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Photography OFf The Stars

" A Classic of Science”

THE TELESCOPE, the spectroscope and
the camera are the three great keys to the mystery of
the stars. Pickering combined the use of all three to
make a new kind of chart on which the stars register
their own position in the form of their spectra.

AN INVESTIGATION IN STEL-
LAR PHOTOGRAPHY conducted at
The Harvard College Observatory, by
Edward  C. Pickering.  Cambridge
(Mass.), 1886.

Charts

N THE formation of charts of the
' stars by photography, we have a defi-
nite model to copy. It is not likely
that any one will attempt to construct
by eye observations charts of any con-
siderable portion of the sky which will
be more complete than those of Peters
and Chacornac. If then charts equal to
these can be obtained by photography,
it may be regarded as an entirely satis-
factory solution of the question. The
area- of these charts is 5° square, and
their scale is 6 cm. to 1°, or three times
the scalc of the Durchmusterung. This
scale corresponds to a focal length of
343.7cm. or 135.3 inches. But it is
impossible, without enlargement, to
print the finest details visible on a good
photograph, and, if printed, they could
not be seen without a magnifying glass.
The neccessity of such a glass would
greatly interfere with the general utility
of star charts, especially when they are
to be compared with the stars at night.
Accordingly, the plan of enlarging the
photographs does not seem objection-
able, although some of the finer detail is
lost. The scale of the photographs taken
with the telescope is 2 cm. to 1°. If then
they are enlarged three times, their scale
will be the same as that of the charts
named above. Lenses are made for ordi-
nary photographic purposes which will
include a field of view of 60°, or even
90°, without serious distortion. A
photograph of the stars is, however, a
far severer test. The distortion becomes

perceptible even at a few degrees from
the centre. With a single achromatic
lens, the distortion is perceptible within
a single degree; but with the compound
achromatic, such as that of the telescope
just mentioned, 2 much larger angle
may be covered satisfactorily. The dis-
tortion at the sides of the plates, 5°
from the centre, is not very large; at the
corners of a plate 5° square, about 3°.5
from the centre, the errors are so small
that they will not setiously affect the
value of a map.

The advantages of this plan for con-
structing star charts are its economy and
the rapidity with which the work can be
performed. When several exposures
are made on each plate, an error in one
will ruin the whole. A single exposure
of one hour is here proposed, which
also diminishes the danger of interrup-
tion by clouds. The apparatus works
automatically, and an observer is not
needed who shall continually correct the
motion of the clockwork by watching a
star through an attached telescope. A
great saving in fatigue is thus effected,
and skilled labor is not required, since
the wortk may easily be reduced to a
routine.

The cost. of continuing the work
throughout the entire night would be
small, since it would only be necessary
for the observer to change the plate and
readjust the instrument once an hour.
If desired, the intervening time could
be employed in other observations. The
average length of a night, after allow-
ing for twilight, is about ten hours. It
would not be difficult to find a location
where four nights in every week would
be clear. This would give for the maxi-
mum capacity of a single photographic
telescope nearly two thousand plates

annually. The arca covered by each
plate is twenty-five degrees square. The
total arca of the sky is about forty thou-
sand degrees square. Sixteen hundred
plates would therefore be required to
map the entire sky. Two stations must
be employed to reach both notthern and
southern stars, and it therefore follows
that it would be possible to prepare in
this way a map of the whole sky in a
single year. The final charts would not
show the faintest stars that could be
obtained by photography with larger
instruments, but would give about as
many stars in a given area as are con-
tained in the charts of Peters and Cha-
cornac. The charts should be carefully
compared with the original negatives, to
remove defects which might be mis-
taken for stars. To avoid the need of
this comparison, the polar axis of the
instrument may be moved slightly in
azimuth. Each star will then lcave a
short vertical trail. These can be dis-
tinguished with certainty from defects
in the plate, and will give a more ac-
curate indication of the brightness of the
stars than can be derived from circular
images.
Stellar Spectra

An investigation of the photographic
spectra of the stars was conducted on an
entirely different method from that em-
ployed by previous investigators. A
large prism was constructed, and placed
in front of the object-glass, as was first

‘suggested and tried by Father Secchi in

his eye observations of stellar spectra.
The great advantages of this method
are, first, that the loss of light is ex-
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tremely small, and, secondly, that the
stars over the entire field of the instru-
ment will impress their spectra upon
the plate. As a result, while previous
observers have succeeded in photograph-
ing the spectrum of but one star at a
time, and have not obtained satisfactory
results from stars fainter than the second
or third magnitude, we have often ob-
tained more than a hundred spectra on
a single plate, many of them relating to
stars no brighter than the seventh or
eighth magnitude.

The first experiments were made in
May, 1885, placing a 30° prism in
front of the object-glass of the lens.
No clockwork was used, the spectra be-
ing formed of the trails of the stars. In
the spectrum of the Pole-star over a
dozen lines could be counted. In the
spectrum of alpha Lyrae the char-
acteristic lines were shown very clearly.
Exposures of two or three minutes were
usually employed, although one minute
gave an abundant width. In the spec-
trum of alpha Aquilae, besides the lines
seen in alpha Lyrae, some of the addi-
tional faint lines noticed by Dr. Draper
were certainly seen.

In the autumn of 1885, two prisms
were constructed, having clear apertures
of 20 cm. and angles of about 5° and
15°.  They could be placed over the
object-glass of the photographic tele-
scope without reducing the aperture.
The second of these prisms was that
actually employed in the experiments
described below.

The prism was always placed with its
edges horizontal when the telescope was
in the meridian. The spectrum then
extended north and south. If clock-
work was attached, a line of light would
be formed too narrow to show the lines
of the spectrum satisfactorily. The usual
method of removing this difficulty is the
employment of a cylindrical lens to
widen the spectrum; but if the clock-
work is disconnected the motion of the
star will produce the same effect. Unless
the star is very bright, the motion will,
however, be so great that the spectrum
will be too faint. It is only necessary
to vary the rate of the clock in order to
give any desired width to the spectrum.
A width of about one millimetre is
needed to show the fainter lines. This
distance would be traversed by an equa-
torial star in about twelve seconds. The
longest time that it is ordinarily con-
venient to expose a plate is about an
hour. If then the clock is made to gain
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W here the Harvard star catalog, in which the whole firmament is recorded, had its birth.

or lose twelve seconds an hour, it will
have the rate best suited for the spectra
of the faintest stars. A mean-time clock
loses about ten seconds an hour. It is
only necessary to substitute a mean-time
clock for the sidereal clock to produce
the required rate. It was found more
convenient, however, to have an auxi-
liary clock whose rate could be altered
at will by inserting stops of various
lengths under the bob of the pendulum.
One of these made it gain twelve
seconds in about five minutes, the other
produced the same gain in an hour. The
velocity of the image upon the plate
when the clock is detached could thus
be reduced thirty or three hundred and
sixty times. This corresponds to a dif-
ference of 3.7 and 6.1 magnitudes re-
spectively. Since the spectrum of a star
of the second magnitude could be taken
without clockwork, stars of the sixth

and eighth magnitudes respectively
could be photographed equally well
with the arrangement described above.

Photography at Harvard

The work in stellar photography
done at the Harvard College Observa-
tory may be summarized as follows.
The first stellar photograph ever taken
was obtained here in 1850. In 1857
the investigation was resumed, and the
value of stellar photography as a means
of determining the positions and bright-
ness of the components of double stars
was established. In 1882, the present
research was undertaken with a lens
having an aperture of only 214 inches.
It was shown that photography could be
used as a means of forming charts of
large portions of the sky, and of deter-
mining the light and color of stars in
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all portions of the heavens. Photographs
of the trails of close polar stars no
brighter than the eleventh magnitude
were obtained without clockwork. Stel-
lar spectra were obtained of the brighter
stars without clockwork, in which all
the principal lines were well shown. In
1885 the investigation was resumed
with a telescope having an aperture of
8 inches. With this, 117 stars within
one degree of the pole, one of them no
brighter than the fourteenth magnitude,
left trails. The average deviation of the
measures of the brightness of these stars
on different photographs was less than
a tenth of a magnitude, a greater ac-
cordance than is given by any other
photographic method. A similar result
was obtained from the Pleiades, of
which group over fifty left trails. Sim-
ilar trails are now being obtained of
the stars north of —30° in all right
ascensions. This work began in the
autumn of 1885 at 23", and has already
been completed for more than half of
the sky. By photographing on the same
plate polar stars near their upper and
lower culminations, material has been
accumulated for determining the atmos-
pheric absorption on each night of ob-
servation. A study has been made of
the application of photography to the
transit instrument. Measurements of
the trails show that the position of a
star may be determined from its trail
with an average deviation of 0%.03,
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which is about one-half the correspond-
ing deviation of eye observations.

Charts may be constructed 5° square,
having the same scale and dimensions as
those of Peters and Chacornac. A single
exposure of one hour is required, and it
is not necessary that the observer should
remain with his eye at the telescope to
correct the errors of the clock.

By placing a large prism in front of
the object-glass, excellent stellar spectra
have been obtained. An exposure of five
minutes gives the spectra of all stars
brighter than the sixth magnitude in a
region 10° square. About half of the
region north of —25°, beginning at
0f 0m, has been photographed in this
way. With an exposure of an hour the
spectra of stars no brighter than the
ninth magnitude are shown. Over a
hundred stars have thus been taken
simultaneously on a plate by a single ex-
posure. Means have been provided for
carrying out this work on an extended
scale, as a memorial to the late Dr.
Henry Draper.

Miscellaneous observations have been
secured of the Pleiades, of the Nebula
in Orion, of Jupiter’s satellites, and of
various other objects; also of the new
star in Orion and of its spectrum, and
one plate showing that this star must
have been much fainter on November
9, 1885, than when discovered, five
weeks later.
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New Apparatus Makes Talkies
With Amateur Size Film

PORTABLE sound movie equipment,
using the narrow 16 millimeter
film now standard for amateur cameras
and projectors, has been developed by
the Westinghouse Electric and Manu-
facturing Company. The Society of
Motion Picture Engineers, at its recent
meeting in New York, heard an ac-
count of this equipment, for which C.
R. Hanna, P. L. Irwin and E. W.
Reynolds are responsible.

The only difference between the
sound film and the ordinary kind of
the same size is that in the former one
row of sprocket holes is omitted to
make room for the sound track, the
record being made right on the film

as in most of the theater methods.
Like the large film equipment, the
light from a small lamp shines through
this sound track, then it is analyzed by
a photoelectric cell, and converted into
electric impulses. These in turn operate
the loud speaker.

The entite equipment can be carried
in three cases, one for the projector,
one for the amplifier and one for the
loud speaker and screen. Together
they weigh 120 pounds, so that talkies
have not yet been simplified quite as
much as the tiny home silent projectors.
However, the new apparatus is seen as
a step nearer successful home talkies.
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