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INTRODUCTION.

The immediate incentive 1o the following investigations was the suggestion by M.
Loewy of the extended use of the equatorial telescope and its adaptation to new lines
of research through the introduction of reflecting surfaces in front of the objective.
A comparison of the Following pages with M. Loewy’s priuted papers will show that
in many respeots I have deviated widely from his meibods in the applleation of the
principle suggested by bim, ond it seems propet to state that this deviation arises
mainly from the circumstance that I have independently worked out what seemed
to me sdvantagoous methods in igoorance of his development of the subject, his
papers not hecoming accessiblo to me until after T had become commitied to methods
and an instrument of my own design.

For pecuniary aid in the construction of this instrument I am indebted to the
trustees of the Watson fund of the National Academy of Beionces, who placed the sum
of eight bundroed dollars at my dispogal for this purpose. T take this opportunity of
expressing to the gemtlemen composing the bourd of trusiees of that fund, Messrs.
Simon Newcomb, B. A. Gould and Asaph Hall, my {haoks for the confidence thus
extended to my atlempts at applying what was then 8 now and untried method of
research,

The fundamental idea of the prlsm apparatus designed by M. Loewy and described
in & series of papers published in the Cumy Repdus e I' Avadénic dea Sei 1
Vol. CHL, & seq., is that if two reflectiog surfaces be placed in front of the objective
of a telescope in such m mauner ns to reflect into the objective images of different
portions of the heavens, the angular distance separating any pair of stars whose im-
agea are thus formod in the telescope, may be found by adding to twice the angle be-
tween the reflecting surfaces the angular distauce b the images of the stars,
This latter quantity may be determived with great precision by means of a filar
micrometer, but the angle between the reflecting surfaces does not sdmit of very
precise determination, and the observing programme proposed by M, Loewy is's
purely differential one, from which the angle between the reflecting surfaces is elim-
insted,
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It is evident that if instead of two mirrors, three or any greater number be em-
ployed and be so placed as to make approximately equal angles one with another, the
mean value of the angles formed by the seversl pairs of mirrors will be determined
by purely geometrical considerations, ¢ g. in the case of three mirrors this angle
will be 60°, and if each pair of mirrors be employed in the determination of the mi-
crometer distance between the images of the stars as seen in the field of the tele--
seope, the absolute angular distance botween the sters will be 120° plus the mean of
the three measured distances, The distance belween any palr of siars approximately
1207 apart may therefore be measured by employiog three mivrors; and it may be
noted that no other distance sdmits of such a determination, since if four mirrors be
employed the corresponding distance becomes 1807, and it is practically impossible
that both stars should be simultaneously visible, and 4 fortioe! for any greater num-
ber of mirrors.

All of the obgervations which it is the purpose of the present memoir to set forth
and discuss are measurcments of tho angular distance between stars approximately
120° apart, and such a distanca will hereafter be dennted by the symbol 4.

In my first design of an instrument adapted to observations of this kind, the re-
flecting surfaces were the silvercd faces of an equisngular glass prism gupported
in front of the oljoctive of an ecqualorislly mounted tslescope, with tho axis of the
prism perpendicular Lo the line of sight. The Lheory of the appsratus, hereafter de-
veloped, indicates the following requircments which must be satisfied by the mechan-
ieal eonsbruction.

(«e.) The prism must admit of rotation thryugh 360° about a line approximately
coincident with its own axis

{8.} The axis of the prism mmust wdmit of rolation through 366° about a line ap-
proximately eoincidenl with the line of sighl of the tefescope,

(c.} The prism must be so supported that neither of these rotations shall have any
systematic effect in distorting the figure of the reflecting surfaces.

(d.) It is obviously a matter of practical eonvenienco that the rotations {«) snd
(&) should be effccted from the eye end of the telescope, and I adopted this as a fur-
ther condition to be satisfied.

The apparatus was to be attached to the six-inch Clark equatorial telescope in the
" Student's Obscrvatory” of the University of Wiscoosin, This telescope was for-
merly the property of Mr, B, W, Buroham, and its optical excellence may be inferred
from the large wmount of double-star work, both measurement and discovery, done
with it by Mr. Burnbam, The objective has & clear aperture of 152 mm. and a focal
length of 2,384 ssm. It is monntad in & wooden tube carried by a light equatorial
mounting of the ordinary Clark type, and is provided with ao excellent driving
clock. The filar micrometer which constitutes an essentisl part of the apparatus is
described in a subsequent section devoted to its investigation,

The equiangular glass prism which was to furnish the reflccting surfaces was pre-
pared for me by Mr. J. A. Brashear, who informs me that he expericnced great diffi-
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culty in figuring the surfaces by reason of changing temperature distorting the adges
of the prism move rapidly than its central portions, "Qur standard test plate is one
balf inch thick, the prism being so heavy the effect of merely opening a door could
be seen in less than fifteen seconds, and the only way woe were sure of the surface

was to lcave the test plate on prism for a vight, light the sodium flame and test im

mediately, "

Singe distortions of this character finally compelled me fo abandon the vse of the
prism and to substitute for it avother device, s summary description of this part of
the apparatus will suffice,

The prism was a single block of glass, each of whose silvered faces was 128 mm,
square, save that the coroers were rounded off to prevent chipping. The prism was
supported by brass cheeks led into and cemented fo its trisogulsr bases, and to each
of these cheeks there was attwched by suitable adjusting screws a circular brass plate
with an aperture 5 mm. in diamcter drilled in its conter. By means of the adjust-
ing screws these apertures were to be brought into the axis of the prism, and were
to form tho bearings for a pair of pivets supporbed near and in front of the edges of
the cbjective of the telescope, These pivets constituted an axis aboul which the
prism was o be rotated by an endlass cord extending to the eye end of the telescope.

The distance of the pivots Tn front of the ubjective was very approximately
150 mm., und they were supported by 8 bruss casting whose form and position with
respret to the telessope ore shown in the plate giviog a goneral view of the tele-
scope and dome. By means of four capstan-headed adjusting serews placed 90° apact
the casting was atisched o cach of two stout metallic rings firmly botted to the upper
end of the telescope tube, and by moans of these screws the prism eould ba brought
into a positiou symmetrical with respect to the line of sight of the telescope. No
part of the supports of the prism came in contact with the objective or ite cell

To secure a rotation of the prism sbout the line of sight (Condition #) the original
connection between the telescope tube and the declination axis was replaced by a
simple form of heliometer cradle with handles for rapid and slow rotalion of the tube.
A divided circle reading to minutes of are wos attached to the eye cud of the tube in
order to measure the amount of rotation of the telescope in ity eradle. Since this
rotation corresponds to and is measured by an angle which in the theory of the appa-
ratus is represented by the symbol P, this circle will be called the P circle,
Although the cradle was provided with ball beurings for the support of the teloseope,
the motion of the tube proved to be ruther stiff, and was the source of some incon-
venience in the conduct of the observations.

It will be recognized from tho preceding deseription that the iwo faces of the prism
which are cmployed as mirrors in any given observation, stand over opposite halves
of the objective, and it is well known that this unsymmetrical distribution of the
incident light will produce oreors in the measured distance between the star images
unless the micrometer threads are placed exaetly in the focal plane of the objective,
In order to eontrol the focal adjustinent of the telescope with all possible precision



