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THE TURRET EQUATORIAL TELESCOPE

A NEW ASTRONOMICAL OBSERVATORY

By James HARTNESS
ABSTRACT

This paper describes a new type of astronomical observatory which was
designed to protect the observer from the cold to which he is exposed in most
of the observatories now in use. It accomplishes this purpose by the use of a
revolving turret for the polar axis of the instrument, making the instrument
and building integral. By this change in scheme of mounting it has been pos-
sible to avoid the use of the large reflecting mirrors employed in all previous
designs where the comfort of the observer has been the controlling motive.

The problem in making an observatory of this kind is to maintain an equal
temperature within and without the telescope tube, in order to avoid estab-
lishing disturbing air currents. and of course it i8 necessary to receive the beam
of light coming from any object above the horizon.

In all previous work at least one relatively large plain reflector has been used
to change the direction of the beam of light from that in which it comes from
the celestial object to the fixed direction requisite for the eyepiece. In the
present instrument the eyepiece has a slight motion, and therefore does not
possess the ideal feature for comfort of the observer that is possessed by the
previous instruments, but by sacrificing a trifle in this respect it has been pos-
sible to avoid the use of a large mirror. The point at which the direction of
the cone of light is changed is about one-quarter of the distance from the ocu-
lar to the objective; this gives an area of about one-gixteenth of mirrors located
near the objective. This is so small that it is possible to use a prism instead
of a mirror, although even with a mirror it would be a distinct gain.

The paper includes a description of the means for heating and ventilating,
and also touches on the delicate subject of patent rights for scientific instru-
ments and the adverse effect to science of the present policy of allowing such
things to go unprotected by patent rights.



THE TURRET EQUATORIAL TELESCOPE

A NEW ASTRONOMICAL OBSERVATORY
By JamMeEs HARTNESS, SPRINGFIELD, VT.

Member of the Society

The subject of this paper cannot be properly considered without acknowl-
edgment of indebtedness to at least three of our members, each one preéminent
in one or more branches of astronomical science. Notwithstanding their
great variety of interests, these men have found time to write long letters of
advice and criticism in response to questions or on submission of drawings
suggesting the various steps in the evolution of the present scheme. Years
ago the writer thought he was favored in this respect, but later observation has
proven that the same earnest, personal consideration is given to anyone. It
was from these men that the microbe of work in the astronomical field was
taken, and it is a pleasure to acknowledge indebtedness to our Honorary
Member John A. Brashear, and to Past-Presidents Worcester R. Warner and
Ambrose Swasey, for advice and criticism of the optical and general features of
the various schemes out of which this new observatory has evolved. Indebt-
edness is also acknowledged to James B. McDowell and other members of the
staff of John A. Brashear Co., Ltd., and to Alvin Clarke Son Corporation for’
painstaking care in answering questions and giving advice regarding the opti-
cal parts.

The new observatory grew out of an attempt to make an observa- -
tory in which the observer could work in comfort, independent of the
outside temperature. To accomplish this end without serious handi-
cap to good seeing and instrumental precision involved a departure
from previous forms.

2 For the purpose of defining the relation of the new observatory
to preceding types it is necessary to refer to diagrammatic illustra-
tions, Figs. 1A, 2A and 3A. These sketches are purely schematic
and are not true to important details.

3 Fig. 2A for the purpose of this paper will be referred to as the
Standard Observatory, since it represents a type most highly devel-
oped by reason of the greater number of instruments of this kind
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1512 THE TURRET EQUATORIAL TELESCOPE

that have been made. This instrument is not only the most efficient
optically, but is probably the most reliable in point of mechanical
precision when compared with any other instruments designed for
covering the whole heavens and for general purposes. It has, how-
ever, the one serious handicap of requiring within the building a
temperature equal to that of the outside air. It is for the purpose
of overcoming this handicap that the instrument to be described was
designed.

4 Fig. 1A is known as the Equatorial Coudé, or Elbow Equatorial.
This instrument was designed to shelter the observer in comfortable

Fro. 1a Diagramuatic Sxprce or THE EQUaToRtaL CoUub®
Object glass, 23 in. in diameter with 25:1 focal length; largest diameter of larger mirror, 83 in.;
largest diameter of mirror at elbow, 23 in.

quarters. It is of French origin and a number of these are in use in
Paris and elsewhere.

5 Fig. 3A is a schematic sketch of the new instrument which we
propose to designate as the Turret Equatorial.

6 All of these instruments are refractors, using an object glass
for collecting the rays of light and delivering them to a focal point
within reach of the eyepiece.

7 In the standard equatorial the optical parts consist merely of
the object glass and the ocular; for this reason it has the highest
efficiency[of any instrument for this purpose.
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Fia. 2A Srawpamp EQUATORIAL
Object glass, 10 in. in diameter with 15:1 focal length.

. Fra. 3A Tureer EQuaToRiaL
Objesct glass, 10 in. in diameter with 15:1 focal length, 23-in. prism at bend, which is approximately
4 the distance from eyepiece to objective. Actual sise of beam of light is 2} in. at this point, or ¢
the area of objective.
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8 The equatorial coudé purchases its comfort for the observer at
the expense of a more or less serious optical loss, for between the ob-
ject glass and the eyepiece two diagonal plane mirrors are interposed.
In this instrument the beam of light comes to the eye at about the
same angle as from a microscope on a table. The mirror at the ob-
ject glass, of course, must be large enough to deliver the full bundle
of rays, and since it stands at an angle of 45 deg., its major diameter
must exceed the diameter of the object glass by about 40 per cent.
This is also true of the diagonal plane at the elbow, although the
diameter of the cone of rays is about 0.6 the diameter of the object
glass. Notwithstanding this handicap, the equatorial coudé has
doubtless been considered the best instrument which could be used
by an observer comfortably housed.

9 There is another instrument, not shown in the sketches, some-
what similar to the equatorial coudé. It is called the broken equa-
torial coudé, and is joined at the bend in the elbow, avoiding the
necessity of the large mirror at the objective. It has been excluded
from this description because it does not cover the whole heavens.
Its building obscures the circumpolar stars and that part of the heav-
ens that happens to be north of the building.

10 Mention should also be made of the Tower telescope at Mount
Wilson, Cal., designed for solar work. In this the beam of light
is delivered downward by means of two reflectors through the
object glass also located at the top of the tower. Reference might
also be made to the various horizontal telescopes that have been
used. But these instruments have thus far been used for only a
limited part of the range covered by the standard equatorial.

11 In addition to the standard equatorial and equatorial coudé,
both of which should be classed as refractors, special meation should
be made of the common reflector as it is now mounted at Harvard
University. This instrument delivers the beam of light to the ob-
server, who may be seated at a desk, just as in the equatorial coudé
observatory. It is, however, a reflector, and should perhaps be kept
in a class by itself. It also uses two auxiliary mirrors to deliver into
the eyepiece, and furthermore, like the broken equatorial, its working
range is limited by the obscuring of part of the heavens by its own
structure.

12 In all of the instruments designed for the comfort of the ob-
server it has been necessary to introduce one or more reflectors, and
barring the common reflector at Harvard and the broken equatorial,
these auxiliary reflectors have been located near the objective.
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Fia. A View rRoM A POINT SOUTHEAST OF THE OBSERVATORY
Note the various positions of the turret on its axis and the positions of the tube in Figs. A-G

Fia. B View FroM A PoINT ABOUT NORTHEAST OF THE OBSERVATORY
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Fie. C Vizw smowinG Weer Sip® anD Sourm Enp

Fia. D WINTER VIEW TAKEN JUST AFTER COMPLETION OF GRADING, BHOWING NORTE END AND
Easr 8ip»
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Fia. F ENLARGED VIEW or INTERIOR OF Domy
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13 In the present instrument the direction of the beam of light
is changed, but instead of using a large mirror near the objective, a
prism is used nearer the eyepiece. The area of the bundle of the cone
of rays at the prisms is approximately 5 of the area of the object
glass. By avoiding the use of large mirrors there is, of course, the
optical gain, and the mechanical difficulties encountered in holding
these large mirrors without flexure are also obviated.

14 The means employed to shelter the observer and provide suit-
able mounting and control for this telescope may be briefly described

F16. G TuRRET EQUATORIAL OBSERVATORY AND RESIDENCE TO WHICH IT 18 CONNECTED BY UNDER-
GROUND Passaaxway

as a building having a turret-like dome, this dome being mounted
to rotate on an axis parallel to the axis of the earth.

15 In approaching this problem it is perhaps well to bear in mind
the fact that the distances between the instrument and the celestial
objects are so great as to be practically infinite; hence, in saying that
the turret is mounted on an axis parallel to the earth’s axis, it will be
just as well for our present purpose to consider it located at the axis
of the earth. Furthermore, in considering the joint between the
telescope and the turret, it will be more readily understood if we re-
gard the pivotal connection of the telescope tube to the dome as
located directly in the middle of the turret instead of at one side

Digitized b
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16 Regarding the mechanical precision of the present instrument,
it is very natural for us to question the reliability of a turret in serving
the place of an arbor for the main polar axis. This axis not only
provides a control of the motion of the telescope as it follows a star in
offsetting the earth’s motion, but it also must combine with it some
means for. knowing with considerable precision a reasonably exact
reading of the hour position or right ascension of the object. These
two things make it necessary to provide the turret with a perfectly
planed surface on its under side and a truly circular track. It also
requires in the building a stable mounting for rolls on which the turret
rests.

17 There are two sets of rolls: one set on which the flat face of the
turret rests must keep the axis of the turret parallel with the axis of
the earth. The circular part of the turret bears on the other set of
rolls. The office of the second set is to hold the axis of the turret in
a fixed position relative to the building to facilitate convenience in
measurement of the angular position of the telescope as to hour
position or right ascension.

18 If we can assure ourselves of the reliability of the turret for
axial control and means for measuring the angular position of the tube
around this axis, the author thinks we should be ready to accept the
present scheme on account of its making possible the comfortable
housing of the observer.

19 In mechanism for obtaining the greatest precision of axial
control of a rotating object, machine designers invariably prefer an
arbor of relatively small diameter mounted in two bearings, with the
distance between the bearings of at least half a dozen diameters.
Small diameters also furnish a most reliable center control around
which to measure angular position.

20 In the present case as in nearly every problem of machine
design, there are, however, other elements to be considered. The
best solution is to determine what compromise to make. Even the
almost ideal mounting of the standard telescope, such as exemplified
in the great Yerkes refractor, an instrument which undoubtedly meas-
ures the highest attainment along these lines, seems handicapped
by a delicacy of poise which is not the most favorable for stability
of control.

21 It is entirely beyond and outside the object of this paper to
discuss these various instruments, but it seems necessary, in order
to set forth the object of the present instrument, to call attention to
those that have preceded it, and in doing so to set forth the apparent
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advantages and disadvantages as they appear to a novice, giving a
view which, while it may not be correct, has at least the advantage
of being a fresh one.

22 The refracting telescope having standard equatorial mounting
is not only the best, optically considered, but it is undoubtedly super-
ior to all others when made in the smaller sizes and for use in pleasant
weather. The mechanical difficulties, however, increase very fast
with the size of the telescope, and there are, of course, many latitudes
and altitudes at which these instruments are used where the observer
must be exposed to very cold weather.

23 The mechanical handicaps of the larger telescopes are due to
the overhanging tube and counterweights. Noteven the highestexcel-
lence in workmanship in making these machines nor the skill in their
use seems to offset this instability. To the beginner, at least, it would
appear that a breath of air or a change of adjustment would be suffi-
cient to cause a quiver.

24 Referring now to the use of large mirrors, such as are used in
the equatorial coudé and others, we have already mentioned the me-
chanical difficulties encountered in controlling the position of these
mirrors without distortion. In the tower telescopes for solar work
exceedingly thick mirrors have been used, and in the other tele-
scopes devices have been employed by which the mirrors have
been equally supported by many contact points; but notwithstanding
this, no scheme seems to prevent fully the bending of the mirror and
distortion of the image. The problem is especially difficult because
these mirrors must be held in so many different positions. It would
be a comparatively simple matter if there were no change of posi-
tion. Furthermore, there is a temperature disturbance which is
greater in a mirror than in a refractor. For this reason it is necessary
to maintain an even temperature through the mirror.

25 In addition to the distortion of the image by lack of mechabical
control of the mirror, there is the serious objection of absorption by
even the most perfect reflectors. This absorption reduces the total
light that reaches the eyepiece, and since the object in using telescopes
of larger light-gathering power is to get more light, the use of a mirror
is equivalent to a reduction of the diameter of the objective.

26 Furthermore, this cannot be offset by mere increase in size,
for the loss in definition due to atmospheric disturbance increases
with the diameter of the telescope, resulting in a net loss in definition.
" Therefore the price paid for comfort is not only the amount which
must be expended for the large object glasses and still larger reflec-
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tors to go with them, but also an actual loss in definition. This loss
of definition, of course, is greatest in the low altitudes and least in
the rarefied air of the best mountain top observatory sites.

27 In all equatorial telescopes provision must be made for chang-
ing the angular direction of the telescope to and from the pole; in other
words, north and south. The axis on which the telescope turns for
this position of declination must stand, of course, at right angles
to the polar axis.

28 In the standard equatorial the arbor which furnishes the polar
axis is provided with an opening transverse to it, which serves as
a bearing for the arbor that is affixed to the side of the telescope
tube and it is on the precision of this axis that the instrument
depends for its true position in declination. It is undoubtedly
due to the attachment of this secondary axis to the primary axis
that this'standard equatorial has the appearance of instability. It
is, however, nicely counterbalanced, and the great precision of
control is due to the excellence of workmanship and manipulation
of a very high order. Nevertheless, it would seem desirable to pro-
vide some suitable control for the tube itself on this as well as on the
primary axis.

29 In the new instrument the telescope is not pivoted at the mid-
dle, but at a point near the focus, and it is at this point that the prism
is introduced and the rays are delivered into the turret through the
hollow declination axis.

30 The scheme of counterweight resembles in some respects the
old-fashioned well sweep. This counterweight is fulcrumed at the
opposite side of the turret and reaches over to a point near the head
of the telescope, supporting it without adding the weight to the tel-
escope head, thus relieving a part of the weight of the declination
axis and also all torsional strain.

31 This well sweep acts also as a brace in one direction. Its
duty changes from that of & counterweight to one wholly of a brace.
For instance, when the turret has been turned so that the declination
axis is at the lowest part, and the tube has been pointed directly to
the pole, then the counterweight is inoperative as a counterweight
for the tube, but the arm becomes a brace. Therefore this scheme
changes from one that is wholly a counterpoise to one that holds the
telescope in position by a diagonal brace, and, of course, there are
positions in which there is an equal service of each in the change from
one extreme to the other. The brace always operates to stiffen
the instrument against the action of the wind in certain positions
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and the exact form may be varied to get the best results. The one
shown in the illustrations was made to use available material.

32 The means for controlling the declination position of the tele-
scope is a wormwheel in which two worms engage. All of this is
clearly shown in the drawings Figs. 17 to 20.

33 It will be seen, then, that the observer sits inside the dome and
receives the light coming from any celestial object above the horizon,
and although it is necessary for him to change the position of the
chair about 1 ft. east and west and 3 or 4 in. vertically, such a change
does not constitute any serious inconvenience.

34 The beam of light comes into the observatory in a horizontal
position when the telescope is pointed along the meridian, and it
changes from the horizontal position to one in which the observer
looks down towards the north at an angle of about 45 deg. at this
latitude. The control of the dome, both for its quick motion for
changing from one position to another, and also for providing move-
ment to offset the rotation of the earth, is all effected by levers within
convenient reach of the observer.

35 The rotation of the dome, instead of being effected by a worm-
wheel or gearing directly connected to the dome, is through the means
used for driving four of the supporting rolls. These rolls take bear-
ing on the circular track. They are hardened and ground to the
proper diameter to get the desired relation of speeds. All of the other
rolls are merely idlers for maintaining the fixity of axis of dome, and
all rolls are mounted in ball bearings to reduce the total power
required in turning the dome. Ball bearings keep the resistance more
nearly uniform than could be maintained with plain bearings.

36 The motor which furnishes the power was originally located
within the building, but on account of its noise it was placed in a
separate box outside of the building.

37 As shown in Fig. G this observatory is located a short dis-
tance from the observer’s residence. It is connected by an under-
ground passageway which not only serves as a shelter in going to and
from the observatory, but also as a means for carrying telephone and
electric wires, hot and cold water, and the hot water for heating.

38 It is located on the brow of a terrace on which the residence
stands, at a level a trifle lower, so that the tunnel rises in going from
the lower room in the observatory to the residence, about 9 ft. in the
240 ft. of length. This difference in level, although it makes neces-
sary the use of a small centrifugal pump to induce the hot water to
-circulate in the observatory, serves as an aid in ventilation.
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39 The location of the observatory on the brow of a hill or ter-
race, makes it possible to get a fresh air inlet from the lower part of
the lower room by running an air duct out through the side of the
bank to the open air. In cold weather the air rushes through this
air duct into the observatory, through the ventilators in the top
of the door into the tunnel, and thence out of the tunnel either at the
place where the tunnel joins the residence, or through the house.
In summer, when it is hot outside, the current of air flows in the oppo-
site direction. At such a time the door to the residence at the head
of the tunnel is kept closed and another door is opened to the outside
air. This takes the fresh air from the outside, which travels down
through the tunnel by gravity, giving up some of its heat to the tun-
nel walls and reaching the lower room of the observatory at a fairly
comfortable temperature. Then, by the aid of a small portable fan
this air from the lower part of the room of the observatory is blown
through an air duct into the dome.

40 In this connection, perhaps, it would be well to state that the
dome is lagged with wood on the inside and the windows are all
double, that is, there is one set of windows in the wooden lagging on
the inside, and another in the metal dome outside. This air space
is desirable in winter as well as in summer.

41 Regarding the form of the building, this may be almost any-
thing from a large spherical dome to one having a hip roof. The one
feature essential to this scheme is the proper neck for supporting the
turret. This neck should be substantially the same as that shown in
the present illustrations. The author selected the present form, partly
to make it the least conspicuous from his residence, and perhaps it
was influenced by the earlier form of the scheme in which it was in-
tended to use a reflector instead of a refractor.

42 Closely connected with this subject is, of course, the cost,
which must be based on the way such things are produced. If more
instruments of this kind are to be made at different times and in
various places, there is no hope of getting them produced at a low
figure. There seems to be only one way of insuring the success of
an instrument of this kind. Every machine builder knows it, and
yet the mere mention seems to establish an antagonistic attitude at
once in the mind of the average man.

43 It has not been considered ethical to take out patents on scien-
tific instruments, and although the writer has not the courage of a
reformer to wage battle against this sentiment, yet when it is such
common knowledge that machinery cannot be successfully and eco-
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nomically built without the concentration of the energies of a number
of men for a given purpose, and since this cannot be accomplished
without patent protection, it has been thought best to apply for
patents on the new features of the present instrument. Although
this will be done without dedicating it outright to the public, it is
needless to say that no barrier will be allowed to prevent these in-
struments being built by any one until some business arrangement is
made for the exclusive manufacture of some one size by some builder,
and even then, others may be permitted to build other sizes; but all
such permission will be given only by letter and not in a broadcast
way that would in any way handicap the main purpose of making
these machines available at a low cost to anyone who may desire
them. It goes without saying that with patents there is always the
thought of the exclusive right and profit of the patentee and manu-
facturer, but regarding this point it is well-known that the low cost
of such things, as well as the best workmanship and results, can be
obtained only by concentrating all of the work in one plant.

44 'The writer does not contemplate manufacturing these instru-
ments. More may be built experimentally, but not for the market.
If others wish to build instruments of this kind, permission will doubt-~
less be freely given, but with certain restrictions; but all this must be
arranged in each case by correspondence.

45 If patent is granted no charge of any kind will be made for
license to build until some arrangement has been made for manufac-
ture on an efficient scale, and then only such restrictions as in the
opinion of the patentee will be for the best interests of the science.

46 In closing, the writer begs to call attention to the fact that the
great advancement in the world’s knowledge, due to the work of the
astronomers, has been carried on by the men who have braved the
mosquitoes in summer and observed long hours in the most unfavor-
able temperatures. These men have been recruited from those who
have taken up the work as an avocation and for every man of
this number there have undoubtedly been ten or a hundred who have
grown faint-hearted at the mere thought of the exposure incident
to observing and at the high cost of the large instruments. With
means of this kind made generally available it is thought that there
will be more men in this work, and that from the greater number
perhaps even greater work may be accomplished in the future.
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DATA REGARDING THE TURRET EQUATORIAL

Object glass, 10 in. in diameter, and 150 in. in focal length.

Inside dimensions of building, 6 ft. by 18 ft.

Outside diameter of dome, 7 ft., 4 in.

Weight of dome casting, about 1} tons.

Total weight of dome with counterweight, tube, etc., about 2 tons.

Weight of ring-casting on which the dome is mounted, 14 tons.

The optical parts were furnished by The John A. Brashear Co., Ltd. All of
the other work was home-made, except the two large castings which were
cast and turned in Fitchburg, Mass.

The hour circle consists of a flat ring having approximate dimensions of 52 in.
outside, 48 in. inside, and # in. thickness.

The inner diamcter is graduated down to divisions of 1 minute. These -
divisions are about 0.1 in. apart. Vernier edges were provided for division
of the minutes into seconds, but thus far a crude substitute has been used
in preference. It consists of a rotating dial driven by gearing which also
turns the dome. Itsconnection issuch that the dial makes1r.p.m. With
the 60 graduations on dial, the division of time into seconds is very read-
able.

In use the hour circle may be set to the even minute of position, leaving the
plus or minus of seconds to be allowed for at the zenith point by the time
piece.

The declination wormwheel is 24 in. in diameter, and is provided with two
worms located on opposite sides. These are rotatively connected by means
of a cross shaft and spiral gears.

In order to prevent conflict of action an eccenmc bearing is provided for
accurately gaging the depth of engagement of each worm. A separate
means for turning each a very slight amount is also provided.

Graduations for minutes of degrees are carried by hubs on worm shafts.

The proximity of the two eyepieces led to the disuse of the finder, but if it is
needed in future work, there are a variety of schemes for overcoming this
difficulty.

Attention should be called to the rigidity of the eyepiece and the opportunity
afforded for attaching photographic and spectroscopic apparatus. This
feature is to be found in other telescopes designed for comfort, but as this
instrument seems to partake more of the good seeing qualities of the stand-
ard telescope, it does not seem out of place to call attention to this advan-
tage it has over the standard in which the delicacy of the poise is disturbed
by added weight and adjustment of counterbalances.
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F1a. 32 LONGITUDINAL VERTICAL S8ECTION THROUGH THE TURRET
F1q, 11a OmiaiNaL ForM or DIFFERENTIAL MOTION FOR MANUALLY VARYING THE ADVANCE OF
DOME A8 IT 18 TURNED BY MOTOR TO FOLLOW A STAR
This has been superseded by Fig. 11, but may be reinstated again.
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Fio. 4a Cross SECTION THLOUGH TURRET ON THE PLANE INDICATED BY LINE 4ada 1v Fia. 3a

It clearly illustrates the scheme of ribbing which was chosen to resist warping or change of plane of
under side of turret. It also shows its stability to resist any tendency to lose its true circular form of
track, 42/ in Fig. 4. The entire precision depends on the reliability of this plane and circular face of
turret. This may be idered the most 1 el t in the whole structure,
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F16. 4 SECTION THROUGH THE TURRET INDICATED BY LIiNE 4—4, Fia. 1

The elght conical rolls 42a furnish a support to plane the face of the turret. Thetr office 1s to keep the
axis of the turret truly parallel with the axts of the earth; that s, they prevent the turret from tilt-
ing. The four rolls at the top, marked 36, are the driver rolls. The circular track of turret is shown
1n section 42/, The turret hangs on these driving rolls held in position laterally by side rolls 57.

The four rolls marked 58 at the bottom of the figure are to relieve the burden on driving rolls 56
when the instrument 18 not In use.

F1as.5 AND6 NORTH AND WEST ELEVATIONS OF THE TELESCOPE AND DOME sBOWING TRLESCOPE
POINTED TO ZENITH; AL8SO BY pOoTTEBDp LINES, VaARIOUs OTHER PosrTions or Tas TaLEscorE
RELATIVE TO THE Doue
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Fic. 10 Draoram sHOwING TRANSMIB810N GEARING AND CLUTCHES THAT GIVE THE MoTioNs TO
THE TURRET. It EXTENDS FROM THE ToP TO THE BoTTOM OF THE PAGE

The fast motlon forward and back Is under control of lever 78 and the slow motion is controlled
by lever 82. These levers interlock to prevent conflicting engagement. The slow-motion cluteh is
shownasa friction clutchat 69 and 69a, and the fast motion clutches are of the positive, or toothed-
clutch type and are shown rather obscurely at 704 and 76b. These gears with their clutches are located
in a gear box on the floor of tho observing room (Fig. 2). The shafts 70 and 70a which tranamit the
motion from this box to the upper group of gearing are unfortunately obscured in this view by the
lever control shaft, 77d. ‘I’hey may be more clearly seen in Fig. 3a.

F1g. 16 Siie Box oRrR SAreTY COUPLING BETWEEN THE Two SHAFTS 70 AND 700
It is wholly unneeegesry, for the driving rolls slip when any und is tered
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It 1s attached to the head declination arbor 41z.

ted by 41.

tube Is rep

Fic. 17 SecrionaL PorTION OF THE TURRRT THROUGH TEE DECLINATION AXIS, BHOWING ALSO
SecrioN or THE LowER ParT or FounDATION RING WITH ONE OF THE CoNicaL SupporTING RoLLs

IN SEcTION

The cone-shaped beam of light from the object glass comes down through tube 41, passes through
prism 59 which changes its direction 90 deg., delivering it to the focal point near ooular 40. The light

for the finder enters through opening 60b directly into prism 60z, th

The part of the foundation ring shown is the same as the lowest part shown in Fig. 3a. In Fig. 17

the end of the

shown) which is located in the inner opening of 60s. From this objeot glass it converges to focal poing

near the finder eyeplece 60.

This arbor turns in bushing 61 which is forced into turret seats at 61z and 61z.
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F108.181022 Vamious ViEws oF DECLINATION WORMWHEEL AND 178 CONTROL BY DOUBLE WoRMS
The form of the wheel and its connection to the arbor is not Ideal, but may be very much improved
tn any later work.
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Fia. 28 A ScHEMATIC ARRANGEMENT OF THE EssENTiAL ELEMENTS IN THE MOUNTING OF THIS
TerLescoP®, NAMELY, THE FLAT CiRcULAR RiNa MounTED 0N CoxicaL aND CYLINDRICAL RoLLS,
Mpans ror ApsusTiNng FormaTion RiNG aND FOR Drivinag Rouis

Smaller turrets might be made without use of supporting rolls and by going back to the worm drive
instead of the roller drive. A great varlety of circular hollow bearings might be used for smaller tur-
rets, but for one of the present size a single true plane and a single cieeular track with rolls secem to
be the best.

F1as. 23 T0 27 Various Views or VErNIERS FOR HOUR CikcLE
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Figs. 29 10 33 DI1AGRAMS BHOWING ONE OF THE MANY POSSIBLE MobpiricaTioNs or DecLinaTioN
ConTrOL
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F1os. 34 70 36 Derans or Scaems sHOWN IN Fias. 39 To 33





