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The wonder is that machines attaining such a degree of accuracy can be
made, and not that they nre not any more perfect. A second of arc appears
large on paper, but in fact is scarcely perceptible in a microscope.

Tor nearly all practical purposes such extreme accuracy in graduations is not
at all required.  Whether the instrument is used us a repeater or by shifting
position, it is clenr that the small errors in the graduntions will entirely disap-

Bat for such circles ns are used on Meridian instruments we are not satisfied
with the degree of precision that our automatic machine gives. Recourse must
be had to corrections, and this we accomplish by using the machine automati-
cally only for small nres, having previously divided the circle into larger spaces,
which ean quickly be done by copying before changes in temperature have ef-
fected a change in the relation of the engine and the circle which is to be
divided. By this process we obiain graduations—each line correet to
within one second of are.*

Our engine is mnde entirely of cast iron and steel, the moving parts being
hardened steel, and n novel arrangement has been introduced for turning two
opposite screws, which insures a perfect equality in their motions. As stated
before, the errors in automatically divided circles are between 2 and 3 seconds.

Of course so small an orror is not perceptible in any vernier reading instru-
ment. The graduntions of the latter may be considered perfect.

A silver surface is the most satisfactory for a good Graduation. We use it
exclusively for the botter class of instruments. The circles for our larger in-
struments are divided into 2-minute or 5-minute spaces ; these are read to single
seconds by means of micrometer-microscopes, which are now being extensively
used with circles of small radius. To attempt to read a fine graduation by
menns of n vernier to single seconds, even on a moderately large circle, is very
trying to the eye, besides involving two operntions ab the same time——the seek-
ing for the coincidence und the counting from the zero. With a reading-
microscope these two operations are separate—first, a bisection is made by
turning the micrometer-screw, and then the divided head is read off as the
second part of the operation. It is as easy to read to single seconds by means
of micrometer-microscopes ns it is to read minutes by means of the vernier.
The vernier, howover, is so simple, and the accuracy with which readings can
be taken is so surprisingly great, that it will always hold its place for circles of
smaller radius.

Our engineers’ transits are grnduated either into § degrees, reading to single
minutes by the vernier having 29 circle parts divided into 30; or the circle is
graduated into }-degree spaces, reading to balf minutes by the vernier baving
89 circle parts divided into 40. Or the circle is graduated into }-degrees and

* See letter of Dr. Porter; on prgoe 80, in regard to the accuracy of the Mcridiau Circle we
graduated for him 10 years ago in the manner indicated above.
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the vernior reading to 20 seconds by having 44 cirele parts divided into 45.
Or the circle is divided into | degrees and the vornier reading to 10 seconds by
baviug 59 parts divided into 60.

We take it for granted that any one likely Lo rend this pamphlot knows how
to read a vernier.

In order to eliminate any occentricity of limb or vernicor-plate, there should
be two verniors 180 degroes npart, as the mean of both readings will completely
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should be divided into sixty equal parts and numbered from 0 to 30 twice.
The reason for this is that in genernl the mean of the two microscope readings
is desired; and since in this relation the value of one division is 27, the menn
value sought, in seconds, is simply the sum of the two wmicrometer-head
readings. ) .

Adjustments.—The following adjustments are to be observed with the mi-
crometer-microscope :

correctit.

‘The verniera should always have reflecting shades nttached to them, as they !

throw an even light on the graduation ; and it is also of grent importance that
graduations reading 20” and less should have the reading-glasses permanently

attached in such a wanner that they ean be moved radially along the entire
length of vernier.

THE MICROMETER-MICROSCOPE.

We are often asked to expluin the reading-microscope by parties who have
never used them ; we think the following description will mnke its construc-
tion and use (uite plain:

This instrument consists of n microscope having a set of movable threads in
the focal plane of the object-glass. The threads are attached to a diaphragm,
which is moved parallel to itself in the micrometer box or frame by a screw of
small pitch. The revolutions of this screw and consequent motion of the
threads are counted by menns of & notched or comb seale, which corresponds
exactly to the pitch of the screw and is visible through the eye-piece along
with the threads. The parts of a revolution are counted by means of a drum
or micrometer head, divided into equal parts, attached to and turning with the
screw.

The objective of the microscope gives an inverted imagein the plane of the
cross-threads of any object viewed through the microscope. The eye-piece
shows this image and the cross-threads without further inversion ; that is, the
eye-piece shows an inverted imnge of the object and an erect image of the
cross-threads and comb ecale.

Where the micrometer-microscope is used to read circles it is convenient to
have the pitch of the screw and the focal distances of the objective 80 related
that an even number of turns of the screw will correspond to the smallest space
ou the circle. Thus, if the circle is divided into 10’ spaces it is convenient to
have one such space equivalent to five or ten revolutions of the screw ; so that
one revolution will be equivalent to 2 or 1’ as the case may be. Similarly, the
micrometer head may be divided to suit our convenience. If, for example, one
revolution is equivalent to 1°, the micrometer head may be divided into sixty
equal parts, giving thus 1” per division. 1If, on the other hand, one revolution
is equivalent to 2, the heads of the micrometers (if there are two of them)

1. To socure distinct vision of the cross-threads, the oye-picce must be moved
out or in until the threads are clenrly and sharply defined. This adjustment is
independent of all others; it differs for different persons, and is the first one to
be attended to in using the microscope.

2. To make an even number of turne of the screw equivalent to a given space,
mensure the image of the space with the serew. If the image is too small the
objective must be brought neaver to the object and the cross-threads moved
further from the objective: and opposite motions of the parts must be made if
the imnge is too large. T'he tubes carrying the objective and micrometer box
permit such motions. A few trials will make this adjustment sufliciently close.

In mnking this adjustinent care must be taken to avoid
parallax, which oceurs when the cross-threads and image of
the object viewed are not in the same plane. It is detected

3 by moving the eye to and fro sidewise while looking through
the eye-piece. If the threads and image show any relative
motion there is parallax. It may be removed (supposing
the first adjustment made) by moving the whole microscope

2>

s neanrer to or further from the object.

3. To bring the zero of the comb scale into coincidence
with the cross-threads when the micrometer head reads
zero, move the comb scale by means of the adjusting
screw ub the end of the micrometer box. This adjust- -
ment need not be very close, since the only office of the scale
is to count whole revolutions. It may bealso accomplished
by moving the micrometer head on the screw shaft, since

*  the head is usually held fast by means of a lock nut on the
shaft.

4. To place two opposite microscopes 180° apart closely,
set one of them at zero and bring a graduation line to
bisect the thread interval. Then the other microscope

on

e may be brdught to bisection on
the opposite line, and by moving

/‘ /‘ / / / / the drum on the screw shaft

' and adjusting the comb scale to
,1/3” 27° suit, it may be made to read within

’ No. 2. a few divisions of the first micro-
scope. Close agreement is not essentinl, but it is convenient to have both
microscopes read the same to the nearest minute.
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Method af reading Micrometer- Microseopes.—This may be best understood,
by considering a specinl case.  Thus, supposoe it is required to rend the two op-
posite micrometer-mieroscopes of a theodolito whose civele is divided into 10°
spuces.  Liet five revolutions of the serew be equivalent to one of these spuces.
‘Then oune revolution is equivalent to 27, and the micrometer hends will bo as-
sumed to be divided into sixty equal parts and numbered from 0 to 30 twice.
The relations to be considered are illustrated in the dingram on page 11, which
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A glass, however, is woll corrected if, on focusing a bright object and then
pushing the eye-picce nenrer to the objeclive, a ring of purple surrounds the
jmnge, and a ring of green nppenrs if the eye-piece is moved away from the
objective.

Swall seratches and bubbles in the objective have no injurious eflect, as they
ouly take up a very small portion of light.  Veins and stri: in o glass, however,
are very injurious.  They enn readily be detected by viewing a bright object,

shows n degreo of the circle, the positions of the principal points of the micro-
scope objective, tho position of the micrometer threads, ¢ ¢, ete.  In this dingram
the line & ¢, & ¢ is the line defined by the micrometer threads (or the point
midway betwoon themn) whon the micrometer reads zero revolutions and zero
divisions. This line fulls between the 40’ and 50 lines of the circle, and the
reading of the circlo is 17° 40" plus the distnuce « b expressed in angular mens-
ure.
moving the micrometer threads nutil the space between them is bisected by the
image of the 40" line «, or by «'.  Suppose the dislance « & is three revolutions

But the imnge and cquivaleut of « b is «' &, and this is mensured by!

(counted by three notches of the comnb scale) and 8.3 divisions of the head.:

Then the complete reading is 17° 46" 16”.6.

If the opposite micrometer reads 197° 46" 117.9 divisions, the mean reading of
the circle is (using the degrees from the first microscope) 17° 46°20”.2 since §
(8.3+411.9) 2" =20".2.

It should be observed that tho micrometer-hend readings properly incrense as
the serow is turned backwards, but in bringing the threads to bisection the
screw slionld always be turned positively, or so as to pull the diaphragm agninst
the springs which hold the micrometer screw in its bearings.

TELESCOPES.

While we do not attempt to give the theory of the T'elescope, which is found
in every book on optics, we add a few remarks concerning objectives and dif-
ferent kinds of eye-pieces.

It is well known that a good objective consigts of at least two lenses, one of
them being of crown, the other of flint glass.
which have different refractive powers, it is possible to correct the chromatic
and sphberieal abovration.  The Inttor correction is best shown by the perma-
nence of the focus, whether tho image be formed by the centre or outer por-
tion of the objective; nud by partly covering the objective so as to use ouly
certain portions it is easily found how nearly this error has been eliminated.

The achromatic correction of the glass is proved by the absence of the more
brillinnt colors of the spectrum. 1t is impossible, with any known combiua-
tion of glasaes, Lo perfectly overcome the chromatic aberration, ag all the

colors cannot be united in one point. There will always remnin what is called
the secondary spectrum.

By this combination of glasses,

—

like the moon, or « llame, without the oye-piece. If the glass is ovenly illumi-

nated it shows that there are no such veins nnd that it is homogeneous.

EYE-PIECES.

The performance of a good Telescope depends much more upon the eye-piece
than is commonly supposed.  And as it is as desirable for tho manufacturer ny
it is for the purchasor that the Jatter shonld have easy menns of ascertaining
what kind of eye-picee will be most suitable, we give a plain description of the
different kinds of oye-pieces most in use nud the method of determining the

' power required.

And here we wish to remark that for all practieal purposes we consider the
Rameaden and Huyghen oye piece equnl to any. For very high powers the solid
eye-pieces may be better on account of the nbsence of the ¢ ghost,” but the gain
in achromatism and flatness of field in the various so-called achromatic combi-
nations is so small that only nn expert can detect it.

It frequently occurs that eye-pieces are ordered without considering the
diameter of the ndapter or draw-tube to which they have to be attacbed; and
we are frequently compelled to cut down the diameter of the lenses, and con-
sequently the field, much to our own dissatisfaction and that of our customers.

The word “equivalent,” in connection with eye-pieces, simply menns a com-
parison of the muygnifying power of the compound éye-piece with that of a
single lens of a certnin focus ; thus, n compound eye-piece which is mentioned
as the equivalent of one inch magnifies ns much as a single lens of 1-inch
focus, and, since the magnifying power of a telescope is found by dividing the
focus of its object-glass by that of the eye-piece, it follows Lhat, in order to
find the *equivalent.” of the eye-picce needed for obtaining a certain maguify-
ing power, the focus of the object-gluss has to be divided by the power re-
quired, the quotient being the * equivalent” of the eye-picce.  Accordingly, if
a power of G0 is required with an objective of 30 inches focus, nn eye-piece of

-inch focus hns to be used, since z:: = 4.

Tho following cuts represent the lenses, Lhoir distances from ench other and
their dinmeters, of tho “equivalent ™ of one inch of the different kinds of eye-
pieces, from which bhigher or lower powers may readily be computed.
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It should be kept in mind that for micrometer or cross-hair observations
only positive eye-pieces are used, as the focus of the objective is formed in
tront of the combination; while in the negative eye-piece it falls between the
two lenses.

Of positive eye-pieces we bave three kinds: the Ramsden” (Fig. 1), the
« Kelluer " (Figs. 2 and 3), and the “ Steinheil " (Fig. 4). The “ Kellnor ™ and
«Steinheil” are achromatic combinations, and preferable on account of the
absence of color and the greater flatness of the fiekl which they give.

The “Ramsden” has for n long time been the only compound positive eye-
piece in use, and does good service. It consists of two plano-convex lenses of
equnl focus, the plane surfaces being turned outward ; the focus of each leus is
equal to 1} of the “equivalent™ of the cye-piece, the distance between them
being equal to § the focus of either lens, and the aperture may be taken as §
tho foeal length of either lens.

The ¢ Kellner " consists of a plano-convex, or sometimes a crossed field-lens
and an achromatic eyelens. We give two sketches of it (Figs. 2 and 8). Fig.

3 has the field-lens cut down to sscure the greatest possible flatness of field; |

Fig. 2 is used in cases where the extromest angle of ficld is required.

The “Steinheil " (Fig. 4) consists of two achromatic lenses. It gives a
beautiful field of moderate size, but absolute flatness.

Of negative eye-pieces we have two kinds, the Huyghens " and the “Airy"”
(FFigs. 6 and G), the latter being un improvement of the former. They are both
achromatic on account of their peeuliar construction ; the * Huyghens” giving a
large but somewhat curved field, while the “Airy" has a perfectly flat and large
field. The proportion of foci of eyo-lens and ficld-lens is ns 1 to 8, and the dis-
tunce between the lenses is equal to § of their compound foei.  The dinmeter

v
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of the field-lens is equal to the “ equivalent™ of the eye-piece. Thus, the field-
lens of a l-inch eye-pioce has a Jdinmetor of 1 inch.

All the eye-picces above mentioned show the objects inverted.  As this scems

= =
1 1=
— . L. -
= — -
1
—t—
Fia. 6. F1a. 6.
PN
to be troublesome to the engineer, “erecting” or | —
« gerrestrinl” eye-pieces are mostly used on en-
gineering instruments.
As both light and power in the telescope are
gained by using inverting eye-pieces, and as it
— only requires very little practice to get accus- =
tomed to them, we strongly recommend the use
L ; of inverting or nstronomical eye-picces.
So far, however, engincers seem to prefer Tele-
scopes showing ercet.  To effect this, four lenses Fio. 8.
are required, nrranged as shown above, and forming the *ter-
restrinl” eye-piece. We make two kinds of these: the “ Fraun-
hefer” (Fig. ), and the “Airy” (Fig. 8).  The latter is mostly
— used on our levels and transits, as it gives n very flat field and
defines well.
The terrestrinl eye-piece is often made with n total reflecting
Fia. 7.

prism between the nnterior and posterior combinations. They
are then called “diagonal” or © elbow” eye-picces, and are very convenient
when observing near the zenith.

As before stated, the magnifying power of a Telescope is found by dividing
the focal length of the objective by that of the eye-piece ; but a more simple and
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* practieal mothod is the following : Focus the Telescopo to any distant object;
then withdraw the eyo to a distance at which n near object is distinctly seen,
when a small disc of light will appear in the centre of the oye picee.  This is Lthe
imnge of the objective. If mensured by menns of u finely-divided seale and

divided into the dinmeter of the objective, the quotient will be the magnifying §

power. Thus, supposing a Telescope to have a clear nperture of 2 inches, the
dinmeter of the image being 1's_of an iuch, then the magnifying power of such
n telescope would be 2 inches divided by Yo = 32 dinm.

" By meaus of a dynameter this image ean be measured very nceurately, but
the above-described method is good enough for all practienl purposes.

The power of a Telescope ean be incrensed by substituting an eye-piece of
shorter focus; but this inerense brings with it a corresponding loss in size and
brightness of field. As n general rule it is better to use lower than higher
powers.

In Telescopes for engineers’ transila nud levels, the aperture of the objective
and the corresponding magnifying power are enrefully determined.  T'ho lenst
motion of the level-bubble must be visible by the displacoment of the cross-wires.
It is therefore important that the magnifying power of a telescope and the
sensitiveness of a level are proportionate to each other.

‘Tuke the case of a Telescope for a precise level, for instnnce; one division
of the graduated level-bubble equals five seconds of arc. Ench division being
2mm., a displacement of one-tenth ean readily be observed, which means thut
the instrument was raised or depressed just § second of are.

.-

The Telescope, ;

in order to make this small change visible on the rod, wust have a wagnifying

power of about 25 diameters, for it has been observed that the accuracy of point-
ing is nearly proportional to the magnifying power, unless the latter is out of all
proportion to the aperture. As the naked eyo enn readily poiut with ordinary
sights to within 10 to 15 seconds of arc, or sny 124 seconds, it follows that, in
order to point within § sccond, we must have n power of 12 _ 25.

3

The lenses of a telescope should not be clenned too often. Too frequent
wipings will seratch the glass and injure the polish, which is more injurious
than a little speck of dirt.
tuke n soft dry picce of chnmois skin or old piece of linen which by repeated
washing has become soft. If the glass is very dirty, use a little alcohol.

Dirt on the oye-picce, expecinlly on the field-lens, is far more objectionable |

than on the objective; hence they require to be more frequently cleaned.

LEVELS.

The Spirit-Levels form a most important part of an instrument, and, no matter
how small they are, they should always be ground to a regular curve. At one
time Levels were made by merely filling tubes with nleohol and then hermetically

When it becomes necessary to clean the glass, |

-r
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sealing them. By testing thesc tubes, one side of them was frequently found to
be so nearly uniform in curvature as to form quite n good Level. The majority
of Levels thus made are, however, very inferior. All the better Levels are now
ground to a curve, and it is obvious that the greater the curve the more sensi-
tive is the Level. The seusibility, as well as the uniform run of the bubble, is
easily determined by the use of an instrument called the ¢ Level Trier,” which
is_a grooved bar of metal having two-foot screws.at_one end, and one carefully-
made micrometer-screw with a divided head at the other end. Knowing the
length of this bar and the pitch of the screw, it is easy to find the value
“in are" corresponding to one division of the divided head. By placing the
Level to be tested on the grooved bar, the turning of the screw will show
whether equal (uantities of elevation will produce equal spaces of run in the
bubble, and at the same titne show how many inches on the scale are equal to
one minute of arc. This value being known, the radius of the curve to
which the interior face of the Level has been ground is easily determined. Let
r denote the radius of the curve, 21,600 being the number of minutes contained
in the circumnference of a circle,d the distance in inches and parts run over by
the bubble in one minute of elevation, und 2= == 6.2832 being the measure of

21600
T6.2832°
For instance, take n Level in which we find «/ = 2 inches, then the radius of
21098 % 2 — 6878.6 inches — 573.2 foot.

It is to be observed, however, that owing to the adhesion and friction of the
fluid the values of the curvature thus found are always a little smaller than
they are in reality.

A first-class Level should not only have the curve regular, but it should be
perfectly symmetrical—that is, one end of it should have the same width as
the other.

If this is not the case, the length of the bubble, in changes of temperature,
will change unequally at both ends.

We grind our Levels by a machine which not only shapes them to a perfect
curve of any desired radius, but at the samne time grinds the entire interior
surface, thus making them perfectly symmetrical and not liable to any of the
above-mentioned defects.

Sensitive Levels are frequently injured by not being properly fastened in
their tubes; the common way of fastening them in with plaster of Paris is
entirely inadmissible for any Level of accuracy, as glass and brass will not expand
or contract alike. We have lately improved the method of mounting fine Levels
by securing them in a Y placed in each end of the brass tube. By meausof a
spring just strong enough to insure a firm bearing the Level-tube is retained
in position without undue strain. All our Sensitive Levels are provided with
chambers for altering the length of the bubble; they are also covered with a
glass tube, to guard against sudden changes of temperature.

the circumference to the radius 1, then: »

curvature will be
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THE SAEGMULLER PATENT SOLAR ATTACHMENT.

This attachment to the rogular Engineer's Transit, by means of which the
astronomical moridian may be obtained in a few minutes with an accuracy
senrcely thought to be possible, has met with such success that it bids fair to
supersede all other methods for the determination of the meridinn by means of
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The addition of the level on the solar telescope dispenses with the declination
arc altogether, the are or circle on the transit also serving for that purpose in
conjunction with it.

Tho “ Sanegmuller Solnr Attachment” is in fact the only one which should be
used in connection wilh a transit instrument. J¢ solves the solwr problem, as
has boen attested by lending astronomers and engineers who hnve used it.

The trausit has come to be the universal instrument for the engineer, and
will be for the surveyor sooner or luter, and the attachment of the solar appa-
ratus to the transit has thus become a necessity.

Since its first introduction this attachmnent has been greatly improved, and,
as now made, is well nigh perfect.

Attached to any transit which possesses n tolescope, level and n vortical circle,
it will give the meridian within the nenrest minute. By using instruments
which have a finer graduated vertical circle and botter lovels than are usually
found on trausits, the meridian can be determined with greater accuracy still.

Advantages of the “Saegmuller Solar Attachment ” over the
old form.

Iirst. It is more accurate.

Second. It is simpler and easier of adjustment. ’

Third. It can be used when the sun is partly obscured by clouds, when the
ordinary *“solar " fails nltogether.

Fourth. It can be used where the suu is qite close to the meridinn.

Fifth. The tiine can be obtained with it relinble to within a few seconds with
perfect ease.

Siacth. It can be used as a vertical sighting tolescope.

It is as superior to all forms hitherto used as the transit is to
the ordinary compass, or as a telescope is to common sights.

The sights of an ordinary solar compass consist merely of swall lens anda
piece of silver with lines ruled ou it placed in its focus. This is simply a very
primitive telescope, since the exact coincidenco of the sun's image with the
lines has to be determined by the unaided eye, or at best with a simple wagni-
fying glass.

That far greater precision cau be attained by meaus of a suitable telescope
is obvious; in fact, the power of the solar telescope is in keeping with the
transit telescope, as it should be.

A glance at the cut will show that the “Saegmuller Solar Attachment Y e
far simpler than the ordinary form. By raising or depressing it can bo set to
north or south declination. To eflect this with the ordinary solar compass two
sols of primitive teleacopes—oune nnswering for north, the other for south
declination—are required, which are difficult to adjust.

Prof. J. B. Johuson, of Washington University, St. Louis, Mo., has given it
a thorough test, and writes as follows: :

“In order to determine just what accuracy was possible with a Saegmuller
Solar Attachment, I spent two days making observations on a line whose azimuth
bad been determined by observations on two nights on Polaris at elongation,
the instrument being reversed to climinate orvors of adjustment. Forty-five
observations were made with the solar attachment on Oct. 24, 1885, from 9 to
10 A. M., and from 1.30 to 4 . M., and on Nov. 7, forty-two observations be-
tween the snime hours.

“ Oun the first day’s work the latitude used was that obtained by an observation
on the sun at its meridian pnssnge, being 38° 39, and the mean azimuth was 20
secouds in error.  On the secoud duy, the instrument having been more care-
fully adjusted, the latitude used was 38° 37’, which was supposed to be about
the true latitude of the point of observation, which was the corner of Park and
Jeflorson avenues in this city. It was afterwards found this latitude was 38°
37 15", as referred to Washington University Observatory, so that when the
menn azimuth of the line was corrected for this 15” error in latitude it agreed
exnctly with tho atellar azimuth of the line, which might have been 10” or 15”
in error.  On the first day all the readings were taken without a reading glass,
tlwr‘o being four circle rendings to ench result.  Ou the second day a glass was
used.

*On the first day the mnximum error was 4 minutes, the average error was
0.8 minute, and the *probuble error of a single observation’ was also 0.8 minute.
On the second day the maximum error was 2.7 minutes, the average error was 1
winute, and the ‘probuble evror of a singlo observation’ was 0.86 minute. The
time required fo_l' a single observation is from three to five minutes.

*I believe this accuracy is attninable in actunl practice, as no greater care
was taken in the adjustment or handling of the instrument than should be ex-
ercised in the field.

*“The transit has come to be the universal instrument for the engineer, and
should be for the surveyor, so it is more desirable to have the solar apparatus
attachod to the transit than to have a separate instrument. The principal
advautnges of this nttachment are:

“1. Its simplicity.

“2. Its nccuracy of pointing, being furnished with a telescope which is nc-
curn‘tely set on the sun’s disk.

_“3. In its providing that all augles be set off on the vertical und horizontal
limbs of the transit, thus eliminating the eccentricity and other inaccuracies
usunlly'found in attachwment circles or arcs.

*4. Its small cost.

“ 1t in also readily removed and replaced without aflecting its adjustments,

aud is out of the way in handling -eversing " .
attached to any tmnsi{" n handling and reversing tho telescope. It may be
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This gives an ensy observation for correction of time-picce, reliable to withiy
& few scconds.

To obtain the Latitude with the “ Saegmuller Solar Attachment.” }

Level the Transit carefully and point the telescope toward the south and |
clevate or depress the object-end, nccording as the declinntion of the sun is

south-or north, an-amount-equal-to-the declination:

Bring the solar telescope into the vertical plune of the main telescope, level
it carefully and clamp it.
minutes before its culmination ; bring its image between the two horizontal
wires by moving the transit telescope in altitude and azimuth, and keep
it so by the slow motion screws until the sun censes to rise. Then take the
reading of the vertical are, correct for refraction due to altitude by the table
below. Subtract the result from 90°, and the remainder is the latitude sought.

Mean Refraction,
Barometer 30 inches, Fahirenhelt thermoscter 60°.

Altitude. Refraction. Altitude, . Refraction,
1} e = m———
10° 619" | 20° 2 gy
i 1 4 61 I 25 2 04
12 4 27 ' 30 141
13 401 36 g 1 23
TR 3 40 P10
15 33 | 45 | 58
10 32 | 50 | 19
17 3 u8 ; 60 I 84
18 2 57 i 70 21
19 2 48 80 : 10

The following table, computed by Prof. Johuson, C. E., Washington Univer-
sity, St. Louis, will be found of considerable value in solar compass work :

“This table is valunble in indicating the errors to which the work is liable at
different hours of the day and for different Intitudes, ns well as serving to cor-
reet the observed hearings of lines when it wfterwards appears that o wrong
Intitude or declination has been used.  Thus on the first day's observntions 1

With the solar telescope observe the sun a few |

used u latitugle in the forenoon of 38° 37, but when I came to make the meridian
observation for lutitude I found the instrument gave 38° 39°.  This was the
Intitude that should have been used, so I corrected the morning's observations |
for two minutes error in latitude by this table. :

“It is evident that if the instrument is ont of adjustment the latitude found ;
by a meridian observation will be in ervor; but if this observed latitude be used
in sotting off the co-latitude the instrumental ervor is eliminnted. Therefore
nlways use for the co-latitude that given by the instrument itself in a meridian
observation.”
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Krrors in Azimuth (by Solar Compass) for 1 Min, Error in Declination or Latitude.

For )} Min. Ennon N Fon 1 Min. Entionr 1N I

DrotiNaTION, LATITUDE,
Horn. oo .
Lat.J#0°. | Lat,40°. |Lat 80°,]|Lat. 00, {Lat. 400, | Lat.50°,
Min. Min, Min. Min, Min, Min.
— ':.I.J_w" |AF§§ } --8:86—1-10:00- 1-12:90 8.11 0.02— |- 1180

4.48 G.05 6.01 4.43 4.87 6.80

2.8 2.61 3.11 2,00 2.26 2.7

1.63 1.9 2.20 1.16 1.30 1.66

1.4 1.61 1.80 0.07 0.76 0,90

1.20 1.35 1.61 0.31 0.38 0.37

1.18 1.5 1.60 0.00 0.%0 0.00

Notk.—Azlmuths observed with errooeous declination or co-latitude may he
corrected Ly means of this table by obacrving that for the line of colllnation sct
oo high tha azimuth of any Jtne from the south point in the direction 8. W. N. E,
s found oo small In the forenoon anad (oo large in the af.ernoon by the tabular
amounts for each minute of error in the altitude of the llne of sight. The re-
verso {8 true for the linc set too low.

Correction for Refraction.

This correction is applied to the declination of the sun, and is equal to the
refraction-correction of the sun’s observed altitude multiplied by the cosine of
the angle which the sun makes between the declination-circle and the vertical.

In order to reduce the refraction correction to the simplest possible form, we
have added a separate column to the ephemeris containing them, which we
publish every year. They are thus brought in immediate juxtapoeition with
the declination angle, and we think the arrangemeut will be appreciated by
those who use the Solar Attachment.

Latitude Coefficients.

Lat. Coetl. Lat. Cuefl, !! Lat. Coeff, | Lat. Coefl,
16" L0 o7 66 HU A6 1 6I1° 1.47
16 L2 24 A0 40 1.00 62 1.53
17 L4 24 62 11 1.04 63 1.58
18 K H M5 42 1.08 64 1.64
19 LUK 31 .68 43 1.12 66 1.70
20 .40 42 .7 41 1.6 66 1.76
21 A2 a3 .7h 45 1.20 57 1.82
oo W 31 .78 46 1.24 1] 1.48
23 A6 a5 B2 47 1.29 | 59 1.4
24 .48 HTH R 1] 1.493 60 2.00
26 .60 37 JRY 19 1.8 '
26 .53 38 92 50 1.42 i,
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Refraction Correction Lat. 40°. The Preparation of the Declination Settings for a Day's Work.
January. February. March. Apeld May. June The Solar Ephemeris® g?vcs the de.clim?tlon of l..he sun for the given d{;y, for
v omam | o c o A I wm | v |1 ot 11 Greenwich meau noon. Since all points in America are west of Greenwich, by
0. 1 " dh. “ ' v . . . . . . .
2 | 220 2 2 (30003 I R B 5. 6, 7, or 8 hours, the declination found in the ephemeris is the declinntion nb
LI L B I IR VR : tamw ] v w s AV ARREE the given placo at 7, 6, 6, or 4 o'clock A. M., of the same dnte, nccording as the
H ﬁ;ﬂ,:': H I 5 'n 0 ;\n H !;' e [ e R ol —— place lies_in_the * Eastern,” * Central,” * Mountain,” or ¢ Western Time " belts,
8 o, n e | 22 L gl 21w | T | 4 )M 8,20 |76 10] ctivel : -
8 laas | 3| qan | 7 |a1n | sys2m | g 3eF] w10’ respe Y. ) s )
L3 D “: AR R AR A R [T B IS The column headed ¢ Refraction Correction " gives the correction to be made
] 1 168 9 o 10 T 04 P a ) | 0 . . . . . . o
10| 24907 | : 'l;:, w1 oes | N} 3OM gl emlnpion to the decliuation, for refraction, for any point whose latitude is 40°. If the
41 OB g | s 1 . . . .
Blsa2m Bleave {1 21% Blaas | 308 | 1o, latitude is more or less than 40° these corrections are to be multiplied by the
. , Tl mlyieiin]s RN EEHV E AR R TR corresponding coefficients given in the table of «Latitude Coeflicients,” p. 26.
AL g itls |1 en u R IR AR I Thus the refraction corrections in lntitude 30° are 66 hundredths, and those of
i r 4 o ' i o . . . .
i : :.‘: 1w [ asw [ 103w sre AR W Lo 50° 142 hundredths of the correspouding ones in latitude 40°. 'Thereis a slight
w |y a2t | Case o b1 o by 1w !l 2 0n’° . : : v e s :
w!1rraflw 11| w]|sses| 2o ',?. l_‘ I 2 | o 0 error in the uso of"t.heso Intitude coeﬂluel.xts, but the maxlmrxm error will not
20 | g2 168 | 0| B 1A, pan | B IRE L s oem $un, amount to over 15”, except when the sun 18 very near the horizon, and then any
N |40y |2 4 2m ;l ,l.' ,:‘ g ' arm PR T st ’ 1
AR 1 :; : '::': Blaim t‘: | "' "' ;: AU AR AR o refraction becomes very uncertain. All refraction tables are made out for the
R ERRE AR EEREL Bls AR 2 0H 820 8 # |3 v mean, or average, refraction, wherens the actual refraction at any particular
i 4 i & o | ¥ . . .
o : ,";z 2| L B IR M oidwouos | 2t doas | wr | s, timme and place may be not more than one-half, or as much as twice the mean
£ . 26 2 050 5 1468 28 5 118 Y . . . . .
P a4 em : m8M ) 2| s 0 ;’; Lo | ow o ‘ A Bl [ om \ refraction, with small altitudes. The errors mnade in the use of these latitude
EERET: Hlsin e ) mom | 20 "':, 3 om | coeflicients are, therefore, very small as compared with the errors resulting from
, : Sl N "” 0 sl i ‘ tbe use of the mean, rather than unknown actual refraction which affects any
: s pr M. I K , Sh. ) . .
: } given observation.
e . AR e = .-..,1
! July. ! Augnat. Heptember, October. November, December. Example 1.
i v e " ) v L ron . . . . * H
1 | on1oe | 1 v D moso | oo | s |1 famaa o1 dnd 1 Let it be required to prepare a table of declinations for a point whose latitude
Lo b ERE 21 P . . . . . .
i : vow | 2| mam 3 . Y I R ala” " j 3am! is 38° 30, and which lies in the “ Central Time” belt, for April 5, 1890.
142 . . R . . . .
LalaeE v sem PE ot im] Als nl o A HA { Since the time is 6 hours earlier than that at Greenwich, the declination
IR RREET R ¢ o ‘ BEET RN EET R 114 Bl1te given in the ephemeris is the declination here at 6 A. M. of same date. Thisis
H ! 20 3 21 2 1 , . K] .
Pyl e | 2y em | B3OS LS e g | 484l | 7] 3am! found to be + 6° 9" 67”. To this must be added the hourly change, which is
Spaen, 130 o8t |l e ,:: ‘: - sl alro plus, and equal to 56" .83. The latitude coeflicient is 0.94. The following
11 4 04 10 4 UAS 1 1 045 1 1 107 1 2 160 10 1 20! .
i 2l san 1|8 |2 2ese|on : 31 ) n sz | 11 i i table may now be made out:
. . . HORA T I T T O O IR : L . N
Dag [ rom |oae b0 G s | o |4 208 ] 1w | 4 6388 ] Declination Settings for Apr. 5, 1890, Lat. 38° 30, Central Time.
w202 || 2zom ) s g am s | s sw 1418
:?‘ 3 032 H 3048 * = ! 'l 12 1 } gg w |1 oam i T smnandtan - '
a .
18140401 T | 1008 }l‘.} voesml W ;‘ }3;, }l, f: 23 (e |2 am { tour.|Dectiuation.] 1tet. Cor.| Hettmg. Ilum.1l)ecllnlllon.fllm-l. Cor.| Setitug. ’ :
D o H 4 108 18 4140 L E L. . SUER S —_)
AR AR PRI I B : R 7 |41 +ronr errseri| 1 D goresse a4 s |z
20308 | 1| a0 | W 8281 | w0 IR AR ‘ : ‘.
4 40 2 ¢ 10 20 1 082 21 1 11 2 2 2W k3 4 i
2‘1551!5 w818 '.".!\'.!u.'.n ol avus | ow | 3oz [y o2 oad 8| 6uel j+llo '“""" LR A
2 1em oz Lo PR Il I R I - Bltee! o | srnals s ‘ol 3l eea 4 6161910
2 2 0 2 q 0N : . ot g 3 ! i !
i oa L a . aam | B8 am T T N B ' ol ewsar |+ o ‘sreas ] ¢ | 61935 1+ 110162035
20 : o3 | @ vea las foyvess | oan |l oug 2 2w | 2n | ) 20 Vo : ‘ !
77 .6 118 2 5 149 27 3 1 1 2 131 21 4 24 2 2 219 v n 6 14 41 4+ 7 8 15 18 5 i 6 2022 + 210w j6 22 22 H
w o tous | owm | 1ous | M 3L dioe | | v a8 | 21| naw! ; ! R S
- : 3 2 o B9 0 1141 | o | 4 sos [ w0 | Sh mo| o4 a4 e £ e s e
20 g . ﬁ: ‘ 2’; ' j u ‘,:: 30 | sngne | s} st} 20 | sb. ; e S Ce e R R R e
I R I AT 31 m': j:: 40 l * We publish the Solar Ephemeris every year and gend it to any one applying for it.
3 | 8.1 22 ‘ 3 | 8h.1 68 o 04 n ’J ]
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PRIME VERTICAL TRANSIT
As Built by us for the New Naval Observatory.

This instrument is mounted in such & manner that the counterpoising and
reversing appnratus are concealed below the floor and are fixed there. The
piers are thus relieved of all load, excepting the few pounds with which the tele-
scope is resting in its boarings, and as the counterpoise is arranged exactly
like a scale beam resting on hardened knife edges, ils nction is at once decisive
aud delicate, and insures the certainty that both pivots rest with the same
weight on each Y. During the reversal the counterpoises take care of them-
selves, and the piers remain absolutely undisturbed, as there is no weight
taken off.

In order to reverse the instrument end for end it is ounly necessary to turn
the handle on the south pier until it comes to a stop. The instrument has
then been lifted, turned 180°, and been lowered again into its bearings. This
can be done in less than twenty seconds; it can be done in the dark, and there
is no danger of injuring the instrument.

The Striding Level can be reversed without handling it, by merely turning
n crank on the north pier. The reading of the Level is accomplished by
means of a small telescope.

This instrument has been in use now for over 7 years at the new Naval
Observatory and is doing excellent work.

We have made a similar instrument for the Observatory of Georgetown
University, having a clear aperture of 9 inches, intended only for photographic
work. It is fitted with the same kind of reversing apparatus and is one of the
most complete instruments of its kind.
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CHRONOGRAPHS.

The opposite cut represents our style of Chronograpl, which, for compaoct-
ness and regularity of action, cannot be surpassed. It is noiseless, and the
governor regulates the speed so perfectly that the second marks form an aceu-
rate straight line. The cylinder is 14 iuches long, 7 § inches diameter, so that
oue secound is exnctly 10 wm. long. An ordinary meter scale will auswer to
read the sheets with.

The clock-work is provided with maintaining power, which permits winding
up without retarding motion; it is strong enough to drive several cylinders,
which can readily be attached. The speed of the cylinder can be doubled so
a8 to turn once in 30 seconds, which is especially convenient in exchanging
clock signals in longitude work.

Price, with fountain pen and 100 sheets of paper aud reading scale.. $355 00
Note.—Our Chronographa are not provided with electriv control. It is not ouly entirely

unuecessary, but its use absolutely wroug in conuection with a Chronograpl. The case is
eutirely different with driving-clocks for equatorials.

‘** Outfit’' Chronograph, barrel 7 inches long, 4 inches diameter; one
second is thus a little more than 5 mm. A nice little instrument, plenty good
enough for ordinary time observation.

................................................... «... $150 00

Note.—This price includes nothing but the Ohrouograph, with the weights.

Three-Pen Chronograph (page 85), for physical research, driven
by spring motor............. P eeenente e, ceeiea.. $600 00
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EQUATORIALS.

The grent interest which has been taken in Inte years in celestial photo-
graphy and spectral analysis has of necessity brought forth great improvements
in equatorial mountings.

Rigidity in the whole apparatus and the utmost regularity in the action of
the driving-clock are especially necessary. By the extensive use of steel and
by judicious ribbing and bracing of parts we gain lightness without sacrificing
strength. This is especially desirable in the parts which move and have to be
driven by the clock.

The fixed parts, such as the pier and head-stock, may be made heavy: there
is no harm in any excess of weight, as it tends to increase the stability. There
in, however, no use in putting more there thaun is necessary, and for this reason
the shape of those parts should be so chosen as to give them the utmost stift-
ness with n given amount of materinl.

The bLest possible cross-section for a pillar is the round one, and we have
ndopted it for this reason, and because it requires less space than any other
shape. We forego the advantage of a closet, which the square pier affords, for
the sake of greater beauty and strength.

Experience has fully demonstrated the superiority of the round pillar.

T'he Driving- Cluck is of specinl importance. We have calculated for differ-
ent telescopes the required sizes of the clock and the number of foot-pounds
they should control per hour. We arrived at these conclusions by ascertaining
what weight was actually required to drive existing telescopes of different sizes.

7The Reyulator or (fovernor is the most important part of the clock. We
experimented with a great mauy, and found the friction regulator, as suggested
by Prof. Young, to be the best. This governor is so constructed that any in-
crense in speed produces increased friction, thus retarding it again. By care-
fully caleulating its dimensions we get it as astatic as possible, and secure
high degree of power and sensitiveness. By sclecting materinls with the re-
quired coeflicients of friction we can make it more or less powerful. The
angle which the arms make with the vertical driving-shaft must be carefully
determined, and for this reason we effect the regulation for speed by moving
the balls up or down in the direction of the arm.

The Jilectric Control is now universally applied to all telescopes of con-
sidernblo size, ns it corrects the small irregulnrities due to a varying load and
keeps the driving-clock inunison with thestandard clock. Thesimplest and most
effective electric control we cousider to be the one contrived by Prof. J. E. Keeler,
which consists of & soft-iron sector clawped to the vertical axis of the governor,
rotating in a horizontal plane. The sector passes very close to the poles of an
electro-magnet, mounted on a slightly elastic standard of steel. At every second
a strong current is sent through the coils of this magnet by meaus of a standard
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clock, the circuit being closed. The driving-clock is set 8o as to run a little too
fast, and when the governor is started the sector continually gains until it reaches
the magnet of the control, when the friction produced by the attraction of the
latter prevents any further acceleration. With this control no shock is com-
municated to the telescope. By muking the magnet movable about the axis of
the governor, it can at once be set to the proper position after the governor has
attained its maximum speed, and then be clamped. If the governor rotates

faster than once in a second, the sector can be applied to the train below the

governor. Whether the polar nxis will rotate with a correspondingly uniform
motion depends upon the perfection of the gear-cutting in the intermediate
parts of the train, and especially in the accuracy with which the worm-wheel
has been spaced.

Phe best control is one applied to the driving-worm, as it corrects all the
errors of the clock andintermediate train ; it is, however, expensive, and requires
& most accurately cut worm-wheel.

The Worm-wheels in our Equatorials of the larger size are spaced on our
dividing engine and then cut on a gpecially constructed apparatus; the teeth
are not only spaced accurately but are cut with the correct pitch, as the cutting
tooth moves forward while cutting an amount equal to the pitch.

We employ two worm-wheels: the large one is loose on the polar axis and is
driven by the worm connected with the clock. A smaller worm-wheel fits loose
on the large one, to which it may be clamped from the eye end of the telescope.
The declination sleeve carries the worm gearing into the smaller wheel, and this
worm can also be operated from the eyo end. It will thus be seen that by
clamping from the eye end the clock will drive the main worm-wheel and the
telescope. By turning the worm which gears in the smaller wheel from the
eye end, the telescope can be moved with or against the clock without checking
or retarding it, and the motion is continuous, being only limited by the clamp.

It is certainly a great convenience to be able to move the telegcope from the
eye end both in RR. A. and Declination, but it will not do to use these motions
to correct by hand for long exposure in photography, as it would cause the tele-
scope to tremble. Hand correction is necessary, especially in large telescopes.
a8 no electric control or the rost accurate gear cutting will remove the errors
caused by change of refraction and flexure. This hand correction we effect by
giving the clock-worm an independent motion by means of epicycloidal gearing.

Anti-friction devices nre a necessity in large telescopes, especially for the
polar axis. The simplest and the most elegant is the one devised by the
Repsolds, to whom nenrly all improvements in equatorinls are due since the
immortal Frauphofer devised the now universally adopted German plan of
mounting.

Near the upper end of the polar axis, just below the worm-wheels, is a steel
collar turned to such nn angle that its lower surface is horizontal. Against this
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The following appeared in Astronomy and Astro- Physics, November, 1894 -

THE 20-INCH EQUATORIAL OF THE CHAMBERLIN OBSERVATORY.*

H. A. HOWE, DIRECTOR.

‘'he work of mounting the twenty-inch equatorial of the Chamberlin Observatory was le.
gun in July, and the instrument is now iu fair shape for use. ‘I'lhie fact that the writer was
able to get the inatrumont together without mistakes, and without the help of any skilled
mechanica, speaka well for the onre which was exercised in fitting and marking every piece
in the ahop.  Aa thia i tho firat large mounting of Mr. S8acgmuller’s conatruction which has
beon get up in this country, astronomers will be interested to know about its peculiarities,
together with the excellencies and the faults (if any) of its construction. Firat, however,
for the object.glnas :

‘Tiie Onsrorive, —The discs for this were obtnined of Foil and were figured by Alvan Q.
Clark. They ara woll-nigh perfect specimenn of optical glass: the crown lena is free from
atriw, and the writer could find only three or four small ones in the flint leus. No polari-
zation was shown by the ordinary test by reflected light, using a Nicol's prism. 'There is
but oue noteworthy bubble, which is a millimeter aud a half in dinmeter. 'T'he color-correc.
tion is botter than the writer expected with so large a glass of the usual type, and the defin.
ing power is exquisite.

Genesar Dracnierion or TaE Mounting.—The pier ou which the instrument stands is
built of a tough sandstone, being faced with dimension-stone, and filled with heavy-rubble
work. Its foundation ia grout. The pier is 16 ft. aquare at the base, 12 ft. srjuare at the
top, and 235 ft. high, its base being 12 ft. below the surface. Into this pier are lot three steel
bolts, 9 ft. Jong and 3 inoches in diameter. Their heads lock into horizontal foot-plates 2 ft,
square, imbedded 7 ft. deep in the maronry. Onu top of the pier lie three similar plates,
through which the bolts run, and to which they are held by very heavy nuts. On these bolts
is supported the 7,000 Ih. casting (not shown in out but below the floor), which forms the
lowest section of the pillar, its top Leing nearly fiush with the floor of the dome room. The
adjustment of the instrument in latitude is made by liftiug the entire column by means of
the adjusting nuts on the north bolt. Upon this masgive tripod stands n bell-ghaped casting
6 ft. in diameter at the base nnd about 5 ft. high, to which is fnstened by bolta running
through jnternal flanges a second casting, on whioh in turn stands the square clonk-oawe,

‘The adjustment in azimuth i beneath the floor, the bell-shaped casting being rotated by
three pairs of opposiug adjusting screws. The olock box can be shifted in azimuth (with-
out adjusting acrews) and is held in place by four set screws inside the pillar. The head-
stock is of a peculiar form, and projects far to the south of the pillar, so that the centre of
gravity of everything above the clock-oase in well in toward the geowmetrical axis of the pillar.
‘The weight of the entire inatrument is 25,000 1ba.

AnTi-Faicrion Devicea.—'The polar axis is a fine piece of Midvale steel resting in phosphor-
bronze bearings. The friction at the upper hearing is relieved by a get of six hardened
steel rollers, each a foot in diameter and a uarter of an inch thick, which stand vertically
side by slde on the same axis. ‘This axis is supported in an anti-friction bearing composed
of small hardened sateel cylinders. The systemn of rollers is nearly under tho centre of
gravity of the moving portion of the instroment, and is preased npward by a powerful bar
spring iuside of the headstock. Any desired tension is put upon the spring by means of
worin-gear, and the polar axis may thus be lifted entirely off its upper bearing.

[y

* Communicated by the author.
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The comparatively nlight tendency of the lower end of the po.lnr sxuii to ri‘slo md (:1::::::

acted by a friction roller placed above‘ it. 'The end thrust of this axis is swall an
i or end of it. )
by’l‘in:‘:lltla;-l:;‘:::?ogu“:xti:erulnz: in plain beariugs, but the end thrust is taken b): a .bnll-bennbulg
at each extromity of the axia. ‘'Yl Lull-benring at tho small end 'of thle .nxl;: ls'sdju::;am:
and firmly socured Ly a set-screw. A practical advantage ?f 'hnvmg l:) :l:: eairmvlia: b e
deolination axis is that when the instrumeut is uear the meridian, go tha w::el 8 zta“n
ressure nn the ball-berrings, the friction is suflicient to ke?p th? justrument from re 2 ig
l)I en the micrometer is put on or taken off. Thus no manipulation .of the counterpoises is
:e::esuary. ‘Fhe farge screw on which the counterpoises for declination are atrung is nota
i e.
Wl;)“?“"l‘:(i’oz::o":'.ﬁ;:x :;:Iitvi(:x‘gt::l':‘):::;:m a Young's double conical pendulum, the friction
eho; of which are shod with vegetable fibre. 'T'he vertical apindle which ca'rrie:.t.llnle a[:oeu(::;
lnm, earriea alao near its lower end a horizontal wheel, on the lower face io w' ll(l:e“c” et
two diametrically oppueite armatures, which rovolve over opposite pn;s ol o he,uces
electrio control, ‘The pendubumn makes two rev:)lutions in a siderenl secon: ,'ls't: lx pelioes
are supposed to quicken or to retard its motion, n8 may l‘;e nteoessnry. a ec oo‘in "
catries & chronograph which may e used either for regulating it, or for ordinary nl(:uirsbl
time. ‘The clock may be atarted, atupped, or vtmuud fromn thg floor, and runs lx?o n;he chci
that au electric control seems almost a superfluity. An electn.c moto‘r forh wnf;lmgand clock
isin contemplation, In winter heated air from a room below rises inside the pillar, p
ud Ly night. )
th:l?::tcl:}::;z:i:}:z: vem{er gf the hour circle is read from the floor ‘by a reading lel;-
acope near the dlal box on the south face of the pillnr.; the smallest .read'mg l? olne seoc::mi
but half a second may easily be estimated. ‘The verniers of the. declmahoudonero are ond
from the eye-end by two telescopes, the smullest rendin!; being 6 secon sd (:] [ i;c. o
divisions on both circles are exceedingly satisfactory in point of sharpuess and dis n(;: i e‘i
SerTiNe Cironzs.—The observer, when on the floor, sets the inatrumen't to :n)lv' e:"r
right ascension and declination by turning the ham}-wheel ou the ?outh side o t;.l o p ! :l;
and reading the two dials contained in the large eylindrieal box, which i: nhbo\:e e::;‘ on
level with the eye. Each dial haml moves at double the angular speed (: the corresbp ondis og
azis. ‘The declination dial in figured from 0° to 80° each way, the sma lestd spm:e kem% o;:
The right ascension dinl hns five-minute apaces, and il? (?nveu by an alg}:t: a;{lc:)cm.l ot
withatanding the large number of gears involved in driving this mechanism, ! eh oﬂ ack.
lash is so snall that a star of known coiirdinates is brought near the center of the finde
0'1;’:’ ;s jmportant to have snother system of setting circles visibl.e from the eye-elnd wl:;n
the observer is on the north side of the pillar. ‘I'his system consists of a 4 ft. circle on me
daclination sleeve which is rend by the naked eye of tl\e.obnerver at the oye-plec: tol :
nearest (quarter of a degree with entire ense, inud'.a. 3{(;. clrcl: ;l':, the north side of the cloc
eh i ly read to the nearest minute of hour-n .

b";;:,l:;::;::"ﬂ:: {lw entire building is lighted by an alternating curreul..nt a pret.;su:e
of 50 volts, this current has been utilized for the two-cnndle' power lamps, whioh illmmm:he
the verniers of the main declination cirole, the large setting ciroles: the micrometer, lle
bend lamp, etc. The main hour circle is lit up by two lamps of 16.candle powelrt eac E
which are 80 placed that they light up the dials south of the pier as well. ) As the v: ago (t;e
the house curreut in Lov high for the small lamps, it is run through a apecial conver 1;: ma
by Mr. E. Q. Richardson, of Deuver, and presented by him to the Obs'arvntury. ?toolx:-
verter carries n switch by which the voltage of the secondary current is made t.ohaulh the
small lamps, which are arranged in parallel, and are thns as easy to control as the house
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lamps. The light is stendy, nnd thero are no Latteries to require attention. 'This method
of illumination ia o eminently satisfactory that it is urgently recommended to all Observa-
tories which have access to nu alternating current.

‘T'he converter Is innide of the pillar, about 4 feet above the tloor, and is renched through
u large opening on the north side of the pillar. The secondary wires tun up fron the con.
verter through the clock case, thencs out of n hole in the uose of the headstock, up through
the polar axis (which is hollow) into the declination sleeve, emerging at the inner end of
the sleeve, and being there ntiached to n aeries of concentric rings. Springs fustened to
the telescope tube, and preasing nygniust these rings, lend the current to all required points
on the tube, All awitches are placed just where they onght to be, and the writer expects
great satisfaction from the completeness nud enny manipulation of the electric lighting.

Tue Exe-Enn.—To the oud of the main sheet steel portion of the tube is attnched a ghort
cylindrical casting upon which rotates n spectroacope jacket, similar to that on the Lick
telescope. In order to adapt the tube to photography, the entire eye-end hns been mude to
alide npwards n distanee of ahont 3 feat, being gaided by four stael rods, whioh run in eight
guiding lugs within the casting which supports the spectroscope jacket. For visunl work
this sliding piece ia pulled ont as far ag possible, nml for photography it is thrust clear
home, so that the photographie focus liea outside of it.  In either position the sliding rods
are held by clamp serews. At the lower eml of the sliding picce is attached by a bayonet
joint the tail-piece proper, consisting of the focusing tubex. ‘The tnil-piece bas lnteral
adjnsting acrewn, #o that the sight lino may be made perpendiculur to the declinntion axis.
There is but one finder, of five inches aperture.

MicromMeTER. —'This attuchiment varies in some particulars from the ordinary Awerican
form. ‘The verniers and the pinion for rotation in position angle nre fixed, while the posi-
tion circle revolves. Thus the observer can always find the pinion and the verniers, without
loas of time. The circle which ia 9 inches in dinmeter is divided to each tenth of n degree,
and can be read by the verniers to hundredths if desired.  Parallel to the movable wi-
crometer wire is n syntem of wires, rpaced nt distances of 6 winntes of are, for facllitating
observations of comets or usteriods. ‘There is but one funlt to be found with the mi-
crometer, namely, that in cortnin positions the ends of the bux are over the verniers, making
them inconvenient torend. It in only just to the maker to state that he has promised to
remedy thix defect, together with any others which the observer wny discover, after usiug
it awhile.

ADAPTATION To Puotoanarny.—The crown lens of the objective in reversible, the two
lenses heiug then separated by aeveral inches. 'To accompliah this the telescope in pointed
to the nadir, and the lower end of the tube is fastened to the pillar by a simple device. A
reversing carriage s then run under the objective, so that the crown cell, which weighs
about 150 1hs., ia snfely taken off, turned over and put buck. When one wishes to photo-
graph, the 5-inch finder and the entire system of handles for clamping nnd executing slow
motions in right ascension and declination are slid up the side of the tube so ns Lo be out of
the winy of the photographer thongh still usnble. ‘The tail-picce is then removed, nud the
plate-holder attached i its place by a bnyounet joint. ‘Fhe plate-holder ia movable in both
right ascension snd declination by five serews, the bucklnah being controlled Ly powerful
springs.

For * following" there is a photographic finder, the objective of which 1s 6 inches in aper-
ture, and is mounted on the outside of the mmin telescope, close by the 20-inch glass. The
eye-end of the photographic finder is a mnall micrometer, which is attnched to the plate-
holder by n sliding mechanism, which allows the micrometer to be moved quite a distance
in right nscensalon or declination or hoth, till n star auitnble for ** following ™ is found, and
placed at the intersection of the spider webs. It is hoped that the displacement of the

GEORGE N, SABAOMULLER, WASILNGTON, b, ¢, 7

imnge on the photographic plate by chunges of rofraction, differentinl flexnre of the tube,
etc., will Le practically the same na the displazement of the star which i used for ** fullow-
ing.” If there is any twisting of tho plate nbout the line of collimntion s an nxis, it may be
possible to deteat it by tnrning the position-circle of the micrometer so that one of the
spider-webs ahall biseot two stara ut opposite sitles of the fleld of view. No mechnnism has
been provided for correcting such a twist, but shoukd tho twist be discovered, it will Lo easy
to attnch tho plate-holder to the rotating spectroscope jacket, the motion of which is-con-
trolled by a worm, - SR

Rraiprry.—As it ia well known that Mr. Saegmuller strivea to build his instruments as
light na in consistent. with proper strength, sume astronomers have feared that a large tele-
scope of his coustrnction might lnck rigidity. ‘This monnting is not open to auch a charge,
and must be considered us reflecting great credit upon its mmker.

Tng Onsruving Cuatn.—This is 13 ft. high, 6} ft. wide, and ¥ ft. deep, ‘The platform (4
ft. by 3) slides up nnd down on four henvy trunk rollers, and is supported by u three-quarter
fuch Muniln ropo which takes n turn and a hnlf around n six-tneh oak druo; it is so coun-
terbulanced ns to require unly the pressure of one fluger to raias it.  1f two or three heavy
persous are to be on the platform at once, an extra turn of the rope around the drum gives
security against sliding downward, ‘Clie chair is moanted on four of Maztin's truck eastors,
which are equipped with nuti-friction wheels, #o that they rotate about their vertical spindles
easily. A ring of iron councentric with the top of the wall of the room. und 3 ft. less in
diameter, keeps the chnir from running against the electric lights, ete., ou the wall. ‘The
chair works very aatisfuctorily.

Untversity Panrk, Covo.

Umivensity Park, Covo., March 25, 1898.

Dear Mn. BARGMULLER :

You ask me tostate how our twenty-inch Equatorial hag behaved itself during the three and
a balf years that I have observed with it. It hns been used in (uite exteunive series of mi-
crometrical mensures and has ncquitted itself ndmirably. Al adjustments have been made
easily aud nccurntely. ‘T'he instrument has been stable, and is exceptionnlly convenient to
handle. Your method of relieving the friction on the polar nxis has proved to be sminently
satisfactory. 'The driving clock runs with smoothness and nccurncy, no matter what the
external temperature may be.  Very little nttention is needed to keep the instrument in per-
fect working order. ‘I'he Bruce micrometer is supsrior to auy other whiclr I bave ever seen.

Very truly,
H. A. HOWE.

For a more detailed description of this instrument we refer to “ Engineer-
ing " of May 28, 1897, the most widely known engineering paper published
in England. Six pages of letter press and illustrations are devoted to the
description of this instrument.
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