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DATE. Brightness. Senu;cll.;am. Ahfg;f;mn
M.
I.15 73 5.3
I.21 7.5 5.2
1.24 7.6 5.0
1.20 7.7 5.0
1.24 7.7 5.0
1.18 7.6 —5.1

From this it will be seen that Phobcs, even on the
most favorable date, will be only about 14" distant from

the limb of the planet. In 1877 this satellite was ob-
served with the 12 equatorial of the Morrison Observa-
tory when only 7" distant. In the present opposition the
satellite will be much fainter, 1 ut on the other hand the
brightness of the planet will be considerably diminished.
It seems possible, therefore, that this satellite may be seen
with glasses of moderate size.
WASHINGTON UNIVERSITY, Aov., 1881,
_—_
ELEMENTS OF QUATERNIONS.*
By A. S. HARDY, Ph. D., Professor of Ma hematics, Dartn.outh
College.

The American press may be expected to teem for the
next twenty-five years with elementary treatises on qua-
ternions, and as this work of Professor Hardy’s is, we
believe, the first of the series, it merits on this account
the more attention. The book hasa quite neat and at-
tractive exterior, and the mechanical execution is very

fair, though a few defects in letter press and engraving
are noticeable. The experiment of printing small Alphas
with an oblique line through them seems to be a failure.
See pp. 45 and 6o0.

We cannot think the title happily chosen. There is an
incongruity, if not positive impropriety, in assigning to a
scant text-book intended for beginners in the class-room
a name associated these fifteen years with the great and
classic work of Hamilton. This however, is a matter of
taste. One of the most important and difficult steps in
the logical development of the calculus of quaternions, to
which their inventor gave no little attention, is that of
assigning a versor power to avector, or of representing
rotation by a symbol that had hitherto been appropriated
exclusively to vection or translation. This, in the book
before us, is disposed of in a few lines, when, even in a
treatise where brevity must be studied, it is well worthy
of as many pages. There is, also, throughout the work,
an unfortunate fondness for the plane, where quaternions
are often at a disadvantage, and where their real power
and usefulness cannot be exhibited. The author may
have intended to thus avail himself of the student’s
greater familiarity with the geometry of the plane, while
introducing him to a new method; but it ought to be
borne in mind that one of the chief claims quaternions
have on the teacher of geometry is that they are specially
fitted to free the student from the too prevalent restric-
tion of his conceptions to two dimensions. A curious ex-
ample of this tendency of the book 1s afforded near the
end in applications to loci. Here the author systemati-
cally interprets equations as relating to the conic sections,
when in reality they frequently relate to quadrics of rev-
olutior, the restriction to plane loci having been elimin-
ated in the process of their formation ; and when he comes
“to transform the proceeding equations into the usual
cartesian forms,” instead of substituting a trinomial for
the variable vector, he imposes a restriction to two dimen-
sions by adopting a binomial, and of course comes out
with a plane section in place of the surface itself. Not-
withstanding these imperfections, Prof. Hardy has evi-

#8°, pp. VIII, 230. Boston, Ginn, Heath & Co., 188z,

dently studied his subject and written his book with some
care, and with a view to the requirements and opportuni-
ties of those for whom it is intended, and it will doubtless
prove useful asan introduction to quaternions,

ALEX, 8. CHRISTIE,

U. S. CoAsT & GEODETIC SURVEY,
WASHINGTON, November 11, 1881,
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LARGE TELESCOPLS.

PROFESSOR EDWARD C. PICKERING makes the follow-
ing suggestion in regard to mounting a telescope on a new
plan. He says:—“The small amount of work accom-
plished with large telescopes has often been the subject of
unfavorable comment, This criticism applies with espe-
cial force in America, where there are nearly a dozen
telescopes having an aperture of a foot or over, besides
two of the largest size now in course of construction, and
two of twenty-six and twenty-four inches aperture which
are unmounted and have been for several years perfectly
useless, Among so many it seems as if one might be
spared for a trial of the following plan, which, if success-
ful, would produce at a small expense far more work than
could be obtained with a mounting of the usual form.

Suppose that the telescope is placed horizontally at
right angles to the meridian, and that a plane reflector in-
clined to its axis by 45° is placed in front of it. This re-
flector may revolve around an axis coinciding with that of
the telescope.  Such a mounting has been used in transit
instruments, and gives much satisfaction in the meridian
photometer of the Harvard College Observatory. The
principal difficulty with a large instrument would lie in
the flexure of the reflector. This difficulty has, however,
been overcome in a great measure in reflecting telescopes
by various ingenious devices. Inthe present case, since
the reflector rotates only around one axis instead of two,
the problem is much simplified. A slight motion at right
angles of perhaps 5° would be a great convenience, as
will be shown below, and would probably be insufficient
to materially affect the flexure. It may be said that it is
more difflcult to make a plane surface than one that is
curved. But the principal effect of a slight curvature
would be to change the focus of the telescope, the aber-
ration being much less than the effect of the varying
flexure. Let us admit, however, that the best definition
cannot be obtained, in considering the purposes to which
such an instrument could be applied without disadvan-
tage.

Many advantages will be apparent on comparing. such
a mounting with an equatorial. Great steadiness would
be secured, since the mirror would be the only portion
moved, and this would be placed directly upon a low pier.
Instead of a large and expensive dome which is moved
with difficulty, the mirror would be protected by a small
shed, of which the roof could be easily removed. It
would therefore be opened and ready for use in.a very
short time, and would quickly take the temperature of the
surrounding air. The object-glass would be mounted
directly upon a second pier, and, as it would not be
moved, would be in very little danger of accident. The
tube could be made of tin or other inexpensive material,
as 1ts flexure is of no importance. It could easily be pro-
tected from the changes of the temperature so trouble-
some in the tube of a large equatorial. If preferred it
might even be exhausted of air, or filled with hydrogen,
and the effect of the changes of temperature thus greatly
reduced.

The eyepiece could be mounted on a third pier, and
would be so far distant horizontally from the mirror and
object-glass that there 1s no reason that it should not be
inclosed in a room which may be warmed. The comfort
in winter of working in a warm room will be appreciated
by those who have used a large telescope in a cold cli-
mate. The result is sure to be an increased precision in
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the observations, and a possibility of prolonging them
over longer intervals. A similar effect is produced by the
constant direction of the line of sight. No especial ob-
serving chair is needed. There is no limit to the size of
the attachments which may be made to the eyepiece,
since they need not be moved. This is a great advantage
in certain spectroscopic and photometric measurements.
A strong wind interferes seriously with many observa-
tions, as it is impossible to make a telescope so stiff that
it will not be shaken by sudden gusts. In the plan here
proposed the mirror alone is exposed, and its surface is
too small to give trouble.

By means of a long handle the position of the mirror
may be regulated from the eye-end, and the declination
of the object observed read by small telescopes. If the
mirror can be moved at right angles to the meridian §©
from its central position, an object at the equator may be
followed for forty minutes, and other objects for a longer
period. Without this motion an object may be followed
for three or four minutes by moving the eyepiece alone.
Clockwork may be applied to the mirror, or less easily to
the eyepiece. The focal length may be increased almost
indefinitely if desired, and certain advantages will be thus
attained in the diminution in the defects of the object-
glass, although those of the reflector will not be affected.
If the telescope is to be erected at a great elevation the
advantages of the present plan are at once apparent.
Many nights of observation would be secured which
otherwise would be lost owing to the wind and cold.
The simplicity in the construction of the building would
be a great advantage, as a large dome in so exposed a
situation would be kept free from snow with much diffi-
culty, and might be a source of danger in winter storms.
If found impracticable to observe during the winter, it
would be possible to have a duplicate mounting below,
and remove the lens and mirror from one to the other.

It is evident that the saving of cost would be very
great, not only in the observatory building aud dome, but
in the tube, observing chair, clockwork, &c.

If a reflector could be constructed whose surface was
the portion of a paraboloid whose abscissa equalled that
of the focus, the instrument could be much simplified.
No object-glass would then be required, the reflector
taking the place both of mirror and lens. All the light
intercepted by the objective would thus be saved, and
but a single surface need be adjusted and corrected.
With the advance in mechanical methods this does not
seem wholly impracticable, especially with a mirror of long
focus. Since the final correction must always be made
by hand, it makes but little difference what 1s the exact
form of the surface.

In any case it -would be a great advantage that the
mirror could be reground, repolished, or resilvered with-
out moving it from its place. It would only be neces-
sary to place it horizontally, and the grinding machinery
could be kept permanently near it. If plane, the perfec-
tion of its form could also be tested at any time by setting
it on edge, and viewing the image it reflected by a colli-
mating eyepiece attached to the large telescope. Another
method would be to place a heliotrope a few hundred
yards to the north or south ot it, and the light from this
would form an excellent artificial star, available whenever
the sun shone.

The greatest advantage is the rapidity with which ob-
servations could be made. No more time would be lost
in identification than with a transit instrument, so that a
large number of objects could be examined in the course
of a single hour. Any one who has worked with a large
telescope knows how much time is lost in opening and
closing the dome and in finding and identifying minute
objects.

Let us now consider to what purposes a large telescope
mounted as suggested might be applied.

1. Sweeping. For the discovery of new objects this
mounting presents especial advantages. It might be used

for the detection of new double stars, of nebula, of red
stars, or of objects having singular spectra, as planetary
nebula, banded stars, and variables of long period.
Suppose that the field of view had a diameter of some-
what over one minute of time, and that a small motor
was attached to the mirror which would move it uniformly
over §5© in declination in this time, and then bring it
quickly back to its first position. The observer would
then have presented to him a series of zones §© long and
one minute wide. The sweeps should overlap by a small
amount, so that the entire region could be covered in a
single evening. The observer could have a few seconds
rest between each zone, while the motion of the mirror
was reversed. If an object of interest was suspected, it
could be located by merely noting the time at which it
was seen. - The right ascension would be given directly,
and the declination would be found by interpolation from
the time of beginning and ending the sweep. An exami-
nation of the object and a determination of its exact
location should be made on another evening.

2. Measures of position. For many purposes positions
could be determined with this instrument as in a transit
circle. It would generally be better, however, to make
the measures differential, leaving the mirror at rest and
observing the transits of the object to be determined and
of two or more companion stars. The method of the
ring micrometer might be employed, o1 some modification
of that with inclined lines. In the latter case the zero of
position could be found by the transit of preceding stars,
by setting the reticule by a divided position circle, cr per-
haps better by keeping it in a fixed position, determining
the direction of the lines once for all, and applying a cor-
rection for the declination of the object observed. Stars
could be compared differing nearly a degree in declination,
as the eyepiece could be moved without danger of dis-
turbing the reticule. For the same reason the star could
be followed for three or four minutes, and its transit over
a great number of wires observed. It is here assumed
that the distortion produced by the mirror is not very
great. A slight distortion would do little harm, as it
would be the same for all stars of equal brightness. If
the stars differ greatly in brightness, the observer should
determine his personal equation between them in any
case, and the same operation would eliminate the effect of
the distortion. The large aperture of the instrument
would permit the observation of stars quite beyond the
reach of any meridian circle. The faintest “asteroids
could thus be readily measured, and could probably be
followed in many cases on successive evenings to their
stationary points. Zones of stars could be observed very
conveniently for the formation of charts or catalogues,
for the discovery of asteroids, stars with large proper
motion, &c.

Probably the definition could not be sufficiently good
for the measurement of the closer double stars, but if
clockwork was attached, faint companions could be mea-
sured, or approximate positions of the coarser pairs de-
termined very rapidly. The positions of nebule could
also be observed with a view to detecting their proper
motion. Stars having a large proper motion might be
observed, and the observations so arranged that any very
large parallax would be detected. A similar search for a
large parallax of variable stars, short-period binaries,
minute planetary nebula, or stars having singular spectra,
might lead to interesting results. The argument that no
ordinary star is very near does not apply to such objects.

3. Spectroscopy.  The increased dimensions which
could be given to the spectroscope, and its steadiness,
would compensate in a great measure for a defect in
definition. By Zéllner’s reversion spectroscope the slit
might be dispensed with, and also the necessity of clock-
work, So many stars could be observed in a single even-
ing that systematic errors could be in a great measure
eliminated, and as the spectroscope would not be moved,
we should have a great assurance that the deviations were
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real. Of the 6ooo nebule hitherto discovered we know
nothing of the spectrum of more than 300 or 400, while
the observation of all the others with a large horizontal
telescope would not be a very formidable undertaking.
It would also be interesting to observe the spectra of all
the clusters. It is possible that some may consist of stars
having singular spectra, or even of disconnected nebulous
masses, in fact forming clusters of planetary nebule.
The interesting discovery by Dr. Copeland that Burn-
ham’s double nebula in Cygnus is gaseous, shows the same
tendency to aggregation in these bodies as in stars. Ob-
servations of the spectra of all the red stars and variables
would also probablylead to interesting results.

4. Photometry. Should the instrument be devoted to
photometry numerous problems suggest themselves.
Variable stars could be observed near their minimum
when too faint to be identified with an equatorial without
great loss of time. Faint stars in zones or faint com-
panions to bright stars could be measured very rapidly.
The relative light of all the asteroids would be an interest-
ing problem. Many coarse clusters appear to consist of
stars of nearly equal brightness. Their light compared
with their distances apart might aid our study of their
formation. Another useful investigation would be to
measure the brightness of all the nebule.

In the application of physics to astronomy doubtless
many other problems will suggest themselves. Thus no
satisfactory results have been obtained in the attempt to
measure the heat of the stars with the tasimeter. The
use of this instrument would be vastly simplified if it was
placed on a solid pier near the ground, was not moved
during the observation, and could be perfectly protected
from other changes of temperature than those which it
was intended to measure,

As either of the problems proposed above would occupy
the time of a telescope for at least one year, it is obvious
that there could be no difficultyin keeping such an instru-
ment occupied indefinitely.

The horizontal mounting is especially adapted to an
elevated position, and would permit the use of a telescope
where an equatorial mounting would be quite impractica-
ble. On the other hand, to an amateur, or for purposes
of instruction, an instrument which could be set quickly
from one object to another, and where the observers need
not be exposed to the cold, would offer many advantages.
The impossibility of observing far from the meridian
would be less important with a large instrument, where
the number of objects to select from is very great.

There are certain purposes to which this mounting
could not be advantageously applied. The study of close
double stars and other objects requiring long examination
and very perfect definition could be better left to other
instruments. The sun, moon, and planets can also
generally be better observed off the meridian. If, how-
ever, the entire time of an instrument can be employed to
advantage, and it can collect several times as much
material as an instrument of the usual form, it is no
evidence against its trial that there are certain problems
to which it cannot be advantageously applied.

The working force required for such an instrument should
consist of at least one observer, an assistant to record, and
a number of copyists and computers to prepare the work-
ing lists, reduce the observations, prepare them for the
press, and read and check the proof-sheets. A large
volume of valuable observations could thus be produced
every year, which would require at least double the time
and ‘money to produce by the same telescope mounted
equatorially. The difference in the amount of work will
be evident when we compare the number of objects ob-
served with a transit instrument per night, with those
observed with an equatorial. A hundred objects in vari-
ous declinations might be examined in a single evening,
while it is seldom that the same number could be identified
and measured by an equatorial in a week.

ON MAXIMUM SYNCHRONOUS GLACIATION.*
By W. J. McGEE.

In the development of knowledge of the cosmos, the
tendency has ever been to look at first upon all phe-
nomena as mystical and incomprehensible; and only
after repeated observation and much study has it been
decided that any class of phenomena may be the result
of the operation of the identical laws whose existence is
established by every-day observation. Thus, in geology,
catastrophism prevailed long, but finally yielded to a
rational uniformitarianism; in general biology the idea
of special creation has only given way to that of deriva-
tion within the memory of a child; and in anthropology
the mystical view yet generally prevails. The narrow
domain of glacial physics, as embodied in the glacial
theory, is still in the transitional stage. When that
theory was first acceptably propounded by Agassiz, the
details were so vaiied, the recognized relations so unique,
and the whole conception so grand and startling, that
even the more conservative ot those who early became
its advocates, forgot for the time the necessity for keep-
ing all assumed data within the bounds of actual obser-
vation or legitimate induction; and hence not the least
valuable of the later contributions to the theory are those
which bring out its relation to established laws, Such is
the aim of the memoirs bearing the above title ; the par-
ticular phase of the subject discussed being that known
as the “ice-cap theory.”

The conclusion of Tyndall that such a supply of heat
as may be necessary to produce large quantities of
aqueous vapor, and an area of sufficiently low tempera-
ture to not only condense but congeal the vapor brought
to it, are the first requisites for glaciation, is adopted at
the outset; but it is shown that while the regions which
turnish and those which congeal the vapor may be con-
tiguous, they must be quite distinct. There is no other
substance than water in the solid state- which will
abstract heat from the superfluitant vapor with such
facility as to form, when spread over the surface, a con-
denser of sufficient power to meet the requirement of
glaciation; and such a condenser must so far exceed in
capacity any tax that may ever be placed upon it, that it
will Znnediately condense and congeal all moisture that
may be brought to it by a&rial currents; for if the vapor
is not immediately condensed it will cut off radiation
from the ice below, and thus accelerate melting ; and if
the vapor is only condensed but not congealed it will fall
as rain, and every pound of it will melt 143 pounds of ice
before it is itself frozen.  7%e integrity of the condenser
lience depends on its capacity being far in excess of the
work 7t may be called wupon to perform. Now if a con-
denser formed of an ice-sheet 1.200 or 1,400 miles in
diameter on any part of the globe be assumed, it is mani-
fest that the tendency of the accumulating ice will be to
form an annular belt of maximum thickness, gradually
attenuating toward the center of the area; for if the
vapor-laden air were not immediately robbed of its mois-
ture in sweeping over the condenser, the marginal por-
tions of the ice would soon be destroyed. But no matter
how perfect the condenser, glaciation can never occur
unless there are ample quantities of vapor supplied to it ;
and the greatest possible accumulation of ice at any lati-
tude may accordingly be regarded as proportional to the
moisture conveyed thither. It follows that the greatest
possible accumulation of ice in polar regions can never
have been nearly as vast as that at lower latitudes
during the quaternary ; and indeed it was probably never
much greater than at present. Geological evidence, so
far as accessible, corroborates this view.

Similar conclusions are reached by an independent line
of investigation. Within an extensive area covered by
ice or snow, both aérial and aqueous currents would be
either stopped or so modified as to be practically inopera-

* Reprint from Proceedings of the A, A, A, S, Vol, XXIX,




