eontact with Nature.

THE ART OF TEACHING.

HOW STUDENTS SHOULD BE EDUCATED.
GENERAL PRINCIPLES OF INSTRUCTION—METIHODS OF
IMPARTING KNOWLEDGE IN NATURAL HISTORY.

No one felt more deeply than Prof. Agassiz tho
neod of achango in the methods and aims of public
instruetion. e was a constant friend and adviser
of tho teacher as well as the helper and inspirer of
the pupil. The essential object of the course at
Penikese was, first, to show teachers how to learn,
and then to show them how to teach. Prof. Agassiz
felt that there was great need of getting out of the
traditionary ruts, especially in methods of instruc-
tion in natural history. In the earlier part of the
student’s course he deemed it of muech more im-
portance to learn how to observe aud investigate
than to aequire by rote a mass of facts heaped to-
gether for the student’s convenience. 1le distrusted
the methods of the books, and aimed to bring the
stndeut into direct and immediate intimacy with
nature herself. Thais for years had been bis method
at the Museum of Anatomy. The great number . of
excellont teachers—not a few of them shining lights
in the courts of seience—who were graduated from
that institution, shows with what snceess.

In conducting the school at Penilkese, Prof. Agas-
siz introduced the method which he had pursued at
the Museum with so much suceess. One of his first
endeavors in the laboratory and lecture-room was
to expound his views of the proper modes of teaching.

Nover attempt to teach, said the Professor, what
you do not know yourself, and know well. If the
Sehool Commuttee insist npon your teaching any-
thing and everything, decline firmly to doso. Itis
an imposition upon the teachers and pupils alike to
require a teacher to teach that which he does not
know. This much-needed reform has already begun
in colleges, and I hope it will continne. More can
be done in 1his way to improve our system of educa-
tion than in alriost any other.

1t is a great mistake to suppose that anyonecan
teach the elements of a science. This is indeed the
most difficule part of instruction, and it requires the
most mature teachers Not mnch progress can be
made until people are convineed that everybody is
nct capable of learning everything, and that teach-
ers should not be expected to master every depart-
ment of human knowledge. Do you expect tho great
artists of the world to be good Latin or Greek schol-

ars, or good mathematicians? No more shoutd yen
expect a teacher to be perfect in all departments of
lknowledge. To have a smattering of something is
one of the great fallacies of onr time. A teacher
ought to know some one thing well.

Select the most common things for instruction, so
that the pupil cannot take a ramble without meeting
tho objects about which he has been informed.
Train pupils to be observers. Never attempt to give
instruetion in natural history without having your
pupils provided with speciniens. The most common
specimnens, as horseflies and crickets, will do as well
asany. Lot your pupils hold the specimens, and
mako them observe what you say. 9

In 18471 lectured in Milton, Mass., and [ insisted
that every person present shonld take a grasshopper,
and hold it, and look at it. It wasan innovation at
the time. Help me to make it a universal method
thronghout the country. Accustomn pupils to bring
1n the specimens themselves. Induce them to go to
the next brook or stone wall to get their own text
books, for which they pay nothing. Some specimens
are difficult to preserve, and it is delicate work to
accustom pupils to handle specimens carefully. ‘The
earlier this training is begun the better. The author
of the Anatomy of the European Coclchafer, before
commencing his investigation of this animal. ab-
stained from all stimulants for weeks so that he
might have full control over his mnscles.

The study of nature is direct interconrse with the
Highest Mind. When yourit down to natural his-
tory work, itshould be with the intention to give
yontself up to the thonght. Itisunworthy an in-
telligent being to trille with the works of the Cre-
ator. Lven to a materialist they are the works of
the highest power. A laboratory of natural history
is 2 sanctnary, in which nothing improper should be
exhibited. Twou'd tolerate improprieties in a church
gooner than in a scientific laboratory.

Talk about your specimens and try to malke the
pnpilsobserve the most telling and striking features.
When you collect a specimen be sure to find out
what it is, and make full memoranda of everything
pertaining to it. Do this in every case. You have
chances to find new things unknown before. Col-
leet carefully aund preserve well, so that the speei-
mens will tell the story of theanimal. There should
be a little museum in every school-room; half a
dozen species of radiates, a few dozen shells, 100 in-
sects, o fow fish, reptiles, birds, and mammals wonld
be enough to teach well. De Candolle, one of our
most seientific botanists, said he conld teach all he
knew of botany with a dozen plants. [t is better to
bave a few forms, well known, than to malke pupils
acqaainted with many hundred species tho first
year; botter bo well acquaiuted with a dozen speei-
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mens, as the resnld of the first year’s work, than to
Dave $2,000 with which to buy a large celleetion.

When yon are collecting, bo sure to make a careful
record of the locality from which each specimen is
obtained. In thiswayv you ean do good work for
scienco by assisting in tho determination of the
geographical distribution of animals. A specimen,
the locality of which is not known, has but little
scientific value. Every specimen in the Mnseum of
Comparative Zodlogy is & genuine specimen, the
locality, donor, date, &c. of all being carefully
recorded.

The first thing to be determined about a new speei-
men is not its name, but its most prominent charae-
ter. We can study the plan of the radiates, wo can
learn the type, from one specimen as well as from
another, or fromn many. "It is unnecessary to know
a great vartety in order to know many.

THE BEST BOOKS.

DIRECTIONS FOR SELECTING BOOKS FOR
STUDY.

A CRITICISM ON PUBLIC LIBRARIES—RARITY OF
WORKS OF VALUE ON NATURAL HISTORY—TOO
MANY BOOKS ARE MERE COMPILATIONS.

Thovgh Prof. Agassiz was strenuous in his efforts to
encourage original research and immediate acqnaint-
ance with Nature, he did not overlook the value of
books. His words of direction and warning in this
respect are of grear importance to the student.

My design, he said, is not to exclude from yoar at-
tention all books whatsoever, but to deter yon from
reading the host of worthless books upon Natural
History which were written hastily by men who
Lknew little or nothing of the subject, and mainly
tomake money. [fI can teach you to discriminate
between those things worthless and those valuable
in books, I'shall have accomplished very much. Not
every report of facts is correct. I have nothing to
say against infallible creeds, but a great deal to say
against infallible science. The best books for study
are monographs from men who have made the in-
vestigation of a single branch the work of a life-
time. Tako the jelly-fishes, for instance. They
have been well studied; bnt the most valuable lit-
erature on this snbject is contained in foreign lan-
guages. We have one good work by Dr. Almons in
English, and a beantiful monograph of the naked-
eyed medusm by Edward Forbes.

What we need is books of this kind, which shall
be accessible to students. Tlere is not in this conn-
try a library where a student of science, acquainted
with his subjeet, can resort, confident that hs shall
find what he needs. Of course I do not speak of the
incompleteness of libraries in the departinent of

history or general literature. Thspeople are libers
but they do not know this need, and therefore it hi.a
not been supphied. Tlook to you for help in forn:-
ing libraries. To you more than to any one else we
must look for improvement in this direction. We
have a fine library at Washington, the library of
Congress, yetin its scientific department it is com-
plete only in one particular, that of scientifie periodi-
cals. 1t hasrecords of the transactions of scientific
and learned societics in all parts of the world., In
Philadelphia there is a good library of zodlogy,
valuable in the department of birds, but deficient in
otherdepartiments. The Boston Society hasa good mis-
cellaneons library. Our Musenm library at Cambridga
has a good colleetion of books on fossils. But there
is nowhere a completo scientific library, and only a
half dozen of thoss which pretend to be such
libraries are fit to be studied at all. Thousands of
worthless text-books are printed which are com.
piled and abridged by thescissors from hatter books,
but there are few text-books of original research.
‘Wo are not prodnetive. We are used to getting our
information second-hand. I think it is a misfortuno
that there are so many separate libraries, instead of
a few centers, whera geientific books, no matter how
expensive—and scicntific books are expensive. and
it would not be wise for you to attemptto make
your own libraries what you might wish—might be
collected and eivealated to surrounding sehools or
held for consnltation. Toere need not be many
such centers. One wonld bs enough for New-Ena-
gland. Asit is, we have too many separate centers
ot information. It would be better if the five col-
leges of Massachusetts—not to go beyond that
State—were united in one. I2ven then its resonrces
would be insufficient. ’

The chief diftficulty with Europcan hooks is that
only European animals are illnustratedin them. Text-
books of zoélogy and botany should be made in tho
conntry where they are to be used. Other and more
exact sciences are universal in their subjects, but
natural history must have different text-books for
each conntry. Those plants and animals should be
chosen for illustration in text-books which
are most common, which will 1meet tho-
eyes of the greatest number of students. A#$
the same timme they shonld be typical speeies,
sich as are telling (a favorite word with the
Professor) in as many directions as possible. I have
not the requisite knowledgo of the geographical dis-
tribution of typical forms to enable me to make such
a text-book of zoilogy for this country. I feel my-
self competent for such a task, said the Professor,
only in the departinents of fishes and radiates. *

As a cyclopedia of Natural History, Cuvier’s Ani-
mal Kingdom, the last illustrated edition, is o bs
recommended as the most trustworthy and complete.
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Itis alibrary in itself. Itis tho best work of its
kind in any language, and ought to be in cvery
school library. It is the fountain from which are
drawn all the illustrations of modern text-books.

Huxley’s Comparative Anatomy is the best work
on that subject extant. Owen is to bo used cau-
tiously as a work of reference. Wood’s Natural
History is useful, but poorly written.

Darwin’s Animals and Plants under Domestic-
ation is the best and fullest presentation of the facts.
His monograph on Cirripedia is a model of full and
accurate investization., Prof. Agassiz paxd a beau-
tiful tribute to the character of Darwin as a natn-
ralist, as an investicator, and as a man, Iis Natu-
ralist’s Voyage Around the World is, he said, com-
parable to Humboldt’s Cosmos—a work which tho
Professor held also in the highest estimmation and
earnestly recommended to students. Darwin, he
thought, was a man whom every ono that knew him
must love. 1’rof. Agassiz never placed his opposition
to him on any other than scientific gronnds.

At the reqnest of students, Prof. Agassiz gave a
list of his own works and of several other works of
special valuo to the student of Natural History, as
follows:

Agassiz’s Contribution to Natural History of the
Unlied States, four volumes, £6 to $10 per voluine.

Agassiz’s Eszay on Classification, quarto, $2.

Agassiz’s Methods of Study, $1 50.

Aeassiz’s Geologieal Sindies, $1 50.

Mrs, Arassiz’s Seaside Studies, $2.

Truvels in Brazil, §5.

Huxley’s Comparative Anatomy, $2 50,

Owen’s Comparallve Aunatomy, turee volumes, $3 to

“$10 per volume,

Cavier’s Anhnal Kinedom.

Wood’s Dinstrated Natural History, three volumes, 84

<20 $5 per voluinoe,

Darwin's Aurmais and Plants ander Domestication, $6.

Packard’s Guide to 8nudy of Tuseets, 8

The Awmerican Naturalist, §4,

‘M. J. Clark’s Mind in N.ture.

On another occasion, at Penikese, administering
adviee to students, Prof. Agassiz said, “ Know one
field well.” In order to understand the relations of
tho ditlerent branchies of human knowledga, of
science, read its history. Read Cuvier’s Dovelop-
meut of Secience, Do Blainville, Pouchet, and
others. Linuweus and his school gave birth to the
study of Natural History, inspired the whole world.
Seience has been built anew sinco the middle ages.

Gegenbamr’s Comparative Anatomy is the beet
‘work of its kind, but his eclassification 15 fanlty.
He becomes lost in complication of struncture and
multiplicity of derails, and fails to detect tho true
afiinities of animals. ‘Thero is danger in paying
too mueh attention to details, When one becomes
absorbed in details he loses all capability of broad
views.  Dut tuere is no investigation se special, if
made with a view to comparison, but that it will
Lelp one. Gegenbaur paints his pictures singly, as

though there were no resemblance between the
diftferent things he paints,

Until yon kunow an apimal, care not for its name,
This whole world is a sehool for us. Seicneo beeame
what it is by tho hardest possible investigations,
under difficulties which are in great part removed
by the finding of animals so abundantly in America.

Under the present system of edneation in the
United States, it is hardly possible to make the
study of Natural History permanent aod eftectual,
There ought to bo as many naturalists as there are
schools, under the px"esent system ; for to teach1t,

* one must know something about it. A system should

bo established which wonld allow the teachers to be
specialists and to go through the different grades of
schools with the same braunch of study. Proparca
student to do well for himself, Awalken the power
of observation that will enable him to find his way
for himself. T always give now students a Dbox of
different specimens to find out what they can do
with tbem. Do not wish to pour into stndents what
they cannot hold. My way of teaching is by demon-
stration, in which a pupil has a great deal to do
himself.

I would warn yon against manunfacturers of books,
men who are mere compilers, who know nothing—
of their own knowledge—of thesubjects about which
they write. Go to the sources of information. You
would not read Shakespeare from commentators and
translators. Coasult your own knowledge. Remem-
ber, too, that scienee is the recovery of the ideay
that were in the Creative Mind., Love, devotion,
simple humility, and submission to Nature, not an
endeavor to eontrol Natnre, give success to the
naturalist. :

BASIS OF CLASSIFICATION.,

THE STRUCTURAL RELATION OF ANIMALS

MEANS OF MAKING CORRECT COMPARISONS BETWEEN
DIFFERENT ORDERS OF CREATURES — THE CLAS-
SIFICATION OF FISHES—A VIGOROUS ONSLAUGHT
ON TIIE DEVELOPMENT TIIEORY.

Classitication in Nataral History has a meaning,
and is not a human contrivance. In classitieation
wo must shut out from the ficld of investigation all
that which is arbitrary and empirical. Our classi-
fication, to represent nature, nuist conformn to it. It
i8 a mistako to single out certain spzcial featnures as
a standard, anid adhere to these only. Classification
is a difficult matter, and as such we must recognize
it. We ought to know and confess the limits of our
information. Those who rave an answer for every
question must make np answers, It is hard to say,
“I do not know,” especially for teachers. But I
would trust no one who bas not the courage to d» it
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Be sure that the methods pursued predetermine
the results, It is as important to be careful of
methods as of facts. Every chemist knows this.
Chemistry and Physics are far in advance of Botany
and Zodlogy as exact sciences. The chemists and
piysicists test their methods with more care than
do nataralists. The astronomer goes further still,
and takes his own physical organization into ac-
count. He applies a correction to his observation,
which 1s known as the *‘persounal equation.” The per-
sonal equation should be allowed for by naturalists.

Linnaus, who had an eye for affinities such as few
men ever had, was the first to introduce some con-
siderations on the classification of fishes,which have
had a permanent influence. He separated tishes
like sharks and skates, with cartilaginous skeletons,
from the bony fishes. Then he divided the bony
fishes according to the position and characters of the
fing. Astedi opposed this classification, and thongn
at first nunbeeded, Cuvier afterward adopted his
idea,which was that bony fishes should be separated
into classes—.Acantihopterygia, with sharp spines in
the dorsal fins, and Malacapterygia, fins without
spines. 1

When I began to study, I wished to identify fossil
Gshes with those now living. Buat after studying
fossil fishes for many years, I found that the old
classification, based upon cartilaginous and bony
skeletons, would not answer. I tried the scales to
see what basis they would offer for classification.
1 divided the scales, according to their form and
structure, into four kinds, to which 1 applied the
names, Cycloid, Ctenoid, Gaucid, and Placoid.
When this classification was compared with that of
Artedi, it was found, curionsly enongh, that the Cy-
cloids and Ctenoids included almost exactly the
same species as the Acanthopterygians and Malacop-
terygians, Iishes like the sturgeon and garpike, in-
cluding all fossil fish from the Silurian up to the
Cretaceous, uot counting sharks, have Ganoid scales.
Sharks and skates have Placoid scales.

The sturgeon was the battle-tield. of naturalists
for 10 years, but the question 1s settled now, and the
sturgeon is classed with the garpikes and other Ga-
roids. Johannes Miiller found no two fishes more
closely allied in anatomical structure than garpikes
and sturgeons, which I had already shown to be
closely allied with respect to their scales. The gar-
pikes have reptilian characteristics.

We see the importance of grouping animals by
their general resemblances, criticising every step as
we go, Donot not take up definite features as dis-
tinctive ct aracters, but take the whole animal and
classify by a geueral resemblance of all the features.

Johannes Miiller, the master of Comparative
Anatomy at present, has made divisions resting
upon distinctions which are physiological aud not

zoblogical, considering thines of paramount impoz

tance which ought not to be so considered. The
presence or absence of the nictitating membrane he
makes the basis of a distinction between two classeg
of sharks, while in reality every vertebrate at a cers
tain stage of growth hasa nictitating membrane. He
divides selachians into two classes, according aa
they have or have not spiracles, when really there
is a perfect gradation from those which have none
to those which have perfectly aeveloped spiracies ;
thus widely separating animals which are closely ree
lated in structure.

Embryology will lead to better things; but we
should not follow the indications of embryology
mmplicitly, but question every step. It will show us
differences akin to the difference among adult ani-
mals. In the egg the structure is simple. The pro-
gress in structural complication is consecutive. We
must examine the character of our standard as well
as of our facts.

The classification of mammals, thengh further ad-
vanced than that of birds, is still not based on the
true affinities of strunctural comvlication. The
manatus, or sea-cow, for instance, which is usually
classed with the whales, is shown by the study of
fossils to be closely allied to the elephant.
Batrachians  are closely  related to ond
another anatomically. The lowest bae
trachians resemble the embryonic forms of
the higher batrachians. Among true rep-
tiles, no embryonic affinities can be traced as in
batrachians, The embryo turtle does not resemble
any other reptile. At no period in its life is itsnake=
like or lizard-like; but at a very early stage it re-
sembles birds. It points forward, not backward. I3
is on anatomical grounds, structural complication,
that we place the lizard before the suake and the
turtle before the lizard. The crocodiles stand befors
ordinary lizards in complication of structure. They
also have characteristics that ally them to the ex-
tinct fauna of past geological ages. Though snakes
are later than the geologic representatives of croco-
diles, crocodiles are higher than snakes.

A synthetic type isa group of animals in which
characters found independently in other groups are
found combined. Lizards are a synthetic type.
They are comparatively old in geologic time, and
these geologie forms are not among the simplest, for
the first reptiles were higher than any that ever fol-
lowed. Make transmutation of this if youcan. I$
1s not true that animals have foltowed each other in
successive progress and development,

Prophetic types are animals that at an early pertod
combine characters which are found 1 animals of &
higher order in later time. We have among these 2
natural series from lower to hizher structures. The
gradation is a structural gradation, and in the em-
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bryonic condition as in batrachians. In turtles, the
embryonie condition points higher than themselves.
Winged reptiles were a prophetic type; they antiei-
pated birds. Embryo birds point backward to the
pterodactyl and to the plesiosanrus.

There are those who assnme that the earliest ani-
mals must have been simple in strocture, but each
type starts with higher species than most of those
that follow. Selachians and ganoids, which are the
earliest fishes found, are infinitely superior in com-
plication of structure to any that eome after them
in geologic time. Yet there are men who call them-
selves naturalists, who, in face of the facts which
have beeon known for 20 years, say that the amphi-
oxus was the first-born of vertebrates, and resem-
bles the ascidiaus. It is not only false butitisa
lie. No bony fishes have ever been found in any of
the older rocks.

Take another case: The earliest embryonic fea-
tures de not necessarily resemble the oldest forms,
If it were so we should expect to find chimeroid
fishes in the earliest formation, which is not the
case, as the Chimer® are not found below the
Jurassic. Sharks and skates, which are higher in
structural features, are found even as early as the
Silurian period. Selaclians stand very high in the
class of fislies, and they are the earliest ot the globe.
Their eggs are fow and large ; the embryo is large,
and tbey have gestation in the sense that mammals
have. Yet gestation is not found in the reptiles,
which come later, ner even in the birds. Wo have to
make aleap to the mammalia to find anything
similar. This means that these fish have the highest
structnral features of the highest vertebrates. They
indicated what was coming. That thelowest animal
appeared first is a fallaey, and all talk to the con-
trary is revolting dishonesty. In order to classify
animals we should be familiar with the faets of
geology ; should know the order of succession of
animals in tine.

RADIATES.

A radiate is a spheroidal body with a vertieal axis,
the poles of which have uaequal value, and the
segments of which have unequal value along their
vertical lino. Radiates do net radiate in all dirce-
tions as the books say. All their parts stand in
equal relation to a vertical axis having unequal
poles. The vertical axis may be so cextremely
lengthened or shortened as to make radiates of very
different appearance. But they represent the same
plan. A knowledge of planis an essential aid to
the thorough study of any animals.

Eleven systems of nomenclature are used to de-
scribe radiates when one system shenld and
wonld do as well. This is the hight of absurdity.
The radiates constitute one primary division of the
snimal kingdom. Radiation and radiation alone

holds together as an organic unit polyps (corals),
acalephs (jelly fishes), and echinoderms (star fishes) ;
and when Liickart proposed to separate polyps and
acalephs from echinoderms and make an independent
sub-kingdom of them under the name Coelenterata
Lie carried science backward. Change is not always
progress. Iluxley, Haéckle, Lilckart, and a ma-
jority of German naturalists are wrong in their
tendeneies. They loso sight of plan in complieation
of strueture. They nistake the mode of execution
of a plan for the plan itself. Radiates which are
simple are just as much radiates as those which are
complicated.

Echinoderms, acalephs, and polyps present three
modes of executien of one plan of radiation. In
polyps the radiating partitions or septa are thin and
blood-like, generally nomerous, never fower than
six, and sometimes there are bundreds. In aealephs
the divisions between the cavities are very thicl,
and the cavities themselves are reduced to mere
thin tubes communicating with the central eavity.
In echinoderms the eavities are cntirely separated
and the septa meet.

Radiates may be long, eylindrical, and wormlike,
as in the holothurians, or they may be mere flat
disks, as the flat sea-urchin and some jelly-fishes.
Their details may be very different. The shape does
not determino the elass. Those features of animals
which constitate analogies are general resemblance,
not baced on identity of structure. IHomologies are
resemblances based on identity of structunre. Re-
semblances based on similar combinations, on gen-
eral external appeirance, are often mistaken for
resemblance based on identity of structure. That
18, analogies are mistaken for homologies, as in the
case with whales and fishes. Analogieally, whales
aroe referred to the fishes, but homologieally they
DLelong to the mammals.

There isa certain amount of bilateral symmetry
in all these radiates. There is one, and only one,
vertical plan on cither side of which the parts are
symmetrically arranged. The natural attitude of an
animal and the normal position may be quite differ-
ent. The normal position is the position in which
wo must place an animal in order to compare 1t with
the order of its class. Acalephs naturally have the
mouthdownward. Aetinike naturally have the mouth
upward. Holothurians lie upon the side. These
are the natural attitudes, bnt for eomparison we
must place their axes all in one direction, place them
in the direction natural to the majority; that is
with the mouth upward.

RADIATES IN PALEONTOLOGY.

Cuvier and Lamarck were the fonnders of the
science of palwmontology. Cuvier gave the seience
its present form. IIe studied the Iossgl vertebrates
and Lamarcl 4pvoted himself to the invertobrate
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fossils. Echinoderms have great palaontological
importance. They are tho best preserved of all fos-
sils, and are found in the very lowesb fossiliferous
vocks. They have been found on cvery geologieal
horizon, and the cbain of their existence, as we have
it is complete. Darwinists eannot say that the tran-
sition links will be forthcoming. Each epoch has its
own peculiar, well-marked forms, and there is no
transition.

The order of echinoderms, which fignres most
prominently in pal®ontology is the order of crinoids,
or stone lilies. They have a faint resemblauce to a
star-fish, supported on a pointed stem, which is fixed
to the roeks. During the tertiary period and at the
present time, there are crinoids without stems, as the
comatula. The comatula1s not a star-fish, as some
text-books say, but it is a true crinoid. The young
comatula has a stem, and is attached to the sea-
weeds, but it drops the stem when it reacles ma-
turity. One interesting fact is that the oldest
crinoids were most firmly rooted to the ground,
and their arms or rays were very small. In
these forms the stem and root elements prevail,
In iater times the arms become more fully
developed, and the animals are less firmly rooted to
the ground. This progression continues until in the
Tertiary period, and at the present time we find
free, moving crinoids with well developed arms,
which closely resemble the higher order of star
fishes. There is asteady progress from early to later
times. This is beautifully shown by the class of
echinoderms. We have the same picture in their
embryology. The older adult forms resemble the
embryonic forms of later times. The embryo of
eomatula is like the adult Silurian erinoid. Such
facts as these have led to the misconceptious of the
transmutation theory.

I may say here that-the best sources of knowledge
of crinoids are the reports of the American Geo-
logical Surveys.

The constifuent or radiating parts of a radiate
have been called segments; but we ueed another
word to express this idea. I think I have found a
good name for these fundamental parts of a radiate;
it is spheromere, a segment of a spheroidal body.

In closing his lecture, Prof. Agassiz =a1d: “Do we
recognize in thie manifestations of physical forees,
as heat and electricity, anything indicative of
thought and combination? Is there auything that
shows that the lowest should be first 2 Do we not
have in this series which I have indicated an evi-
dence of intelligent action which we do not find in
physical forces? Nothing but a presiding inteili-
gence could produce these wonderful gradations
from the simple to the complex. Therefore I am
opposed to Darwinism.”

AMERICAN GLACIERS.

THE ICE SHEET WHICII COVERED TIII§
CONTINENT.

EVIDENCES OF THE GLACIAL PERIOD IN AMERICA—A
LECTURE DELIVERED BY PROT. AGASS1Z, AUG. 4,
1873,

LADIES AND GENTLEMEN : The facts by which we
recognize the passage of glaciers over our globe are
very different in different parts of the globe. The
parts that have been studied are so difterent that
the evidences are as diverse in Europe and America
as we coula well expect. This is chiefly owing to
differences of climate. The evidences of a general
glaciation are hest known 1n Europe, bul they are
tolerably understood in North Amecrica, aud have
been observed in South America. They have also
been noticed in Asia, Australia, and parts of Africa,
and there is no doubt that the whole of our globe
was colder than it now is at a time not far remote,
geologically speaking. The chief differences be-
tween tho aspects of glacial phenomena in Europe
and America I will endeavor to explain to you.

Not in Switzerland alone, so admirably exhibited
on this map of its mountains made by Guyot, but in
the Pyrenees and south of them, in Austria, in the
Cancasus—everywhere, the remains of glaciers are
found in connection with mountains. Both sides of
the Scandinavian rango are full of greatfiords, which
extend all round Norway and Sweden, and it i3
probable that in the north of Sweden there wero
fornrerly great glaciers trending into the White
Sea. In 1840 I first explored Scotland, and fovnd
traces of glaciers desceuding from her mountains.
There, as nsual, I found the radiation of great
masses of ice from mountain-centers, anqd yet thero
were not wanting indications—few, but very telling
—of still greater masses spread all over the conntry,
without reference to inequalities of surface. I‘or
there were marks of glacial action on the tops of the
highest ranges—seratches from north to south. Dr.
Buckland, of the University of Edinburgh, follow-
ing my suggestion, first found them on the very
summit of Shehallion, and to him we owe the first
fact of that general glaciation which preceded all
other. So, high up on the Scandinavian mountains,
scratches are abundant, and all trending Southe
ward.

What are the characteristic featurss of glaciak
action in this country ¢ With the execeptiou of evi-
dence of a few local glaciers in the White Mountains
and elsewhere, all other traces are the marksofa
glaciation which bas been uniform, and from north
to south. Whegn brst commng to this conutry, in
1846, we stopped a few hours at Halifax. I ranup
from the stcumer to the fortress, and there saw what
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I had anticipated—stri®, scratches, groeves, north
and south, and I have since traced them across thoe
continent. There are loeal variations which can be
explained, and a tendeney toward the east which
can bo accounted for by the easterly direction of thoe
continent and the character of the Atlantic coast.
I might say much just here on the motion of iee, and
upon its reservoirs, but I shall merely mention that
the movement of ice masses is moteorological, de-
pending on the moisture which falls, and the difter-
ence in the aimmount of moisture m higher as com-
pared with lower regions. All these considerations,
together with differences of temnerature, deternine
the motion from colder to warmer, from a region of
greater to one of less condensation. All the condi-
tions whieh determine motion along a mountain
slope are not the features of the slope, but the aecu-
mulation of moisture (snow) in the higher regions.
Thus the prevailing north-southerly direction may
be combined with loecal effects varying it to some
extent.

All phenomena of glaciers outside of mountain
tracts exhibit a north and sonth direction, with an
easterly trend, which 1 think is owing to the depres-
sion of the Atlantic Ocean as compared with the
land, and wero it not for this slight easterly eoast-
glope the line of movement in the United States
would be quite perteet; as it is, the deviation is
comparatively slight, tbe distinction being essen-
tially from north to south. This will appear very
evident by some additional facts.

No part of the conuntry yields nafive copper except
the vicinity of Lake Superior, where it occurs in
large masses. Now, bowlders of native copper are
found scattered over all the Western States, bearing
miarks of glaciers—a true index of transportation by
2 body moving southward; for we can trace them
right back to their original beds. In the eastern
part of Massachusetts oecurs the * Roxbury pud-
ding-stone,” a peentiar conglomerato readily recog-
nized, and you find loose bowlders of this pudding-
stone on this very I<land (Penikese) and all the way
between here and Boston, but unone north or west.
Hero are, in east and west, indications of a move-
ment of these looss materials, and if you examine
yocks along the Great Lakes you see the sams, as ex-
eniplitied by the presence of certain erystals for in-
stance, Thercfore, a8 a broad front extending from
tho Rocky Monntains to the Atlauntie, we have the
marks of masses of ice all moving in the sama direc-
tion.

It wonld be very important to know how thick
the ice was. llave we any means of ascertaing this?
Look at the plains about Portland (M».), or those to
the nortii of the White Mountains. They are everv-
where glacier-worn—exhibit abundant evidence of
vaving been planed by the advancing ice. As you

ascend the slopes of the Whito Mountains you moees
continually the characteristics of glaeial phonoinena,
even above the clonds, for the sides of the moun-
tains are striated, scratched, grooved, and polished
in parallel lines having a north-southeriy trend.
There is no set of hills lower than that whose sun-
mits are not scored. Mount Desert, 1,300 feet high,
is as polished, grooved, and seratched as any rock at
present under ageney of glacial action. So that yor
here have the evidence that the ice has moved over
them as on a level surfaece, and you find the samo
bowlders sonth of the White Mountains that you do
north of them, showing that that range was no im-
pediment to the glacier. Now how much higher
must a mass of ice be than its obstacle in order to
ghde over it. Experiments have proved that about
as much ice-above as below will earry the mass over.
Here, then, we have data for estinmting that the iee
covering these regious and weorking southward must
have been from 10,000 to 15,000 feet thiek. Such a
mass is heavy, and it moves, anud moves uniformnly,
and it is to sueh a moving mass that we must ascribe
all the present configuration of the ecntinent.

By univorm abrasion of rocks, evenness of their
surfaces over a large extent, and like trend of fur-
rows is meant. It is gnite remarkable as a peeu-
liarity of American drift that it eonsists of three dis-
tinet kinds, There are large expanses covered with
rand, loam, and round pebbles, anounting to eon-
siderable dimensions; and there is other drift that
only incloses ronnd bowlders. Yon would travel a
long way in Europe before yon found sneh. Why ?
Becanse on this side ice covered the whole conti-
nent, above which there were no wnountain peaks,
while in the Old World, on tlhe contrary, the gla-
ciers wero restricted to the mountain regions, and
the debris which fell from the peaks was earried to
the foot of some glucier, or was preeipitated by the
way, as rongh and angular as when it was torn ofl,
With us, however, the loose materials imbedded in
the glacier, or plowed up by its foot, were all the
timo grinding to powdor between the mass of ice—
whiech was studded underneath hike a gigantic rasp,
with rocks frozen into it—anl tho solid rozk in situ,
over which the glacior was moving. Thoe glacial
phenomena of America are thus essentially difler-
ent from those of Europe. That kind of accumu-
lation (sand, loam and pobbles) which we find 1ost
frequently, is made of tho dust rocks that would
brealk up readily, and othoers too hard to bo redueed
to powder, and you thus have a mixture. But when
the ice moved where the rock was soft, tlhiere are no
bowlders or pebbles left in its track. This is the
case over Illinois and Indiana, whers no erratices
are found, beeanse tho rock north of those States
was too soft to withstand the grinding power of the
glaeier. Clay slates, clay limestones, &e., when
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crushed, wonld make loam and clay, and you have
in some sections immense beds of soil without peb-
bles, which have been ground down by this all-
smoothing plaue. .

You see, therefore, that we may have three kinds
of drift differing only in respeet to the liability of
their eoniponents to be redueed to sand. Now I
wounld mention a few features very peculiar in
North Ameriean drift. These may be well observed
in the lake region of Western New-York, in the in-
pumerable lakes trending north and south, with
their northern outlets and southern inlets. In all
the glacial phenomena are very plain. I have seen
them on Caynga Lake. There yon may see that the
gides of the lake are well seratehed and greoved,
and there is little doubt that the depression and
shapineis duc to ice. Lvidently there came a time
during the retreat of the glaeier when this lake
region was the southern extremity of the iec-sheet,
and formed mwany fiords exactly similar to those at
present indeuting the coasts of Norway and Green-
land. But when the great ice-sheet presented these
fiords on its southern margin, they were covered
with lateral and terminal moraines, and at the
southern end of the lakes you have to this day eon-
centric moraines just as you fiud them new in
Switzerlaud. One thing I want to impress upon
you : These indications are as plain as sign-boards.
It requires no imagination to find them, and you
must shut youreyes if you would not see.

Now these moraines extend south at intervals, 12
of them, before you reach the hills from whiel the
lakes are now fed. The lakes are drained in a sonth-
northerly direetion, and the cnirrents encroaeh and
react upon these moraines, tending to destroy the
appearance of their true origin. You may ebserve
these same plhenomena in eonnection with all other
lakes in the northern half of our councry. 1 bave
seen them at dozens of lakes in Maine.

L ] » » » » » -

Anybody who will study any of the road-cuts or
gravel-pits, or make observations as he rides aleng
in the ears, may satisfy himself of alternate bands
trending north and south, eonsisting of elay, &e.,
more or less wide in accordance with the geological
counstitution of the region to the north of them,
whenee the drift came. Yeou have in every one of
these bands, both material from the starting peint,
and material gatbiered up by the way. Ice as it
mwoves along will take up and imbed in itself mueh
of the looser material it passes over. I have been
repeatedly under Alpine glaeiers, and seen them
paved uuderneath with recks,large and small, which
are all the time grinding over the surface like a
huge file. These materials, frozen into the glacier
known as ‘“bottom drift,” may turn and get
scratclied in every direction, but the surface below

will on:ly get scored in the general direction of mo.
tion.

These bands may be ono or twenty miles wide, or
only a few yards. One locality has long been
known, and yet bas remained » puzzle—the ¢ Rich-
mond Bowlders”—in Western Massaehusetts, where
you have seventeen or more parallel ridges trending
from nerth to south. Teo the north of Richmend
are three ranges of hills running east and west, and
at right angles to them theseseventeen ridges trend-
ing southward. These ridges are made up of bowl-
ders from the different bills, all of whieh ean be
traced back twenty miles or more to the three
ranges of hills. It has been a puzzle, becanse the
transportation of this great mass of material was
snpposed to have taken plaee on the back of ice-
bergs or glaciers. But our drift is bottom-dri{t,
whieh the ice-sheet pieked up in its labored, grating
passage over the three ridges that stretched across
its path north of the town. It isonly a special case
of the general law by which bettom-drift is carried
over all inequalities under the glacier and isnet
at all an exeeptional feature, yet Lyell m his
Antiquity of Massuclhusetts malkes a physical puzzle
out of it. Conceive seventeen rows of icchergs mov-
ing along in stately and well-ordered ranks, and all
dropping at particular points their load of rocks!
These evidences are being gradually effaced 1n many
plaeces by meteorological ageneies.

In the southern hemisphere you find exactly the
same phenomena, but in reverse order. At Monte-
video I first observed the northern limit of glaeial
action. There are rounded hills, truncated, pol-
ished, and shaped as no other agency ever fashions
them. There continue all along the coast of Pata-
gonia and threugh the Straits of Magellan the same
features which have been observed in the northern
hemisphere ; but everywhere the dircction is from
the south teward the north, from the Pole teward
the Equator. So that we ean no more doubt that a
great eap of ice covered the sonthern hemisphera
than that a similar eap spread over the northern.

At Talcahunano in Cbili a trend of scratches west-
ward toward the Pacifie appears, and this seems to
eonfirm the faet that a great oceanie depression is
sufficient to influence the course of such a glacier
both as te dircction and rapidity.

The same faets which oebtain in the northern ap-
ply as well in the southern hemisphere. Another
ndication I will mention. Whenever a hill stands
east-west, and slopesnorth and south, in the northern
hemisphere, the northern slope is affected by the
glacier passing over it, but the southern slope is not
considerably. In the southern hemisphere tho
southern slope would of course be the one roughly
used, while the north wonld escape. After passiug
the Straits of Magellan, everywhere the southein
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slopes of the hills were smoothed, while their
northern faces exbibited rough, untrimmed surfaees,
showing hew the ice-foot had plowed up enc side and
fallen in a great unwieldy areh, or bridge, down the
opposite. L'his, as you seo, is a sure index of the
direction of mareh, and it is as plain thiere as in the
United States. Indeed, I wonld like to call atten-
tion to the fact that all the marks upon the rocks
are as fresh 1n one hemisphere as in the other.
There is no indieation by which I can distinguish
the cftects in one from thoso in the other. 1say this
beeanse some geolozists have assnmed that a differ-
ence of climate, owing to certain proeesses, brought
abont the glacial period; and that the northern
hemisphere must have been first aftfected. DBut all
the evidenee leads mo to think that tho eauses were
astronomical and more powerful than supposed, so
as to produce a period of cold in tho northern and in
the southern hemisphere simultancously. I eannot
Lehieve that there has been tbat alternation in the
plaue of tho Equator which some stndents have sug-
gested.

Oue more remark: Neorth of Talcaliano, as far as
Santiago, s a valley of bowlders, beginning at Chiloa,
at the level of tho sea, but ascending gradually
northward till at Santiago it is many feet above the
sea. In that direction has moved the ice, and youn
nnd all along the valley the material it has earried.
On the ecast side of the Audes, and on the west,
whero the low coast range lies, you have something
similar to Switzerland between the Alps and the
Jura. This is occupied by erraties, aud the explana-
tienn whieh has beon found wrong in Europe wiil no
longer do for this loeality.

The northern edge of the ice melted first; hence,
in the northiern part of the valley stratified deposits
lio along in terraces from Santiaco gradually south,
and these alove wonld afford the most direet evi-
denee, even if we were not acqnainted witli the other
indications. T am satislied that all these terraces
were formed at atimewhean the ice-sheet terminated
at each of them, and banks were made in whiel there
i3 no trace of marine origin. llere wo have some-
thing similar to the econcentric ridges sonth of
Cayuga Lake—a parallel instance which shows the
identity of the phenomena in both hemispheres and
how entirely theoretieal is the idea of alternate sub-
sidence and elevation,

= s
ANOTHER
LECTURE,

The following poriions of 4 report obtained from
a diflerent source, while in some ecases repeating the
foregoing expressions, are for the most part import-
ant additions without which the lecture wonld be
inperfectly represented:

I'here 1s evidence of a great contiuental glacier

EXTRACIS FROM REPORT OF TIIE

over Burope, overriding all the local glaciers of a
later time.

As tho great European glacier waned, its southern
margin - gradually retreated toward the north,
leaving in the mounrtain fastnesses and elevated
valleys of the Pyrences, Alps, and Juras the loeal
glaciers wiuch have done so mueh to remove the
traces left by the great ice-sheet, and which give
shape to the present topography of those regious.

The mountains of Scandinavia—the Seandinavian
Alps—were for a long time a center of glaciation, from
which radiated in all directions immense 1¢e streams
whieh fed tho sca with ieebergs very mueh as the
Greenland glaciers do to-day. As the great ice-
sheet continued to wane it is probable that the loeal
glaciers of the northern parts of Norway and Swe-
den may have eommeneed a retrograde motion, and
meoved in a south-northerly direction toward the
Aretie Ocean. Northeru Europe is covered with
evidenece of extensive glaciation, and the many
fiords which indent the shores of the Seandinavian
Peninsula aud of Scotland are but the mouths of the
great ice rivers.

Eastern North America is a cowmparatively flat
country, and contains but few mountains, therefore
when the continental iee-sheet began to wane it left
but few loeal glaciers behind it.  Traces of local
glaciers have been found in the mountains of Maine
and New-Hampshire.

With these fow exceptions, there is over the whole
econtinent north of the 40th parallel, evidence of a
universal glacier which moved ina north-southerly
direction. The east of south trend of the glaeier
over New-England is accounted for by the great de-
pression of the Atlantie, which gave tho glacier a
tendeney to move in that direction.

No part of this continent affords native copper in
large masses exeept the Lake Superior region. Loose
bowlders bearing marks of glacial aetion are found
all over the States south of Lake Superior, while
none have ever been found north of this lake., This
is strong evidenee of the north-sonth direction of
the motion of the glacier.

The pudding-stone ot Roxbnry, Mass., whielr ex-
tends westward to Ioxboro, aflords similar incon-
testible evidenee in support of this point.

Bowlders of this pudding-stone are scattered all
over Sonth-Iastern Massachusetts, a few having
ceven found aresting placecon ourown little Penikese.
Facts of this kind might be multiplied nlmost in-
definitely did our time permit.

Mouunt Washington bears distinet glacial seratches
and groovings within 200 or 300 feet of its summt,
and all the other mountains and hills of New-
England, New-York, and about Lake Superior are
ovenly seorved over their entire sminmits, These great
inequalities of the surface were not sulticient to in-
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terrupt thie onward progress of the great icc-sheet,
nor even to deflect it from its course. On the shores
of Lake Winunipiscogece we find bewlders identical
with those to the north of the White Mountains,
which shows that these mountains were not suffi-
cient to interrupt or deflect the onward metien of
the glacier.

The numnerous lakes and ponds or lakelets which
abonnd in the dnift latitudes are a peculiar and ene
of the most characteristic featurcs of American
drift. ‘Ihe lakes of New-Yerk may be taken as
typical examples of the lakes produced by eur Nerth
American glacier.

The facts are these: The lakes trend N. 8., being
elongated in this direction ; they have been cut out
of the solid rock; their bottoms and sides are scored
and grooved in a N. S. direction; along their mar-
gins are lateral meraines; about their southern
ends are nnmerous cencentric terminal moraines,
and their inlets are at the southern and their ontlets
at the northern ends. Lakes Ithaeca and Cayuga
exhibit all these phenomena particularly well.

The explanatioun is that these Dhasins were exca-
vated by the terminal points of the glacier during
its retreat. The numerous terminal moraines indi-
cate haltings and oscillations in the retreat. Many
of them are as distinet and moraine-like as any to
be seen in Switzerland te-day. Wherever the
sonthern margin of the icc-sheet was elongated into
points and czapes during its retrcat, these lateral
moraines were possible, such as we see berdering
these lakes. Curiously enough, the water now flows
in a direction directly epposite to that in which the
glacier moved. Substantially the same phenemena
are repeated in Maine and Minnesota. These New-
York lakes ave probably synchreneus with the fiords
of Maine.

Tn the Northern Hemisphere the northern slopes
of the hills are most strongly marked by glacial
action, while in the Seuthern Hemisphere the re-
verse is trne, and the southern slopes bear the
deepest impress of the meving ice.

No evidence or indications of any kind are afforded
by nature showing that the glacial phenemena of
tke two hemispheres were not synchronons.

The theory of the Scotch astroenemer, Croll, based
upon the precession of the equinoxes, from which
he concelnded that the glaciatien of the northern and
southern hemispheres must have been alternate as
to time, is wholly gratuitons, and dees net acceunt
for the totality of the phenomena.

DRIFT PHENOMENA.

American drift material containzne angular blecks
or Lowlders such as are so characteristic of mest of
the Eurepean drift. The reason of this isthat the
American glacier had ne lateral or medial meraines,
and the drift muaterial was all formed under the

glacier where it was impessible to escape abrasion,
American drift exhibits considerable variations, de-
pending on the kind of rocks ever which the glacier
moved, and of which the drift is made.

The north-southerly metion of the glacier tended
to form these different kinds of drift into bands and
lines running seuth frem the recks from which they
were derived.

There are a number of such bands crossing the
State of Massachusetts, and they may be found
mor s or less distinet over the whole country. The
widsh of any band depends in great measure npon
the east-westerly extent of the rocks from which it
is derived.

North of Richmond, Mass., are three ranges of
hills, trending in an east-westerly direction. Run-
ning south frem these ridges are seventeen or mere
parallel lines of drift. Some of the lines start from
the southern ridge, some from the middle and others
from the northern ridge, but they areall distinct and
separate. The average length of these lines of dcift
istwenty miles. This Richmond drift has been a
great trouble to all geologists ; utterly unintelligible,
unexplainable by any ether than the glacial hy-
pothesis.

Bnt the true explanation is simple enough. All
our drift is bottom drift. When the glacier passed
over the disintegrating summilts of these Richmnond
Lills, the masses of rock became frozen into the
bottom eof the glacier, and once in that cenditien
their transportation over the succceding ridges was
a mere question of time, and they would be carried
in rectilnear, parallel courses frem their points of
derivation until dropped by the melting or breaking
of the ice.

Lyell, in his ** Antiquity of Man,” attcmpts to ex-
plain this Richmond drift phenomena. leattribntes
the whole thing to icebergs, and his explanation in-
volves as complete a physical impossibility as can
be conceived. Beware of explanations made te suit
a particular case, especially when the explanation
requires an ocean that conld not exist, and icebergs
that move as icebergs are never known te move.

TIIE RANGE OF NORTH AMERICAN GLACIERS.

Within the present precincts of glaciers we find
along their sides and terminations loose material
which in all cases is derived from the higher regiens
from which the glacier came. Glaciers bring dewn
a variety of loose materials detached from the rocky
bed on which it rests. Lateral, terminal, medial,
apd bottom moraines are abselute facts. The ter-
minal moraine isformed by the union of all the
other moraines at the feot of the glacier. Itis a
mineralogical collection containing specimens of all
the recks over which the glacier has passed.

What can we make of that with reference to the
extent the great glacier might have reeshcd, apd



&3 Tribune Extras—Pamphlet Secries.

the manner in which the glacial age was ushered
fn? Itis generally assumed that the glaciers com-
menced in the Tertiary period, and gradually ex-
panded until they reached their maxunum size, and
covercd those parts of the world which bear the
fmprint of the agency of ice. But we find ou analyz-
ing the conditions and phenomenaof glacial action,
that this assumption of the gradual exteusion of the
continental glacier is not justified. If it were so,
wo should find at the outer limits of the
@acier a huge terminal moraine composed of rocks
from all tha territory over which the glacier had
moved. Suppose the glacier of Greenland to begin
to swell and advance south, it would push the
bowlders and loose material before it. We shonld
be able to tell how far it had advanced by the
mineralogical coustituents of its terminal moraine.
We find no such thing anywhere, but we find traces
of glacial action witlun limits that far transcend
the region over which such eonstituents could have
been transported. Let us connect what we know to
malke a readable history.

Americau geologists have taught us that native
copper, identical with the Lake Superior copper, is
found all over the Western States to the latitude of
40 degrees.  Now, we know that the glacier extend-
cd mueb {nrther sonth than this, and if it had ex-
panded gradnally over the conntry, we should find
this Lake Superior copper at its southern limit.
On Penikese, we find pudding-stone that is not
found out of Massachusetts, It ust have traveled
from Roxbury, while the glacier has been traced to
Sonth Carolina. In New-York, minerals aro found
in the drift which are found in place in Canada,
but which are not found in Kentuneky, though er-
raties are fonud there. These are loose facts, and
must be studied with the utmost accuracy to find
how these materials have been transported. We
must find the north and south limits of these
materials. ITn Canaan, Western Massachusetts, there
is a ridge from which it is known certain bowlders
to the south have been derived.  We deduce from
this a number of couclusious of great interest.
Lake Superior copper is strewn over abont 500 miles
of latitude.” The distance traveled over by any one
set of bowldersis always mueh less than the total
extent of the glacicer. In the Alps, where
the glaciers move on  steep slopes, and
where the slope accelerates the otion of
the glacier, the maxiinum motion is one
foot per day; the inimmm  motion  is
30 feet per year. I we only knew the
motlon per year of the Greenland glacier we should
have a better measure for our own contiuental
glaeier. 2If the Arctic explorers had not met with
ohstacles we should have been able to apply it now,
£iuce we have no positive.data, we can form some

idea of their motion by the number o? icebergs
which they send forth annually; for these icebergs
could not exist but for the advancoe of the glaciers
into Baflin’s Bay, where their ends are lifted by the
water, broken off, and floated south, We do not know
what these icebergs amonnt to, though it would not
bLe difienlt for an observer at the south end of
Baffin’s Bay to ascertain approximately by counting
the number of iccbergs that passa given point annu-
ally.

But we will, to be within bounds, assume that our
Contincatal glacier moved as fast as 100 fect per
year. At that rate it wonld take 50 years for a
bowlder of Lake Superior copper to have traveled a
mile, and to have traveled to its utmost southern
limit, 500 miles, would talke 25,000 years; but it
probably took a much longer time. 1f a rock in
place south of Lake Superior should be fonnd in the
shape of bowlders further south than the southern
limit of copper bowlders, it would be au additional
evidence in support of this point.

Although Lake Superior eopper is not found sonth
of the 40th parallel, yet there is evidence that the
glacier extended as far south as Charleston, S. C.
The interpretation of these facts is that the glacial
period ecame on rather rapmdly, through eosmic
changes such as have produced other changes in the
geological appearance of the earth, and we know
that such changes have taken place. The Pyrences,

10,000 feet high, did not exist prior to the
crectacecous  period.  The  Juras, 6,000 fect
high, are not as old as the Jurassie, and
the Alps, 15,000 feet high, were uphecaved

by the Tertiary., So we are familiar with the fuct
that great revolutions have taken placo over tho
surface of the carth. Causcs now operating are not
gnfficient to produce all the geological phenomena of
past ages, Lyell to the contrary notwithstanding.
Mountain ranges conld not he produced without
revolutions whicli counld not bo measured by cunses
now operating, These will explain a variety of
phenomena, but are inadequate to account for the
present aspect of the globe,

The glacial period was comparatively recent, sub-
sequent to a time when our earth was mnch warmer
than now, when the rhinoceros inbabited our West-
ern prairies, and the mastodon and clephant roamed
over Sibena and the high latitndes of this country.
That this tropical state of things was changed
rather snddenly is proved by the fact that mam-
moths and other large animals have been found
frozen in the ico in Stberia. with the flosh and skin
still on them, and so well preserved that the wolve-
and dogs will eat the flesh. A great climatie change
came on very suddenly; these animals becamo
frozen in the ice, nnd have remained frozeu eve:
since.
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Now let us go over the globe to our imagination
and seo to what the facts lead us. A snow-storm in
Siberia sufficient to bury theso animals so that they
would remain frozen to this day could not have
been limited to Siberia and North America. The
laws of the distribution of motisture are such that
when large masses of snow acenmulate in the north
the influenco will bo felt in tho south, so that the
snow would be simultancous over both hemispheres.
A great cosmical Winter set in over the globe which
extinguished life to an extent not yet determined.
This statement has not the value of a barometric
observation, but still has a value, and is not a wild
assumption based upon no premises.

Within the north portion of our hemisphere the
glacier passaze is well marked, decreasing toward
the tropics. The glacier also covered to a small
extent =~ tropical regions, and produced slight
changes. When the copper was left uncovered by
the ice, then all to the south of Lalke Sunerior had
disappeared, but stilt covered all the land to the
north. During this glacial Winter the annual
snow-fall must have been much ess in the tropical
regions than in the north, just as it is at the present
time. Now, can we deterinine how muich or how
little snow there was anywhere? We coucluded
that there were 10,000 fcet over the tropics.
That does not imply that there were
10,000 fect over the tropics. How much,
then ? This it is desirable to ascertain,
80 as to be able to lay down the isothermal lines for
that period. When Cnttyhunk and the other
islands of the Llizabeth group were the terminal
moraine of the glacier, our climate was like Baffin’s
Bay. Fiftcen degrees further south, or about the
latitude of South Carolina, the climate of New-Xn-
gland must bave prevailed, and at the hight of . »
glacial period a eclimate similar to the present cli-
mate of Labrador must ave prevailed at the mouth
of the Amazon. As soon as the ice began to wane
the tropics became free from ice, and the southern
limit of the glacier gradually retreated to the north,
8o that a better condition of things prevailed in low
latitudes, while the north end of the continent was
still under the ice.

Lurope, as compared to America, is 2 mountainous
country; they are a distinguishing character. ‘Lhe
Enropean glaciers, in past as well as present
time, were limited by valleys more or less narrow,
and the glaciers all had the usuat lateral and terini-
nal moraines which are now a prominent feature of
those valleys. Bnt in America wo have no such nar-
row valleys except over narrow areas. Over the
broad expanse of the prairies and plains there are no
lateral moraines, the elacier being continental in its
extent, thus rendering lateral moraines out of the
question,

The North American glacier was uninterrupted
from the Aretic Occan to Alabama. The general
tendency of the ice sheet over the States bordering
on the Atlantic Ocean was to move N. W. to S. E.
All the small but marked irregularities are to be
accounted for by local glacicrs or laocal obstacles in
the way of the continental glacier. Almost all the
bowldersin North America are rounded, but theose
of Europe are mostly angular. This proves that in
our North American glacier we had no lateral or ter-
minal moraines, and that our glacier was conti-
nental in extent. We could only have haa lateral
or medial moraines in North America, where the
mountalns reached above the immensely thick sheet
of ice. There are few or no large bowlders south
of the line from Washington west. Aud
here must have been the end of the
glacier for a long time. Another line of
terminal moraines extends along the southern shore
of Maine and through the White Mountains. A third
line is along the north shore of Lake Superior. The
glacier must have been then over the Southern
States. There may have been terraces forming in
the valleys of the south before the ice began to melt
in the north. The borders of the ice no doubt pro-
tected the land from the erosioa of the sea. But
when the glacier began to wane, the bowlders
dropped by the glacier would be worked over by
the sea, and the surf wonld roll up a wall of water-
worn pebbles, which would be mixed with the
material brought down by the ice, The warm water
of the ocean would also eat into and hollow out the
front of the glacier.

THE FORMATION OF GLACIERS.

Whenever a glacierin motion meets an obstacle
which it cannot remove, the glacier breaks, forming
crevasses. Inequalitiesin the sides and bottom of the
valley in which a glacier moves are the chief causes
of breaks and crevasses. The round, vertical, deep
holes found in glaciers are formed where a stream of
water produced by the surface-melting of the ice
pours inte a crevasse, thus forming a cascade which
bores out the ice to a great depth.

When the cataract has penetrated thirongh the
glacier it will form pot-holes 11 the rocky bed below.
These glacial pot-holes are now found in places far
removed from living glaciers, perched npon moun-
tain sides or high ridges, where no ordinary river or
torrent competent to produnce them could have
flowed. Anterier to the glacial hypothesis noreason-
able explanation conld be given of the production
of these ancient pot-holes. No one has done so much
in tracing to their origin erratic bowlders as Prof,
Andrew Guyot.

At the foot of the glacier of the Aar are 30 ter.
minal moraines, denoting halting-places in the
retreat of the glacier.
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Thero aro proofs that the glacier which covered
the plain ¢f Switzerland, between the Alps and the
Juras, was 6,000 feet thick. One of thesc proofs is
that there are 1mmense quantities of erratic bowl-
des scattered over the declivity of the Jura facing
the Alps many of which are more than 6,000 fect
above the Ilain of Switzerland.

Some of these erratie blocks are of immense size,
containing from 40,000 to 60,000 cubic feet, and many
of them can be traced to their iomes in the Alps.
Evidently the glacier whieh transported them across
the valley must have beon at least 6.000 feet thick.

The rocks in situ iu the Plain of Switzerland aro
geratehed, scored, and grooved in the direction of
thie Juras; the same course indicated by the Lowl-
ders and moraines as the course of the glacicr.
Stretehing transversely across this vallev from the
Alps to the Juras are immense trains of bowlders,
whieh are the lateral moraines of the ancient glacier
which once filled the valley.

DBetween these lateral moraines the surface is
covered with just suchi material as we would
expeet from the Dotton moraine of a glacier,
viz.,, & heterogeneons layer of large and small
rounded bowlders, elay and sand, laid down without
any order or arrangement whatsoever. On top of
this old bottom moraine are angunlar Llocks that
onece formed thé meduan moraine of the glacier that
transported them.

Oune of the great terminal moraines of the North
American glacier crosses New-England about the
latitude of the White Mountains. The White Moun-
tains were once a center of glaciers. AtMt. Desertare
evidences of local glaciers. There is great danger of
confounding local with extensive continental gla-
crers.  Continental glaeiers preceded in point of
time the loeal glaciers; the local glaciers beiug the
remnants of the continental glaciers,

NOTABLE EXTRACTS.

MEMORABLE WORDS OF PROF. AGASSIZ.
REMINISCENCES OF THE PENIKESE LECTURES AND
SOMI OF 1HE MORE REMARKABLE EXPRESSIONS.

Prof. Agassiz could never content himself in a
lecture upon a scientific subject, however pressing
the time, to deal with his sabject without bringing
in some adviee of general import, some practieal
suggestion of umiversal application, and giving
somo spocimen chipped from that substratumn of
primeval truth, which secmed to crop ont wherever
he stood; Human nature nnd the common ethics of
everyday life were a not-neglected part of his natu-
ral bistory. * Hislife was a bundle of Innts.” It
was therefore not at all extraordinary that he inter-

polated the foll>wing remarks into his scientifie
lectures to the Anderson School :

You have already discovered that we kncsy but
little, and that three-fourths of your guestions we
are unable to answer. We only know how to inves-
tigate, and that you must learn, and we can only
guide vou. No one can make observers of yon, but
you may be put under favorable circumstances. One
thing I would recommend; that yon set aside all
conceit. Nothing is so humiliating as the study of
nature, and so beneficial. She is always right,
though we may mistake.

All knowledge is individnal. It must be your
own and not that of anybody else. Your having a
firim memory will not suftice ; you must assimilate as
you digest food. We must find ont facts for our-
selves, and when we teach we must teach our pupils
to find out for themsclves. It is the baue of our
schools to confound men with knowledge. Dy this
system a whole class of powers is allowed to lie
dormaut,

Encyclopaedical knowledge is a fallacy : it is made
up aud not in accordance with nature. * * * Un-
derneath you may have a solid nuelens of investigae
tion of every department, but you must bo in some
direction a specialist. Then you can judge of others
by the attainments you have made in your own
speeialty.

Now for the general application. Yon must study
the history of science—not in manufactured text
books, but look at the best books. For auniversal
view read Humboldt. Study the relation of faets to
one another., That is the reason he is so great, and
he has a keenness of pereeption which no one else
has. The * Views of Nature” was his first step, He
then fortified himself by investigations in every
brauch of physies and geology, and so meager wero
liis sourees of information that he liad t) go every-
wlere to determine in diflerent latitudes by minute
investigations the certainty of lis conclusions
When Humboldt first published iu a little paper of
twenty pages the results of these world-wide studies,
lie laid the foundation of isothermal science. Ile
sketched it exactly as it now stands, only now it has
las grown into a beautiful picture. Now, that kind
of ontline sketches you should try to sceure every-
where, :

Dissect asmuch as you can ; learn to do it neatly
and well, and work patiently at the same thing—
s0 you will have a staudard. As your guide in the
study of structure I would recommend Gegeubaur,
He is the best authority on comparative anatomy,
Yet there ave diflicultics. Gegenbanr has an insight
into relations eof structure according to anatomy,
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and he is very comprehensive ; but he lias no sense
of zoblogical affinity. IIe sees simlarities and rela-
tions but no gencral resemblances.

An Fggisacell formed in a cavity which, by its
peculiarities, grows larger than an ordinary cell, and
has in it the potentialitics of life.

Dillinger was really the founder of Embryology,
but published little. Von Baer was his pupil, and
all Embryologists have foilowed 1n his tracks. Dél-
linger would work hard, make his discoveries, invite
one of his students to walk, tell him all, and then
invite him to publish. 1 lived fonr years under his
roof, and my scientific training goes back to him and
to him alone. T have learned much from others, but
from him alone I learned how to work.

All these unsatisfactory theories are untenable
when made to tell what is not in them,—as when we
make the Vegetable tell of the Animal Kingdom,
and animals tell of the human soul.

Dare to be incounsistent. As long as consistency in
adherence to a wrong idea is a republican virtue, we
are not on the road to progress.

Prof. Agassiz ever evinced an earnest desire to
keep students from wasting their time over worth-
less books, and was ata great deal of pains to dis-
criminate for us between genuinely good works and
mere compilations or worthless text-books, and
strongly inveighed against the publishers of trashy
scientific books, and the subterfuges and placing
of “ vile temptation before teachers by offering a
percentage,” by rneans of which they got them in-
trodnced into the schools.

What we want, said he, in popular education, is
the elements of a higher culture. Let it be known
that our colleges are not aristocratic institutions,
but are available to the poor and lowly. If they are
not so new, we must make them so. Everything we
can do in that direction will be a blessing to the
country. This is a digression from the business of
the day, but I make it purposely that you may un-
derstand just how I feel on these subjects. We
ought to know each other in all these particulars.
There are great business concerns engaged in the
manufacture and sale of these worthless books who
are our greatest encmies. They are really circulat-
ing educational poison, and I beg of you don’t slirink
from rebuking them at every opportunity. I have
aroused very serious opposition to my work by stat-
ing these things openly, but I shall continue to do it
as long as my strength lasts.

Prof. Agassiz gave a brief bibliography of each
subject as it was presented, and these short book-

lists are now regarded as among the most valnable
of students’ memoranda. Often they would be ac-
companied by a word of comment, as when he good-
humoredly deseribed a book of De Blainville’s as
*“ critical, satirical, diabolical,—and yet immensely
comprehensive !”

Nor did he hesitate (having given a well merited
cautionary talk) to put at thie stndents’ disposal
many beoks out of his own library. His hbrary is
unique in its number of books of foreign anthorship
not elsewhere to be fouud in this country, and a
large part of them are presentation copies from their
distinguished authors. He seemed familiar with the
history of Zoblogy from Aristotle to Huxley, and the
different phases which the science has assumed
under its controlling influences. He had not only
had such an extensive acquaintance with naturalists
as to make zodlogical history for the past half cen-
tury a vart of Liis own experience, but had also
made a special point of its acquisition, as for their
advancement he urged others to do.

Another thing which adds incomparably to the
value of his library is the presence of hundreds of
plates of all sorts of little-known animals, in as
many varied stages of embryonic development, dif-
ferent circumstances and conditions of life, or tran-
sient phases of appearance or dress, as the specimens
obtainable made possibie. These were all drawn
and colored under his own eye by accomplished ar-
tists ; and their value in the study of zoblogy only
thoss can fully appreciate who are pursuing the spe-
cial studies which they illustrate.

As he talked of beeks so he spoke of men. Speak-
ing of Strauss Durckheim. whose whole life was
spent in studying and describing the bones and
muscles of the domestic cat and the struecture of the
common Europcan Dorbug (melolantho vulgaris), he
described how he had seen him sit ‘‘day after day
with a cat in bis lap feeling of the muscles. Ilewas
a thorough Frenchman.”

Liickart, when he proposed the Celenferata as dis-
tinet from echinoderms, did great wreng to Von
Baor, and carried, for the time, science baclkward.

Cuvier and Lamarck were the founders of pal®ons
tology, and not much has been added since, and
Cuvier really made it what itis to-day. The picture
has been filled up, but Cuvier for the vertebrates,
and Lamarck for the invertebrates, made thesciences

Darwin is one of my best friends, and I honestly
like him; I wish all scientists were as friendly as
well.

Leopold von Buch was a man of indemitablc en-
daorauce. He explored all Europe oun foot for the
sake of studying its geology. I have knewn him to
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go from Berlin to Stockholm for the sake of com-
paring a single fossil shell with one there; or to
start for St. Petersburg with only an extra pair of
socks in his poekets Yet he was a noble of Ger-
many and welecome at the Emperor’s Court. It is to
bLim geology owes its present form. Ile was a pupil
of Werner, but had freed himself from Werner's
eITors.

The Professor sought to enconrage despondent
ones by snch records as this of Lyonnet, but he hiui-
sclf, a monument of his own indefatigable industry
and application, was our greatest ineentive to
steadily keep to our climbing up the hill of science.
He said: Lyonnet studied for years the anatomy of
the larvie of the moth of a caterpillar (erosus ligni-
penda), which lives in the wood of the Enropean
willow. IHe wanted drawings made of his work,
but could find no dranghtsman, so he learned draw-
ing himself, and bis figures are the wonder of the
scientific world. 17or their sake he was admitted to
the Academy of Arts. Then he wanted his drawings
engraved, but could find no engraver, and so learned
hew and engraved his own plates. Iis book and his
life are models of the most extraordinary patienee,
perseverance and skill.

One afternoon, as the students were all guietly at
work in our laboratory, Prof. Benjamin Peirce of the
Coast Survey came in. Ihis visit was a complete
surprise, and Agassiz's greeting was eharacteristic.
He shonted, YHallo, Peirce!” ran and threw his
arms round his neek and kissed him. That day the
Professor was in his most genial mood, and just be-
fore tea there was a sort of public talk between the
two great teachers, whoscemed as delighted at being
together after a few weeks separation as school-girls.
Prof. Peirce related that not long ago, as he was
about to start for Washington to appeal to Congress
in behalf of the needs of the Survey, Prof. Agassiz
bid him good-bye with the injunction: *“ Tell them
(Congress) that il is their duty to do something to elevate
the character of the nation.”

The eonversation opened with someideas in refer-
enee to the nebnlar hypothesis, viewed mathemati-
cally, and drifted through all sorts of nedian sub-
jeets to a statement by Prof. Agassiz, of his feehings
upon certain religious questions. Among other
things he said :

I am denounced in Europe as one who derives my
seientific idea from the Chureh, and am re-
garded Dby my echurch-going friends as an
infidel, beeause 1 will not be dictated to. Have
with traditional belief and dogmatie science
nothing to do—serape it off. If we are weak
let us fall back npon tradition and belicf for sup-
port, hum bly; if we are strong let us see what there
is outside of belief, and dow’t care what the world
8238,

That evening, when it hecamo sufficiently dark
the powerful stercopticon was produeed, and tho
images of llve anumals (minnte sea-life) were thrown
upon the secreen. The shapes and anties of some of
the specimens—immensely magnified as thiey were—
were very funny. Wishing to point out sonie notable
feature in the creatures, Prof. Agassiz approached
the sereen, and in so doing stepped into the beam of
light, when iustantly Lis silhouette was cast upon
the broad white surface with a glorious effect never
now to be forgotten. It scemed to shadow forth that
distaut day when future studeuts of nature, looking
back, shall see the head of Lonis Agassiz standing
alone and majestic against an unoccupied back-
ground of American Science.

A RAINY DAY AT PENIKESE,

THE SCHOOL AT ITS WCRK.

AN ENFORCED STAY ON THE ISLAND—THE STUDENTS
AND PROFESSORS AND THEIR METHODS OF WORK
—STUDIES WITHOUT BOOKS—A THEOLOGICAL DIS-
CUSSION—AGASSIZ’S DISBELIEF IN DARWIN, AND
DARWIN’S RETALIATION,

The Anderson School of Natural ITistory at Peni-
kese. was famous from 1its start. The fact thata
seaside laboratory devoted to the stndy of living
forms was to be founded, proved in itself sufficient
to awaken a widespread interest, for no similar ex-
periment had ever been attempted; and when in ad-
dition to this the friends of edneatign were informed
that the directorship had been intrusted toone of the
most famons zodlogists of his time, its siucecess was
assured. DProf. Agassiz entered into his work with
his usual enthusiasim. e wasably assisted by Count
Pourtales of the U. S. Coast Survey, Dr. J. 8. Pack-
ard of the Peabody Institnte, Prof. Bart G, Wilder
of Cornell University, Mr. Waterhonse Tawkins of
Svdenhain Palace fame, Mr. Bicknall tbe micro-
seopist, and others.

In alittle ravine between the two hills the island
of Penikese ean boast is the quondam Summer resi-
denee ot Mr. John Anderson, which served as the
private quarters of Prof. Agassiz and his assistants.
It is an unpretending structure of frame, with a
pretty lawn slopiug to the cast, ornamented with a
little group in iron of a boy and swan. DBehind the
louse starnds the barn, unsed last Summner as a din-
ing-half, and near by are the laboratorics. These
are two barrack-like struetures, united at their mid-
way by a third mueh shorter one. It isin the de-
stgn to use both of the main buildings for laborato-
ries and dormitories, reserving the smaller one as a
lecture-room. At the time of my visit, last Snmner,
but one of the buildings was in use.

I shall endeavor to deseribe the scene jnstasit was
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presented to me. Entering at a side door I find the
institution in *‘full tide of successful experiment.”
Arranged along the side of the room are numbers of
small but firm tables; in the middle of the room
stand acquariums; on the walls, diagrams; sus-
pended from the ceilings are dried tissues of various
animals: running entirely around the room is a
single shelf, appropriated for bottles of specimens.
At one end of the apartmentis a huge black-board,
with a hopeless arabesque of colored ehalk marks
thereon, aud at the other, shelves for books, and
cases of alcohol. What earnest groups are there about
the tables! Men and women engaged in study—
teachers themselves, now pupils. Dut few books are
seen, for their use is discouraged. I notice among
those on the tables Harvey’s ** Marine Algw,” Pack-
ard’s “Entomology,” and Agassiz’s “ Methods.,” I
wander at will from table to table, overlooking the
workers.

Oune table seemed to be devoted to those strange
creatures, the hoise-shoe erabs. Turning from them
to a specimen which Dr. Packard has dissected, that
gentleman calls my attention to its wonderful net-
work of blood vessels so different from all others of
its class, and shows me some exquisite injections of
them by Mr, Bicknall lying on the table iu a glass
dish containing the eggs of the same animal, The
doctor is watching their development. He was the
first to note its peculiarities, and 18 now repeatiug
his former experimeants for the benefit of his pupils.
Dr. Wilder is engrossed in his dissection of the ner-
vous system of a fish. He is interrupted accasionally
by a student who is not sure of the acenracy of a
note she has taken down from the last lecture, or a
gentleman asking for alcolol to preserve some
specimen that excites his desire for permanent pos-
session. Isee in a shallow dish of salt water beauti-
ful polyps confidently expanding their flowery disks
—Zoophyte—properly called—plant-animals aptly
named ; here the flesh-like 4lcyoninm and there the
dun Anemone. In some dishes are seaweeds, in
others shell-fishes. Yonder is an admiring group of
students watching the movements of a seaworm, It
i3 a pity we have no prettier name for that graceful
form upon whose sides the hues of the rainbow are
playing. Truly it was a limp unsightly thing
cnongh when it was dug out of the sand last evening
at low tide; but uow in the clear sea-water, itself
almost as transparent, it lies revealed an all-day
wonder [ sce another group standing, and hear the
inspiring voice of Prof. Agassiz, who has slipped in
from the cottage nnawares, and is now explaining
the growth of a spiny radiate. These little, green,
dime-shaped animals are the young of this other
form looking like the lid of a hunting-watch., *This
youug form has bLeen referred to a distinet genus,”
says the Professor; “but observe, if you please, the

position of the terminal pore—on top in the immae
ture, at the rim and even beneatl in the full-grown
animal.,” Agassiz moves off to leok over the work
of a German artist, who is engaged in drawing a
young skate, which has been removed from an un-
laid egg. It is an exquisite little creature, with
loose, feathery tufts for gills, the entire body of a
delicate salmon color. The Professor is delighted
with the specimen. We hear it said that it is a
great discovery, this particular stage in the develop-
ment of the skate. “ No human eye has ever seen it
before.” The professor is satisfied with the draw-
ing. “Das ist schr berrlich.” Thus the sceno
varies. Groups form and break, and, to end it, all
too soon the toot, toot of the dinner-horin deelarcs
recess.

After dinner, the students reassemble. This'time
to listen to a lceture from Prof. Agassiz. MHe de-
livers an eloquent discourse on Types of Animal
Life. He speaks without notes; uses few gestures,
He tells us of the varying standards for comparison
in different groups of animals, their distinctness—of
their immutability. In the Batrachia, that is, the
group of animals having a tadpole stage, this stand-
ard is obtained by the study of their development.
But in the reptiles it is otherwise, for here, in place
of development, which is an indiffercot standard,
we must take a comprehensive view of all tho
structures. Other animals, such as some of the
fishes, do not reveal their type in its perfection, but
continually remind us of something higher yet to
come. There are prophetic types; for while some
fishes, as the sturgeon and the gar, remind us of rep-
tiles, others again, as the sharks, hint of forms yet
higher than the reptiles, viz., those having social in-
stincets and which retain their young in close rela-
tion to their own tissunes. The Professor became
warmed up as he alludes to the doctrine of evolu-
tion. “Some,” cries he, *‘wounid have us develop
the Amphioxus (fish) from an Ascidian (mollusk)—two
utterly remote types. This is worse than an absur-
dity—it is a lie!” It would give Darwin a new sen-
sation to hear this. After the lecture, more looking
into dishes and more off-hand table demonstrations
aud explanations. Then supper and darkness. After
supper the horn gave another toot. *‘What now,
boy ?? ‘Lecture this evening, Sir!” And now, as a
closing exercise of the day, we have a fine stereopti-
con exhibition by Mr. Bicknall, of coralg, insects,
and injections.

The following day, Thursday, dawned gray and
desolate; beating winds and pelting rain. ‘The sca,
even in the hayen between the islands, was full of
angry caps. A heavy surf beat the shore, and the
air was filled with flying scum. No getting away
to-day, so indoors again. It s an ill wind that blows
no one good. While a prisoner at Penikese T w8y
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the witness of aseenc on that rainy Thursday which
will never be forgotten by those present. It was his-
torical of two things—of the first rainy day at Peni-
kese, eounting its birth as an institution, and of the
first rccorded mecting of the friends of Natnral
Theology. dow tlie former camo about, ¢ Old Prob-
abilities” bas told us. How the latter, perhaps no
onoc can tell. The spirit of the chronicle is as fol-
Jows: About the middle of the forenoon, the honr
announced that a lectnre wonld be delivercd—this
time by Prof. Wilder—on the ** Structuve of Ilishes,”
the wind was blowing fiercely abont the buildings,
and the ram was beating steadily acainst them,
keeping up a constant clatter against the window-
panes. In strange econtrast to this ontside commo-
tion, was gathered a little audience of perhaps 50
persons of both sexes. Their ages ranged from 25 to
45—carnest, eager, all above the average in native
intelligence.

Prof. Acassiz informs the class that Prof. DPeirce of
the Coast Survey, at present a gnest of the School,
bas consented to address them prior to the leeture,
The gontleman thus called uvon arose. Ho is of
medinm hight, with a head recalling that of Long-
fellow, and a voice of rare guality and sweetness.
He said: * It affords mo the greatest pleasure to bo
with you on this oceasion, gathered here to-day, re-
mote from the busy world, that we may npon onr
return hence to our respective duties be made
stronger by our temporary retirement. Yon are here
in the pursuit of a high office. Yon are here to dis-
sominate the doctrine of the wisdom of the pursnit
of truth. We need that this should be done. We
have wealth enough, energy enough, nay, too much,
for the the thirst of gain and power is our consum-
ing evil. ‘It is the cause of the all-pervading cor-
ruption; it is the great danger now threaten-
ing our country. It ean besaved,in my opinion,
only by inculeating in the people love of truth,
scientific truth particularly, since its enltivation
tends above all other forms to elevate the mind. It
should be pursued not for any material reward it
niay promise, but for its own sake. Itisto thein-
Hluence of Prof. Agassiz that we are indebted for this
institution. No man has been of greater benefit to
this conutry. 1le was thio first te free science in
Amcriea from European dietation; he has creeted a
wide-spread interest in the ecultivation of the natur-
al scienees; and on this account has been every-
where an objeet of the deepest respeet.  Ifis fnflu-
enco has not been eonfined to natnral history, but
has affected the pliysical sciences as well. Asa
physieist I have recoznized the difficulty of associ-
ating the two., Yet that such an assoeintion exists
there i3 no doubt. But the processes by which the
mathematician appreaches the subject are far re-
woved {rom these cinv'oy ed by the naturalist, Ihe

modern doetrine of evelution, for example, hasa
different meaning when applied to inanimate things.
The nebular hypothesis, as you know, is base? nn
evolution, yet far removed from the premises of
that samo doctrine, as it is alleged, 1s displayed 1n
animated nature. With the former it is at all times
the same matter which is displayed, the condition or
state of that matter alone varying. In the latter, in
addition to the matter itself being various, we aro
continually confronted wich the knowledge that
therc is something which evades our resecarch. We
mark the human soul as something distinct from the
human body. Now if we can prove that there is
something in the wvegetable which is net in the ani-
mal, something in the auimal which is netin the
vegetable, or something in the nature of man him-
self whiel is not in the nature of the animals be-
neath him, no attempt to prove a transition between
their material semblaneces here severally displayed
will avail, I am ineclined to believe that something
of the kind exists; that is to soy, that thercisa
proper vegetable prescnee which is immutable, and
can therefore never become animal; there is a proper
animal presence which can never become vegetable,
and soon. In truth, what isis probably what has
always been. Plants were from the beginuing plants,
animals animals, and men were men.”

The Professor sat down, and a silence ensuca.
And now for a lecture on fish. Not yet. Prof,
Agassiz, who has been sitting listening with
all lis ears, cannot keep still now that the
snbject of evolution has been broached. As well
imagine St. George with arms at rest when the
dragon is scething before him. *“We are very glad
to liear,” said lie, *‘such testimony as this from ono
who eommands his department. We learn from it
the errors of those who are so wedded to their own
faweies, who wonld twist all knowledge tomake it
suit some pet theory.” e believed the present as-
pect of the doctrine of evolution to be in great part
the result of this bias in judgment. Io insisted
upon honesty of purpose in investigating nature,
Amung the many eauses which have interfered with
progress has been the influence of tradition, and the
fear of offending the proprictiecs, He valued tra-
dition; it was the mainstay of thoe weal in spirit
and the wavering in purpose. But to the strong he
would say, cut loose from it. e had been aceused
by his Iluropean friends of being iniluenced by the
chiureh, while by others in this country he has been
denouneed as annfidel. Do not mind the opinions
of the prejudiced and bjgoted. IFor himself he eared
nothing for these exikessions. Be careful of one
thing only, * faithfulness to trnth as you believe it.,”

e had struck the sympathetic chord. Prof.
Peiree is on his feet, to show by example the valuo
of discussion. **The greatest ceperal truths) eo°)
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he, *“had always resulted from the clash of opposing
thoories. All that was needed was the eager follow-
ing of truth as cach one saw it. In the history of
geology Prof. Agassiz has told us that from the
discussions of the Neptunists and the Plutonists
have arisen a more thorough knowledge of the
scope of the agency exerted by water and fire in the
formation of the earth’s ciust than would have been
possible without that stimulus.” He, in addition,
spoke of the lasting good resulting to the stuiy of
logarithms hy the coutentions between the French
and German mathematicians over a trivial subject
apparently, viz.: Which was the better sign, the
letter ¢, or the letter h ?

Some oue in the class here sugrested that the same
kind of good to natural history might resuit from
debates between the evolutionists and the non-evo-
lutionists.

*Well,” replied Agassiz, rather evasively, ™ per-
sonally 1 like Mr. Darwin very much; he is my
friend.”

Here a cluster of pupils began making merry.

“Whatis it? Let us baveit!”’

A Voice—* Darwin’s son I'rank was once told that
Apgassiz did not accept evolution. ‘ That’s all right,’
said Frank; ‘ father does not believe in the glacial
theory.’” |Laughter.]

“Well, now,” said Agassiz, turning teo Prof.
Wilder, “ Dr. Wilder, give us some fish.”

But ne, we were doomed to go without that course
to our feast.

Dr. Wilder arose—a prompt, nervous man, with a
crisp, well modulated voice. *Prof. Agassiz,” he
began, “is the director here, and when ho says any-
thing is to be deng, it is done. But I must eonfess
that, after listening to the delightful exercises of
this morning, I have become rebelliouns, and 1 won’t
say anything abeut fish.” [Laughter.]

The Doctor then went on to say liow he had been
reflecting on the subject of freedom of thought as a
necessity to true progress, and deemed it a fit occa~
sion to have the position of the seientific world with
respect to the theological world fanrly defined. He
then boldly launched out into the field of the rela-
tions between natural and revealed religions. He
contended that thero should be no compromise.
The Bible and Nature stand confessed as the reve-
lations of the one God, and, moreover, it was never
intended they should conflict.

1 cannot follow him, nor the remarks which his
address called forth., The occasion had become a
solemn one. A long silence ensned after this last
topic, which had grown so naturally out of the first
address of Prof. Peirce. Each one was apparently
thinking the same thought, drinking in the same
influecnce. I felt as well as otliers present, while
the storm beat about us, as one withdrawn from
the world for a time. As I now write of that scene,
its truth and beauty return in all their force.

CAUSEKES OF THE

On Jan. 26, 1874, Dr. Morrill Wyman of Cam-
bridge, Mass., completed his work on the
autopsy of Prof. Agassiz, and made a report,
from which the following interesting state-
ments are taken:

The autopsy was made at Cambridge, Dec.
16, 1873, by Drs. R. H. Fitz and J. J. Putnam;
present, Drs. J. B. S. Jackson, J. Wyman, C.
Ellis, M. Wyman, and S. G. Webber. It was
conducted in the interests of science, and in
accordance with the wislies of the great nat-
uralist, expressed several years ago.

The arteries at the base of the brain showed
evidence of extensive chronie discase of their
lining membrane, with narrowing of the cali-
ber of the ecarotids. In these arteries were
very important czanges. Commencing at an
inch below the anterior edge of the pons
varolii and extending downward, the walls of
the left vertebral artery were stiff, in part
calcified, and its linings loose. At half an
inch from the point just mentioned, imme-

DEATH OF AGASSIZ.

diately over the left olivary body, was
a reddish-yellow, opaque, friable plug
(thrombus) completely obstructing the vessel;
still lower was another more recent, but prob-
ably ante-mortem, plug. The first was one-
quarter of an 1nch long, the sccond four
inches long. A third plug, an inch long, was
above the first, and touching it.

In the left ventricle of the heart, there was a
firm organized clot of the size of a peach stone
attached to the wall at the anterior portion near
the septum ; around this clot a more recent one
had formed, its center softened and granular.
From this, probably, some small portions had
been carried by the blood to the arteries in
the base of the brain, doing their part in ob-
structing them and causing the fatal changes
above described. The lungs were adherent to
the ribs on both sides of the chest, the evi-
dence of old inflammations. The other otgans
were healthy.



(43} Tridune Extras—Pamphlet Serics.

THE TRIBUNE ¥FOR 1874,

A year ago the Editor of Tue TRIBUNE
promised to make this journal during 1873 a
nmuch mwore valuable and complete newspaper
than it had ever been before. Its facilities
for the collection and transmission of intelli-
genee from all parts of the world had been
Yargely increased; its staff of associato editors,
correspondents, and reporters had been
strengthened by the engagement ot some of
the ablest men in the profession; and the
Editor was resolved to spare neither pains
nor money in the effort to make Tur TRIBUNE
the very first newspaper ir the world.

Ho points to the achievements of the past
twelve months with pardonable pride. While
Tne TrieuNe has retained all the excellent
features that made it snch a favorite in former
days, it has exhibited an enterprise and acute-
ness in its news department which have been
the wonder of all its old friends. Remember-
ing that the ehicf function of a daily journal
i3 to give its readers the fullest, the best
arranged, the most attractive, and the most
readable history of the occurrences of the
time, it has devoted its best cnergies to this
business, and its success has been universally
recognized and applauded. The year has been
fruitful of startling c¢vents, and every incident
has found in Tur TrisuNe its promptest,
most accurate, and most perfectly equipped

historian. A TRrIBUNE correspondent was
the -only civilian who witnessed the
surrender of the Virginius, and his pie-
turesque description of that transaction,

transmitted by telegraph, is the only acconnt
the public has yet seen of an incident upon
whieh depended for many wecks tho question
of peace or war. Tur TripuNe published the
only full and exhaustive account by Atlantic
telegraph of the terrible Ville du Havre dis-
aster, giving all the incidents of that catas-
trophe ten days before other journals reccived
them by the slow course of tho mails. It dis-
tanced all competitors in its thrilling story by
cable of the adventures of tho Polaris casta-
ways. It anticipated every other paper in the
eountry, ard even the Government itself, by
its graphic narratives of Custer’s battles on
the Yellowstone. The eclaborate and deeply

interesting letters of its special correspondent
in the West gave the only complete account

of the Farmers’ Movement ever pub-
lished in au Eastern  paper. The
reports of Tue TriBUNE presented the

important proceedings of the Ewvangelical Al-
liance in this city with a fulleess and accuracy
everywhere the subject of enthusiastic praise.
During the panic its daily history of Wall Street
made it absolutely indispensable to business
men; and its special correspondents afterward
desenbed the condition of affairs in the manu-
facturing districts with an ability which no
other paper seriously rivaled.

These are mere instances of the uniform
suceess in the most important branch of jour-
nalism which has steadily attended THE
TripuNeE throughout the year, and may
therefore be fairly taken as an carnest
of what Tune Trisuxe is likely to do
hereafter. Its purpose in 1874 i1s to surpass
its previous record, constantly increasing tho
efficiency of its organization, adding to its
resources, and keeping up its ancient eelebrity
as an organ of cultivated and thoughtful men,
and a bigh authority in literature, scienec, and
the arts. It will continue to devote espeeial
attention to the proceedings of learned bodies,
to education, to scicentific discoveries and ex-
plorations, to new inventions, to agriculture,
to the promotion of American industry, and
to books, pictures, music, and the drama.
Its financial articles have won a peculiarly
high reputation, and will still be a prominent
feature in its columns. Its reports of the
markets have long been distingnished for
fullness and accuracy, and its quotations have
been accepted as standards in the ecattle, pro-
duce, and provision trades for many years. Its
reports of local affairs are acknowledged to
be the most acenrate, intelligent and complete ;
its domestic correspondence is always fresh
and valuable; and abroad it is served by the
ablest writers and keenest observers engaged
upon any American periodieal.

While it never can be a neutral in politics,
Tue TrRIBuNE is entirely independent of all
partics and all partisans. It believes that the
mere organ of a clique cannot be a thoroughly
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good newspaper, and cannot be trusted for
impartial and just comment upon current
events. It maintains with the old fervor and
will always defend the Republican principles
of equality and justice with which, under the

control of its illustrions founder, Horace
GREELEY, it was, for over thirty years,
identified. But it values parties solely
as means for procuring lonest govern-

ment on sound principles. For the parti-
sans who deplore exposures of corruption
or imbeecility in high places as likely to hurt
the party and hinder their success in holding
on to the offices—who insist that a journal of
their faith mmnst follow their lead, execute
their plans, and defend their acts, it has no
feeling save contempt. Standing by its oldland-
marks, it defendsthe constitutional guarantees
to the liberty of the citizen and the sacredness of
the Nation’s faith with its creditors, in-
sists on the duty of Protection to American
Industry, champions all proper measures for
developing the material resources of the
country, urges wise means for restricting the
evils of Intemperance, seeks sedulously to
foster the commanding interests of Manufac-
tures and Agriculture. But it holds itself
aloof from all entangling alliances, waits
on no Caucus or Convention for its
opinions, aims to judge every polit-
ical act, of whatever party, separately
as it arises, on its own merits, and maintains the
liberty of candid and impartial eriticism. During
the present session of Congress its telegraphic
reports from Washington, where it maintains
the strongest force of experienced corre-
spondents ever assembled there in the
interests of a single journal, will be
found incomparably more valuable and
more interesting than those of any of its
cotemporaries. And finally, in the editorial
diseussion of pablic aftairs, Tite TRIBUNE en-
deavors to combine the utmest frankness of
expression and independence of thought with
a strict impartiality of judgment and that dig-
nity and refincment of language which befit a
family newspaper. It wastes no space in
wrangling with other papers, pays no atten-
tion to personal abuse, and reserves its col-
umns for its readers’ interests, not its Editor’s
grievances,

That there is a popular appreciation of that

sort of independent, vigorous, enterprising, and
high-toned journalism of which Tue TRIBUNE
is now the chief represcentative in this or any
other country, is sufficiently proved by the re-
gults of the past twelve months. The close of
1873 finds this paper more prosperous than it
has been at any previons period of its history,
and the new year opens for it with the most
brilliant prospects. In a short time its mechan-
ical facilities will surpass those of any other
journal in the world ; and on tho cempletion
of its new and magnificent building it will bo
enabled to introduce various improvements of
the most important character.

THE SEMI-WEEKLY TRIBUNE.

Tue SEMI-WEEKLY TRIBGNE has grown very
rapidly in public favor of late. In addition
to a careful summary of the news it contains
all tho best of the foreigcn and domestic cor-
respondence and leading articles of the Daily:
it gives specially the scientific intelligence
(including the proceedings ot all American
scientific socicties), with the Dbest of the
book reviews, and the miscellaneons mat-

ter relating to education, the =a1ts, re-
ligion, &ec. It has all the commercial
news and market reports; all the agri-

cultural articles of the Weekly; and gives,
moreover, regularly a serial work of fiction,
presenting 1n the course of the year three or
four of the latest productions of the most
popular novelists, As it takes only a few se-
lect advertiscments, it is enabled to give an
unusually large proportioun of reading matter,
and may be called, considering the extent and
variety of its contents, the cheapest ncws-
paper in the world. It is published every
Tuesday and Friday, and reaches nearly every
post-office east of the Mississippi within one
or two days of 1ts issue.
THE WEEKLY TRIBUNE.

Tae WEeEKLY TrizuNE has been for the
gpace of a generation the Farmer’s favorite
paper. Besides a complete condensation of
the news of the week, a selection of literary
and miscellaneous reading, and a full page of
the best editorials from the Daily, it contains
m every number a greater amount of agricul-
tural matter than is furnished by any distince
tively agricultural paper. Thais is prepared
expressly for its columns by the best agricul-
tural writers and practical farmers in the
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United States; and as its contributors are in
every part of the country it will be found
equally valuable in New-England, in the
South, on the Pacific slope, or in the Missis-
gippi Valley. Great attention is paid to all
subjeets connected with the Farm, tbe Garden,
and the llouschold, and some of the original
articles every weck are illustrated with wood-
cuts. The market guotations of farm produce,
cattle, provisions, breadstulls, dry goods, and
all kinds of merchandise, are execedingly full
and scrupulously accurate. The utmost care is
bestowed upon the typographical arrangement
ot the paper, and the print is always clear and
legible, and generally larger than that of any
otbher New-York paper.
THE TRIBUNE EXTRAS.
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FEATURES OF RECENT DISCOVERY.

The admirable letter of Mr. Bayard Taylor
on the discoveries of Dr. Schliemann in the
Troad presents a niore complete and intelligible
aceount than could be gleaned by a laborious
perusal of the fragmentary narratives whieh
that explorer has published. In this brief page
all the essential features are eondensed which
lie scattered through volumes. The treasures
of antiquity brought back by Dr. Schliemann
are of the highest archwmological value, aside
from their classical interest. It will be here-
after regarded as the great good-fortune of this

generation, that it has unearthed not only the
probable ruins of Troy, but those of a far more
aneient ecity beneath them, that had grown and
flourished and decayed ages before the armies
of Greece advanced to the seige of Ilium.

The leetures of Dr. Brown-Séquard on the
Nerves, cover a field of knowledge hitherto not
mueh trodden. There is force in his urgent
appeal to the younger members of the profes-
sion to extend these inquiries, and in the
strange and novel features which he presents
in these leetures there is ample evidence that
the study will prove as interesting as it is im-
portant. The causes, character, and means of
remedying many of the most obscure and painful
diseases to which the human frame is subjected,
are here indieated, and the argumment is enliven-
ed by much that is curious and entertaining.

Although in a certain sense the outgrowth
of his former lectures, the present series of dis-
eourses on astronomy by Mr. Proctor is entirely
new. They may be deseribed as carrying out
to their limit the thoughts that naturally arise
in astronomical investigations, and they at-
tempt, in the light of the most recent discover-
ies, the solution of the most far-reaching
problems whieh can be presented to the lnman
mind. Nor does he Hmit himself to the scope
of the mere materialist in these discussions;
he treads with reverent step the infinite abysses
of the heavens, and leads us from nature up to
nature’s God.
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ANCIENT TROY.

THE RESEARCHES OF DR. SCHLIEMANN IN
1872 AND 1873,

ACCOUNT BY BAYARD TAYLOR OF THEIR RESULTS —
FOUR CITIES EACH BUILT UPON THE RUINS OF THE
PRECEDING ONE — THE SC.EAN GATE PALACE OF
THE KINGS — TREASURY OF GOLD AND SILVER
ORNAMENTS AND UTENSILS.

[FRO.\l A REGULAR CORRESPONDENT OF TIIE TH.IBU.\'E.]

GoTHA, Germany, Feb. 10. — Another chapter has
been added to the ** Tale of Troy divine.” Of all the
discoveries of the last twenty-five years, inestimable
as is their collective eontribution to our knowledge
of the Past, not one is so remarkable and unexpected
as the reeent finding of storied Ilium, after a sepul-
ture of more than two thousand years, during which
the very site of it had been forgotten. Itiseven more
surprising than the re-discovery of Nineveh by Lay-
anl, since the mounds of Nimroud and Kuyounjik
sufliciently indieated the site of the old Assyrian cap-
ital; while Ilium itself, and the whole history of the
Trojan war, have narrowly escaped, of late years,
being relegated to the region of pure myths by mod-
ern scholarship.  All this is suddenly changed: many
a finely-spun archwzological theory is rent like a cob-
web: llomer is ¢loriously rehabilitated, and the
very arms and ornaments of the Dardan heroes and
heroines are delivered into our hands. Fragmentary
reports of Dr. Sehliemann’s exeavations in the Troad
have from time to time appeared in the newspapers,
and his great success, last year, in finding what is
conveniently called ** The Treasury of Priam,”” has
been duly ehronicled throughout the world; hut now,
for the first time, we have the entire history of the
undertaking and its results.  The narrative, accom-
panied by 218 photographie sheets of illustrations, is
published by the firm of F. A. Brockhaus, in Leipzig,
to whom I am indebted for one of the very earliest
copies. I lose no time in preparing for Tne TrIB-
UXNE a résumé of the work as complete and intelli-
gible as the space will allow. Even if I felt myself
competent (which I do not) to examine the confliet-
ing views of German scholars by the light of the
ancient authorities, I should prefer to let Dr. Schlie-
mann have his full say. 1Ife has nobly earned it;
and I shall therefore confine myself to the plain
statement of his own arzuments and conelusions.

SKETCH OF DR. SCHLIEMANN,

Before beginning the history of his diseoveries, it
niay interest the readers of Tne TrRiBUNE to learn
something about the man who has made them, It
will do us Americans no harm to ftind that * self-
made men’’ are not peculiar to our race and soil.
Onrs, when they are suceessful, are noted, and
grandly so, for giving of their substance, hardly for
their own intellectnal achievements.,  We have had,
as yet, no such speeimens as Roseoe, the Liverpool
merchant, or Grote, the London banker.  Dr. Schlie-
mann ranks with these latter, as an encouraging
illustration of the fact that * business” need not
prevent, or even materially retard, the development

of high intellectual qualities. Starting in life with
absolutely nothing, he achieved wealth by the time
he was forty-one years old, and now, not yet fifty-two,
he has won a permanent fame.

Heinrich Sehliemann was born in the Grand-
Duchy of Mecklenburg in 1822. His father was very
poor, but had received an indifferent classical edu-
cation, and was very fond of rcpeating episodes from
the Iliad to his young son. The latter learned some
Latin during his early school years, but all his
chances ceased at the age of fourteen, when he was
put into a grocery-store in the little town of Fiir-
stenburg. There, for nearly six years, he weighed,
packed, swept, and did all other coarse duties, sixteen
hours a day, saw only the lowest and most ignorant
class of the people, and scemed to have forgotten
almost all he had ever learned. One evening a
drunken miller’s apprentice came into the grocery
and declaimed a hundred verses of Homer in the
original Greck. Ie was the son of a elergyman, had
failed at the University, and the father's desperate
attempt to make a decent miller of him was abont
to fail also. Young Schliemann was so enchanted
by the sound of the Greek, not one word of which
he understood, that he used all his pocket-money to
buy three glasses of brandy for the student-miller,
on condition that he would three times repeat the
Homerie lines.  “ From that moment,” he says, **1
never ceased to pray to God that e would enable
me to learn Greek.”

Having injured his breast by lifting a heavy cask,
so that he was no longer able to work in the grocery,
he went to Hamburg, and in a state of desperation
shipped as cabin-boy on board a vessel bound for
Laguayra. He left port on the 25th of November,
1841, and just two weeks afterward the vessel was
wrecked on the Texel. With great danger and hard-
ship the erew was saved. Sehliemann made his way
to Amsterdam, intending to enlist as a soldier; but
finding himself on the point of starving to death, he
pretended to be sick and was sent to the hospital.
Finally, a German merchant discovered and assisted
him, and the Consul procured him a situation as
errand-boy in a mercantile house,

His salary was SO0 franes a year, and the half of it
he instantly devoted to his education. [le inhabited
a miscrable garret-room, without fire, for which he
paid eight francs a month; his breakfasts were rye
mush and cold water, and his dinners never cost more
than three cents apiece. After learning to write a
¢ood legible hand, he began the study of languages;
but his memory was so deficient, through lack of
use, that he was compelled to carry his books with
him on his errands, and study by snatches as he
walked or waited. At the end of a year he knew
English and Freneh, and his memory had improved
so wonderfully, that he aequired a good commercial
knowledge of Italian, Spanish, and Portuguese, by
giving only six weeks to each language. DBut these
studies and the running of errands from morning till
night did not work well togcther; they damaged
each other. Schliemann’s prineipal refused to give
him a better position, but hy great good fortune he
obtained a place as clerk and correspondent in the
house of Schroder & Co., Amsterdan, with a salary
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of 2,000 francs a year. Ie soon pereeived the busi-
ness neeessity of a knowledge of Russian, and set to
work to learn it. There was no teacher to be had;
the only books he ecould procure were an old
granunar, a dictionary, and a Runssian trausla-
tion of Fenelon’s 7Télémaque. 1lis habit of
stadying aloud, in order to aceustom lis ear to the
cound of foreign langnages, was so annoying to the
tenants of the neighboring rooms that he was sev-
eral times obliged to change his quarters, but in
spite of these disadvantages he was soon able to
write Russian letters and to converse with Russian
merehants who visited Amsterdam. In 1846 the firm
sent him to St. Petersburg as its business agent. A
year afterward he cstablished a eommereial Liouse
of his own, and for eight years theneeforth devoted
himself with suel energy to the building up of a
large business, that no time was left for the prose-
cution of further studies. Finally, in 1856, ho was
so tar sneeessful that he yielded to the old desire of
learning Greek, the faseination of whieh he had
dreaded, as a possible interferenee with his other
duties. With the aid of two Athenians, be mastered
the ehief difficulties of Modera Greek in six weeks,
and in three months atterward was able to read
Homer with ease. Intwoyears more he was familiar
with nearly all the aunecient classics. In 1858, having
aequired wealtii and leisure, he left St. Petershnrg,
and spent more than a year in travel, visiting Italy,
Egypt, Syria. and Greeee, and adding the Arabie to
his eatalogue of tongues.

By the end of 1863 Schliemann found that he was
g rich man and retired from business, resolved
to devote the remainder of his life to archmological
studies. The following year he started on a trip
around the world, vititing India, China, and Japaun.
Returning in 1866, he settled in Paris, and prepared
hLimself for arehweologieal explerations in Grecce
by three more years of hard study.

FIRST RESEARCHES IN ITHACA AND THE TROAD.

In the Summer of 1869, with the Iliad and the
Odyssey in his poekets, Sehiliemann started on his
first tour of research. Landing on the island of
Ithaea early in July, he spent about a week in en-
ceavoring to identify tne loealities of the Homerie
narrative. Ilis own narrative, by the by, is almost
Homerie in its terse, pieturesque simplieity. He
seems to have Dbelieved, in advanee, that he should
fint ail whieh he went to seek, and he acecordingly
finds them—the palace of Ulysses, the Grotte of the
Nymplis, the home of the swineherd Lumiius, and
even ten ot the twelve stalls for swine, in the neigh-
borhood of the fountain Arethusa, But this faith is
parconabie, when we eensider the narrow limits of
the island, and the faet that there remain only one
grotto, one fouutain. aud one acropolis, which snit
tlie conditions of the story. In Ithaea, where the
people bhave no traditional historv exeept that of
the Odyssey,—where in every family, as this day,
the first-born daughter is always ecalled Penelope,
the riret son Odysseus and the second Telemachos,
Sebliemann was hailed as a friend and benefictor.
The inhabitants of every village flocked together to
bear himn read Homer, in return for which they

gratnitonsly entertained him with the best they
had. He thus deseribes his visit to Leuke, on the
northern end of the island :

It was noon when we reachied the village, aud since I
desired to see the anelent valley ot Polis aud its acropo-
118, I deecided te make no stuv in Leuke. But the peopla
begged e so cuarnestly to read some passages from the
Odyssey, that I was finally ebliged to comply. In order
to be heard by all, I had a table placed, as a rostram,
uuder i plane-tree in the center of the village, and then
read with a loud velce the 254 Boolk of the Odyssey, from
the opening to the 247th verse, wherein it is related how
the Queen of Ithaeq, the best and most chaste of women,
reeognizes her beloved spouse after twenty vears of
separation. Attbough I had already read the passago
numberless timneg, I was alwaysiresbly moved whenever
I porused it, and the magnificent lines made the same
impression upon my auditors. All wept profusely, and
I was obliged to weep with thewm. After the reading
was finished, they begged me to remain at least u day
longer, but this was vot possible,

HELLESPONT
TOMBS OF /2

<ACHILLESAN' & - \\.l)/'ll{;/, i \\.hi]ﬁ//ﬂ
Ly PATROELUS. | B
tseum A =) R
i . - //v,;‘u h;/,wl‘

P 2z i
Ll 2 . i
o g ] \\%m ”‘ﬁ{'”

1 5 2o\ N/ ILumMNovIM
\LL / %, ¥ 177, HISSARLIK .
TENEDGS % iy /// "

L7
S W
"6?;_‘ Ut |
AN
Nz
‘“A\\ ? \
= N
i i
g\v ’yfé w,  JBOUNAREA sﬂcﬁljg
N 7 = .
X 7 S
S oS ILium verusﬁ \
S & \
= ¢ o8¢ ‘
CORY s "////’% . /”nlim
: “HUIISU"'ALEXANUHIA THOAS

MAP OF THE TROAD.

Sehhiemann next visited Corinth, Myeen® and Ar-
gos, spent a week in Athens, and then sailed for the
Dardanelles, in order to explore the Troad. This
preliminary survey of his future field of labor was
made during ten of the hottest days of August,
during which he thoronghly examined the plain of
Troy, from the shore of the Hellespont, at its north-
ern extreiwity, to tho site of Alexandria Troas on the
sonth, and the base of Monnt Ida on ths east. Most
arehaenlogists had fixed upon the little Turkish ham-
let of Bounarbashi, some ten or twelve miles from
the sea, as the site of [lium FVetus (Ancient Troy),
and persisted 1n considering the main stream—the
Turkish name of which, Mendere, instant.y suggests
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“Secamander”—to be the Simois. They placed Ilium
Novum, the later Greek city, meniioned by Strabo
and other authorities, at the point now ealled #is-
earlil; (**the nlace of the Castle”), a broad platean of
ro great hight, at the end of one of the low ranges
of hills whicno stretch into the plain from tlie base of
Ida. TLis position is just three mil:s from the sito
of the Greek camp at Sigenm. A glance at the ont-
lice map I send will make the topography of tho
T'road easily intellizille. 1 should explain that tho
term Jlium Novum is not used by the aneient writers.
It appears to have been an invention of the French
traveler, Lechevalier, who visited the Troad in 178S.
Bt it is a convenient designation for the later
Greek Itium, and I guote it in this sense,

Schliemann’s famiharity with Homer satisfied
lim, at onee, that the latter had seen every locality
which ne desceribes. In fact, this impression is
strongly forced upon every one who visits the spot.
I have twice looked upon the plain of Troy from the
deck of a vessel passing between it and Tencdos,
haviug on one hand the sky-piercing peaks of Samo-
thrace in the distance, towering over the low inter-
mediate hills of Tinbros, and on the other the broad,
uncultivated tields of Troy, divided by the sinnous
thickets which mark the course of Scamander, with
Ida, furrowed with piny glens, in the backgronnd,
and the snowy crest of ¢ topmost Gargarus” over all.
Yon remember, uo doubt, the chazeiing description
of the scene in “ Eothen.”

In ten days Sehliemann convineed himself, in the
most practical way, that the Mendere was the
Seamander and not the Simois, that Bonnarbashi
could not possibly be the site of Troy, that the huge
natural acropolis near it bad never Yorne “ Priam’s
lofty house,” and that Jlium Novum had been simply
bmlt upon the rubbish of Iliwm Tetus—in short,
that whatever was to be found of the real Troy
must be sought for under the smface of the plateaun
of Hissarlik. Ilis chicf reasons are thoe following ¢

1. After sinking a nnmber of small pits on the
hights of Bounarbashi, he found no trace of a city
having ever stood there, The primitive “ bed-rock”
was reached, in many instanees.

2. The tumuli, called after Heetor and Priam, have
been opened, but contain no evidence of having
been uzed for sepultnre. Between them and the
citadel are the remains of a small town, whieh
could not have contained more than 2,000 inhabitants.

8. The citadel, which Las been supposed to be the
Pergamos of Priam, has a hight of 450 fect s its sides
fall at an angle of 45° at first, and finally of 63°, so
that Ieetor and Achilles, in their triple race around
the walls of Troy, conld hardly have made the
break-neck  deseent. The  substructions of thoe
ancient cdifice ony the smmmit are so hmited in space,
having ouly one entrance—a door a yard wide—
that they never could have helonged to the eitadel-
palace of a place so populons and important as troy.

4. The distance from Sigemwn (nearly 10 Inglish
miles) i3 so ereat that the marelies back and forth
of the Greeks from their eamp to the walls of Troy,
as described in the first seven Books of the 1liad,
could not possibly have been perfornied in the time

mentioned Ly Komer. Troy must have stoo@ mneh
nearer the sca, or the poet indulged in a reckless
exaggeration, with which he has never been eharged.

5. Instead of tho two fountains mentioned by
Homer, there are no less than thirty-fonr at Bounar-
bashi, their nnited outflow forming a strong stream
(catled the Scamander by former archieologists), a
part of whose wuters are carried to the Lzean by
an aucient eanal, to prevent the plain from being
inundated dnring the Spring floods,

6. Mount Ida is not visible from any part of tha
hizght of Bounarbashi.

At Hissarlik, however, Dr. Scliliecmann found all
the econditions required. Moreover, a puniber of
passages in anecient anthors, espeetally Strabo, all
indicated that the later Ilinm ocenpied the site of
the older eity. The distanes to Siceum is three
English miles; the Scamander flows between
Mount Ida rises clearly above the castern horizon,
and a smaller stream, coming down from the north-
ward, sufficiently represents the Siimois, The sitna-
tion 1s grand and iimposiug, everlooking plain and
sea. The eircumference of the walls of the later
ety 18 abeut three 1iles, which, supposing they
inlieated the site of the ancient Trojan walls,
would not be too great a distance for the triple race
of Achillesand Heetor. At Bounarbashi the spacse
which must necessarily have been traversed is
nearly double. Finally, the wholo surface of the
platean of IMissarlik is covered with fragments of
marhle and pottery, which ean bo nothing else than
the debris of the later Troy. No one can deny that
these are fair and reasonable grounds. They have
been sharply assailed, of course, by stay-at-home
scholars; bnt tbe man woo digs day after dav on
the supposed site of a eity to satisfy hims.lif that its
Dhones are not there, whe tries to run avound its eir-
cutt, and travels back and forth between it and the
established locality of the Greeian camp, has an es-
cellent claim to be heard. Imunudiately after his re-
twrn to Paris, Dr. Schlicmann published @ volume
called “ Ithaca, the Pelonouessus, and Tioy "—but it
does not seem to have altracted any general atten-
tion. In it he gives lis views concerning the site of
Troy, feeling sure, probably, that no one else would
be likely to anticipate his seeret purpose of return-
g to the spot and nudertaking an exeavation.

BETURN TO THE TROAD,

A few mounths after the publication of his volume
Scnliemann returned to Greece. Fremn this tino
Atheas has been his permanent nome. Before be-
ginning again his researclies, he married an accom-
plished Greek lady, who won his heart by her en-
thusiasm for his Iabors and her knowledge of
Homer. I have no detailed aceount of his explora-
tions at Missarlik in April, 1870, further than their
result and the eanse of their being snspended.

The pliteanon whieh the later Troy stood is abont
three miles in circumference and 8) fret above the
level of the plain. Its northern sido rises very
abruptly ; on the west and sonth it slopes off gradn-
ally, while oun the east it is separated only by a slight
depression from the low spur of hills which stretch
out from the chain of Ida. At its north-western cor-
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ner rises a second platean, 26 feet higher than ths
first (106 feet abevo the plain), and neavly 1,000 by
700 feet in length and breadth. Schliemann in-
stantly deecided that the latter must be the citadel
of Priam, aud felt more than ever sure that its ac-
camulated rubbish might cover some distinet re-
mains of *“Troy town.” Ile was furtber strength-
ened in this belief by the diseovery of an aucient
bed of the Seamander, mueh nearver the plateau of
Hissarlik than the present oune. The presumed
Simois had united with it at a point abent two-
thirds of a mile from the foot of the mound, thus
formng just the battle-field deseribed in Homer as
beiug bonnded by the Scamander, the Samois, and
the walls of Troy. Hiring a few laborers, he began

te dig at the north-westeru corner of the
Ligher plateau, and at a depth of 16 feet
came upon a wall six feet thick, whieh
is now ceonjectured to have been a small

fortifieation of the time of Lysimachus (306 B. C.).
Hardly had this been reached, when the owners of
the soil, two Tarkish farmers in a neighboring vil-
lage, who nsed the plateau as a sheep pasture, pro-
hibited Schliemann from aigging further, nunless he
would pay them 12,000 piasters (about $500) as dam-
ages, and bind himself to till up the excavationsagain
afrer he lhad tinished. ¢ offered to bny the land,
but they pesitively refused to setl it at any price. In
this dilemma he tnrned for help to Safvet Pasha, one
of the most enlightened members of the Sultan’s
Cubinet, in whom he found a2 man capable of under-
standing his objeet aud ready to render assistance.
The result was that the ground was despotically
pvrchased by the Tuarkish Governinent for 3,000 pias-
ters (3125) and Schliemann obtained permission to
male r.searehes.

Here, iowever, a new diffienlty arose. The newly-
establishied Museum of Antiguities in Constantineple
claimed possession of every objeet which might
thenceforth be exhumed throughout the Turkish
Empire; and Schliemaan was too experienced a man
of business to go on with a great undertaking at his
own risk and cosr, and lose his chance of treasure-
trove. The firman whieh he asked for, before begin-
ning his labors, was ouly obtained, finally, throngh
the aid of Mr. J. P. Browun, for twewnty or thirty years
Secretary of the American Legation at Constantine-
ple. All these matters, however, were not settled
before the beginning of Oetober, 1871; and even then
the Turkish Government erdered that all excavations
should b made underthe eyes of an offieer appointed
for the purpose, whoin Schliemann was obliged to
pay S1 per day.

On the 11th of Oztober the work was begun with
etght men, hut oa the second day afterward 74 men
were employed in removing the upper soil. Firmly
believing that the remains of the famous temple of
the Trojan Minerva were under the higher plateau,
which he alveady called the Citadel of Priam, Sehilie-
mann relinguished his exeavation at the north-
western corner, chose a starting-point further east,
and laid out a broad cut from north to south across
the highest part of the plateau. His plan wus to
cleave the upper and lower plateausdown to the

orizinal soil, believing that the ruins of the ancient
Trojau city would De fouund under all the accumu-~
lated rubbish of the subsequent ages. Immediately
under the surface the workmen eame upon the foun-
datious of a buildiug of inassive liewn stones, be-
longing to the first century of our era. These were
removed with great labor and hurled down the
steep northern slepe of the mound. Uuder this ma-
soury, which ceased at a depth of six or seven feet,
the soil was composed of pottery, ashes, and débris of
all kinds, filled with relies of the past of the most
unexpected character. The exeavations were earried
on until the 20th of November, by which time the
eut badreached an average depth of 33 fect. After
penetrating about 25 feet below the surface remains
of massively construeted houses appeared, and the
antiguarian yield assumed a very different chrraeter.
The Winter rains, whieh set in toward the end of
November, obliged Schliemann te suspend labor un-
til the following Sprine.

R
~
OW Wy, \/<
AN 25 T
N %ﬂm
4

=~

OPPER PLATEAU K
oF ;

HISSARLIK.

i N
T NN
"/M‘M.ﬁl\\ A\ ‘\“'\‘ K

\\

SITE OF THE EXCAVATIONS,

1. Schliemann’s Excavation in 1870. 2. Same in 1871. — Roman
atls,

So far, no positive indication of Troy—as he then
supposed,—had been brought to light; but the relies
which had been unearthed were so various and so
remarkable, that the time and expenditure had been
richly repaid. The results of this beginuing may bo
briefly stated as follows: At a depth of from 3to 6
feet were found copper eoins aud medals of Sigeum,
Alexandria Troas and Ilinm, an enormous quantity
of ornamented terra-cotta disks, and substruetions
of honses built with /Rpman cement: from 6 to 13
feet no hewn stenes, ‘ashes and caleined soil, with
traces of fires everywhere, quantities of oyster and
mussel shells, tusks of wild boar, vertebrae of sharks
(shich are not now found ia the ZLzeau), and some
rude specimens of pottery; at the depth of 13 feet,
areat gnantities of stone axes, lances, weights and
other implements suddenly appear: alitils lower,
pottery of very elegant form and fine quality. deco-
rated with the owl’s-head, phallic emblems, knives
of flint, needles and spoonsof bone, a few copper
nails, and a great quantity of curious teirra-cotta
disks, with a bole in the center, and adorned with an
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almost endless variety of decorative lines, many of
which scem to bave an emblematic character.

TERRA-COTTA DISKS,
The Two Upper, Trojan—the Lower, Pre-Historle,
At the depth of from 23 to 83 feet tho relics again

change, laving already reached the stone period,
as be imagined, Schliemann was amazed to find be-
low it weapons of pure copper of nnusually clegant
forms., The vases, urns, and drinking vessels were
nct only quite original in design but very beantiful,
brilliant, red, yellow, green or black in color, but
withont ornamental designs, At the first-named
depth (25 feet) the (houses were of large snn-dried
tiles, with door-sills of stone, but 10 feet deeper they
were wholly of enormons blocks of stone, withont
mortar. In short, the grade of civilization exhibited
by the remains inereased as the exeavation reached
an eariier age. 'This unexpected discovery only in-
creased the desire to penetrate to the lowest listori-
cal stratum, and there find, perhaps, some engraved
relies of tho lost Thuin,

On the 1st of April, 1872, ScLliemann, accompanied
by his wife as nsual, reached the Troad, and resumed
operations with a foreo of 100 workimen. ITe brought
with bim two oversecrs, furnished by Mr. Latham,
director of the railway from the Pireus to Athens, and
M. Laurent, a French engineer, who made a eareful
survey of the localities. Thoe expenses thns assumed
for tlic exeavations amonnted to something niore
than 81,000 per month, omitting the Greck holi-
days (which, added to the Sundays, make 147
idle days in the years), and estimating the wages of
the common laborer at about 35 cents per day. 1
can only give a hasty outline of the progress of thoe
researehes, Interesting as it is, from first to last,
the mass of details wonldonly eonfuse the reader who
is simply desirous of knowing how Troy was found
and what was found there. Schlicmaun began by
laying out the plan of a new cut, 46} feet deep, and
233 fect (IEnglish) broad, through the npper and lower
plateanx, including therein his ent of 1871, The
cengineer caleulated that the asmount of débris to be
removed wonld measure 8,513 cubie meters—about
90,000 cubic yards—all of whiclh it was necessary to

move to the steep northern deelivity and shoot upon
the plam below. At thoe proposed depth it was sup-
posed that the bed-rock or at least tbe or:ginal soil
would be reached.

On beginning to enlarze aud deepen the exeava-
tion of the former year, the soil was foand to Lo
swarming  with small poisonons addess, ealled
dut’elion by the people, because their bite is sail to
wroduce death before the going dowa of the sun.
Finding that the workmen handled them with im-
punity, and even were bitten without any resulgs,
Sehlienom  discovered that they had  preparved
themselves by drinking freely of a deenction of
*snake-root,” which grows upon the plain. He
jundged it prudent to prepare himself against dauger
by using the same antitote. The discoveries madeo
dnring the first three weeks, when a depth of 48
feet was reached withont finding the bottom of tho
ruius, were chiefly remarkable for their indications
of a much earlier civilization than is ascribed to
Troy. The ficure of the owl-icaded Minerva, on
vases and otlier ornaments, beeame so tirequent that
Schliemann saw therein a certain syribol of the
Trojau goddess. He insisted that the thes glaukopis
Athene of Honter means, corrcetly transinved, “tho
goddess Athene with the owl's faee)” and drew a
new faith in his theory fromm this interpretation.
With regard to the primitive symbols or the orig-
inal Aryan race which he discovered, I wnl mention
them after imishing the history of tho exploratian.

VASE WITIT TIG OWIL-IIZADED MINERVA OF TROY.
Thoe owl-faeo on this vase is not to be mistalkon.
The cireles below represent tho breasts, rudely hint-
ing at both Lird and goddess, ‘u ono. This emblem
is repeated, not onlv on pottery, but on the pendants
of the golden ecar-drops and diadems which were
aftorward found in the so-called Ilouse of Priam.
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By May, Schliemann had 130 laborers employed,
and divided the forece, placing a part of the men
under the chargeot a Partan Greek, named Photidas,
who had worked seven years in the gold mines of
Australia, aml understood tunneling. The great cut
tlirough the plateainn was now driven from both ends,
bnt the ditliculty and danger arising from the masses
of crumbling earth on ecither sitde greatly delayed
the undertaking. P’hotidas and one of the men
wore bmied by the slide of a hugoe mass, but were
fortunately saved by some wooden props and dug out
before they were suttocated. The eastern varv of
the platean belongs to an IEnglishman, Mr. Calvert,
who has a large farm on the site of the ancient
Thymbria, and Schliemann made an agreement with
him to sink another exeavation on the eastern side
of the great ent. At the very beginning of this new
work a Dorice triglyph was discovered, with a bas-
relief nearly a yard square in the interspace, repre-
senting the Snu-God driving his four-horse c¢hariot.
This piece of art, certainly of the agoof Lysimachus,
is putely Greek, aud therefore purely beautiful. 'The
horses resemble thiose on the trieze of the Athenian
Parthenon.

Having reached the original soil on the northern
gide of the mound, Schliemann determined to run an
oblique ditch, 150 feet wide at the top, and half that
Dbreadth at the bottom, to intersecé the main cut.
In proportion as he advanced, he was struck with
the tact that thie remains of massive ent-stone
houses, copper weapons, vases of elegant form and
rare and curious symbolical fignres ceased suddenly,
at the depth of abont 33 feet; while, below that
depth, to the primeval, undisturbed earth, at 45
to 48 feet, a new and apparently much older class of
relics was found. The same result had been attained,
the previons year, in the spots where a greater than
the averaze depth had Deen reached ; so, now, in-
stcad of breakmg up these ancient walls and re-
moving them, the explorer decided to ascertain
their extent and character, DBy the end of July a
wall six feet thick and nine feet high was diseov-
ered, at a depth of 42 feet, on the northern side of
the platean, and a tower, 40 feet in diameter, based
on the bad-rock, on the southern. Twenty feet of
the tower were still remaining, and the mass -of
loose blocks scattered around it indicated a mueh
greater original higlit.  Inasmuelr as both these
wassive ruing, on opnosite sides of the moHund, evi-
dently belonged to the same period, and to the walls
of houses ocenpying a plane connecting them, it was
clear that an important city, inbabited by a higlly
civilized people, stood—not upon the original soil,
DLut—upon the rnbbish of a still earlier settlement,
whose remains were 14 or 15 feet in depth below
it. It was only by degrees, however, that Schlie-
mann eoavinced himself that the masonry Dbe-
longed to the Troy of Homer, which, itself, must
have arisen upon the ruins of some pre-historic
capital, of whose people we can only say that they
pelonged to the Aryan raee.

Until the 14th of August, a period of four months
and a half, the woik was patiently driven forward.
Then fever broke out among the workmen, the over-

seers were takon down, and the aspects becamo so
unfavorable that Sehliemann reinctantly stopped
work for the year and returned to Athens. e first,
lLiowever, laid bare enough of the tower to find that
it was connected with strong walls on both sides;
liere, moreover, two copper lanees were discoveroed.
Thoe number of articles, great and small, uncarthed
sinee the beginning of the enterprise, already
amonnted to more than 100,000! The evidence of
siceessive historie periods was now clear, the chaos
of fragments began to speak with an intelligible
voice and language, but the name of Trruym was not
yet so distinetly written that the modern world
must perforeo read it.

EXCAVATIONS IN 1873,

By the 1st of February, 1873, the work was again
resumed, but Hittle was done before the 1st of March,
when the weather became fine, the Greek holidays
were less frequent, and the workingnien, to tho
ummber of 158, were gathered together. After elear-
ing away the washings of the Winter rains, Schlie-
mann followed the wall on the northern side of the
plateau until he reached a part which was strongly
buttressed. This, and other indieatious led him to
believe that he had fonund the site of the Trojan
temple of Minerva. Further excavations seemed to
confirin this view; they laid bare the foundations of a
building 280 by 70 feet in dimensions, formed of hnuge
uunsculptured blocks, and nowhere more than six
feet high. The earth above it, however, was filled
with an immense mags of sculptured fragments.

It is impossible, within the space at my command,
to describe the various objects discovered from day
to day. Schliemann’s previous experience had, by
this time, enlightened him as to the proper direction
of his labars, and he sought to strike upon something
which would serve as an indisputable landmark.
The accumulation of terra-cortta disks, vases, idols,
stone weapons, copper knives, needles, honsehold
utensils, with an oceasional gold or silver ornament,
continued ; but the collection was already great
enough for archezological purposes. The high tower,
the connecting walls, the foundation of the temple,
and the remains of houses covering the same stratnm
of ruin upon which the former stood, promised more
important results. With this view he made various
detached cuttings at the edges of the platean, earry-
ing them down to the level of what he was now con-
vinced was Trojan masonary.

In the beginning of April, at a depth of 27 feet, a
lhouse of eight roowns, adjoining the great tower, was
discovered. The walls were about four feet thiek,
in some places 10 teet high, showed traces of a coat-
ingof lime or stneco on the inside, and were, 10 many
places, ealcined and blackened by fire. In some of
the rooms were earthen jars, for wine or other stores,
between seven and eight feet high, and in front of
the honse a stone altar, tor offerings, of a rude, prim-
itive form. A little further there wosa great mass
of human bones, among them two entire skeletons
wearing copper helmets, within which the skulls
were well preserved. To the explorer’s Homero
enthusiasm nothing more could be added : ruin, con-
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flagration, warriors, helmets and lances—here was
Troy !

I'rem day to day the store of oeantiful vases with
the owl-faced Minerva upon them increased. At
the level of the tower and the ruined dwelling all
objects wore a distinetively Trojan stamp. A few
days later, near the tower, a street was discovered.
It wag 30 feet below the surface, 16 feet wide, aud
paved with stone hloeks abont four fect square,
Sehliemann immediately wrote, on makiug the an-
nonncement: *“ Beyond the least doubt it leads to
the Sciean Gate, which cannot be more than 130
yards distant fromm the tower.” Ilo ordered 100
workmen to carry on the exeavations with all speeil
in that direction. In order to secure the tower and
the adjoining house from spoliation by the Greek
and Tarkish inhabitants, to whom the walls wonld
have been a most weleome gnarry, he informed the
workimen that Chvist had once visited King Priam,
and walked along that wvery street, on entering
Troy. Alittle shrine with a lamp and picture of
Christ was also placed on the ecurner ef the tower.
which thus very soon beeame a sanerved place to Mos-
lem aswell ag Oriental Chinstian.

Early in May, the excavation of the street, after
Laving led to the finding of another large Trejan
house, npon the ruins of which a dwelling of the
fater Greel period had heen erected, terminated at
a massive donble gate, the eopper bolts of whieh
were found among the rubbish. There conld be
little doubt that thus really was the Sceean Gate, in
mentioning whieh Homer always uses the plural.
The first eutrance is about 11 feet wide, with a
gmooth massive pavement, from which a roughly-
paved way leads to the sccond entranes, 20 feet
further to the norti-cast. 'The foundations of the
large Trojan house, lying between the gate and the
tower, proved to Lave been built upon a mound
artificially formed of the ruins of the prehistoric
eity. Itssituation, its stately dimensions, and the
treasnres afterward found in its ehambers, seem to
justify the discoverer in ealling it, if not the ITonse
of Priam, certainly thoe house of a prince or ruler of
the Trojans.

A great guantity of beautifnl and eurions vases of
the finest workmanship were found in this house.
Among them were several of a peculiar form, with
two flariug handles and two ears for drinking.
Schliemann sees in the latter the depas amphikupellon
of 1Tomer, which, Lie iusists, onght to be translated
simply a8 “cup with two handles,” This is a minor
point, in the prescuce of 8o many more importaut
diseoveries, but it may Le of interest to some
Persons.

The diseovery of the Secawan Gate of eonrse di-
rected all further exploration to the neighborhood
of that loeality. The position corresponds to the
deseription of the Iliad. Lt i3 at the north-western
coruer of the wall of Troy, and from the high tower
rear it, old King 'ricim conld have had a clear and
complete view of the bhuttle-field on thoe plaiu, be-
tween the Seamander and the Simois, So, when
Dr. Sehliemann, atter having rmmmaged through
baii the remaiuing ruins of Truy, takes the only

large, stately mansion among them all, standing bes
tween the tower and the Sciean Gate, and ealls 1t
“'The ITonse of Priam,” [ think he does not deserve
to be treated by eertain German savans as if he were
an impertinent sehool-boy.  Let him have his House
of Priam—aud let us, too, so eall it—whether Priam
ever lived in it or not. I'or my part, I have far
more faith in historical tradition than many people
of greater wisdom : but I amalways delighted when-
ever the researeh of our wondertully explorative age
jnstifies the tradition ; and thev ave not.

GROUND-PLAN OF THE SCAIAN GATE.

Scbliemanu’s explorations are like a play in five
actss 1869, 70, 71, 772, and ’73,—the interest in-
ereasing nutil it culminates in a grand dénouement,
aud then the eurtain falls, Duaring the month of
May and beginning ot June the rubbish, 50 feet deep,
of three or four thousand years, was slowly cleared
away, and the foundations, at least, of ITomer’s
Seean Gate looked onee more aeross the plain of
Troy, to Tenedos and Imbros and the Samothracian
Ila. Then—what patrticular day 1t was he does not
tell us,—the eity wall running sonthward along the
edges of the great mound having been further laid
bare something happened, which I mnst allow him
to tell in his own words

LIinmediately beside the ITonse of Priam I eame npon
a copper object of o most remarkable torm, which at-
tracted my artention 8o mueh the more beceanse I fan-
cieit 1 saw soraethlng golden glimmeniug behind il. A
stratnm of red ashes and ealeined roins, four or tive feet
thick, rested on this copper article, and ahove the stra-
d the wall of tortifleaniony twenty feet high,
at loose stounes and eartti, and evidently be-
lonzing ro the period after the fall of Teoy, (n erder to
secenre the treasure from the groed of my workmen, and
save 1t for human knowledge, the greatest haste was
necessary ; so, alehongl 16 was not yetr timo for break-
fast, 1 immediately proelaime:] ¢ rost!™ to all. Whoilo
thov were cating and reposing I cat o9t the (reasare
with a large kutfe, not withont the greatest exerdon and
the most fearful aanger; tor the loose, tremcitdons wall
above, thus undermined, threatensd every moment to
topplo down upon me. But the slght of 8o many ob-
Jeets, each one of whieh was an Invaluanle contribntion
o onr kuowledge, made me foolhardy, and I torgot the
danger, The transport ot the treasure wonkd have been
Inooossinle withouat the help of my wife, who stood
ready, and packed In her shawl the artielsas Tent them
ont, and carvied them awav, Tae trit thing fonad was
a ke oval shilell ¢f coppaer, withh a rawsol van, and a
bosxan the ceter. Th 1 eame o copper pol, nearly 18
iuches in diameter, with two baudles; a copper tray, 1
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fnches long, with a small silver vase, welded to It by the
action of flre; a golden flagon, weighing nearvly a
pound; two gotden govlets, one of which weighed nearly
a ponnd and a (narter (600 gramnnes),and had twomonths
for drmking—u swall one for tho host and a large one
for the guest. The latter had been east, but the former,
as woll as 1he flagon, were of hammered work., There
were, further, pieces of silver whieh were probably
“tatents’—the twlanta of Hower—three silver vases,
with ewo smaller ones: a silver bowl, 14 copper lunce-
heads. tiue sawe nnmber of copper battle-axes, two large
two-edged copper daggers, a part of a sword, and some
swal.er articles,

TOE DOUBLE-MOUTHED GOLDEN CUP, FROM THE
HOUSE OF PRIAM.

All these objects were closcly packed in a quad-
rangular space, surrounded with wood ashes, and
near them lay a copper key, 4 inches in length,—
whence Schliemann conjectured that they had been
packed in a wooden chest, which, left behind in the
terror of the conflagration, was afterward covered
by the ruing of the faliing beams and walls. Within
the House of Priam, on the inside of the eity wall, he
tfound a helmet and a silver vase abont 74 inches in
hight, in whieh were fwo diadems of golden scales.
a golden coronet, 56 golden ear-rings, and 8,750 small
gold rings, buttons, &e. The fashion of all these
articles has no resemblanee to the ancient Egyptian
or Assyrian ornaments: the Trojan jewelry, no less
than the pottery, is entircly original. Whatever
symbolie forms it assumes (with the exeeption of the
owl of Pallas) poiut toward the far-off, mysterious
home of the Aryan race in Central Asia. The value,
Ly weight alone, of all the gold and silver found in
or near the House of Priam, has been estimated at
£20,000.

GOLDEN FAR-RINGS, ¥ROM THE HOUSE OF PRIAM.

Schhemann now lhiastened to bring his labors to an
end, and thus secure the results of what he had al-
ready aeeomplished. He broke away a large part of
the upper wall whieh rested on the ashes where the
treasure was found, enlarged the exeavatien around
the Scean Gate, and opened new rooms of the royal
aouse; but httle of nterest was found except a
tablet of red slate, with an inseription in some un-
kuown langnage, and three silver bowls. Ie also,
by sinking a number of shafts iv the lower platcau
of Hissarlik, and findiug nowhere any trace of either

Trojan walls or Trojan pottery, convineced himself
that ancient Ilinm did not extend beyoud the cir-
cuit of the upper plateau, and eould hardly have
contained a population of mors than 5,000 inhalb-
itants. This, however, is no measure of the power
of the Trojan State, or the auxiliary forces which
1t could bring into the lield. The large, heroic can-
vas of Homer, he argnes, has misled the antiquarians,
and he poiuts to the fuct that Athens was famous
when the Acropolis—smaller than the Perganios of
Troy—ineclosed the whote of the primitive eity.

On the 17th of June the researches eaine to an end.,
What bhas been uneovered will be left so, and 1t is to
be hoped that the legend of the Savier’s visit to
King Iriam will take root among the ignorant
modern Trojans and preserve the walls which no

other argument eould male sacred to them.
Sehliemann’s wonderful suceess in 1878 was due,

in a great measure, to the eonclusions which he had
reached during the excavations of 1872. Ie con-
tinuned the elassification of the ruins and the relics
they eontained, and soon found that they mght be
divided into four distinet strata, each of which
represented a long historie period. Iurther com-
parison convineed him that the third of these strata,
eounting from the top, was the only one which met
the requirements of Homer and Greek tradition ;
eonsequently, here was Troy. But under Troy there
was an earlier layer of ruin, varying from 13 to 20
feet in depth, before the primitive soil was reached.
This diseovery is hardly less interesting than that
of the position of Troy. Itearries the antiguity of
the city back into that immense, shadowy past of
the human race, which stretches like a mysterions
twilight land behind our oldest history. ‘The geo-
graphieal position of Ilimm explaing ils importance
in those far-oft ages. The gorges of Ida protect it
in the rear; seated at the junetion of the Hellespont
with the Agean, it made a station between Colelis, -
at the eastern extremity of the Enxine, and all the
Grecian, Egyptian, and Phenician couasts ; the rich
plain avound it furnishea abundant supplies, which
could readily be exehanged for forcien mezchandise,
and as its people beeauio rich and impregnable
within their citadel-town, the other and ruder tribes
in their neighborhood would yieid to their power.
It is certainly older, by a great many centuries, than
Athens, and its immemorial importance was no
donubt the first cause of the jealousy of the seusitive
Greeks. :

The topmost historieal stratum, which is only 6}
fecet in depth, seems to begin about the year 700
B. C., whon a Grecian settlement was established
there under the Lydian dynasty. From that period,
eoins and inseriptions indieate the subseyuent cen-
turies until about the middle of the fourth eentnry
of our era, There are no later eoins or medals than
of Constans I, whose reign ceased in 361 A. D.
Schliemann is of the opinion that the city was de-
gtroyed at that time, or soon afterward, but gives
no conjecture of the manner of its fall. It secns to
me that the raids of the Goths, then settied on the
northern shore of the Black Sea whero they builg
fleets, even sailing through the Bosphorus in proud
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defianee of Constantinople, to ravage the coasts of
Greece and Asia Minor, give us an easy cxplanation
The Greek Ilinm, which covered the whole of the
lower placean of Ilissarlik, mnst have contained
100,000 inhabitants. It was a rich, and at that time
doubtless, a luxurious city, clearly visible from the
waters of the lellespout, speedily reached and in-
capable of resisting snch stalwart invaders,

We have thus an age of 1.0%0 years for the first 61
feet of rubbishs At this depiin the Greek masonry
suddenly ceases, and a stratum 17 feet in thick-
ness intervenes between it and the massive build-
ings of the Trojan era. The relics here found are
of a perplexing character, and will give plenty of
work to the archaologists. ‘The walls are built of
earch and small stones, but the abnndanee of wood
ashes shows that the city—or the successive eities—
was chietly built of wood. 1If the ehronology of the
Trojan age ean bo approximately established, it
will, of course, give ns the duration of this interme-
diate belt of ruin; at preseut, it is scarcely possible
oeven to guess.

The ruins of Troy form a stratnm averaging 10 feet
in thiekuess, the depth (from the surface) 1eaching
from 25} to 383§ feet. Since the foundation of the
city is eonjectnred to have taken plaee about 1400
B. C., and its fall aud destruetion by fire to have
oecurred about 1100 B. C., this would give three
centurics for the formation of ten feet of rmin—
whieli is qnite soflicient it we imagine a sinall but
crowded eity, with houses of more than one story
and much wood-work, of which thie rnins give ample
evidence. The marks of intense lieat are everywhere
manifest, When the Sexan Gate was first uncovered,
tho pavement seemed uniformly perfect; bnt at the
end of two or three months the stone blocks along
the upper part of the street, whieh had been exposed
to the flame, erumbled almost entirely away, to a
distanee of 10 feet from the Gate. The other bloeks,
protected by their sitnation, remain solid, and
prowise to stand for centuries.

Finally, under Troy, there is a fourth stratnm of
ruin, varying from 13 to 20 feet in depth, as I bave
already stiated. The age of this is a matter of pure
conjeeture, since the viassitndes of the eity’s history
—frequent destruetion aud rebuilding—would have
the same actical cffeet, or very nearly so, as a
long interval of time. We have anywhere from
two to tive thousand years before Christ—taking
Egyptian, Phamician, or Pelasgie remains as guides
—as the date of the foundation of the first Troy.

REMAINS OF THE FIRST PERIOD,

Tilled with his [omeric enthnsiasm, Sehliemann
gives us, in the present waork, only fragmentary and
imperfeet accounts of tho characteristics of the
earliest rnins. The most remarkable feature, per-
haps, is the superiority of the terra-eotta artieles,
which indicate a greater degree of taste and akill
than those in the snhsequent strata, I'romn the be-
ginning down to the Greek period, the evidences of
a gradually declining civilization ave eo elear, in the
discoveret’s opinion, that they mmst be accepted.
Tlie early vases are of a shining black, red or brown
¢olor, with ornamental pattorns, first cut inte the
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10 tery and then filled with awhite subetance. Only
one picee of paiunted terra-cotta was found. Tho
inhalntants of the city were eertainly Arvans. This
fact is ilinstrated in their manner ot building, and
also in the trequeney of the earliest Aryan religions
symbols, npon the terra-. ot‘a disks—espeeially the
two forms of the Cross:

T K

ARYAN SYMBOLS—THI CROSS,

The first of these symbols refers to Fire, or rather
the hirth of fire, the legend of which, in tlie Sanskrit
Rig- Veda, has sueh an astonishing resemblance to
the outline of the Christinn theology, The otlier
appears to be a moditication of the sae idea. Since
the path of early Aryan migration westward fromn
Central Asia seems to have been by way of the Cas-
pian and Black Seas, it is reasonable to snppose that
one of its many dividing and subdividing currents
found a permanent resting-place in the Troad.

REMAINS OF THIE SECOND, OR TROJAN PERIOD.

I must not omit to mention that, among other evi-
denees of the destrnetion of Trov by a fisree eontla-

ration, Dr. Sehlicmmann found a laver of slags of
melted lead and copper, in some places an inech
thick, extending over the whole site ot a city, Tho
Dlackened walls, the masses of wood-ashes and cal-
cined stone, filling up the chambers of the ruined
houses until a rongh plain was leté for the next city-
‘builders, wonld, however, have been a anilicient con-
firmation of the Grecek legend. With tlie exeception of
the large aud stately ediliee of massive stone between
the Tower and the Sewan Gate, nearly all the houses
of Troy were built of unburned brick (afterward part-
ly burned and hardened by the conflagration), with
sills of hewn stone. The size and character of the
large house, together with the greater excellence ot
the vases found in its chambers, the helimeted siele-
tons at its doors, the heap of human hones, snggest-
ing a desperate defonse, and finwlly the treasures of
gold aud silver fouud beside it, ou the city wall—all
these cirenmstances so distincuish it among the
other and less important rnins that it may well have
been a royal residence, The number of artieles eol
lected is so enormous, and their character is 8o unu-
snal and various, that T cannot undertake to deseribo
them in detail.  Only oneinserintion was found, and
that in unknowun charaeters. I copy, from Sehlie-
mann’s photographie atlas, the form of asingular
vaso found in the House of Priam.

The owl-headed Minerva was frequently recovered,
especially upon another large vase in the royal
house. Many of the urns and jars are made with
ghallow chauuels passing around the middle, to hold
tho cords by whieh they were snspsadad. Of arti-
cles of pure art, there were only fouund % flnte made
of hone, and a fragment of a four-stringed lyre, of
ivory, clegantly carved. Tho Aryan symbols, ine
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clailing the two forms of the Cross, also constantly
oceur among the relies of Troy.
CULIOUS VASE FROM THE ITOUSE OF PRIAM.

REMAINS OF THE TIHIRD, OR POST-TROJAN PERIOD.

The foundations of Tro., as we have scen, were
831 feet below the present surface of the plateau of
Hissarlik; but after the destruction of Priam’s eity
the site upon which the next-comers built was 10
feaet higher, Who these peopls were cannot yet be
ascertained, but that they were also Aryaus seems to
be certain, from the reenrrence of the same religious
symbols, which can hardly have been used for a
merely deeorative purpose, since tiie forms of their
pottery are quite different from those of the Trojans.
Tlhey show the same degree of deeadence iu art, in
compari-zon with the latter, as these manifest when
corupared with their unknown predecessors. Their
architecture, moreover, shows a great falling off.
The houses were constructed of small stones, loosely
held together with a rough plastering of earth : the
huge square bloeks of * 'Troy town” appear no longer.
Oue or two walls of the period are made of sun-dried
briciks. The débris is of a dark-gray eolor, mixed
wth ashes, and eontains enormous quantities of
shells and fish-bones. Pieees of two lyres were
found, a very few copper weapons, and a great many
gtone axes and knives of flint or diorite, of very fine
workmanship.

After rising to the depth of 13 feet from the sar-
face there is another ehange, hardly determined
enough to make a mew historical division. The
sigus of convulsion—damb hieroglypbhies of lost his-

torical events—which prevail througheut this third
stratum gradually become more marked. The great

increase of wood-ashes and the searcity of wualls—
even of the previous rude walls of carth and small
stones—indieate the existence of a eity built of
wood. The signs of copper implements wholly
cease, and all weapons and utensils are of stone, but
of quite inferior workmauslip. The vases and ves-
sels of terra-cotta again show a difterent fashion ;
yet, most singularly, they are covered with the
same anecient symbels, There is more than ons evi-
dence of a general conflugration. If at that un-
known period—eertainly before 700 B. C. —Troy was
a wooden eity, it must have been {requently de-
stroyed and rebuilt. It would be very ditticult,
otherwise, to aceount for 17 feet of rubbish in four
or five eenturies, when the 1,050 years of the Greek
city only left six feet behind them. Here is a great
and deeply interesting field of further researel.
REMAINS OF THE FOURTIL, OR GREEK PERIOD,

The Greek settlement, whieh Sehlicmann con-
jeetures to have taken place about 700 B. C., has
left but few relies anterior to the age of Lysimachus
(806 B.C.). But we know (Herodotus, VII., 43) that
Xerxes, in480 B. C., on his way to Greece, came to
the Troad ; that he landed at the mouth of the
Seamander, visited the ‘‘ecitadel of Priam,” and
sacrificed 1,000 beeves to the Trojan Minerva. We
also kuow of the Maeedonian gAlexander’s nude
pranks at the mound of Aechilles; so that the age of
the Greelk city may be tolerably well ascertained
without consulting its ruins. The bas-relief of
Apollo, which appears to have stood between two
triglyphs of a small tample, has been pronounecd
by Prof. Brunn of Muuich, one of the best living
authorities, to belong to a period between the mid-
dle of the second and the end of the fourth century
before the Christian Era.

Inasmueh as the Greek relies found at Troy belong
to the historical age, 1 shall not describe them
further. Two curious coinecidenees, however, must
be mentioned, before I close this long, yet all too-
brief report. Several of the terra-cotta disks,
belonging to the third or post-Trojan period, prove
to be precisely identieal in shape, size, and em-
blematie decoration, with thoss fonud in the lake-
dwellings of Northern Italy. Both rvefer direetly to
India, to the Sanskrit myths of Pramantha, the far
carlier origiu of the Greek Promethens.  An ancient
vase, with a belt of eurions ebaracters around it,
whieh Sehliemann at first supposed to be merely
ornamental, bnt afterward magining they ught
have some affinity with Phenician, sent to M.
Burnouf, is probably the first evidence of a conueec-
tion between the Jigean and China, M. Burnouf
deelares that the characters are early Chinese, per-
feetly leaible, and constitute the sentence: * For the
earth causes to spring from ten labors ten thousand
pieces of stuti.” ! .

There is, of course, a vast deal more in Dr. Sehlie-
mann’s narrative volume, and his atlas of 218 photo-
graphs, giving ns four or five thousand pictures of
the exhumed objects, than [ am able to mention
here. Iliave eonfined my labor to the narration, as
clear and intelligiblo as possible, of his achieve-
ments. Inasmueb as his own story is very broken
and fragmentary, my task has not been easy; but I
feel sure that the Ameriean reader will be glad to
receive as mueb as 1 have been able to give., B. T.
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BROWN-SEQUARD’S LECTURES.

The following course of six lectures was de-
livered by Dr. Brown-Séquard of New-York,
at thie Lowell Tustitute, Boston; beginning Feb.
23, and closing Maich 18, 1874:

NERVOUS FORCE—Tue Finrst LECTURE.

TRANSFORMATION OF LIGHT, IEAT, ELECTRICITY, AND
CIIEMICAL FORCE  INTO NERVOUS FOUCE —A
GUINEA l‘lQ SURVIVING AFIER TIIE MEDULLA
OBLONGATA WAS CUT AWAY—NERVES KEPT ALIVE
FORTY HOURS AFTER SEPARATION—COMPARATIVE
POWER OVER THE NERVES OF OXYGEN, STRYCILI-
NINE, AND THE WILL=THE UNITY OF THE NERVE
FORCE.

[FROM AN OCCASIONAL CORRESPONDENT OF THE TRIRUNIL]

BosrtoxN, Feb. 26.—"The popularity ol this course of
lectures may be seen from the fact that a supply of
tickets equal to the full capacity of the ball of
Lowell Iustiiute was disposed of within  three-
quarters of an Lonr after the ofiice was opened.

‘T'hose who know of Dr. Brown-Séguard’s devotion
to I'rof, Agassiz in his last sickness nead searcely be
reminded of the geeat attection they entertained for
cach other, ‘T'he Doetor’s tribute to the memory
of Lis friend did not fail to awaken the sympuathies
of his audicnce, The lecture wus as follows:

LADIES AND GENTLEMEN: I have no doubt you will
exciae the emotion that is upou me at this time. Last
year when Ynet vou here, there was sitting there a man
who eertainly deserved the great admiration that has
been Lestowed upon him, and whos» guahties of leart
were so greit, that although T admired him more than 1
aJdmire any oue, vet I loved him still more. Iisabsence
to-day justifies the feelings that are now upon me,

The leetures I have to deliver bere are on a subject
which is full of interest, and which descrves more study
than it has obtained, The various eflects produced by
nervous loree are certainly, even for persous who have
nothing whatever to do witli medieine, full of icterest,
anda I may say of lmpertance. I will go further. I1have
no aoubr that persons who have not at all engaged in
the medical protession could do wore perhaps than
physicians, in rezard to discovering certain ot the
peculiarities  of  nervons  foree, Physicians  un-
foriunatelv—1I speak of myself as well as of others—
are hiased. Their bhias prevents progress. They have
reeeived an cduention which has given them ecertain
nohions, and those nolions prevent a Iree examination
of certuin guestions,  Tae unbiased miuds of persous
who have not stinhed medicine, or whe, 1T they have
etindied the foundations of it, have not engazed In the
pricctice of the profession, permic them to jovestigate
and discover. Perhaps as a result of the leeture that I
elzdi dehver here, it will be given to gowe of you (o pusiy
forward discoveries in that hue.

Before euterlng inro the proper subleet of this lecture
it 1¢ essentlal to pass 1 review smae of the ctementary
questlons of physiology. T shall do it verv rapidly.
There are two elements in the nervous system which
are umted together, but whiel are, however, absolutely
distinet, the one from the other. One consists io the
ueeve eell, which you see represented on the board, T
huave wade it nearly round, but 1t s very ravely that
it §8 s0. That ecell has starting from 1t u nuwber of

filuments, In the spinal cord and In the brain
those cells  gencrally bhave oue element entirvely
dillerent  frowm the others, and that  element
is stmilar to the other element we ila! in the nervous
system ; that is, tloers. There are thercfors two kinds
of elements in the nervous system, the tibers aud the
cells, with their prolouzatious, What baco.n2as of those
prolongzations is not known, and It uray p:chaps remaiu
always unknown to us in this world. Itis $o be feared
that the power of our wmicroscopes will remain pretty
nearly what it is, and if that be the case, tuen we shall
never know wuceh more as rezarids the ramitleation
of those tibers.  Bag the remuarikable point of which T
have not yet spoken, and which yvou ougnt to keep in
wind, is that the fibers of tha nervous system nre uniied
with those cells. Witiin the nervouns eouters, that is, the
brain and spinal cord, there is but c¢ne of those tibers
united with cells.  In other parls or the body there are
cells which have two real fivers starting {rows thew be-
sides the ramifications,
A DEATI-BLOW TCO ANIMAL MAGNLTISM,

Now the nervouns force 1s prodneed 1a tliose elements
of the nervous system. I Lave no neel, of course, to
give a definition of nervous force, or unerve foree, as
you will perbaps prefer to call it.  Itis that foree which
mamlests itself in nervous actions, Tae nerve force
belongs ouly to the elemeunts I have deserihed. Are
there any instances in which we ean flal n2rvous foreo
without the existence of thosa two ele:m:ntst Tais
question isnow decided in this way. There are anlmals
in whieh, and there are cireuwmstances in mau ia

which, the nervous tissue does’ not exist evilently
in the way T have described, and stidl there i3
a merveous foree; so that it appoars tuat nervons

toree can exist without the nervouas clements. Thera
are conditions, espeeially in moasters, wiers tae spinal
cord, instead of bemg organized, is o fluid in which ele-
ments resewmbling those of thio nervons sysfem are not
recognized, and stitl there is vervous action, aud there.
fore, ncrvous force. lu some low lorms tbere are also
tissues which do not representatall the known elewments
of the nervous system, but i waich, neverth=tess, thero
is nervous action, and therefore nervous force. A pro-
fessional friend in Parls has shivwn that there are cer-
tain instances of disease in man in whica the nervous
system 1s so transforiued that it 1s hard.y recognizable,
aud yet there is every pratability that it acted, and that
nervous foree was manifestedl.,

But the great question is not there, The great ques-
tion is whether the boundaries of the narvous syvstem are
also the bonndatles in health of that nervouns foree, In
other words, can the nervous force spring out of the
nervous systein to produce somo action 7 As regards
this, I may say that tbhere are no taets 1o prove it. Yon
carn easily understaud that if T am richt, this isa death-
blow to what is called nuimal magnetisnl. But thisis a
point that wo will debate more at lenegth by aud by,

All I wish  to say i 1his inlroductory lecture
on  tlus  powt is that thero 13 Ho like-
Ithood al all that nervons  forece  can  get
away from the limits which are con-

stituted by nervous tissue. Thera is no question, hows-
ever, tuat nervous forece caun uianifest itselt outside of
the boundarles of the nervous systenl; but 1t manifests
itgelf often alter having been transfornied into anotner
toree. Jo1s well known that nervons fores is trans-
formed ito motor foree. This I am; deing at presont.
It 1s owing to 1motor force that I have any volee at
present, Tiis transformation to motor fores takes
place at every wowent of our lives, Other transloring
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tions are alse of great {oterest. You well know that there
are flshes that possess an electric apparatns. In them
the nerves which go to the electrie apparatns are enor-
mous. And those nerves convey nervous force, and not
eleetricity. As sooun as the nervons foree is felt in that
eleetrie apparitas, elestrietty is evolved, Ilectriclty.is
a transformation in that ease of nervons foree, just as
we know that beat can be transformed into electricity
or electriciry iuto heat, heat Into motion, and motion
iuto heat, &e. There are anunals whieh are phosphores-
cent, annd which are so nader an act of their wills, so far
as we ecan judge, and under the influeace of the

nervous sys~tem; so that light also can be
evolved as a 1ransformation of nervous foree.
There are cases  of consumption in  which

light lhas come from rhe lungs. The fact has been
pointed ont by Sir ITeury Matsh and other physiclans.
The light appears not only at the head of the patient,
but it may be radiated into the room. It has been con-
sldered that the light was only a peenliar etleer of the
mucus that came from the lungs of the patient. Icis
not likely that this is tiae ease, becanse mueus in ereater
quantity is evolved, and all sorts of mucus, from the
chests of pcople, every day, withount any such phenome-
non. I have read the history o!f each individaal ease of
the kind so far as I have been able to get it,and inevery
one of the cases the patients, I find, were in a terrible
state of nmervousuess, so that I cannot but believe that
the prodnetion of lizht was, in & measure at least, owing
to tho trausformation of nervous foree,
HEAT, ELECTRICITY, AND NERVOUS FORCE.

There ure great transtormations also ot another kind.
You weli know that nutrition, which 1mplies ehemical
chaoge in our system, as well as secretion, whica also
requires chemical change, may take place under the
influence of the nervous system. T shall snow this more
fully in a subsequent lecture. When this transformation
oocurs, it1s quite evident that it is the nervous foree
that hus been transformed ioto a chemical agent.

Is nervous foree ever transformed into heat? There
is no doubt whatever that heat 1s evolved from our sys-
tem, and 1n a great measure owing to thie action of nerv-
ous force; but the questioo is whether that tranforma-
tion is an immediate one or whether it gocs through
other transformations. This 1sa poiat whieh it wonld
be very interesting to determine, but which at the
present state of our knowledge is not yer ascertaincd.

Now thitt we have passed in review all those facts
showing that nervous foree can be traostormed into the
other forces of nuture that we know, almost all ot them,
the question arises, * Can all the forees of nature be
transfortued into nervons foree1”” This is one of the
greatest questions that we conld undertake to consider.
Unfortunately, the elemeunts we have for solving it are
as yet very few, We do not know positivelv yet—at any
rate I do not kuow, and T have read constderahbty to tind
if tho ques‘ion is solved—we do not know positively
yet  whether electrieity can he  trausformed
into mnervous foree. You can easily uonderstand
that If it were possible to have such a transformation, a
great mauy weak people would receive 1nanitest advan-
te 7e in being galvanized. Therefore the question iz ot
great importance. There is no doubt at all, tor this
has been established by a good many experrumenters,
that the eleuatents of the nervous system beneilt in their
putririon noder the influence ot eleetricity and gulvan-
Ism; but a direct (ransformation of eleetricity iato
nervous foree is not yet proved.

As regards light, very little Is known. You well know
that cervous disturbance will come from the activn of

light. There s no doubt whatever abont it. Light i
eertafuly a very powertnl agent and a most useful one.
Indeced, tt is rather too much forgotten that lightis
alwost essential to life; but we do not know If there is
any direet transformation of light into nervons foree.
It seemns to be so in the retina; but T eannot employ any
other phrase than the phrase it seems to be.” It wounld
not appear to be dillicult to solve the quesrioa by experi-
ment, and a solutlon would be of considerable import-
ance.

There are other forces which eertainly are transformon
mto nervons force. Thereisno doubt as regards mno-
tion. DMotion inereases nervous force in the limb
without the least donbt. What the French cill massage,
which is shampooing, pounding or kneading of the fiesn,
mereases nervous toree without donbt. But there is
still some little doubs whother it is not through an im-
provement of nutrition, through a chemicul change, that
thie 1nfluence takes place.

There are other forees, heat, for instanee, which per-
baps are transformed into vervous foree. The applica-
tion of heat to children isexeceedingly usetul to help
their development. If the air they breathe is cool, and
heat is applied to thelr limbs, bzt not so mueh to the
body, they certainly grow faster. There is no question
that 1o northern climes, children who are not well clad,
and are not well cared for in resurd to the heat sur-

rounding tkeir body, do not grow so well
as childlren who are sabmitted to the influ-
ence of heat. There i3 one thiog which in

this country espeeially is most hurtful and duaagerous,
and thatis beat applied to the lungs, It is perfeetly
weli known that the mortality of ehildren in tunis coun-
trv is enormons in the Summer months, and that emefly
through the intfluence of heat on tha luogs and on the
belly, Digestion and respiration are aisturbed, and
death cones, as you kuow, too trequently. Morc care
could easily be attaine.! in that respeet, and it may be
that I shull have a ehance to speak of it in one of the
lust lectures ot this course,

A DEAD OX XEPT FIFTY-SIX DAYS WITHOUT PUTRE

FACTION.

Some physiologists have considered that nerve foree
is nothing but that whieh many physiologists adwit
nnder the name of vital foree. Thae theory whien is
most important in rhis respect has been put for vard by
M. Flourens., He considers that a spot in tire medualla
oblongata is the focus of vital foree. Tiere is, vou
know, a spot whiebh is piereed by the matadors 1n Spamn
when they wish to kill a bnil immadiatety. Desth oc-
enrs instantly, This kind of death is a very 1uteresting
oue. When we perforin the experiment in the laborae
tory we find that the animal isso 1ustantanzously and
su effeetually Killed that there is no strugsle whatever.
The animal lies there, apparentiy having lost
every vital power, and it 13 eertainlv a great question
to know what becomes of the nervous torce in those
eases. It seems to huave been lost altogether. I say it
seems, forif we examine a little further we tind that it
is ouly dormant., It is acecumulated in ceitain parts of
the body inimmense quantity. The nervons centers have
lost it altnost altogether, but the nerves are quite rich in
nerve foree, so mueh so that I have kept one of those
animils for nearly 65 days in wmyv laborarory without any
trace of putretaction, at a temperatare which varied bo-
tween 45 and 652, The lack of putrefaetion depended
certainly on the long persistenee of nerve force after
denth. Taere is in these cases a great mystery however.
TLis nerve force wo ean detect very easily. If we
calvanizs « limb we flnd that there is a nerve force
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there, and that for a long time after death. But how
is it that suddenly it disappears from the nervous
centers, so muech 8o that respiration, eirenlation, and all
voluntary and Jovoluntary iovements ccase?t To
nnswer this question would require no lttle study and
fuvestigation, and the person making it wonld have
much to find that wonld be interesting. We flud, how-
cver, in maKing these experiments that we ean take

away the part whileh has been consldered as the foens
of tife, by employlng certaln simple precautions,
wlthont  destroying  life. At the Colleze of

Surgeons in Lowdon, in oue of my leetur:s there, I had
tried to show that death in the eases referre:d tols im-
wediate. I had an ammal—a gulnea pig—on whieh the
experhent was to be performed. In making the
experhment my kalfe slipped and went alt around the
part, ciarying away more than T had intended. The pig
survived three or four days until my boy, trying to make
the pig squeal, drowned it.  [Langater.] The vital focus,
80 called, does not descrve the name; tor there are many
cases ia wiifen 1t has been destroyed, and life persists.
Therefore, we cannot look npon 1t as being a center for
vital foree or nervous foree.

Tals lewds me to examine now the question, What are
the places of produetlou of nervous foree? Those places
of produection, I may say, are as extensive as the
nervous system.  Fora long time physiologists had eon-
€ldered thut the cells were the onty parts that produeed
nerve force. But I have aseertained nud proved, and T
think most phystotozsists now adwmit, that nerve fibers
can also produce nerve foree. In experiments cousist-
log In injeetiug blyod iuto a limb which has been

separated from the Dbody for a loag time, I
have asccertalued the nervous foree whiel
had dsappeared has been reprodnced, So that

it is clear that verve fibers can engender nerve force. If
we scparate a nervous center from the nerves we find
that in four days the nerve has lost its power
altogettier. It seems, therefore, that sometbing came
from the nervous ceuter which was usetul in the produe-
tion of forces there.  But it is elear, too, that there are
other forees reproduced in the part. It we allow the
part to recelve more blouod the injection will reprodnce
nervous force aginn, I have kept & nerve alive apart
from the badv for 40 hours by injecting blood in it
The nerve force, even In the brain, can e reinvlgorated
when the brain has lost all power and is separated from
the body. An injection of blood reproduces nerve
force awvain wnd all the activity of the brain
when in the anhinal is found to be maulfested. In one
cuse, that of a patient of mine who had had a dissection
of a nerve, the nerve continned to net spontanconsly for
four days, and the museles to whieh that nerve
went were In eontraetion for the same length of time,
owing to the persistence of hife and aeion in that nerve
scparated trom the braln. After four days the trans-
formation which we know ean take place in the nerve
tissite had destroyed nervous activity, nnd the museles
then reamined qulescent, completely deprived of action,
There 1s an organ ln the body whose tunetlons have
been very much diseussed. Thit organ i3 the eerchel-
lum, Innevcicls & very large orcan mmdeed, [ stall
not disenss 1ts functions here, but I will say that there
{8 1o donbt that the eerebelhinm 18 one of the princlpal
foel, one of the princlpal places where nervous
force 18 produeed. In maay animals the prineipal place
18 the spinal marrow. DBut inman the cerebellum is
the great focus of the prodnetion of nervons force.
POWEIL OF OXYGEN, STUYCUNINE, AND TIE WILL,
What now 18 the agent of preduction of ncrvous force

in our blood ¥ Tt is elear that Dlood itgelf must be neces
sary to the prodnction of nerve foree. Still for a time
the oxvgen atone which is carried by the blood may

suffice. Oxygen, even when the blood seeins to have
been taken away aitogether from the part, ¢in givesome
nerve foree to the nervons system ; but there
Is a medieinal agent which  has  lmmense
power io producing mnervous resnlts, When the

spinal cord of  a  frog has been washed of every
drop of blood, when injections have been made of pure
water so as to earry away every particle of blood, If
strychuia 1z pnt on the spial ebord, in a very short tlme
the amount of “reflex power,” which 18 a manifestation
of nerve foree, Is very mueh greater than it was before,
showling that strychnia has lnercased that power, This
is the only fact we kovow, which c¢learly proves that a
medicine, putting aside oxygen, can have such a power,
and a power, indeed, which is very great.

Whav s the power of our will ou the nerve forced his
is a question which a great many patients every day ask
thewselves. There {s no doubt that nerve force 18
very httie under our will, It may he an admirable
provision of nature. It Inay be that we would
spend it very {foolisily, as we do spend many other
things. Still there are many circntustances when the
defleieney of will power is really palntul, ana in
patients in whowm the amount of nerve force 13 immmense.
I have tried to measure tho amonnt of nerve toree 1n
a frog. T bhave ascertained that a frog could lift a
weight of 20 grammes to a point whneh was about a line
and a quarter, 600 or 700 times in an hour and a gnarter,
This is an mnniense amount of nervous force, and mau-
ifested, too, when the spinal ecord was no more re-

ceiving Dlood, when there was no  wmore  eir-
eulation. In this ecase the Irog was belicaded,
Compare this with the ease of a " frog
naving its hcad. The frog with a head, atter

a very short time, could not move at all willfuliy ; while
stilt the reflex aetlon, as we call it, an irntation of the
skin, determined a stroung movement. There may be,
therefore, in certain circmmstanees, an mmense amount
of nerve force acenmulated in the system. I would not
say that there is no more production immedlately after
the cessatiou of eirecalation. I had not washed the ves-
sels, There was blood left therc; stifl there was not
muel of 1t, and 1t was not ¢hareed wlth oxy gen after a
time.

There 1s an inense dufference as rezards the amount
of nervous force that remains tu the systemn aiter death
according to many circmmstances, and especially ae-
cording to temperature, It we huve consuderably
dimiutshed the temperatnre of nnimais baving o great
heat, sueh as we bave, and we then kill them by
means that will not bring on convulsions anl un ©x-
penditure of forcee, we fiud that the amonntof toree that
rentains is consideralile, and that it will remain rthere a
very long time.  In cold-Booded annitals, when the tein-
perature 18 very near freezing point, the amount of
nerve foree that rennilns in thew for a very tong thne is
also immense, while at a high temperature the trans-
formation of uwerve force into chemlical foree is very
ramd, and then the expenditure of nerve foree 138 total
after o time, which 1s not lonz.

The principal question T bave to examine In thls lec-
ture, however, 13 the one I shall now speak of ; namely,
is there unity of foree or only one nerve farce, or ard
there many i our system §

Ihave for n long tirue tried to prove that there is
unity of unerve force. If we spend force, elther in the
way I am now doing, by mental more than by physical
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labor; If we gpend foree with the pen in hand, when we
gre studyine quletly at a table, we find, after having
VLean at worl three or four or tive liours, that the nerve

furce that remains  for  physical exerelse is
dimiuisticd. Wa have drawn foree from a focus
whieh s the same that gives it for mental
action and for  physieal exertion. If, on

the other hand, we walk 20 miles aad find ourselves
physically tited,we thid then that very little nerve forco
remains tor mental aetion. There are faects, however,
which seein to be in opposition to this, and those facts
will be fully explained in the lasg lectur2, when I coma
to explain the laws of production and expenditure of
pervons toree. I may say this mueh, ho vever, just here,
that it 1s pertectly well known, coutrary to what 1 have

said, that we cau do better with our brain if
we have had some exereise than if we
have had no exereise at all. DBat it is
simply that a certain amount  of exereise

has led to the produetion of nervous foree by improviug
the ecirculation, nuproving the secretions, improviag
respiration, ant iimproving in faet all the great organie
functions through which the seeretion of unervous foree
takes place, so that we have become richer in our force
beeause of the exercise we have taken phvsically. There
is no doubt, theretore, that moderate exercise will lead
to a production ot nerve force and facilitate the exercise
of our bramn power; and there is ne question that if
we draw too mueh of the mnerve force of our system, if
we draw a great deal more of it than ean be re-

produced during a certain time; if we walk,
for instance, very fast for five or six lhours,
we are then unfitted for mental work

and for a good many othrer things., Our respiration be-
comes dificult. Our heart, after having beaten with
much repidity, comes to bea:i very slowly. We are
weakened in every organ whose action depends on net-
vous foree. There is no doubt therefore that there is a
commou foeus of nerve forece on which we draw for any
of the activities of our system emwloying nerve force.
Looking throungh a mieroscope for several hours, as mi-
crographers know full well, is a canse ot great fatigue,
and reoders mental work or physical labor thereaf-
ter more ditfienlt.
THE UNITY OF NERVOUS FORCE.

Thers is one experimeunt that shows that nerve force
is distributed as galvamsm would be on a ecylinder.
Suppose a cviinder in the shape of my arm; suppose
that this is charged with a certain amount of elec-
tricity, and shvpose that this arm or cylinder is then
sut in two just in the middle of its length; there swould
VLe in each half of the arm thea an amount of elec-
tricity which would be just oune-half of tle amount
that c¢xisied Dbefore, Suppose  fhat the whole
arm bad wanifested a foree equal to twenty measures,
the half of the arin wonld manifest a force equal to ten.
8o it seems to be with the nervons system. If we di-
vide the cord aecross, as in a bird, bebind the npper limbs,
we find tbhat the bird canvot make use of its limbs
ge betore, The amount of force is not sufficient in the
vpper part of the nervous systeir, 8o it seeins that
nervons foree is distributed all over the nervous system,
aud that it a canse operates to divide the nervous sys-
tein into hadves, cach haif has ouly the amount of nerve
foree whiel it had beforoe.

There Is vue objeciion in appearance to th2 view that
there is unity of nerve force, wad tlat s that the brain
1s a donble organ; that we have two bralns instead of
oune. About that allow me to say that althouch we have
two brains it {s pretty mueh as if we had but ons, as by

the force of our education one only i3 raised to power
The other 1s left with very little power indeed. It wonld
be very casy, as I may hercafter show, to develop fully
the power of the two brains by proper edueation. But
it we bave two brains there is no objection to the view
that there is a unity for the nervous toree. It is no ob-
fection Dbecanse these two  brains  are uunited.
There 1s cominunicatioun. Gvery part ot our
nervous system 1s In communication with the
other. Weo cannot tounch a pare of the skin
or any other part of our system without produeing a
commetion all over the nervous system; o the same
way that we cannot stamp our foot on the ground with-
out shaking the whole svorlid, and not only our world
bat the rest of the universe is shaken by such a sitple
thing as that. Of course, a very httle shaken {laughter|,
but shaken nevertheless, There is no doubt that auny
actionon any part of our systemis felf everywhere
throngh it. And that is the reason wby many persons
suffering in their nervous system eannot have an exeita-

‘tion brought on any part of the body, as it increases the

trouble where it exists.,

A few questions remain to be examined before-elosing
the lecture. One is, how happens it that there are so
many dittereunces in sensatioun if there be but one kind
of nerve forece. This is nota great difficnlty. The va-
riety of seusations has an organic cause, ot which I may
have an opportunity to speak in another lecture. The
uerve force is only an agent, most likely the vibration of
a certain acent, and the vibration according to the loca-
tion will produce one eftect or another. The parts of
the nervous system are not all alike; they certainly dif-
fer one from another, and the vibrations may be greater
or less, so that we can easily be reconciled to the va-
riety of sensation, although we admit bLut oue kind of
nerve power. i

There is another question. That eertain fibers seem to
act on museles, and others seem to restrain tho nerveus
action. Thisisa point of such great mportance that I
shall give a whole lecture to that subject. When cells
are active, either morbidly or naturally, an irritation
coming from a nerve and acting eertainly throuch nerve
forces may be suflivicut to stop the power of that nerve
cell, That seems to be an act comptetely different from
that by which a musele, for instance, is put in action by
the vibrations taking place; the transtormations of
nerve force taking plaece in the mnerve, and also all
the other actions that I spoke of—the ecmission of light
and electricity. All these things may seem to mply
some different action. But if yon admit the great doe-
trine which exists now in seictce, and which has revo-
lutionized natural philosophy as well as chemistry; if
you admit thav there is never a loss of force; that force
is acenmulated and that it is only transformed when it
disanpears, then you ean easily admit that nerve force
has been transformed in those various organs into

somne other foree  and that  there  ties  the
cause of the different  actiong ot  whieh T
have spoken. But the diflivnlty exists, how-

ever, for that special case in which au action ceases 1n
the cell. Suppose a person to have an attack of epilepsy.
His bead is thrown to one shoulder and he has uot yet
lost consciousuness, and some oue cumes and draws the
head fo the other shounlder aund the fit ceases. Well,
there has Dbeeu in that case an irritation starting from
certain nerves when the head was moved, and this irrj-
tation goes to the ceils of the gray matter that were
active in produclng the econvulsions and stops the
action of thousa ceils. But the stopping of the action of
eells is something different from the production of ne-



10 Tribune Lxivas—Lecture and Letter Sexics.

tion. Therefore it may s2cm quite different. But we may
admit, however,—and it would be most important
indeed for chemists to make researches in that respect—
we may adwit that a chemical change is the result of
that transformation ; that the nerve foree is transformed
into a ehemical foree, nod that ehemical ehanges ocenr
tn the cell, very rapidly and in great gnantity, just
enourh to replace the whole amonnt of nerve foree that
was acting before. Therefore, there 1s no reason a priori
not to admit the possibility and the probabihity tliit
nerve foree is rhe same m every mstance ; that it aff «cts
cells of gray matter to stop them in the same way that
it can put cells into nctivity ; 1n the same way that it
can put museles into activity, and that it can pnt anp
organ nto activity.

NERVOUS INFLUENCE—SEcOoXD LECTURE.
BONME OF THE IACTS TiAT ARE DIFFICULT TO EX-
PLAIN—A NEGRO REDUCES CONVULSIONS DY
PULLING AT THE GREAT TOE—MORE PERSISTENT
VITALITY IN AMERICA THAN IN LEUROPE, BOTH
IN MEN AND ANIMALS—YARIOUS KELATIONS BE-
TWEEN TIHE NERVOUS SYSTEM AND TIIE ACTION
OF TIHE HEART—METIHODS OF CHECKING CON-
VULSIVE EFFORTS, SUCH AS COUGIIING, &C.
BosTox, March 1.—Dr. Brown-Séquard delivered
his sceond lecture to a large audience
LADIES AND GENTLEMEN: In the last lecture T tried
to show sceveral points relating to the force which we
koow to exist in perves. 1 partienlarly insisted on what
I call the noity ot torce in the nervous svstem, I espe-
cially tried to show that every uervons action is the
cause of an expenditure of nervons foreo., There are a
few facts, however, which may be consldered as consti-
toting an objection to that. 1 will mention some of them.
Tbe prineipal one is, that we keow fult well that certain
paris of the boay may be extremcly weak while others
remaliu strong. But that cerwainly i3 no objection, since
if we atint that the communication 18 obstrueted be-
tween the part which is weakened and the rest, it is
quite natuzral that there should be a diminution of foree
in that part.  Besides this, there is something in the
nervous system as well as jo the muscles that perueits a
reactlon after an irritation. I'here is a property of nerv-
ous tizsug and mnseles espeelally which we calt excita-
billty. The excitabihity ol tbe nervous system is entirely
sud absolutely independent of the amount of nervous

force. Perhaps it 13 wrong, however, to say as
I have just done, that tbere fs no dependence

of one upon ithe other. There may be a depeundence in
this way, that the greater the amount of nervous foree,
the less excltatilty there i3, and vice versa, the greater
the amonnt of excitabiiicy the less amount of nervous
force. People who have been iily people who are nat-
urally extremely weak, or those wha have lost a good
deal of blood and havs been weakened in that wayv; in
other words, people who have very littlo nerve foree,
are, as 1s well konown, extremely excitable, They wilt
jump at a noise nnd n other ways show Lervousness,
Therve 15, therefore, something quite distinet in these
two things—excitabulty and nerve foree. This property
of exeltation is nothing but the power to reeeive an ex-
citation. Iersons who nre extremely strong, will not
gencrally be moved by exceitation. Thev will, of coarse,
apprecfate the excitation; they witl judge what it i3
but they will rematn ealm under 16, White, on the con-
trary. persons whosoe nervous systemn {3 weak, and who

have little nerve foree, will react nader auy excitution,
however shght, without giving to the mind time to
think of what the exeitation is.

Isaidin my last Iectnre that the nervous force is
quite dilferent from electricity,that it is a force by itself;
but I must add to this stutement another oue. that tho
nerveus systeni is more or less charged with  clectricity
all the tune in health. The two  torees, ecleetricity and
nerve power, are hoth present; but not alwavs in propor-
tion ono to the other, as sometimes there may be an
opposite conditlon. Bat certa’nly the nerve force is not
cleetrieity, as wo well know that the speod of the nerve
toree is only trom 80 to 300 feet in a second, while the
speed of eleetrieity ns you know is thousands and thou-
sands of times greater.

THE INFLUENCE THAT 18 EXERTED UrON TIHE NERYVES,

Inow come to the principal objecc of this lecture,
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