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Fauth & Co.’s Great Dividing Enginé.

INTRODUCTION.

In presenting this new catalogue and price-list we take occasion to thank
friends for past favors and to solicit a continuance of their patronage.

The increased demand for our instruments has necessitated the enlargement
our works. We have erected a new building and fitted it up with the most
proved tools and appliances. The increased appreciation of our engineering inst
ments has induced us to give this branch of the business particular attenti
These instruments we manufacture now from mpmved patterns and of the sa
aceuracy as our astronomical instruments. The engravings in this catalogue g
a good idea of our instruments as now made. Our constant aim, however, is
improve them, increase their accuracy and simplicity, and make their use pleas
and convenient.

The prices are put as low as good workmanship and the use of the best mater;
will allow.

We use only the very best obj ectwes, well corrected for chromatic and spher
aberration.

Our graduations are made on solid silver, unless otherwise mentloned, and
call special attention to the beauty and correctness of our divisions.

Qur level-vials are all ground, and their sensibility is in accordance with the
of the instrument for which they are intended. Our finest levels, which are chs
bered for the regulation of the bubble in changes of temperature, are ground ¢
radius of from 800 to 1,500 feet and upwards. We have the only machine
which such great curves can be ground to mathematical accuracy.

This machine is wholly automatic, and not only forms a correct curve that
be set at will, but also grinds the entire inside of the tube, making it perfec
symmetrical. “The weight of instruments is carefully considered in connect
with their use. Those intended for purely astronomical or the higher grades
geodetic work, while not of excessive weight, are yet so constructed as to ins
perfect stability. Those the use of which necessarily involves much transp
tation by hand are so constructed that, while the weight is materially decreas
the strength required is obtained by a judicious and careful distribution of :
metal.

All portable instruments, with their accessories, are packed in neat boxes, firr
and conveniently arranged, so they can be put in and taken out without troubl

While we give the closest attention to careful packing, our responsibility cea
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when mstrumenta leave the factory; in case of damage, the express companies
must be held liable.

Terms net cash.

Deposits will be reqmred on orders from persons not known to us.

DIVIDING ENGINE.

The cut on page 10 represents our large new Dlvldmg Engine recently com--
pleted, which we venture to say is one of the best engines ever comstructed.
‘We have studied all the best Dividing Engines in Europe and this country, and
hiwve endeavored to improve on them, sparing neither trouble nor expense in mak-
ing it as perfect as & machine can be constructed. The :gngine is made entirely
of cast-iron and steel, the moving parts being hardened steel, and. a novsl'
arrangement has been introduced for turning two opposite screws which insures
& perfect equality in their motions. The machine is entirely automatic:and cor-
rects its own errors by simple and sure mechanism. It is enclosed i in a case
not shown if cut, in which the temperature is kept uniform while a circle is
being divided. The temperature is regulated antomatically. _ '

“We have produced exeellent graduations with a less perfect machine than this,
and with this improved engine we feel justified in promising still better results.

K TELESCOPES.
‘While we do not attempt to give the theory of the Telescope, 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 consists of at least two lenéea, one of ;

them being of crown, the other of flint glass. By this combination of glasses,

which have different refractive powers, it is possible to correct the chromatic |

and spherical aberration. The latter correction is best shown by the perma-
nence of the focus, whether the image be formed by the centre or outer portion

of the objective; and by partly covering the objective so as to use only 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
brilliant colors of the spectrum. It is impossible, with any known combination
of glasses, to perfectly overcome the chromatic aberration, as all the colors
cannot be united in one point. There will always remain what is called the
secondary spectrum.

A glass, however, is well corrected if, on focusaing a bright object and then push-
ing the eye-piece nearer to the objective, a ring of purple surrounds the image,
and a ring of green appears if the eye-piece is moved away from the objective.

Small scratches and bubbles in the objective have no injurious effect, as they
wnly take up a very small portion of light. Veins and striz in a glass, how-
wver, are very injurious. They can readily be detected by viewing a bright
whbject like the moon, or a flame, without the eye-piece. If the glass is evenly
Alluminated it shows that there are no such veins and that it is homogeneous.
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The performance of a good Telescope depends much more upon the eye-piece
than is commonly supposed. And as it is as desirable for the manufacturer
as it is for the purchaser that the latter should have easy means of ascertaining
what kind of eye-piece will be most suitable, we give a plain description of the
different kinds of eye-pieces most in use and the method of determining the
power required.

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

The word “equivalent,” in connection with eye-pieces, simply means a com-
‘parison of the magnifying power of the compound eye-piece with that of a
single lens of a certain focus; thus, a compound eye-piece which is mentioned
as the equivalent of one inch magnifies as much as a single lens of l-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 that, in order to
find the “equivalent” of the eye-piece needed for obtaining a certain magni-
fying power, the focus of the object-glass has to be divided by the power
required, the quotient being the “equivalent” of the eye-piece. Accordingly, if
a power of 60 is requi:ed with an objective- of 30 inches focus, an eye-piece

of #mch focus has to be used, mnce — i

The following cuts represent the leuses, their distances from each other and
their diameters, of the “equivalent ™ of one inch of the different kinds of eye-
pieces, from which higher or lower powers may readily be computed.

S

Fia, 4.

Fic. L Fig, 2 Fig, 3.

- 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
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front of the combination; while in the negative eye-piece it falls between the
two lenses.

Of positive eye-pieces we have three kinds: the “Ramsden,” (Fig. 1,) the
“ Kellner,” (Figs. 2 and 3,) and the “Steinheil,” (Tig. 4) The “Kellner” and
“Steinheil ” are achromatic combinations, and preferable on account of the
absence of color and the greater flatness of the field which they give. The

*“Ramsden ” has for a long time been the only compound positive eye-piece in.
use, and does good service. It consists of two plano-convex lenses of equal

focus, the plane surfaces being turned outward; the foens of each lens is equal
to 1} of the “equivalent” of the eye-piece, the distance between them being
equal to § the focus of either lens, and the aperturefhay bé taken .as } the
focal length of either lens. S

The “Kellner” consists of a plano-convex, or sometimes a crossed field-lens

and an achromatic eye-lens. We give two sketches of 4, (Figs. 2 and*3.) Fig.
3 has the field-lens cut down to secure the greatest possible flatness of field;

Fig. 2 is uséd in cases where the extremest angle of field is required. Even

with this large field-lens it will give more satisfaction than the best “Ramsden.” |

“The “Steinheil” (Fig. 4) consists of two achromatic lenses. It gives a beau-
tiful field of moderate size, but absolute flatness.

5 S Of negative eye-pisces we have two
kinds, the “Huygens” and the “Airy,”
(Figs. 5 and 6,) the latter being an im-
provement of the former. They are both
achromatic on account of their peculiar
construction; the “Huygens” giving a
large but somewhat curved field, while
the “Airy ” has a perfectly flat and large

'I—'— — field. The proportion of foci of eye-lens [— —

' and field-lens s as 1 to 3, and the dis-
tance between the lenges is equal to 4

lent” of the eye-piece. For instance,
the field-lens of a 1-inch eye-piece has a
diameter of 1 inch from which the diam-
eters of higher or lower powers may
readily be computed. 0

All the eye-pieces above mentioned show the objects inverted. As this seems
to be troublesome to the engineer, “‘erecting” or “ terrestrial ” eye-pieces are
mostly used on engineering 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 accustomed to them,
we strongly recommend the use of inverting or astronomical eye-pieces.

Fia, 6.

of their compound foci. The diameter :
of the field-lens is equal to the “equiva- Ej
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So far, however, engineers seem to prefer Telescopes showing erect. To
effect this, four lenses are required, arranged as shown below, and forming the
_ “terrestrial” eye-piece. We make two kinds

of these: the “TFraunhofer,” (Fig. 7,) and the
“Airy,” (Fig. 8.) The latter is mostly used on
our levels and transits, as it gives a very flat field
and defines well. =
The terrestrial eye-piece is often made witha -
total reflecting prism between the anterior and
posterior. combinations. They are then called
“diagonal ” or “elbow ” eye-pieces, 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 practical method is the follow-
ing: Focus the Telescope to any distant object ;

then withdraw the eye to a distance at which a

near object is distinctly seen, when a small disc

of light will appear in the centre of the eye-piece.

This is the image of the objective. If measured

by means of a finely-divided scale and divided

into the diameter of the objective, the quotient
will be the magnifying power. Thus, supposing

a Telescope to have a clear aperture of 2 inches,

the diameter of the image being & of an inch,

then the magnifying power of such a telescope
would be 2 inches divided by & — 32 diam.
By means of a dynameter this image can be
measured very accurately, but the above-deseribed
" method is good enough for all practical purposes.
The power of a Telescope can be increased by substituting an

eye-piece of shorter focus; but this increase brings with it a

corresponding loss in size and brightness of field. As a general

rule, it is better to use lower than higher powers.
In Telescopes for engineers’ transits and levels, the aperture
of the objective and the corresponding magnifying power are
S carefully determined. The least motion of the level-bubble must
be visible by the displacement of the cross-wires. It is therefore important that
the magnifying power of a Telescope and the sensitiveness of a level are propor-

Fie. 8

%._ﬁouat.e to each other. ]
i Take the case of a Telescope for a precise level, for instance; one division

the graduated level-bubble equals 5 seconds of arc. Each division being
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2mm., a displacement of one-tenth can readily be observed, which means that

the instrument was raised or depressed just 4 second of arc. The Telescope,
in order to make this small change visible on the rod, must have a magnifying
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 eye can readily point with ordinary

sights to within 10 to 15 seconds of are, or say 12} Seconds, it follows that,

in order to point within { second, we must have a power of ]—'i—é == _25:
The lenses of a Telescope should not be cleaned too often. Tgo frequent
wipings will scratch the glass and injure the polish§ whicki is more injurious
than a little speck of dirt. When it becomes necessary to cleati the glass,
take & soft dry piece of chamois skin or old piece of.linen which by repeated
washing has become soft. If the glass is very dirty,-use s little alcohol. :

Dirt on the eye-piece, especially on the field-lens, is far more objectionable.

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

1

GRADUATIONS.

A silver stirface is the most satisfactory fora good Graduation. We use it ex-.
clusively for the better class of instruments. The circles for our larger instru-
ments are divided into 2-minute or 5-minute spaces; these are read to single sec-.
onds by means of micrometer-microscopes, which are now being extensively used

upon the higher classes of engineering instruments. To attempt to read a fine

graduation by means of a vernier to single seconds, even on a moderately large
circle, is very trying to the eye, besides involving two operations at the same time_
the seeking for the-coincidence and the counting from the zero. With a reading-
microscope these two operations are separate—first, a bisection is made hv.
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 as it is to read minutes by means of the vernier.

The vernier, however, 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 graduated 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 half minutes by the vernier having
39 circle parts divided into 40. Or the circle is graduated into } degrees and
the vernier reading to 20 seconds by having 44 circle parts divided into 45. Or
the circle is divided into § degrees and the vernier reading to 10 seconds by
having 59 parts divided into 60. :

We take it for granted that any one likely to read this pamphlet knows how
1o read a vernier.

g
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In order to eliminate any eccentricity of limb or vernier-plate, there should
be two verniers 180 degrees apart, as the mean of both readings will completely
correct it. : X -

The verniers should always have reflecting shades attached to them, as they
throw an even light on the graduation; and it is also of great importance
that graduations reading 20” and less should have the reading-glasses permanently
attached in such & manner that they can be moved radially along the entire
length of vernier. The tube in which these reading-glasses are mounted should
also-have at the end nearest the graduation a fine pointer which will just reach
the end of the lines. This pointer, being in the centre of the field, will serve
as a guide in moving the reading-glass just opposite the coinciding line; the
centre of the lens is thus used in reading, and parallax isavoided. Every engineer
who has not used these before will find them of great service.

LEVELS.
The Spirit-Tievels form a most important part of an instmrﬁant., and, no matter

how small they ave, they should always be ground to a regular curve. At one
time Levels were made by merely filling tubes with aleohol and then hermetically

' sealing them. By testing these tubes, one side of them was frequently found to

be so nearly uniform in curvature as to form quite a 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 sensibility, as well as the uniform run of the bubble, is
easily determined by the use of an instrument called the “XLevel frier,” 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 arc” 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 quantities of elevation will produce equal spaces of run in the
bubble, and at the same time 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 circumference of a circle, d the distance in inches and parts run over by the
bubble in one minute of elevation, and 2 » = 6.2832 being the measure of the
: : 21600 d
circumference to the radius 1, then: r = 69839

For instance, take a Level in which we find d — 2 inches, then the radius of
G 21600 X 2 : 45 -

It is to be observed, however, that owing to the adhesion and friction of
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In order to eliminate any eccentricity of limb or vernier-plate, there should
be two verniers 180 degrees apart, as the mean of both readings will completely
correct it. .

The verniers should always have reflecting shades attached to them, as they
throw an even light on the graduation; and it is also of great importance
that graduations reading 20" and less should have the reading-glasses permanently
attached in such a manner that they can be moved radially along the entire
length of vernier. The tube in which these reading-glasses are mounted should
also have at the end nearest the graduation a fine pointer which will just reach
the end of the lines. This pointer, being in the centre of the field, will serve
as a guide in moving the reading-glass just opposite the coinciding line; the
centre of the lens is thus used in reading, and parallax is avoided. -Every engineer
who has not used these before will find them of great service.

2mm,, & displacement of one-tenth can readily be observed, which means that
the instrument was raised or depressed just 4 second of arc. The Telescope,
in order to make this small change visible on the rod, must have a magnifying
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 eye can readily point with ordinary
sights to within 10 to 15 seconds of are, or say 124 seconds, it follows ‘that,
in order to point within } second, we must have a powerof 1%% = 2b. .
The lenses of a Telescope should not be cleaned tgo- often. Too frequent
wipings will scratch the glass and injure the polish, %vhich ‘is morg injurious
than a little speck of- dirt. When it becomes necessary to clean the glass,
take a soft dry piece of chamois skin or old piece of linen which by repeated
washing has become soft. If the glass is very dirty, use a little aleohol. '
Dirt on the eye-piece, especially on the fieldlens, is far more objectionable
than on the objective; hence they require to be more frequently cleaned. -

i

_ 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 aleohol and then hermetically
sealing them. By testing these tubes, one side of them was frequently found to ~
be so nearly uniform in curvature as to form quite a 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 sensibility, 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
lengih of this bar and the piich of the screw, it is easy to find the vaiue
- “in arc” 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 quantities of elevation will produce equal spaces of run in the
bubble, and at the same time 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 circumference of a circle, d the distance in inches and parts run over by the
bubble in one minute of elevation, and 2 = — 6.2832 being the measure of the

GRADUATIONS.

A silver surface is the most satisfactory fora good Graduation. We use it ex-
clusively for -the better class of instruments. The circles for our larger instru-
ments are divided into 2-minute or 5-minute spaces; these are read to single sec-
onds by means of micrometer-microscopes, which are now being extensively used
upon the higher classes of engineering instruments. To attempt to read a fine
graduation: b_y means of a vernier to single seconds, even on a moderately large
circle, is very trying to the eye, besides involving two operations at the same time—
the seeking for the:coincidence and the counting from the zero. With areading-
-microscope hess {Wwo operalions are separuie—iirsi, a biseciion is made by
turning' the micrometer-serew, 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 as it is to read minutes by means of the vernier.
The vernier, however, 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 graduated 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 fo half minutes by the vernier having

39 circle parts divided into 40. Or the circle is graduated into } degrees and it : 21600 d
- . - t tl]l 3 . = —
the vernier reading to 20 seconds by having 44 circle parts divided into 45. Or [RTanee i e ding 1, ko x 6.2832
the circle is divided into § degrees and the vernier reading to 10 seconds by For instance, take a Level in which we find & = 2 inches, then the radius of
having 59 parts divided into 60. . curvature will be %2— — 6878.6 inches — 573.2 feet.

. We take it for granted that any one likely to read this pamphlet knows how

to read a vernier. It is to be observed, however, that owing to the adhesion and friction of
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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. SAoA .
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 same time grinds the entire interior .

surface, thus making them perfectly symmetrical nnd; not lisble to any of the
above-mentioned defects. o Sl

Sensitive Levels aro frequently injured by not being pa'opeﬂj: fastenéd 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 gxpand 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 means 6f 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 & glass tube, to

guard against sudden changes of temperature.
| VERTICAL SIGHTING ATTACHMENT.

- Cut on page 55 represents a simple Attachment to engineer’s transits, invented |

and patented by G. N. Saegmuller, for sighting vertically, upwards or downwards.
It consists of a right-angle prism placed in front of the objective, and has the effect
of reflecting the rays at an angle of 90°. Thus, if the telescope be pointed hori-
zontally, by putting the prism in front of it, so that the upper cathete surface is in
8 horizontal plane, the line of sight will be directed upwards ; by changing the
posiiion of this prism 180° the line of sight will be vertically downwards. Turn-

ing the transit 180°, and taking the mean of the two sightings, the point vertically -

above or below the centre of the instrament is obtained.

This is the simplest and most exact method of getling a vertical sight. The
use of a prism is far more convenient than the clumsy plan of attaching an extra
telescope to the axis, which tilts the instrument, and is also very expensive.

Although a plain mirror can be used for this purpose, it is objectionable on
sccount of the double images caused by the front and back surface, and a prism
18 therefore preferable. By making the mirror slightly wedge-shaped, so as to
ihrow the faint image out of the field, the annoyance of double images can be
overcome. This style of mirror costs nearly as much as a prism, and altogether
we find that prisms are the most satisfactory, as there is no silvering, which is
liable'to deteriorate. The prisms, however, have to be perfectly homogeneous,
@nd must be ground to exact surfaces, as a bad prism would undo the work of a
good objective.
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It is readily seen that by turning the prism 90° it can also be used to offset at
right angles. It can also be used for vertical sighting by attaching it to a level.
This Attachment can be fitted to any instrument.

New Quick-Levelling Tripod-Head with Shifting-Plate. 5

PATENTED BY G. N. SAEGMULLER, WABHINGTON, D. C.

These engravings represent & new form of Quick-Levelling Tripod. which is
the simplest.and most convenient yet devised. It consists of two circular discs,
which are wedge-shaped ; that is, thicker on one side than the other. They are
interposed between the levelling-screws and tripod-head proper. By turning
one or the other of them around their common centre the instrument can grad-
ually be brought to a vertical position., The final levelling fguches are given by
means of the usual levelling-screws, which at the same time clamp the instrument
firmly. Zhe great advantage of this Quick- Levelling T'ripod over other forms
i that the instrument will not fall over even if’ it is not clamped, and no acci-
dent on this account can occur. :

It can be attached to any transit or levelling instrument.

The cut on the following page represents a new form of

SOLAR ATTACHMENT APPLIED TO A TRANSIT,

invented and pa.t,ent,(;d by G. N. Saegmuller, which is the simplest and most accu-
rate ever devised. Attached to any engineer's transit, the true meridian and
deviation of the needle can be obtained with far greater accuracy than with any
Solar Attachment yet invented. Ty

The cut represents the “Solar Attachment ” applied to an engineer’s transit.
It consists essentially of a small telescope and level; the telescope being
mounted in standards, in which it can be elevated or depressed. The standard
revolves around an axis, called the polar axis, which is fastened to the telescope
 8xis of the transit instrument. The telescope, called the “solar telescope,” can
| thus be moved in altitude and azimuth. It is provided with shade-glasses to
- 8ubdue the glare of the sun, as well as a prism to observe with greater ease
& When the declination ig far north. Two pointers attached to the telescope to
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approximately set the instrument are so adjusted that when the shadow of the
one is thrown on the other the sun will appear in the field of view.

Adjustment of the Apparatus.

This is very simple, and requires even less work than to adjust the commof
transit.

First. Afttach the “polar axis” to the main telescope axis in the centre at
right angles to the line of collimation. The base of this axis is provided with
three adjusting-screws for this purpose; by means of the level on t.he solar tele-
scope this condition can be readily and accurately tested.

Second. Point the transit telescope—which instrument we assume to be in ad-
justment—exactly horizontal and bisect any distant object. The transit level
will then be in the middle of fthe scale. Point the “solar telescope” also hori-
zontally by observing the same object and adjust its level to read Zero, for
which purpose the usual adjusting-screws are provided. '

Directions for usi.ng the Att:achment.

Flirst. Take the declination of the sun as given in the Nautical Almanae for
the given day, and correct it for refraction and hourly change. Incline the #ransit -
telescope until this amount is indicated by its vertical arc. If the declination of
the sun is north, depress it; if south, elevate it. Without disturbing the posi-
tion of the transit telescope, . bring the solar telescope to a horizontal position by
means of its level. The two telescopes will then form an angle which equals the
amount of the declination, and the inclination of the solar telescope to its polar
axis will be equal to the polar distance of the sun.
_ Second. Without dmturbmg the relative positions of the two telescopes, incline
~ them and set the vernier to the co-latitude of the place.

L~ By moying the transit and the “Solar Attachmnent” around their respective
-'_ vertical axes, the image of the sun will be brou oht into the field of the solar
" telescope, and after accurately bisecting it the transit telescope must be in the
meridian, and the compass-needle indicates its deviation at that place.

The vertical axis of the ‘Solar Attachment” will then point
to the pole, the apparatus b-ing in fact a small equatorial.

Time and azimuth are calculated from an observed altitude of
the sun by solving the spherical triangle formed by the sun,
the pole, and the zenith of the place. The thres sides, S P,
P Z, Z S, complements respectively of the declination, latitude,
and altitude, are given, and we hence deduce S P Z, the hour
angle, from apparent noon, and P Z S the azimuth of the
sun.

The “Solar Attachment” solves the same spherical triangle
by construction, for the second process brings the vertical axis

Solar Attachment on Engineer's Transit.
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of the solar telescope to the required distance, Z P, from the zenith, while the Mean RerFracTION.
first brings it to the required distance, S P, from the sun. Barometer, 30 inches. Fahrenheit thermometer, 50°,
If the two telescopes, both being in position—one in the meridian, and the SN — e
other pointing to the sun—are now turned on their Aorizontal axes, the vertical N, L Apparent | Mean re- || Apparent | Mean re- || Apparent | Mean re- || Apparent | Mean ;
remaining undisturbed, until each is level, the angle between their directions sltitude. | fraction. || altitude. | fraction, || altitude. | fraction, || altitude. | fraction. || sltitude. | fractic
e (found by sighting on a distant object) is S P Z, the time from apparent noon. — - - o ]

M- This gives an easy observation for correction of time-piece, &e., reliable to o l’ rom o oon i o R = AR o s ’
1] within a few seconds. 0 0| 3630| 1240 414/ 19 0| 248 28 0| 149 41 o 1
18 10 2a54lf 13 0| ¢ 7] 30| 243 30| 147 42.0| 1
i d Advantages of the “Solar Attachment” over the old form. 2 0| 1825 20) 4 14 2 of 239l 2 of 145/ 43 0| 1

i § 8 First. Tt is more accurate. 30| 1425 0| 355 30| 234 20| 1148 :; 0 1 |

| Second. It is simpler and easier of adjustment, f g 1; :: i 2:}} i :E: = 33 2 :; 30_33 : ;; 46 g g 1

: T'hird. It can be used when the sun is partly obscured by clouds, when the B e 40| ‘39l 22 o] aas s ol 187l 470 0.
' ordinary “solar” fails altogether. : 7 0 724l 158 o 3 34 30 2 20 30 13| 48 o 01

Fourth. Tt can be used with the sun quite close to the meridian. 8 0 6 83 20 329 23 o 216 32 o] 133 49 o 0 !
| Fifth. The time can be obtained with it reliable to within a few seconds with 9 0/ 552 40| 32 30| 213 30| 1381 50 0| 04
! the greatest ease. : 10 0f 519| 16 0| 320/l 2¢ o| 210 33 of 12| 55 o 0
Sixzth. It is much cheaper. 20 5 9 20 3 16 30 2 7 34 0 126 60 0 0 é
It is as superior to all forms hitherto used as the transit is to the ordinary com- 0| 50 008130 36 0 Ak B8 04 EER Y 65 0 90
pass, or as a telescope is to'common sights. For the ordinary surveyor's compass ! S 3 2 S 20 g : o 33 f 5: g: g : f{; :g 00' ': :
the degree of accuracy of the old attachment will answer, although evenon a § fg : ;i £ e sEanl w slaidl ns -
compass this “Solar Attachment” would be an improvement. : _ 12 0| 4 2:7 18 0| 257l a7 o] 15t 39 o] 1213l 8 o 0
‘When angles are laid off with a transit, however, it is cerfainly going back a 20| 420  s0| 23 30| 152 4 0| 1 9l 20 o 0
step to attempt to establish a meridian with a less precise instrument, or one that : : e
has less pointing power. ' : e
The sights of an ordinary solar compass consist merely of asmall lens and a CorrecrioN oF THE MEAN REFRACTION FOR THE HEIGHT OF THE BaromeTER.
piece of silver with lines ruled on it placed in its focus. This is simply a very i e
primitive telescope, since the exact coincidence of the sun’s image with the lines = : - s e B
Wb has to be determined by the unaided eye, or at best with a simple magnilying 'g:é e 7 §§
e glass. 5 e c i : 2
That far greater precision can be attained by means of a suitable telescope is ] S o ¥ ¥ ¥ = Y 7 N W |
I F apparent ; in fact, the power of the solar telescope is in keeping with the transit B e L TR o e
| telescope, as it should be. e : 2507 5. F10 | 15 | 20 | 95 | 30 | 35 |40 | 45 | ;1
A glance at the cut will show that the “ Solar Attachment” is far simplér than < 9775 £ |79 13 | 18 | 28 | 27 ! 82 | 86 | & 48
i the ordinary form. By raising or depressing, it can be set to north or south 28.00 4 =8 [ 12 [ 16 [“20 | 24| 98 | 33 |36 | 41
! declination. To effect this with the ordinary solar compass 0o sets of primitive - 2835 i et i e Ol B £ SR ¢ Bl s o G o O O | R
i telescopes—one answering for north, the other for south declination—are required, o e 9 (12 | 15 | 18 | 21 ( 24 | 27 | 30 | 81.50
' which are difficult to adjust. 28.75 2 5 7,10 | 13 | 15 18 [ 20 ( 23 25 | 31.25
- . The addition of the level on the solar telescope dispenses with the declination 29.00 3 % $ bl B R R R B I R ) %
arc altogether, the arc or circle on the transit also serving for that purpose in ::g : ‘ Z ; : 58 2 1; I: 1; :z gg;g
conjunstion with it. : T S ool b sl b Bl il e
This “Solar Attachment ” is in fact the only one which should be used in con- 3000 | o 0 o o 0 0 0 0 0 o | 30.00
nection with a transit instrument. 1 solves the solar problem, as has been
attested by the leading astronomers and engineers who have seen and used it.
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Exawrre T

Savr Lake Crry, Uran, October 24, 1884,
Find the refraction-correction by means of the above table, which is to be
applied to the sun’s declination before setting it off on the Solar Attachment.
Observed altitude of sun at 9 20m A. M., 23° 03. The time-piece is sup
posed to indicate local civil time, old style. This is found by subtracting from
mean time of true noon the time of observation corrected for error of time-
piece. Equation of time for October 24, —12m- 48.0% ; hence mean time of true
noon 128 12m 48.0s — 11b- 47= 12%  Subtracting from this the time of obser-

:aa]t)mn viz., 9% 20™, we find 2® 28™ for the hour angle with which to enter our:
le.

The latitude of place of observation is |- 40° 46",

The pementage found in the table for these two arguments is ¢
Correction for sut’s declination, which is 12° south, is found by taking Irom

table the correction for 1°, which in this case is |- 0.3; hence for 12°
Hence total percentage of refraction in altitude, :

Tabular mean refraction for altitude of 23° 03’ =2 12" e1ght.y—ﬁve and six-
tenths per cent. of which, namely, 2.2 X .856 — 1'.9, is the correction to be ap-
plied to t.he sun’s declination, and which in this case is subtractive, because it is
south.

Sun’s declination at instant of observation, . :
Hence dec.lmahon to be set off on solar matrument,

12° 005
11° 586

Examrre I

: : ? rrmu'wm, D.C, may 23, 1885.
Observed altitude of sun at 4> 55= P. M., 24° 10; find the refraction-correc- |
tion to be applied to the sun’s declination. Here hour angle is equal to time of
observation plus the equation of time. Equation of time — -+ 3.5 minutes.
Assuming time-piece to indicate true local and not standard time, the sun’s hour
angle at observation — 4b 58.5m
Latitude of place of observation, -+ 38° 33".
Percentage by table for these two arguments, .
Sun’s declination north - 20° 42". Tabular correct.wn for 12 nort.h daeh
nation, — .3; hence correction for declination, 20° 7 L 3 —
Total percentage of refraction in altitude,
Refraction for observed altitude, 2' 36"
applied to sun’s declination, 2.6 .- .588
sun is north of the equator.

65

. — 6.2
i . 58.8
Then for reﬁnetmn—eorrectlon to be
= 1".5, and which is additive, because the

FAUTH

& CO., WASHINGTON, D. C.

ISun’B declination for Washington, mean noon,
'Correction for hour angle 5 X 28" = :
| Correction for refraction as found above,

| Sun’s declination to be set off on instrument, .

27

4 20° 425
1+ 3¢
4+ 1
+ 20° 461

It will® readily be seen that, unless great precision is sought, the equation of

finding the percentage of refraction in altitude.
' declination, the hour angle should be known much more accurately, especially
" during the equinoxial periods, whén the hourly change of declination amounts tc
. as much as a minute of arc nearly.

 time and the error of the time-pisce on Zocal time, if not exceeding about 15 min-
- utes, may be disregarded in working out the hour angle of the sun, to be used ir

But for computing the sun’s

SOLAR EPHEMERIS, 1885.

FOR WASHINGTON MEAN NOON.

e [AomembvstiC O mgnanionacl| | AsestDe| olT (Rqusticn st
No?_n. AR parent Noon. Noon, tion. parent Noon.

1385. o ’ rr " m. &. 1885. o rotr 7 m.‘ F
Jan. 0|—23 2 6.7 4+12.06| - 338.10 || Jan. 25 | —1847 20.5 | +-37.62 | 12 43.70
1| 2257 35| 13.20 4 6.31 26| 183167.2] 38.47 12 56.32
2| 2251329| 14.34 43417 97! 181633.8| 39.30 13 8.11
3| 2245349| 1547 5 1.65 28! 18 040.8| 4011 13 19.08
4{ 2239 9.8| 16.60 5 28.74 29| 1744285( 40.91 13 29.23
5| 223217.9| 171 5 55.41 30| 1727572{ 41.69 13 38.55
6| 2224593| 18.82 6 21.64 31| 171067.3| 42.46| 13 47.05
7| 221714.0| 19.92 647.40 [[Feb. 1| 165359.3 | 43.21 1354.73
8 22 9 24| 21.02 712.66 2| 1636335| 4393 14 1.60
al 92 asarl 9210 7 27.40 2l 118503k w45 14 768
., 10| 2151214| 23.17 8 1.60 4| 16 0502 4535 14 12.90
o o11| 2141525) 2423 8 25.22 5| 154233.6| 46.02 14 17.35
. 12| 213158.3| 25.28 8 48.26 6|- 152360.8| 46.69 14 21.02
¥ 13| .21 2P 2 26.31 9 10.66 7| 15 5132| 47.33 14 23.90
~ 14| *2110553| 27.33 9 32.42 8| 144568.3| 47.96 14 26.02
~ 15| 2059 47.1| 28.34 9 53.52 9! 1496495| 48.58 14 27.37
‘16| 2048149 | 29.34 10 13.95 10| 14 716.2| 49.17 14 27.95
17| 203619.0| 3032 10 33.66 11| 184728.9| 49.75 14 27.77
18| 202359.7| 31.28 10 52.63 12| 1327279 5031 14 26.83
19| 201117.4| 323 11 10.86 13| 13 7138| 50.85 14 25.15
20| 1958125 33.17 11 28.32 14| 1246469 51.38 14 22.73
21| 194445.2| 34.08 11 45.00 15| 122567.6| 51.88 14 19.58
22| 193056.0| 34.99 12 0.88 16| 12 516.5| 52.37 14 15,70
23| 1916453 3588 12 15.96 17| 1144139| 52.84 141112
24 |—19 2133 4+36.76 | +12 30.24 18 | —1122 60.2 | -1-53.28| -}14 5.84
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FOR WASHINGTON MEAN NOON—Continued.
5 : Hourl, |
b | ‘BB U Bqastiongt|| (gt SRRV | Bqnation )
tion. parent Noon, Noon. sz:in’f‘” mt Hgoog:
1885. o 1 m. 8. 1885. AN A " g !
Feb. 19 |—11 135.9 | 4+53.72 | -+1359.85 || Mar.31 | + 4 24 53.0 |+ 57.90 | 14 102
20| 1039615| 5415 135320 || Apr. 1| 448 01| 57.69 34581 |
21| 101817.3| 5453 13 45.88 2| 511 21| 5747 3 2;-73
22| 9856237 5492 13 37.90 3|. 53358.6| 57.24 3 9.1
23| 93421.1| 5529 13 29,27 4| 55649.4| 56.98 2 52.00
24| 911700 55.63 13 20.03 5| 619341| 56.72 2 34.43
25| B84950.7| 55.97 13 10.20 6| 642123| 56.45 217.07
26| 827236 5628 12 59.78 7| 7 4438 56.16 159,94 |
27| 8 449.1| 56,58 12 48.80 8| 727 81| 5585 1 43.06
28| 74167.6| 56.87 12 37.97 9| 7492.0| 5554 1 "6.44 '
Mar. 1| 719194 57.14 12 25.22 10| 811340| 5521 110,
2| 65625.0| 57.39 12 12.70 11| 833349| 5486 0 -14.01‘:13
38| 633247 57.63 11 59.70 12| 855327.3| 5450 038.35
4| 610189| 57.85 11 46.94 13| 917108| 5413 022.94
5| 54668.0| 58.06 11 32.35 14| 938451| 53.73 0 787/
|- 6| 523523| 5825 111807 15| 10 0 99| 5333 —o0 6.85|]
T( 50323 5842 11 3.39 16| 1021248| 5291 021.22
8| "43668.1| 58.58 10 48,34 17| 1042294 5247 035.22 |
9| 413404| 58.72 10 82.95 18| 11 5234 52.02 048.84
10( 34969.5| 58.85 10 17.24 19] 1124 64| 5186 1 207
11| 32635.7| 58.96 10 1.24 20| 1144382| 5108 114.89
12| -3 259.4| 59.06 944.94 21| 12 4583 50.58 127.30
13| 239211| 5913 9 28.36 22| 1225 6.4 50.08 139,
14| 215411 59.20 911.53 23| 1245 22| 4957 1 50-§8
15! 15150.7] 59.25 8 54.48 oe| 19 a4s5| o o
16| 12817.4| b59.27 8 37.22 95| 1324158| 4849 2 1;“5';
17| 1 4346| 50.26 819.74 26| 1343329 47.93 2 2969
18| 040517 59.28 8 2.07 27| 14°236.4| 4738 2 32.35
19( 017 9.0 59.26 744.24 28| 1491260 46.77 2 4151
2|+ 0 633.1| 59.23| 72624 20| 1439615| 4618 2 50.15
21| 0380142 59.19 7 B.12 30| 145822.5| 4557 2 l58-27
29| 053540 5913 64989 [|May 1| 1516287 4495 3 5.85
23| 11732.0| 59.05 8 35,57 2| 1534198| 4432 312,88
94| 141 8.0| 58.96 6 13.17 3| 1551555 43.67 319,34
25| 2 441.6- b58.84 5 54.71 4| 18 9155| 43.01 3 95.93
26| 228124 5871 5 36.91 5| 162619.6| 42.34 3 30.55
27| 25140.1| 58.58 5 17.70 6| 1643 7.3| 4164 3.35.28
28| 315 44| b58.43 4 59.20 ‘7| 1659384| 40.95 3 30,43
29| 338248| 58.96 440,74 8| 171552.6| 4024 $42.00
30| 44 141.1|458.09| + 42234 9| +173149.7| +39.51| —345.96

FAUTH & CO., WASHINGTON, D. C.
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FOR WASHINGTON MEAN NOON.—Continued.

! Apparent Decli- B?OU;;}JY_IE uation of
. Date. %ﬁ%.n_m Dtggn- m{‘l}gﬁg
1885_ o " o m. 8.
May 10| +174729.2 | 438.78 | —348.34
11| 18 250.9| 38.04 3 50.13
12| 1817545 37.28 351.34
13| 1832398 | 36.50 3 51.96
14| 1847 63: 3571 3 52.00
15| 19 1138 3492 3 51.48
16| 1915 21| 3411 3 50.40
17| 192830.8| 33.28 8 48.76
18| 194139.7| 3245 3 46.58
19| 195428.5| 31.61 3 43.87
20| 2 656.9| 30.76 " 3 40.63
91| 2019 4.7| 29.89 3 36.87
92| 20305L.7| 29.02 3 32.59
23| 2042175 28.14 3 27.80
94| 2053220| 27.25 3 22.52
95| 91 4 B.0| 26.34 316.78
26| 211426.2| 2542 '3 10.52
27| 2124253| 2450 3 3.81
28| 9134 22| 2357 - 256,64
99| 914316.8| 22.63 9 49.02
30| 2152 88| 21.69 2 40.97
31| 22 0380 20.74 2 32.47
June 1| 22 844.2| 19.77 2 23.54
2| 221627.3| 1880| 21421
el ossaaral 1782 2 450
. 4| 2230436| 16.85 1 54.42
© 5| 2237164 1587 143.98
2 6| 2243955| 14.88 1 33.20
* 7l.224970.7| 13.89 122.10
= 8| 2254%19| 1289 110.69
9| 2259200 11.88 0 59.00
10! 23 4%1.9| 1087 0 47.07
- -1l 2378108 9.85 0 34.92
12| 2311547 8.83 0 22.57
13| 2315144 7.81 0 10.04
14| 2318 9.5 6.78 10 2.64
15| 232039.9 5.75 015.43
16| 93 2245.7 4.78 0 28.31
17| 92324268/ ' 3.70 0 41.27
18 | 423 2543.1 | +2.67 40 5428

‘Appnmnt Decli-
Date, | nation—Mean
| Noon,
1885. L=} [ 4 re
June19 | 423 26 34:6
20| 2327 1.3
81| 2387 3.2
22| 2326403
23| 23 2552.6
24| 2324402
95| 2323 3.0
26| 2321 1.2
97 | 2318 34.7
28| 23 1543.7
29| 2312282
30| 23 848.3
July 1| 23 4441
2| 23 0156
3| 225523.1
4| 2250 6.6
5| 2244263
6| 2238222
7| 2231546
g| 222 3.6
g| 22174938
16| 2210120
11| 22 2118
12| 2153488
13| 2145 3.&
14| 2135558
15| 2126 26.1
16| 2116 34.4
17] 21 6211
18! 2055 46.4
19| 2044 50.6
20! 2033338
21| 2021564
22| 20 9385
23| 1957403
24| 1944622
25| 1932 4.4
26| 191847.1
27| 19 510.6
28 | 418 51 15.2

Hourly
Motion—
Declina-

tion.

+1.63
0.60
225048
1.48
2.50
3.53
4,56
5.59
6.61
7.63
8.55
9.86
10.67

- 11.87
12.68

14.67
15.66
16.64
-17.61
18.58
19.53
20.48
21.42
22.35
23.28

. 2419
25.10
26.00
26.88
27.76
28.62
29.48
30.33
31.17
32.00
32.81
33.62
34.42
—35.20

13.e8 |

Equation of
Time for Ap-
parent Noon.

m, 8.
+1 7.29
1 20.29
133.25
146.16
1 58.99
2 11.73
2 24.35
9 36.83
2 49.14
3 128
318.24
3 24.98
3 36.49
3 47.75
3 58.74
4 944
419.84
4 29.91
4 39.63
4 48.98
4 57.95
5 6.51
5 14.65
52234
b 29.55
5 36.28
5 42.51
5 48.22
5 53.39
5 58.02
6 2.09
6 5.59
6 8.51
6 10.84
8 12.58
613.74
6 14.30
61425
6 13.60
+6 12.36

b
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FOR WASHINGTON MEAN NOON—Continued.

__-_‘—"—-—._.___ i
Dat Apparent Decli- f.ﬂ."jﬁ_ Equation of ‘ _-___B:-_l‘_‘_‘_‘_‘_“ 1| Hourly | pogationof Apparent Decli- L?o?il;xlly— Eguation o
T | A e R R ol o TR R e SR S MR
T o iy g A S | = e lon., . Ok dn ) Ko
1885. e " . :_ _1_8;5_‘ G e S S e o = S o m. 8. 1885. R e " m. 8.
July 29 | 4-18 36 61.1 —385.97 +6 10.53 'Se + 7 i ; G ': L4 : S i 0.5 | —54.72| —1441.08 || Nov.24 | —20 41 54.1 | -—29.67 | —12 59.0¢
Al B T il | eI R R
1 38.0 37.48 6 5. - i ¥ 54, 15 3.14 26 21 451.9 27.72 2 21.
Aug. 1| 17522958 3599 P f_ig Ig f;: 5;-: 55;;._85 256.99 (8 ;3 13 ;2 ifg:g 2’i$ 1518.25 27| 2115453 | 26.73 12 1.6(
2/ 1736686 3894 5 57.99 N1 ki 57.06 317.64 | g e (g 15 22.72 28| 2126146| 2572 11 40.9:
3| 1721203 395 5 isoh e _7.26 3 38.41 a2 | 1117367| 52.80 15 31.54 29 9213619.6( 24.69 11 19.6:
4/ 17 5201 | 4038 547.17 13) 333184 :7-44 { 359.29 ot 113817| s 15 39.69 30| 214559.9| 23.66 10 57.61
5| 1648632 41.06 E i " e 13-9 37-;?0 4 20.97 I 04| 115930.1 51.91 15 47.11 || Deec. 1 21 56 15.2 22.62 10 34.85
6| 1632209 4173 5 34.75 . siEeik 93 441.32 95| 1219705| 5145 1553.79 2| 22 4 53| 21.56| 10 115!
7. 181540.6| 42,40 5 27.66 16| 293550 58.02 3 = 26| 1240395 50.96 15 59.76 || 3| 221229.8| 20.49 9 47.5
8| 1558355 43.06 519.99 17 S o '2 58'13 5 23.60 | § 41 186 et 50.46 16 4.97 4 22 20 28.6 19.41 9 22.91
9| 1541150 4369 51175 18| 1373249 58.23 sy 98| 132061.8| 49.95 16 9.42 5| 2227614 18.32 8 57.8
10| 1523393 4439 5 2.95 19 it s-; 53130 6 597 99| 1340544 | 49.43 16 13.09 6| 2235 79| 17.22 8 32,1
11 15 548.8 44 91 4 53.58 st b 50 43‘2 58-3Iir 6 27.13 L 14 0340 48.87 16 15.97 7 22 41 47.8 |7 16.1Q 8 5.9
12 1447439 | 4550 4 43.65 5 P i g 6 48.25 e it el 4asi 16 12.04 8| 224761.0| 1499 729.8
13/ 1429249 4608 43317 sl g g 7 9.30 B o 1| 14semas| 417 16 19.30 S| 225347.3| 13.86 712.2
14 14 10 52.0 46.65 49213 g5i a3b 22:1 58.50 7 30_._28_ | ov. % By A7.13 16 19.74 10 22 59 6.5 12.73 6 44.6!
15| 1852 56| 4791 410.54 3| Gisiasl s 75113 sl 1bieris] sl 16 19.35 11| 23 3583| 1159 6 16.8
18] 1883 61| 4745 3 58.42 25| 16105 59'; 811.85 s e G 1618.12 12| 23 822.6| 1045 5485
17| 1313588 48.08 3 45.77 7 i 34‘7 58- 2 8 32.. 51 15 Bosas i5.99 16 16.05 13 2312194 |- 9.30 5 20.0
18| 1254286] 4880 3 32.60 7" 1hsrid 53-:;) 8 52.77 6| 1611339| 4455 16 13.14 14| 2315484 8.13 4 51.2
191 1234514 4930 318.91 W] iredis | 912,93 2l 1540181 | 488 16 9.40 15| 2318495 6.96| = 4221
20 1214623| 4979 3 4.72 29| 239429 58.38 g 8| 164639.6| 4317 16 4.81 16| 2321226 579 | ' 3529
21| 115461.5) 5036 2 50.05 30| 3 2631 58.30 e 9| 17 3469| 42.44 15 59.38 17| 2392327.6| 4.62 8 23.4
22| 1134495/ 50.78 23492 ([Oct. 1| 396914] woan o 10! 17e02ee!l saam!l 15B3M 18! 2325 45| 345 2'53.8
281 1114205 sias 219.34 Y9 e ;;;; 10 51.02 11| 173sess8| 40.96 15 16.01 19| 232613.2 2.27 2241
24| 1053528 s162 2 3.32 3| 412511 58.00 10 49.79 12| 1753%94| 40.18 15 38.07 20 | 232653.6|— 1.09 1 54.3
25| 1033 8.7 5905 1 46.88 4 43561 -3 57.37 b 13| 18 917.3| 39.39 15 29.80 21.| 2327 5.7+ 0.08 1245
: :: 13 12145| 5247 1 30.04 5 iv i 11: 32.922 14| 182453.0| 98.58 15 18.70 22| 232 49.: ;:i g Zi-:
1951106 5286 112.83 8 b ; s¥692| 3775 15 9.98 23 | , 2326 5. 1 024
28| 929572 5395 055.27 7] : 42: ;:-: ;);.35: e 12 ig i:gs.s 36.92 | 14 58.04 24| 2324525 362| + 0 50
29 9 83847! 5362 037.37 || 8 | e 67-5 57;0 12 18.15 7l 19 $a1.5| s6.07] 14 45.98 25 23 23 11.5 4.80 0 34.8
80| 847 34| 5399 019.15 bl S i 12 34.63 5| vassas| 840 14 33.12 26| 2321 23 5.97 1 4.5
81] 825235 5433 0 o Wl e o 12 50..66 10l a0sreiol sass 14 19.44 27| 231825.0 7.14 1 34.0
Sept. 1 8 3854 54.67 —0 18.20 11 716 22.7 56‘52 15 (038 20. 19 51 23.8 33.42 14 4.96 28 23 15 19.6 8.30 2 34
2| 741894 5300 0 37.30 12| 738563 56.26 :: : ot - 21| 20 4349 32.50 13 49.68 29| 231146.2 9.46 2 82.6
3| 71985.9| 3530 056.63 || 13| 8 1234 s599 13 ;'91 § 22| s017939| 3157 13 33.60 30| 23 744.9| 1062 38 1.6
; 657251 | 55.60 116.19 14| 823438/ 5500 14 53'25 : 93| 2029 50.4 | —30.63| —13816.73 31|—23 3156.9 (41177 | + 3 30.4
6 +: f: 4“ i Yoo I6] 8455711 5539 141666 -
31|—56.14| 15596 16| —g 7 62.8| —55.06| —14 9915
i

-________<_____________[________“___
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SOLAR EPHEMERIS, 1 8886. el FOR WASHINGTON MEAN NOON—-Continued.
e e | Sty e Apparent Decti- | Fously | Betionar
FoO t Decli- * |Eguation Hon— Mekn E e for Ap-
i SR R WASHINGTON MEAN Nooy. Date. | Bation—Mean p hotion a1 T | Mewn | Pama |
| b ]. : Noon, tion.
Apparent Decyy. | Hourly [ [ Loaiie el PO 3 = =]
Mot quation of . | Hourl i O " m. 3.
T | e Wi Rpma i Ap- 1 Dage, o et Mogion?. | Equation of || 1886 o+ m % S e ; 1/+49.17| —2 015
iy e Bore™ | et B 1 15| —15748.4|450.20| 485848 Apr. 24| 41259 54.1 | 449, . > 10.58
G e s e I Mar. S . Bios | 25, 1319 27.7 48.6 2 10.
. B e e o L B o B R R o B Bl BRLS 21.01
J. . ", o - L v Cm. g, 25.0 59.25 8 23. - =
an. ;} 23 B39 | o e Feb. 6| 1528330 F46.5¢ | 4qy 2; = 17 ;1: e B 8 5.76 27| 1357554 | 47.52 2 30.68
2258193 | 1993 3 58.84 Tl 15 9484 y74g| ,, 23.47 18 i d P s 28| 141648.9 | 46.94 2 89.82
223 f: 5;-:‘ ;'4. ;)7 2695 8| Us0482| 478 14 25,81 ;’, +0 0 109| 59.22 7 29,73 29| 1435284 ::.?i g fE ::
? 5.21 4 54.72 9 1431333 ; ' & 30 1453535 - 24
? = : - 48.42 14 27.34 491.7| 59.18 711.53 :
22 40 45.1 16.34 5 2209 10 3 . 21 02 . 512 4.0 45.13 3 4.02
£ 1411656 4901 14 28 59.13 658.22 || May 1 1 )
2233598 17.45 5 49.03 1 2 28.07 4] 048 1.3 - 59.5 4450 311.00
49. 1) 1352201 4959 tia 59.05 6 34.84 2| 152959
Bamiral imsel - ggi 1 ¢ 8.0 ool sl 54739.7| 43.85|  317.43
B i 2 1332 230 50.15" 14 27.18 35 15.8 58.97 6 16.41 3 1 2
223 11;; a.: 19'6? s 13/ 1812126 5019 14 25,54 i: : 58 50.0| 58.87 5 57.95 4| 16 5 43| 4319 : fg-ﬁg
B 33.3 20.75 7 7.00 40 125149.4| 5105 4 23.16 2| 292216 58.75 539.48 5| 162212.8| 4252 e
o e 2k 731.92 13 1281188| 5173l 440 02 27| 245503| 58.63 5 21.04 6| 1639 50| 41.83 e
i S R L2090 756.27 | 18 121023 g9 22' 141615 28| 3 9158| 5849 5 2.64 7| 165540.6 41.13 3 4‘:.
4412.8| 2396 8 20.02 17 o a L ks i ? ; 11593 | 4o.42 3 41.25
_ . 114927.3| 5049 1“1 7| 5833 44499 8| 17 :
11;! 21 34 2..:).1 25.01 843.14 18| 1128169 53.14 14 6-:; 29 ?;ii i;-'r 5516 426.01 9| 172760.8| 39.70 3 44,35
2| B212ef 260 9 5.61 19/ 11 6558 g3z 14 033 22 £19 94| 57.98 4 7.82 10| 1743447 38.96 3 4&.::
- 22: 1: 53;-3 “;’g-gg 927.41 20] 1045238 501) 14 53.70 Apr. 1| 442 185 578 349.74 11| 1759108 | gg-i; g ;:-32
; 2830 (- a8, 9 48.52 21 1023423 5 : : : 79 12| 1814187 : -
6 L 54.41 18 46.41 5 5922.8| 57.56 3 81.
;., ;’3 :; 1:: 22071 10 8.94 o R Y R i 52821.8| 57.33|  313.98 13| 1829 8.2| 36.67 3 ;Lig
18 3| o] 1oma 2] 989s14f 5519 13an0s 55114.3| 57.07|  256.31 14| 1843390| 3588 351
B 2026643( 3102] 19476 % 917403) grg5| 1o e 4 didond oty o 15| 1857.50.8 |  35.08 3 51.27
0| 20 aeo] 38 1 s 2| 8883e7) 8590|1571 90 i 8641.6| s6.54| 22152 B e e S b
. 20 1289 32,92 11 23.30 26 8 32 59.2 56.22 13 1.08 f e 15-2 56.34 % 4.43 i7 | 19 25 16.5 53,46 3 49,12
35 11 f Gl :f:: e 270 816%.0] b65e 12 50.3¢ | ; :.: ;1 15 ss8d 147.55 A Bl ks ﬁ.sg : ::2%;
s : 11 55.96 28| 747457 ; 4 R { 30.88 19| 195128.1 a £
23l 1 20184 | 35671 - - 56.82 12 39,07 © 9| 74i o8| 55.62 1 30. , 3 41.73
! . . 12 11.14 s - : 0| “20 356.1| 3095 g
i. i Gvsaal wal o0 - :2: ;f': 55:;: 12 27.29 . 10| 8 61L7| 5529 é;;';f . 2016 8.6| 30.09| 33816
: ‘ - . 12 15, ; 54.94 . 5
2| 12009 siaa| 19497y 3| 638653 5760 13 poc = B ”'% 8| 5068| 04243 22| 2027604 2023 33405
1 ;‘: 11: 3555.5 | 3897 12 52,02 41 615601 5780 114913 ks 1; el i 0 26.83 23| 203931.3| 28.36 <3 29.39
'182026.8| 3919 13 4.07 % = 3 1 : G : 50 40.9 | 27.46 3 24.19
: ; : 552497 5803 11 35 = ). 3.81 0 11.55 24| 20 .
:2: 18 4382 | 3990 13 15.32 6| 520306| 5o 5 2;-:: 14 :"-:i 3?‘: ;3 0| —o0 8.40 95, 21 129.0' 2656 3 18.48
5 & 54 57. . 35
< 1745501 [ 4098 | 1805w 7 & SI5.41 158801 15 g 0e e 10 ;s 13.8| 52.99 0 18.00 26| 2111565 25.65 312.25
X Walesol ms]  1g5p4s 442516 5865 105009 16 08T 908! BatE 032,23 27| 2121601 | 2474 3 5.58
e i e T $19345) 5.90] 1ass8s 17 A et 06 28| 218142.7| 23.82 2 58.31
eb. : 1658 13.1 | 43,03 13 52.34 355542 5ggs by 9: 18| 10 59 od Ber S in 29| 2141 3.0| 22.88 2 50.62
2 16405111 @77| 135950 ALl mel Gy ns 19 11.; Tl s 30| 2149608 21.94 2 42.47
! 1623811.7) 4450 14 5gq 3 8456 “50.09( 9 4904 20/ 11 5: ol $ish 1 31| 2158358 20.99 2 33.89
16 5158 4619| 111154 1 61l w9 354 i e s k0 187.29 || June 1| 22 647.9| 20.0 2 24.88
5| —154662.3 | {4587 +1416. 33’ 14— 291989 4595 +9 156 G +49.69 148.96 | el e S R W i
23 | 41240 7.7 : —148.
AR S ok 1o
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Duts | et
Noon.,
1886 S
Ju!m B8
2229 5.3
22 35 44,1
= 22 41 59,2
22 47 50.4
2253178
22 58 20.7
10| 23 2595
11| 23 7140
12| 92311 49
13| 3314905
14| 93173804
15| 92390 67
16 2322 18.3
17| 2324 53
18 | " 95895 97.9
19| 92398245
20| 239657.0
21| 9397 4.7
22| 2396476
28| 2826 5.6
24| 2394589
25| 2393974
} 26| 2321316
27 23i911.0
f 281 2316957
29 | 231316.0
30| 23 9419
|July 1| 23 5433
i 2 23 1208
3| 2256341
4, 2251234
_ 5| 2245488
! 6 2239505
| 7! 2233987
8| 2296434
9/ 221934 9’
10| 2212 33
11| 22 4 gg
12 | 421 55 516

H"“;‘i{_ Equation of

ns. | - Time for Ap-

tion, Parent Noon,
o m. &

42222 29| 41809

FAUTH & Co., WASHINGTON, 22 M o

—2 5.73

17.11 1 55.60
16.12 145.18
15.13 1 34.36
14.14 1 23.30
13.14 111.97
-12.13 1 0.40
11.12 0 48.61
10.10 0 36.62
9.08 0 24.44
8.06 012.10
7.03 +0 0.38
6.00 0 13.00
4.97 025.73
3.94 038,54
2,91 0 51.40
1.87 1 431
0.84 117.24
0.20 13019
1.28 143.18
2.2 1 66.02
3.29 2 8.85
4.32 2 21.62
5.34 2 34.98
6.36 2 46.80
7.38 2 59.16
8.40 311.35
9.42 3 23.33
10.43 3 35.07
11.44 3 46.65
12.44 3 57.74
13.44 | 4 8.62
14.43 | 4 19.18’
165.42 | 4 29,38
16.39 4 39.20 l
'17.36 | 4 48.61
18.33 | 4 57.59
1999 . FeE
20.24 5 14.27

—21.18 Jl -+5 21.92 ‘

|
———-——_.________________._

Motion—
Date, gzi:cl;?——:h{m DE:JI;-M_
1886, e e I
July 13 | 421 47 11.8 | —99.11
14/ 2188 96| 2304
15| 2128453 2394/
16| 211859.1/. 2487
17 51.2 |~ 95.77
18| 205821.7| w9666
19| 2047309 92751
20| 208619.1| ‘9841
21| 2024465| 2998
22| 2012533 30.13
23] 20 039.7| 3038
24| 1948 61| 818
25| 1938512.6| 3263
26| 192159.6| 8344
27| 19 827.3| 8409
28| 185436.0| 38500
29| 184025.9| 3580
30 1825574 36.57
31 1811108 37.91
Aug. 1| 1756 63| sgos
2| 1740443 3878
8| 172 5.0| 3949
4| 17 9 88| 401s
§' 165358535 4087
6 [ 16 36 26.6 | 41.55
71 161941.3| 4999
8| 16 240.3| 498
9| 1845238 4850
10/ 1597599 1412
11 ‘ 1510 58| 4474
12 | 1452 4.9 45.83
137 143349.7| 4590
41 141526 46.50
15| 13568379 47.05
16| 1337410 47.60
17| 1318828 48.14
18| 125911.0) 4867
19| 1239368 4917
20| 1219505| 4947

FOR WASHINGTON MEAN NOON—Continued

< 4

21 | +11 59 52.4 | —50.16

Equation of
Time for Ap.
Pparent Noon,

m. &,
- 152900
585.77
541.95
~  547.68

5 57.44
6 1.55
6 5.13
6 8.17
6 10.66 3
612.60 |
613.98 |
614.79 |
6 15.02 |°
6 14.68 |1
613.75 |
612.24 |
6 10.12
6 7.39
6 4.06
6 0.13
5 55.58
5 50.41
5 44.63
5 88.94
53124 | |
52363 | 4
515.42
5 6.62
4 57.24
447.98
4 36.76
4 25.69
414.08
4 1.96
3 49.33
3 86.20
392,59
3 851
~+2 53.98

< 552.80 1}

FAUTH & CO., WASHINGTON, D. C.

FOR WASHINGTON MEAN NOON—Continued.
&l Hourly Eguation of
— Apparent Decli- lﬁ;ﬁ“:;i E l.lli:ir g rnA“;: B Amt_ m m; %&:: fgfoig.
i %:hé:.n_um D&";’:" parent Noon. Noon. Gon:
18 : T { 1886. - FET AT ] ’” m. 8.
. isils :; 63 +mé' 385;.02 Oct. 1|— 82048.6|—58.25 -—13 f;.:;ﬁ
syl G 2 23.63 2 34365.6| 58.15 10 43.
od Mt (i 2 7:83 3 4 720.0| 58.08 11 2.2%
ol 5 % 50.; 2;.:? 1 51.63 4 43081.3| b57.90 :; E:.;ﬁ
el :’9 52.39 135.04 5 45339.3| b57.76 o
st Pl 1 18.08 6 516 43.6| 57.60
= e b 2:.'1’: 1 o. 75 71 58943.7| b57.43 1; ;ﬁ.:;
- < 4?.{1] 53.56 0 43.08 8 6 2394 57.23 ;2 B
o i oy 53.91 0 25.07 9 69253803| b57.01 ,'5
o g e 33-26 0 6.72 10 64816.0| 56.79 13 1.;2
& ok 5:.60 —011.95 11 71056.1| 56.55 13 17.
g e i "o 30.92 12 733 30.3| 56.29 13 82.02
- i g o 0 50-17 13 755583 56.03 13 46.40
; b 55-22 1 9: 69 14 81819.7| 55.75 14 0.2.4
; i 55‘30 129.47 15 840841| 55.45 14 13.53
; S 55’06 1 49:43 16 9 241.1| 5514 14 26.24
: o 56‘31 2 9.72 17 924404 54.81 14 38.36
: 5 £ 56‘55 ; 30.15 18 94631.6| 5445 14 49.‘36
: i :gw 2 50.76 19| 10 B14.3| 54.09 15 0.72
: e 56-98 3 11.54 20| 102948.2| 53.72 15 10.33
i s 7-13 332.45 21| 105072.9| 53.33 15 20. 3;
& e '37 35347 92| 111227.9| 652.92 15 29.
5 oo 57'53 4 14.58 23| 1183329| 5250 15 87.48
s s 27‘59 4 85.76 24| 1154275| 52.05 15 44.3?2
5 o ?.34 4 56.99 25| 121471.2| 51.59 15 51.65
e 57'97 518.23 26| 1238548.7| 5111 15 57.6f
it o 5 89.47 27| 1255645 50.61 186 2.9
AR e S 0.68! 98| 181573.2| 5010| 16 7.41
- o] e b 99| 133569.4| 49.58 16 11.15
5 o dind i I : E‘Ei 30| 135552.6| 49.02 16 14.12
- gy 58_:: ' 7 3-95 31| 14159225 4846 1€: 16.34
. g 4"1 gi‘w 724,85 || Nov. 1| 14343886 47.88 16 17.::
= e 51 7 45.61 2| 1453404 47.27 16 18.
g e o B 8 6.23 3| 151227.6| 46.66 16 18.27
- e e 8 26‘68 4| 158059.8| 46.03 16 17.33
- s sy B 8 46.'95 5| 154916.6| 45.87 16 15.59
> Rt i (o 9 7.02 "6| 16 717.5| 44.70 16 13.93
- e 58-50 9 23:86 7| 162462.1] 44.01 16 s.b;
o et 58-46 9 46.47 8| 164230.0| 4331 16 5.49
# 2 3? gg'i iﬁai —10 5.83 9 |—16 59 40.9 | —42.60 | —16 0.3
30| —95729.4| —58.
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FOR WASHINGTON MEAN NOON—Continued.

: Hourl
Date. ‘%%i‘i:gim ]‘I‘,‘;‘j‘ﬁ’::f IE Hime ror A:)fl Date. ’Appgent o fi?j:li E.‘lr‘}.;',i’f?.:l‘;f
o [ parent Noon, I Noon, Hen: parent Noon,
1886. ) r || m. 8. I 1888, o gy e m. 8.

Nov.10 | —171684.4 | —41.86 | —15 5451 [Dec. 6 |—92233985 —17.48| —837.84
11| 178270.1| 41.11 ! 15 47.79 7| 2240147 16.37 8 11.96

12| 174997.5| 4035 | 154020 8| 2246341| 1525| _ 74550

13| 18 5964 39.56 15 31.75 || 9| 22522.7| 1413| 7 71849

* 14| 1820663 38.76 15 22.46 || 10 | 22575272| -13.00 651.57

15| 1836269 37.95 15 12.32 11| 23 25048 1188 6 23.96

16| 185127.7| 87.12| 15 181 } 12] 28 7211 101 555.96

17| 19 568.4| 3627 144945 18| 2311243 9.6 527.62

18| 1921287| 3541 14 86.75 14| 2314598 841 £58.96

19| 1934982! 3454 14 23.90 15| 2818 7.5! 7.5 4 30.03

20| 1947864| 33.64 14 8.81 f 16 | 2320473 @607 4 0.8¢

21| 20 1230 32.74 13 53.59 17| 2322500 490 331.42

22| 201417.7| 3182 13 37.56 18| 2394407 3.3 3 1.80

| 23| 202650.1 80.88| 13 20.72 19| 2325582 2.5g 2 32,02
f 24| 203859.8| 99.93 13 3.09 " 20| 239455 1.88 2 2.13
25| 2050465 28.97 12 44.69 21| 2327 45| -o0.20 182.15

26| 21 2 99| 9798 12 25.54 22 | 2326553 4o0.98 1211

27| 2113 96| 92699 12 5.68 23| 232178 216 0 32,06

28| 212345.2| 25.98 11 45.12 24| 2325120/ 333 0 2.03

29| 21338564 94905 11 23.87 2| 232338.0| 451| 4+027.94

80| 2143480 23.92| .11 1.95| 2| 23921358| 568 - 0.57.82
iDec. 1| 2153 46| 2088 10 39.29 27| 2319 54| 6.8 127.55
! 2| 22 161.0| 9189 10 16.22 28| 2316 69| s.o01 157.10
J 3| 2210318 20175 952.45 29| 2812405| 917 2 26,43

[ 4| 221836.8| 19.67 9 28.12 30 28 84e2! 118330 35551
| 5|—2226158| 1858 | — 9 3.3 J 81 |—23 4240| 41149 ‘ +824.30 ‘

e L R g ——— __I e e e =

into an Equivalent of Sidereal Time, or

~ the Reverse.
If tables for such conversion are not at hand it may be made by the following
formula : ¥ '
Let T represent an interval of time expressed in mean time,
Let S represent a sidereal time interval
The sidereal year — 366.25636 sidereal days ;
= 365.25636 mean solar days ;

S 366.25636 — 1.0027379.

Bemce, i = Sis iegnc
85=1.0027379 T—T —+ .0027379 T (1).
T=0.9972696 S — § 0027304 8 (2).

Conversion of Mean Solar

Therefore,

@ S—24n .. T

hour, then
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in (1) T — 24 .-. 8 = 24b 3m 56=.5553, or in a mean solafr ('ia,y sidereal ;l.f.[l:le
I'fm ; mea; time 3= 56%.5553. In 1™ of mean time the gain is 93-'.8565. in
e — 94h. 3w 55%.9094, or in a sidereal day mean time loses on

sidereal time 3™ 55=.9094. In 1™ of sidereal time the loss is 9%.8296. If in (1)

i i f
and (2) T and S in the last terms be expressed in hours and decimal parts of an

S —T-1-98565T;
T —8—9.8296 S,

1 by which the reduction may be made.

Tables of English and Metric Weights and Measures.

TLoxe MEASURE.
? Mile.
4 ards. Rods. Furlongs.
mﬂhﬂi = Iﬂ‘(a)mlh]833 = Y0.()2'7'78 —  0.00505 — 0.000126 = 0.000016
= 1- — 0.33333 — 0.06061 — 0.0015156 — .0.000189

o 3 : % —  0.18182 — 0.004545 — 0.000568

lgg i 16.5 ; 5.5 = 1 = '0.025 — g.gg‘gi%
7920 — 660 = 3220 = 40 i :{l; z 1_.
63360 — 5280 = 1760 = 320 =

1 hand — 4 inches.

1 span =9 inches.
1 fathom = 6 feet.

ble's length — 120 fathoms. .
i 30: or n,aﬁtt}:cal mile — 6080.27 feet — 5455 of the great circle of a sphere

whose surface is equal to the surface of the (-am-th.
1 admiralty knot — 6080 feet — 1.1515 statute miles.

SurvEYORS' MEASURE.
Teet. Chains. Mile,

111"]1.195- = 0.126 — 0.0833 — 0.00126 = 0.000016
7.92 ; i 3 = 066 = 0.01 = 0.000125
12‘ = 1.516 = 1 — 0.01515 = 0.000189
792 = 100 = 66 = 1 i [1).0125
63360 = 8000 = 5280 = 80 =
Square MEASURE.
Acres, Mile,
hes, Feet. Yards, Rods. 2 Roods. " . o
S e el
- ; % 1 = 0033058 —  0.0008264 —  0.0002066 —~ ::ommoa::
33?; = 212.95 = 0.5 ~ 1 o5 1;.0'» = ﬂﬁm - 0‘0000091 ]
1568160 — 10890 — 1210 2 1;4; : o 3 s = n_wmm
mm:wm :mﬁ — 102400 — 2560 — 840 B
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10 square chains — 1 acre.
6,400 square chaing — 1 square mile.

1 chn.m wide ¥ 1 mile long = 80 square chains — 8 acres.
A section of land is 1 mile square, and contains 640 acres.

A square 208.710 feet on a side contains 1 acre.
A circle 235.504 feet in diameter contains an scre.

FAUTH & CO., WASHINGTON, D. C.

. Cusic MEessure. ,
o Inches, Feet. Yard . = :
1 = 0.0005787 — 0.00002148 3
1728 — 1 = 0.03703704
46656 — 27 =1 i
16 cubic feet — 1 cord foot. :
8 corq feet? or 128 cubie feet — 1 cord.
42 cubic feet — 1 ton of shipping.
34.75 cubic feet — 1 perch of masonry.
Caraorry MEeasures.
; Dry Measure.
Pints. Quarts, Pecks, Bushel,
‘1 = 0.5 = 0.0625 — 0.015625
2= 1 =012 = 0.0312%
16 = 8 =1 = 0.26
64 — 32 — ¢4 =1
Liquid Measure,
l_mninln. FL Drams.  FlL Ounces, Gilla. Pints, “Quarts, © Gaii
B i 2.01667 = 0.0020833 = 0.0005208 — 0.0001302 = 0.0000851 =0f,(;-{.}00163
el < f ;).125 = 0:03125 = 0.0078125 = 0.0039062 = 0.0009766
e o : : = 0.25 = 0.0625 = 0.03125 = 0.0078125
gt - - = i =;}.25 —=0.125 —0.03125
15360 — 256 = 32 = 8 2 2 H—__-‘:IE T
61440 — 1024 = 128 =392 =8 : 4 o f%
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Avorrpurors WEIGHT.

Grains. Drams, Ounces. Pounds, Quarters, Cwt, Tomn,
1 = 0.03657 = 0.0022857 ~ 00001429 = 0.0000057 = 0.0000014 —= 0.0000001
27.3438 — 1 = 0.0625 — 0,0039062 — 0.0001563 = 0.0000391 = 0,0000020
4875 - 16 = 1 = 0.0625 = 0.0025 - 0.000625 = 0,0000312
TO00 - 56 = 16 = 1 = 0.04 - 001 = 0.0D0G
175000 = 6400 ~ 400 = 25 = 1 -~ 0.25 = 0.0125
TO0000 — 25600 = 1600 = 100 = 4 - .1 = 0.06
14000000 — B12000 — 32000 — 2000 = B — 20 =1
Troy WerGHT.
Grains. Pennyweights. Ouneces. Pound.
¥ = 0.041667 = 0.0020833 = 0.0001736
24 — 1 = 0.05 = 0.0041667
480 = 20 = 1 = 0.0833333
5760 = 240 = 12 =1
ArorEECARIES WEIGHT.
Grains, Seruples. Drams, Ounces. Pound,
1 — 005 = 001667 = 0.0020833 = 0.0001736
20 = 1 — 0.33333 = 0.0416667 = 0.0034722
60 = 3 = 1 = 0.125 = 0.0104167
480 = 24 = 8 = 1 = (.0833333
5760 — 288 — 96 = 12 = |

Rrration oF MeTric 7o AMERICAN MEARURES.

The following relations were established by the act of Congress of July 28,

1866, as the legal equivalents of the weights and measures of the metric system
¢ in the weights and measures now in general use:

'

Measures of Length.

1 bushel contains 2150.42 cub. inches.

1 peck “  537.605 @«
1 quart, dry, «  67.201 «
1 pint « « 33.600 «
1 gallon « 98] «
1 «t., ]Jqllld, b 57.756 6
¥ l]i[lt 1] & 98.875 e
1 gill “ 7919  «
1 Huid ounce 1.805 «

1 cubic foot =  0.80356 bushel.
3.21426 pecks,
25.71405 quarts.

51.4281 pints.
7.48052 gallons.

29.92208 quarts.

59.8442 pints,

= 239.377 gills.

= 957.506 fluid oz.

I

I

I

Il

Myriameter, 10,000 meters = 6.2137 miles.

Kilometer, 1,000 meters — 0.62137 mile — 3280 ft. 10in.
Hectometer, 100 meters = 328 feet 1 inch.
Dekameter, 10 meters = 393.7 inches.

Meter, . 1 meter = 39.37 inches.

Decimeter, 0.1 meter — 3.937 inches.

Centimeter, 0.01 meter = 0.3937 inch.

Millimeter, 0.001 meter = 0.0394 inch.

[1 micron (z) = 0.000001 meter — 0.00003937 inch.]

Measures of Surface.

Hectare,
Are,
Centare,

10,000 square meters —
100 square meters —
1 square meter = 1550.

2471 acres.
119.6  square yards.
square inches.
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Measures of Capacity.
: . Riratioy oF UNITED STATES TO BriTisa STANDARDS.

surface, and cubic measure in Ameries 18 identical.with

Names. Nuﬁl}hﬂr Sl I = )
S liters, R THERE A, Dy msksute b ] i The standard of linear,
e o e A i S R ‘ quidor wine measure, S 110t in England—the British imperial yard.
?;.0:1;;&;:1- stere....... 1,000 1 cubic meter. ... ... ;— T S B e _ The troy pound of the mint at Philadelphia was made by law, in 1828, the
Dokaliter............... 1193 19 50 able g beorige i%ﬂsp;‘k‘s” B e A | tandard weight for the United States.
]I}n;?-hw i e 1 cuumcd:.:f;?:?_'m | 3%‘*‘“‘“’- ----------- .:| 2:;37 §:I,‘,‘,’2: . The avoirdupois pound of the United States agrees with the British commer-
Centiliter ... ... ‘;‘;1 10t x opida decimeter. sﬁmq::t:itc'i;;ﬁ;;" re| 10567 quarts, . Gial pound, which is itself derived from the British imperial pound.
Millititer, . ... ... e | 1 cable centimetar. ... 0.6102 cuble tnch ... et f  The grain which is 57 part of the raint troy pound and the grain which is
iy SPCHRE S N s S Cnsoriaen e Bl A i P part of the British commercial pound are said to agree Within gyodogs-
e e, | part, (App. 12, Report U. S. Coast and Geodetic Survey, 1877,) i. ¢, are identical.
= Weights. * * The U. S. standard bushel — 0.96945 British imperial bushel.
P —— The imperial bushel = 1.0315 U. S. standard bushel.
Names, Number of grams,| Weight of what qm;of_;‘; A The U S. f;ta.ndard gallon' —_ 0.8331 British imperial gallon.
e um 3 Avoirdupois weight. The imperial gallon = 1.2005 U. 8. gallon.
Millier or tonneau.. ¥ aa oo 10 The U. S. fluid ounce = 35 U. S. standard gallon — 1.0412 imperial fluid
s e £ cubio meter................. ounce — o imperial gallon.
Sl 0D | T e o 1 imperial fluid ounce — 0.9604 U. S. fluid ounce
Kilogram or kilo. ...... 10,000 f S0 M o A s o defined aa follows: '
s 1,000 ©oumli selias 22.046 pounds, ese measures are define ows: : _
Dﬂka.gmn:] 100 R e 2.2046 pounds. «The U. S. gallon is a vessel containing 58372.2 grains (8.3389 pounds avoir-
| N et 10 10 cuble sintbnstess.. . oL 5.5274 ounces. dupois) of the standard pound of distilled watef at the temperature of maximum
S i LS B e s density of weter, (20.4 Hab) tho vessel being weighed in &ix which B8
Gentlgmm 3 ~10 of & cubic centimeter. ...... < Z barometer is 30 inches at 62° 2 ' 3
Milligram........5.......... g:{{:oll :0‘,::::" millimeters................ 3?:2: :1_1:1123 «The U. S. bushel is a measure containing 543391.89 standard grains (77.6274
millimeter .................|  0.0154 grain pounds avoirdupois) of distilled water, at the temperature of maximum density
it of water, and barometer at 30 inches at 62° Fahrenheit.” (W.and M. Rep., 1857.)
ERg The imperial gallon contains 10 pounds avoirdupois of distilled water weighed

by brass weights in air at the temperature of 62° Fahrenheit, the barometér being

Rerarion or Excriss mo Mertric Measures
at 80 inches. :

sl

From the ratios established iu the above tabl Biai
Ets "ile are obtamed the followinig: eiqmiva- The imperial bushel contains 5 such galious.
e . . . .=16093 T :
Chain. . . .= 20117 meters. | Pinb. . . . — 04732 Iiters. Reratiox or MeTeR To YARD.
Link . = 0.2012 e g s . = 0.0296 « 3 A Cne
Yard = 09144 Tl (- shd:lm - - = 0.0037 “ - The British stdndard of length is the distance (the bar being at 62° Fahrenheit)
Foot . = 0.3048 T 1 Pu AR = 35.242 = between two lines- drawn on plugs at the bottom of wells sunk to one-half the
i = 0.02540 = | Z(;rt- geaL e * depth of the bar. one inch from each end, on a bar of Baily’s bronze, khown as
Acre . — 4046.9 sq. meters. | 1%. - - .= 1101 “ the imperial standard yard.
~ Chain . . = 40469 - A Oound =  453.59 grammes. The metric standard is the distance (the bar being at a temperature of 0° centi-
Sq. yard . =  0.8361 e, | Dunce == 28.35 G grade) between the ends of a bar of platioum known as the métre des Archives.
Sq. foot . = 0.0929 « | Trr:.m S LYeR Al 1772« The two standards being of so different definition, it is a matter of much diffi-
Gajlon =  3.785 liters. | Tmy it L G culty to determine their relation. Hence there is great diversity in the deter-
Quart . = 0.9464 e | Gr e MR 31108 « minations that have been made. The following are some of these determinations.
' e =7 0.648 « The value given by Clarke in 1866 is that most generally recognized, and, next,
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f the surface of the paper on

affected by the nature o

sults a;t-:a Z‘;arc‘:i f; gil;-aw:fc or printed ; and fourthly, the whole armndge::znt: of

:ilm?sstrﬁmeig:is such as to admit of all its parts being kept in goo king
e :

Kater, (1821,) . . - 1 meter — 39.37079 inches. % of Eme
Hoesler 1082 0 gk ag s inches. grden Sor & grent leagys of £ tie instrusient takon from & phofsraph,
Clarke, (1866,) . . . . 1 meter — 39.370432 inches. afig. 1 & peraposiare view Of 109

Rogers, fBBL). .- meter — 39.37015 inches.

Comstock, (1885,) . . . 1 meter — 39.36985 inch_qs.

Reration or Kmoaray To Pounp.
The British standard of weight is a cylinder of platindth with a groove around
it.for convenience of handling. The metric standard isalso a cylinder-of plati-
num. The relation between the two is therefore more"gasily to be determined
than that of the standards of length. The value generally accepted is'that ob- o
tained by Prof. W. H. Miiler, of England, (1844,) which is— 7
1 kilogram — 15432 34874 grains. _
The comparison is made in vacaum, For ordinary commercial purposes not the |
Platinum pourid, but a pound of gun-metal gilded is used. This pound is equal |
%o the platinum pound in a vacuum.
L}

e SO A
Theory of the Rolling Planimeter,

BY F. H. REITZ. *

Fo. 1, ;
- fram two rollers RK,, the surfaces o
i rted by the shaft of the . .
3 r-FhG ; f;dmiz{:ufpoeculiar way. To the frame B are ﬁtf.ed the dx;: fn :nto
E :;lhwh 'mf tll:a tracing—a}.)rm . The whole apparatus moves in a straig
. the axis o :

set down as a sine gua non of a proper construetion of 3 Planimeter. In the first
Place, the unit of the vernier is 80 small that surfaces of quite diminutive size
may be determined by it with sufficient accuracy, and in thig respect the new
plamimeter seems to have stolen a march on its older rivals, Secondly, the space
to be encompassed at one fixing of the apparatus is very large in proportion to
the dimensions of the apparatus, more especially in the case of long-stretched
diagrams or drawings, which oceur very frequently in practice, Thirdly, the re-

: desired length upon the two rollers resting on the paper, while the tracing-
any des

.agl ent 18 requ].r d-
3 POmt. tlavelg a.Ilend ﬁhe d.l an Of Whlch the measurem: e
tn]l B thﬂtl fOI'mB tlhﬁ axn HBI‘B 'RI a mm‘l.lf,ely
UpOn e ila“ -] Of the ‘lel Io. d]j'lde{i

Bt e LD

* Translated from the Zeitschrift far Vermessungs- Wesen (The surveyor's Journal,) 1884,
No. =0,
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duces the rolling motion of the entire apparatus.
The measuring-roller Z, resting upon the dise 4, travels thereon to and

fro, in sympathy with the motion of the tracing-arm %, this measuring-roller be. B
ing actuated by another arm fixed at right angles to the tracing-arm and moving
The axis of the measuring-roller is parallel to the tracing.

freely between pivots.
arm #.  The top end of the spindle upon which the dise A is fixed pivots on a
radial steel bar, CC,, fixed upon the framing B. =

According to the general theory of planimeters furnished with measuring-rol-

lers it is immaterial what line the free end of the tracing-arm travels over; never- |

theless there is some practical advantage in the construction of the apparatus to
be obtained from causing that end to travel as nearly as possible in a straight
line. Still, from the reason given heretofore, it is obvious that a slight deviation
from the straight line would not involve any inaccuracy in the result.

Seeing that the fulerum of the tracing-arm keeps travelling in a straight line,
it appears advisable, in evolving the theory of the apparatus, to assume a rect-
angular system of co-ordinates and fix upon the line along which that fulerum
travels as the axis of abscisse.

The passage of the tracing-point around the perimeter of a diagram may be
looked upon as being made up of two motions, one parallel to the axis of ab-
scissz and the other at right angles to that axis. Inasmuch as the latter of these
two motions, in the direction of the axis of ordinates, is after all but an alternate
motion of the tracing-point which takes place in an equal ratio, until the tracing-

~point has returned to the spot it had started from, no one point of the circumfer-
ence of the measuring-roller is continuously moved forward in consequence of
this motion. Therefore it is only necessary to take the differential motion of the
tracing-point in the direction of the axis of abscissz into consideration.

In Fig. 2 the same letters of reference denote identical parts or organs as in
Fig. 1, and the position of parts in Fig. 2 corresponds exactly to that in Fig. 1,
the letter D denoting the distance between the fulerum of the tracing-arm and
the axis of the disc 4. In connection with Fig. 2 it remains to be determined
what must be the quantity representing the motjon of a point on the surface of
the measuring-roller % while the tracing-point travels to the extent of d . 'If
the construction of the planimeter be correct, the quantity referred to must
appear as the product of the differential quotient of the surface with reference to
rectangular co-ordinates, (y d =,) multiplied into a constant derived from the
dimensions of the instrument.

It is obvious that, as the tracing-point moves to the extent of d #, a point in the
circumference of the rollers of such a radius as R, has must also be shifted to
the extent of d. This being so, any point in the pitch-line of the mitre-wheel

Vi
R, must necessarily move to the extent of dz —.2

B By the same motions, a point
1

' 3 isc A is moved at a distan
mitre-wheel, R, is fixed, which gears into a pinion, B,. This pinion, bein g fixed I of the disc 4 18

upon the same spindle as the disc 4, causes the disc to revolve and thereby in- §

roller to the extent ofdz R,
therefore :

‘_ of the disc A to the extent

: roller itself travels to the extent of a ¢. It
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co a dof the point of contact of the measuring-

By o %i‘. In Fig. 2 this quantity is denoted by a b,
i

e < 1)
ab=dz R-l e z,

i ing-roller, the motion
iti f the axis of the measuring-roller, th :
e 2o Pozfﬂ ;roduces a further shifting of a point in the cir-

ilst the meas -
easuring-roller to the extent of ¢ b, whilst the . ;ngga
o g s therefore becomes necessary .
formula for the value of ¢ b.

il be readily perceived that cb—ab sin (a1 ), seeing that dab—=090
It wi o T

Now we have sin (2 + 5) =sin

= f.
; andca.g——-%",whereforecaf=aandfab {
E o cos i + cos a sin f; agan | ag%
| AT af agsina '
sinas%,,cosa—_— l—j'm,smﬁ=a_a_____.—ad —=

y : ;
d D—ag \/1 BE ) 1f these values be substituted in the equation

cos = e aad
of ¢ b, we find g8 g ;

y* agS Y D

Dﬂﬂﬂ\fl—ﬁé \j Y F) cap Yl

Y -4 \l—m X Ga /" "Fad

cb=¢b<“ X ad

o £ a b as per (1), we find :

- aoain. substituting the value o -

5 DX R, @ Q'E.D.

O =Y AR T R KB
. - = — s ma - . 'w
ine that the sum of ¢ b is equal to the difference in the reading multiplied 1
. - measuring-roller, and that fy d = is equal to the area of

i i tion (2) and setting
find, by integrating the equa -
d’tl‘:;amea.anring—roller as U, the area of the diagram as

the circumference of the

the 'i]ja.gran_: t.ra.c’eg._; a!:ou.s:;f
down the circumference O

: ing as 1V, that _
.nd. the difference in the reading )
J, and-the dlﬁe’ ¥ 0 P
i &tk Ry D

. ller from the fulerum of
B distance a g of the ro :
The formula (3) shows . b thfm 4 does not affect the results obtained by the
the tracing-arm g 18 1mma rial

use of the instrument.




46 FAUTH & co., WASHINGTON, D. (.

How to Use and How to Test the Precision Planimeter,

The Precision Planimeter may, on the whole, be used in the same way as an

ordinary Polar Planimeter. The following general rules ought to be observed :
Ist. The instrument should be worked at a very slow rate of speed, especially

2d. In makin g the tracer travel around the perimeter of any figure, the'starting-

point must always be chosen in such a way that the ing-arm and the pole-

arm, or the tracing-arm and the axis of the fluted rollers; as the case may be,are §
at right-angles to each other, for in this position alone tBe error or difference is
neutralized, which arises from the fact of the tracer, after having done its work,

mot returning to its exact starting-point.

Prior to using the Planimeter, it is hecessary to satisfy one'’s self of its being in
goed working order. Both the fulerum of the tracing-arm and the fulerum mm |
of the frame M of the measuring wheel must turn easily, but without leaying
the least margin between their points. Tt is necessary that the disc § should &

ing hold of the edge of the disc and trying to move it up and down ; if it does |

nof stir, then' the fitting is all right. The axis of the measuring-wheel must

work with the utmost ease, at the same time there must not be the slightest
rocking or wabbling; this again can be tested by laying hold of the frame M/

with one hand and trying to shift the measuring-wheel along its axis. The piteh-
Line of the measuring-wheel ought to be as close as possible to the vernier, with
omy, however, touching it. The counting-wheel must work smoothly and must
In no way interfere with the motion of the measuring-wheel.

The whole of the spindles that pivot on points work in steel-bolts which may
be brought closer to the spindles by means of screws. The bolts are kept in the
required position by means of binding-screws. These screws are first eased and

80 as to admit of no inaccuracy. In the ease of the Rolling Planimeter, the points
of the spindle of the disc .S work in two steel plates, of which the upper may be
raised and lowered by means of the two screws ccl, for the purpose of making

easy, showing that it does not fit quite accurately, the screw ¢ must be eased and
the screw ¢! made tighter ; if, after this, the spindle seems too tight, then ¢ must
first be made a little tighter, and if that is not enough, ¢! be slightly eased again.

In the Rolling Planimeters the supporting-wheel cc! ought also to work very
smoothly, but without wabbling, and the gearing of the conic wheel connected

L gj-:ection in which it moves, no wabbling of any kind ought to be perceptible.
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therewith into the conic pinion fixed upon the spindle of the dise Sﬁougt]:];{als;.etf
take place smoothly, but without being too easy. Shou}d the gearing : edp =
ith Endue ease, the supporting-wheel, along with the mitre-wheel conn:(:: ; }:nltﬂ
5 ! i i disc by means of the bo
i little nearer the spindle of the y
. i i f the supporting-wheel have been
. dd1, and after the gearing and the working o ' supp
. 3(:13; a;ljusted the binding-screws which had previously been eased are to be

little tighter again. ; : :
magﬁeavm’ioeusliorking parts or organs of the planimeter having thus been prop

erly adjusted, the operator may fry to move the i‘nstrumm;;t to _a.nda:rgl :I;ail:
by laying hold of the knob of the tracing-point a:nd observing at tl e

p'apeihg working of the various parts, so as to make himself more famlh.ar wi

iﬂmeThe apparatus ought to work quite smoothly, and in quickly changing the

In order to test the accurate working of the instrument, it is necessary to

" ascertain—

1st. Whether the readings as they appear on the measuring-wheel are the

] erim i lled over with the
3 imeter of one and the same figure is travelle :

g ?8::;‘:::1:. f)hczur;:ying various positions, so that at one tlme. the measurmtﬁ-w;:::l:
- ]::Jms only on the front half of the disc & and another time only on the

f of that dige. . g <
hﬂlﬁd.o Whether the position of the vernier on the traéing-arm, as tabulated, be

~ correct.

First test.—As regards in the first place the readings on the measuring-svheel,

they are to be tested by means of the check-rule that is supplied along with the

instrument. This rule is a small band of German silver upon which givisio‘:: EZ
marked at distances of either 1 centimeter or 1 inch from each other.

' commencement of the divisions the rule is perforated, ?,nd' throug-h !;he hol.r;,i a.]:
1 right-angles to the rule, a fine needle-point is inserted, which is kept in its positio

by means of a screw. The other end of the rule is beveled and has an index line

: marked on it, which is fixed upon the point of the perimeter from which the

- tracer starts in travelling over the perimeter, that point b;:mlg; n:ﬂark]:;i:gc; ;]:Jt.z
int of the needle of the check-rule
siroke on the paper. If the point o : : b
f the points of the perimeter,
d the tracer be put down in one o
E}i:‘ri]iipii aa.nspeciﬂed radius may be travelled round by the tracer. Great ca.;‘e
must be taken, however, that while the tracer passes round lno laszml.prsﬁsu;fr e:
: take place only in the -
ht to bear on the tracer, but that t_he pressure . o
Eiiuﬁf thc; circle itself. The way in which the check-rule is to be used is illus
in Figs. 3, 4, 5, and 6. e
tm';fl:ia Eszﬁt:iileﬁt having been ‘“anchored ” in the manner shown L_n]f‘;i& 3 &n(;il 4,
i i [ to be travelled over, whic s a radius
that the circumference of the circle & : adiu
ch’ fr::m 4 to 5 em. = 1.6 to 2 in., lies to the Zeft of the tracmg—ar'm A, wt:(;tllitm
placed at a right-angle to B, the starting-point is marked on the n-ght eicl b a‘nﬁ
of the check-rule Z, and the reading on the pitch-line of the measuring-w e
L the counting-wheel having been ascertained, is taken down. The tracer is now
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moved Ca\tefu-l]y over the clrcumfﬁlence i thﬁ dll ﬁctﬂOIl ()f tha allOW, ‘thl t!le
mdex Of the check'tu]e covers thB St&rtmg-:pomt once more H an.othﬂr Ieadmg i8

bﬂken Bnd trhe ﬁlst Ieadl‘ﬂg dednctEd ﬁOm the SEG()nd- B? thls means f-he Iea}

Fie. 3. S
G,

number of units of the vernier is obtained by which the measuring-wheel h |
-wheel has

moved forward. The
_ The passage of the tracer :
peated several times and the average of the I.OVB_r ;:iakm:;;umference may be re-

.

- : i Fia, 6.
dmlae ;shmemt is now placed in the position shown in Fioa 5 and & when th
il appears on the right-hand side of the f:mcingﬂrr: e
o 2 th?zrace:}} takes place in exactly the same way.
il e results obtau.xed right and left of the tracing-arm be equal to
snz ::h?;r l:t;h‘ais the axis a & of the measuring-wheel is pa.raﬂe‘laqto th :rna _Nmt'hﬂrs
e %
e &1:;{1.::, the secm:ld test may now be applied. But if theac::fulm
Srpeimt: casef, that is to say, when the circle lies to the left of the traci
b ¥ & O lft.]:ua :x;s of the measuring-wheel must be further remomg;
ing-arm ; if it be Z i a
o 33, that extremity must be brought nearer to the
Second test.—' i i j ;
e ea:] : 'fI'lEsltracl.ng-arm is adjusted, by means of the vernier on the guid
i g of the mm::omet.epscrew, in accordance with the table of :ai.dgul Y
mg_scre$ T;alrenf‘. areas ; it then is fixed within the guide by means of th li'us;
i ik ch e circumference of circles of various sizes are then tra e]led e
e eck-rule, and the results thus obtained are multiplied into :hae (')tve;
unit o

4, and the passage

49

ea given for that particular adjustment in the
The figures thus obtained ought to be equal to the calculated area of the
E ircles of which the circumferences have been travelled over. If the results
| btained with the planimeter fall short of the calculated areas to the extent of

} of those areas, the length o
tr}lle tracer and the fulerum of the tracing-arm,

b _1_ of that lengt‘h : in the oppoaite case it must be i_ﬂCTBHySEd in
n.
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11,6 vernier corresponding to the ar

f the tracing-arm, that is to say the distance between
must be reduced to the extent

the same pro-

of the tracing-arm shows the length thus

ortion. The vernier on the gunide-piece
millimeters or about fiftieths of an inch,

. Jefined with sufficient accuracy, in half
i on the ganged portion of the arm.

. In order to test the accuracy of the readings according to the two methods just
L described, some prefer the use of a check-plate in lieu of the check-rule. The
check-plate is & cireular brass dise of 17 centimeters — 6.69 in. in diameter, upon
. hich are engraved circles having a radius of 80, 60, 30, and 10 mm., or about
f 32 24, 1.2, and 4in. ‘The tracer may be made to travel upon these circum-
It is advisable to apply the second test also to a large diagram drawn
aving a known area. e ;
having been found correct throughout, may now be used. The
ows: The drawing of which the figures are to be
a drawing-board or table. Assuming
tracing-arm is adjusted to or set ab
th in the table for the adjustment

. ferences.
. on paperand b
. The instrument
. operation takes place as foll
' measured, is laid down as flat as possible on
the plan to be drawn to the secale 1: 500, the
. the length corresponding to the scale of 1-500
L of the vernier on the iracing-arm- The instrument is now brought close to the
figure, and the operator satisfies himself that there is no “hitch ¥ anywhere. He
then sets the tracing-arm at a r_ight—angle to the polar-arm or to the axis of the
supporting-wheel, and, having placed the tracer upon the nearest point of the |
figure which can be easily marked, he takes the reading on the counting-wheel,

{he measuring-roller and its vernier. Assuming the reading on the counting-wheel
t0 be between 3 and 4, the zero of the vernier to be between the 5tn and 6ih line
following after the figure 6, and assuming the 5th line of the vernier to coincide

with a division mark on the pitch-line of the measuring-roller, the first read-
he figure has been travelled over,

ing will be 3655. i ﬁfte;' the perimeter of &
let the reading on the counting-wheel be between 16 and 17, let the zero of the .
vernier Ye between fhe Tth and 8th line following after 7, and let the 8th division

of the vernier coincide with a stroke on the pitch-line of the measuring-wheel,

then the second reading will be 16778 .
Subtracting from this . 3655, being first reading,
we obtain the result, 13123. Multiplying this into the area

as we find it in the table opposite
1 obtain 13123 X .2 = 2624.6 sq.
the perimeter of which has been

.~ corresponding to the unit of the vernier,
* 1.500th, say .2 sq. meter or square yard, we shal
meters or square yards as the area of the figure

travelled over.
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If, during the passage of the tracer over the perimeter, the zero of the count- _.
ing-wheel passes its index, the second reading must have 10000, 20000, or 40000 _

added to it, according as to whether that wheel counts up to 10, 20, or 40.

Inasmuch as the counting-wheel must have a certain amount of scope or margin, |

80 as not to interfere with the proper working of the measuring-wheel, the divis-

ioms of the counting-wheel do not always coincide exactly with the zero of the :
pitch-line of the measuring-wheel; but this does not produce an error of 1000 ]
units of the vernier, if the following rule be observed: If the reading “of the |
vernier on the measuring-wheel be a little delow zero, say 89 or 90, the’ previous |
line'of the counting-wheel holds good. If, on the contrary, the vernier. stand
at a little above 0, say 10 or 20, the line upon which the iddex of. the counting-

wheel falls stands for the first figure in the reading. : 3

If the paper has shrunk, ascertain the proportion of the shrinkage, and if in §
comsequence of this the area of the plan should have been'reduced to the‘extent 1

of %, reduce the'length of the tracing-arm also by I—]; . In that event, tlie pla- |

nimeter returns the area of the figure, as though the paper had not shrunk.

L}

fixed with isinghﬂs. To this effect the disc, together with its spindle, is taken
out of the bearings, and the spindle is screwed off the disc by inserting a pin in
the central hole of the spindle. While this is going on, the frame of the meacur

ing-wheel is kept in its position with a cardboard wedge, so as to prevent the

measuring-wheel from being damaged.

A Table showing the Accuracy of Different Descriptions of Pla-
nimeters compared with others.

The following tabulated statement, showing the maximum of errors in the
readings of various descriptions of planimeters, has been drawn up in connection
with the extensive experiments made by Professor Lorber, of the Imperial and
Royal Mining Academy of Loeben, in Austria, which experiments agree with those

To keep the instrument in good condition, great care must, as a matter of

course, be taken that no portion of it should ever be damaged by a knock or a fall. |
The edge of the measaring-wheel must be scrupulously guarded from corrosion, |
and whenever it has been touched by any one’s fingers it should be rubbed with
a soft piece of rag. Inall places in which the axes are subjected to friction some
fine watchmaker's oil is to be applied from time to time as a lubricant. When- |
ever the paper of. the disc § has got soiled or too smooth, it may be cleaned by
rubbing it with tissue-paper, and in the end another may be substituted for it and

FAUTH & CO., WASHINGTON, D. C.

S |

- made by several other authorities. The table shows the great superiority of the
| Hohmann-Coradi planimeters as compared with others:

The error in one passage of the tracer ts on an age to the following
fraction of the area measured by—
AREA IN— s, ey -
The ordinary | Stark’s Linear | Suspended Rolling Planimeter—
lar Planim- | Planimeter| Planimeter ;
i e ft‘:ar unit of | unit of ver-| unit of ver- | Unit of ver- ‘Un:lt of wer-
vernier : nier ; nier: nlf: m::;
i 10 sg. lsg. mm, = 1s5q. mm, = B(. MmN, = ] mm, =
Sqnm i =.€}1:qsqr.nii 001 sq. in. 001 8g. in. | 001 eq. in. .001 Bq. in,
10 1.55 & e 13 w5 1050
20 3.10 THe 10T _TTIT 1000 OO0
50 7.75 ¥hs e o0 Tou 000
100 15.50 - Ty e ey e oo
200 31.00 YErT 111 ¥Tay 3 Czw 7‘{!‘:
300 46.50 o B i e
PROPERTIES OF TRIANGLES.

e

an

In right angled triangles —
hypoth® — base® —+ perpend?

base? — (hyp + perp) X (byp — per)
perp? — (hy -+ ba) % (hy — ba)
Value of any Side A.

__B. sin. a.
~ " Sin. &.

A=y B 10

8

A= me i et o

(¢}

A=

Cos. b. + Sin. b. Cot. a.

A — B. cos. ¢. + B. sin. ¢. Cot. b.
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Value of any Angle.

, _ B sin. a. : _ B. sin a
SInh % Sin. 6. —
A* L C: _Be
Cos. . —== A0 —

Sin. . = Sin. (¢. + a.)
Sin. . = Sin. ¢. Cos. a. -+ cos. ¢ Bm a.

TRIGON OMETRICAL EXPRESSIDNS

The diagram shows the different frigonometrical expre_asions in terms’ of the
angle A. i <
< COTANGENT-A————— ——__ __ _ S8 v

DESCRIPTION AND PRICE-LIST

OF

!

S ik : FIRST-CLASS
2 %
e g G ENGINEERING AND ANTRONOMICAL INSTRUMENTS
S % .
y \3.";“ MANUFACTURED
3 . FAURPE & 00.
"‘ll'. Corner Second Street and Maryland Avenue,
e o WASHINGTON, D. C.

Complement of an a.ngle = its difference from 90°
Supplement . . . = its difference from 180°

TRIGONOM:ETRICAL EQUIVALENTS.
1 '*(1—___31117) = Cosin ¥ 0 —Cosin? ) = Sine

Sin - Tan — Cosin Cosin =~ Cotan — Sine
Sin X Cotan — Cosin 1+ Cotan = Tangent

This List supersedes all former editions.

Sine -+ Cos — Tangent
Cos Sme = Cotang
Sin® 1 Cos? — Rad®
Rﬁlﬁ2 -+ Tan?® — Secant?
1 Tan — Gota.ng

1 -+ Sin — Cosecant

1 -+ Cosin — Secant

1 -+ Cosecant — Sine
1 -+ Secant — (Cosin
Rad—Cosin — Versin
Rad — Sin — Coversin
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/ 56 FAUTH & CO., WASHINGTON, D. (. : 2 By the use of hard
/ 2 . ith shifting tripod. DBythel :
/ ; ; four levelling-screws Wi ; d strength is obtained.
/ PLAIN TRANSIT. with ground gIa8%3 8 L and bracing great lightness and strength 807 K-

metal and judicious rib

Weight of instrument. . . .13 pounds. | Price

Cut No. 2 represents one of our improved Engineering Transits. The cir-
cle is 67 inches diameter, reading by opposite verniers to 30 seconds; long
centres of hard metal; telescope is balanced in axis ; has an objective of 1} in.
diameter, well corrected for spherical and chromatic aberration, magnifying
about 22 diameters, and showing objects erect dust-guard over object-slide:
separate focussing rack for eye piece; compass-needle 4% inches long, swing.

No. 3.—ENGINEER'S TRANSIT.

Vertical az

9, with the following additions:
ws to telescope.

No. 2—PLAIN TRANSIT.

is 1i ding, No.
No. 3 is like the prece
: tive level, clamp and tangent scre

ing on jewelled centre; levels ground and graduated; action of the clamp entirely R O g SR T e N e e

on the centre; tangent-screws work smoothly, and are entirely free of play;
compass-ring reaches over and forms a cover for the graduation ; verniers covered

.............
............
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No. 5.—HIGH-GRADE ENGINEER'S TRANSIT.
£ Cut No. 5 represents one of our complete high-grade Engineer’s Transits,
L intended for fine city and mine work. It differs from those of the ordinary
| Construction in its great lightness and strength, its judicious ribbing and bracing,

With vertical circle, level, clamp, and tangent to telescope, solar attach- f :11.1: cl.:.ssi c;i ]t)a:: ;nizii::l. ﬁtfi.!;; Sz:hdﬁ;d;r;‘:z; th:f ::::;:::-ﬁi; GO%B:EEC:;O?':
. L] 3

-

No. 4 —COMPLETE ENGINEER'S TRANSIT.

ment, quick-levelling and shifting tripod......... ... ......._ . ... $285 00
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supported by 3 standards, the two outer ones being curved so as to stand well in |
towards the centre of the plate, while the middle one is directly under the
bearing. By thus casting a great many parts in one, which are usually made in %
pieces and screwed together, the instrument is' lighter and stronger and also
Temains better in adjustment. The centres are long and of hard metal; the
graduation is on solid silver, reading by opposite verniers to 10 seconds ; power-
ful telescope, magnifying 25 diameters, showing erect; or. inverting ;- vertical 3
circle 5 inches diameter, reading by opposite verniers to 34 seconds; the striding- -
Ievel over axis and the long level attached to telescope ar¢ chambered and gradu- |
ated ; illumination through axis, 3 or 4 levelling-screws. -3 = 2 : 1

Weight, 16 1bs.;" tripod, 74 lbs.: price... .. .. S e Riin tanrentiio g $350 00
' EXTRAS TO TRANSITS. e = ;
5-inch vertical arc, reading to minutes..... .. .. .. .. ... G T O $15 00
“ “  solidmivergeaduntion ... ... . . . " - 20 00 3§
£+ cirele, dtuble w¥nid, ol . 20 00 ¢
- “ graduation onsolidsilver....... ..... ... .. .. ' 25 00
Leyel on telescope with clamp and tangent movement. . .. ... ... . 30 00
Qundientor attashment . .. .oz Jode. L o LT 5 00 ¢
Vernier shades ................ el e e e Taals 82000
Fixed stadia wives............. ....... . it i 3 00 |
B ol ERERTe R R i S SR e 10 00 &
Graduations on horizontal circle on solid silver.. ... ......... ... 10 00
Graduation to read 80-seconds... .. ................. ... T 10 00 ¢
% : e 00 Bty R S e 20 00
Solar attachment, improved pattern. . . .. ... eI L A R T 50 00 -
Prism and sun-shade for same............. . e e L A e 10 00 =
Vertical sighting attachment................... ... "' 30 00 |
Quick-levelling ............. ... { il R RN 10 00
Eixtension tripod..................... e B e 15 00

Cut No. 6 represents a Transit Theodolite of Very superior construction,
as made by us for U. 8. Government surveys. The standards in which the
telescope rests are cast in one piece, which, on account of its peculiar shape, is
very light and strong. The telescope is provided with illumination, ecan be
reversed in Y’s, has an aperture of 1} inches, and is provided with achromatic
Kellner eye-piece. The vertical circle of 5 inches diameter reads to single min-
utes by two opposite verniers. The circle is graduated on solid silver, and reads
by means of two opposite double verniers to 10 seconds. Sensitive level to telescope.
Chambered striding-level over axis of telescope. The instrument is made only
with 3 levelling-screws, and has no compass. These instruments we also make
with telescope to swing through, or with only enough vertical movement to allow
the observation of polaris.

Eivits s Whawn ionla T g R R o e e $350 00
Na. 7, same instrument, with circles of 8 inches diameter : telescope,
1§ inches diameter; 18-inch focus . ............................. 450 00

No. 6,—TRANSIT THEODOLITE.
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i No. 9.—This cut represents a 10-inch Repeating Theodolite, as made by
. us for the U. 8. Coast and Geodetic Survey. Circle is 10 inches
diameter, reading by two verniers and microscopes to 5 or 10 seconds.
The telescope is of 1% inches aperture and about 16 inches focus; im-
proved clamps and tangent-screws; sensitive level over telescope, and
field illumination for azimuth observations. Packed complete..... ...

THEODOLITES,

o No, 9.—[0-INCH REPEATING THEODOLITE.

’ . v No. 8.—8-INCH THEODOLITE.

In above cut the verniers are read off by means of a prismatic arrangement,
the instrument having been designed for a particular purpose. The above price

:l * No. 8 represents an 8-inch Theodolite, of which quite a number have
does not include this nor the eye-piece micrometer.

beejn made by us for the U. S. Coast and Geodetic Survey. The circle

which shifts for position, is 8 inches diameter, divided into ID-minutu;
spaces, and is read by means of two micrometer—micmscopes to seconds

The telescope has an aperture of 1% inches and is about 18 inches focus:
Improved clamp, sensitive striding-level, and field illumination. Pri
WHRSIBRE. oL T Tl : ce’$425 00

-
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No. 10.—I0-INCH THEODOLITE.

Cut No. 10 represents a Theodolite of which we have made a great
number. It is especially adapted for purposes of instruction, and is in
every respect a first-class instrument. The circle, which shifts for
position, is read by two micrometer-microscopes, and also two verniers;
the telescope has an aperture of 1§ inches, and is about 16 inches focus ;
improved clamp, sensitive striding-level, and field illumination for
azimuth observations. Packed complete...................... -....8550 00

i
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No, 11—12-INCH THEODOLITE.

The above cut, No. 11, represents a 12-inch Theodolite as made by us for
U. S. Coast Survey for primary triangulation. Circle,. of 12 inches
diameter, reads by 2 opposite micrometer-microscopes to smgle. seconds;
telescope 24-inch aperture, 94 inch focus ; power 30 'n.nd 60 diameters;
chambered striding-level, with improved mounting, circle free of clamps,
and provided with cover; feld illumination. Packed complete.......
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ALTITUDE AND AZIMUTH INSTRUMENTY.

From Gebbie & Barrie's “* Masterpieces of the U, 8. International Exhibition, 18706,

No. 12.—ALTITUDE AND AZIMUTH INSTRUMENT.

Cut No. 12 represents one of our instruments, which was on exhibition in the
International Exhibition at Philadelphia, for which we received an award.

It is of superior construction, and differs from other instruments of this class
iy many important particulars. Not being a “repeating instrument,” strictly
Speaking, and, therefore, not liable to the defects inherent to repeaters, yet both

""" e et s
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the horizontal and vertical circles ean be shifted for position, so as to bring
a different part of the graduation under the microscopes. The circles are divided
on silver into 5-minute spaces, reading by micrometer- microscopes to single
seconds. The standards radiate out from the centre, and are high enough to let
the telescope swing through. The pivots of the telescope axis rest on agate, and
are made of phosphor bronze; a delicate striding-level, reading to seconds, over
the pivots, is provided; illumination through pivots; the horizontality of the
microscopes for vertical circle is controlled by a chambered level, reﬂdmg to
seconds.

Both circles are entirely free of clamps and tangent-screws, these being at-
tached to a collar, so as not to produce any strain.
No. 12.—Altitude-Azimuth, as described above; horizontal circle eigh-

teen, vertical circle twelve inches in diameter: former reading by

three, and latter by two microscopes ; telescope 3-inch clear aperture,

28 inches focal length, with micrometric eye-piece; levels are cham-

bered, and read to seconds; packed complete in two boxes, with

positive and diagonal eye-piece, two lamps, and all accessories. . .. .. $2,000 00
No. 18.—Same, without vertical circle, and standards only high enough
for observation of- polaris, Sl o o T s 0 Sl e 1,200 00

No. 14.—Same as No. 12, and exactly like cut; horizontal circle twelve,
vertical circle ten inches in diameter; former reading by three, latter
by two microscopes. Telescope 24-inch clear aperture, 24-inch focus;

pasked coppIete .. . e e 1,300 00
No. 15.—Same, without vertical circle; standards as in No. 13; tele-

scope 2-inch aperture; packed complete o el v 800 00
No. 16.—Same as No. 15; circle reading by two mstead of three miero-

Clis) L R e e e S U e e e s e 700 00

No. 17.—Same as No. 12, and shown on cut; horizontal circle ten, ver-
tical circle seven inches in diameter; former reading by two micro-
scopes to seconds, the latter, by means of level alidade, toten seconds.
Telescope swinging through 2 inches aperture, asbout 18 inches focal

lencth ; packed eomplete:. ... ici G itk s daas e 850 00
No. 18.—Same, but without the vertical circle; telescope not swinging
throngiv: packed complete: i CRITOL s Dl g e i s oo T e 650 00
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LEVELLING INSTRUMENTS.

No, 10.—ENGINEER’S Y LEVEL,

. The above cut represents a Y Level of the most approved form. The telescope
has an aperture of 1} inches, and is about 16 inches long. It rests in the Y's on
hard bell-metal rings; the level-bubble is very sensitive; centre long and com-
pound ; four levelling-screws. -

Erics,; packad aomslebli L oIT T o Sl T i vt v e b s s - $140 00

Ne-: 20.——Télegbope 1}-inch aperture,

FAUTH & ©0., WASHINGTON, D. C. 6

o ALANCHOLE.S0.
? E : No. 20,

10 inches focal length; 4-inch
horizontal eircle, vertical are, both divided on silver and reading to
By means of the gradientor attachment distances can be
ssion or elevation measured with great pre-
ng box under the
Packed

minutes.
taken and angles of depre
cision. The compass-needle is 5 inches long, in oblo
striding-level ; this latter is ground and is very sensitive.
complete in box, with all accessories, tripod stand .. ... ... o.ceeenn
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LEVEL OF PRECISION.

No. 21,

No. 21.—TLevel of Precision, as made by us for U. 8. C. & G. Survey,
for the most exact work, can also be used as a gradientor, the mi-
crometer-screw for raising or depressing the telescope being made with
the utmost exactness, and provided with a graduated head. The
telescope has an aperture of 1} inches, 16 inches focus, with two
astronomical eye-pieces, magnifying 40 and 60 times respectively.
The pivot-rings are of phosphor bronze, and rest on agate. The
striding-level is chambered, and one division equals 3 seconds of are.
The horizontal circle, of five inches diameter, divided on silver, reads
to 30 seconds; the centre is of steel; clamp and spring tangent
motion. Completely packed, with tripod ................coonunl. $325 00

FAUTH & CO., WASHINGTON, D. C.

PLANE TABLE.

No. 2%

No. 22.—The above cut represents one of our Plane-Tables with a por-

tion of the board cut out to show the motion-work. It is% the most
simple and effective form of Plane-Table made. The bearing surface
of the motion-work being 8 inches in diameter, the table, when

I
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clamped, is perfectly firm. The alidade rule is 20 inches in length,
and carries a powerful telescope of 1} inches aperture and 15 inches
focus. For easier adjustment of collimation the telescope can be
turned in its axis 180°. The compass-box is detachable; needle 5
inches long; striding-level reading to minutes. Stadia lines for
measuring distances, beside the ordinary cross-line, are ruled on glass
diaphragm. The vertical arc reads to minutes. The board is 24 by
30 inches and is packed in an extra box. The alidade is in & box with
& number of paper clamps, beside the usual accessories; the motion-
work also in a separate box. Price, complete, with firm tripod stand, $300 00

MAGNETOMETER.

No. 23.-—Mhgnetometer, as made by us for the United States Coast and
Geodetic Survey. The magnet-box and small telescope, by which the
scale of the intensity-magnet is read off, is detachable from the vernier-
plate, and the standards, with the telescope of 14-inch aperture and 7
inches focus, ean be substituted ; it then forms a complete small Alt-
Azimuth, large enough to obtain, with sufficient accuracy in magnetic
work, time, azimuth and latitude. The circles are five inches in diame-
ter, divided on silver, and read by two opposing verniers to minutes.
The telescope has prismatic eye-piece and sun-shade. The deflecting
bar is of wood, four feel in leugih, in two pieces, for eonvenient carry-
ing. It is divided to tenths of inches. The intensity-magnets have at
one end a finely-divided scale, (one division being equal to 5 minutes,)

- and atb the other a collimating lens ; the scale is viewed through a small
telescope; tenths of divisions can easily be estimated. Rack and pinion
movement to raise and lower the stirrup carrying the magnet. A rid-
ing piece fits on the deflecting bar, upon which the deflecting magnet
is placed; inertia-ring, twist-piece, together with the usual accessories.
accompany the instrument. Price, complete, as shown on cut, packed
I Do Wikh BRIDOHL. .. .o i o e i e e I e ke s $500 00




No. 24. ——Magnet:ometer, as made by u
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Fia. 24

s for U. 8. Corps of i i

1(;1;.1;;;1.19 E:ﬁ;;)pe, used both for determining thepmagil;iu;ze; 5;::;2]?

g beles:: The ;".lna.gnetwbox is detachable from the vernier-

e by pe can then be us?d to observe for time or azimuth.
g magnets, deflecting bar, and accessori i

completely packed, with tripod ol

No. 25.—Dip Citcle,

FAUTH & CO., WASHINGTON, D. C.

DIP CIRCLE.

No. 25,

closed in glass case. Vertical circle, 6 inches diameter, divided on
silver, reading by two opposing verniers to minutes. Attached to the
microscopes to read off the magnets. The lower
s in diameter, and reads to minutes.
h two large steel magnets and needle-
etizing the needles, with usual acces-

vernier arms are two
horizontal circle is also 6 inche
Packed complete in one box, wit
holder for convenience in magn

sories

with two 3}-inch needles, swinging on agate and en-’
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HELIOTROPES.

76 FAUTH & CO., WASHINGTON, D. C.

SEXTANT.

AN W LR T R R T s W $150 00
; No.29.——(‘mussHe1iotrope......... ................ e
- 4 Ro. 30_-Revolving Heliotrope .- ooms e mrins s ns

No, 31.

States Coastand Geodetic Survey.

1.—As made by us for the United

; Ho’i;ze telescope body is an iron tube; in the tmiddle isst_a i 2::6(;
No. 26. ; : e or post. Mirx
. Heet the instrument to a tré 230 0
; : . th joint for e A e e S SR DR RSIRIVE CLAIL. ERISS $3
The above cut represents our style of Sextant, which, ‘although very light, is = i Prioe (B DOE. o0 s v cnavergad e Dot 2
an exceedingly accurate instrument. : : pl;t;—glgi:]-i otrope, on tripod, with horizontal and "ert‘lcnl_- i 5
No. 26. Sextant of 7§ inches radius, divided on silver, and reading to ten e t,e-c'l circle for reading angles. Price, Doxed.ioueajvnsirrzon s
seconds. The cut shows all accessories. In box complete.......... $110 00 o ‘

ARTIFICIAT. HORIZON.

No. 27.—Artificial Horizon, with mercury bottle and trough, rectangular
plate-glass cover, packed in mahogany box............c.covuiiin.. $25 00

POCKET COMPASS.

. &%
!

No. 28.—Prismatic Compass, 3 inches diameter,
with divided ring on needle and folding sights;
packed in neat case, very convenient for recon-
OIRBATIOD. e astae o s s e s S B $30 00

No. 33.—Pocket Heliotrope, Steinheil’ o
quires no adjustment. :
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No. 3#4.—FOUR-METER CO -SLID PP T r f Prof . r 1] & G. Survey.
E BASE APPARA US, after the dQ!Iﬂ'i‘l (1] rof, J. E Hllgl d, § tu, s
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Cut. No. 34 represents a perfected form of the Contact-Slide Base Apparatus,
L designed by Prof. J. E. Hilgard, Superintendent of the U. 8. Coast and Geodeitz
| Gurvey. We have made several of this pattern for colleges and Government
Departments.

The apparatus consis
supported on trestles.
cessively in contact, whi
by the coincidence of lines on th

ts of two measuring bars 4 meters long, exactly alike
The measurement is made by bringing these bars suc
ch is effected by means of a screw motion and definec
e rod and contact-slide. Each bar consists of twi

d about 8 X 14 cm. square and a little less than 4 meters long, firml;
er. Between thepieces of wood is a brass frame carrying three roll
which rests a steel rod about 8 mm. in diameter. On eacl
diameter. The rod and tubesare supported through
tems of rollers. The zine tubes form with the steelroi
and are so arranged that one tube is secure
to one end of the rod, being ﬁé?ﬁé"éfpﬁn&in-tha-ehh&r—direcﬁon,—the.othe_:__tu_h
being in a like manner fastened to the other ond of therod. The zine tubes, ther
fore, with any change of temperature, expand or contract in opposing direction
and the amount by which the expansion of the zine exceeds that of the steel:
measured by a fine scale attached to the rod, while the zine tube carries a corre

t, which is identical on both enc

ponding vernier. The cut shows this arrangemen
of the bar allows this scale to be rea

of the bars: a perforation in the wood
In addition to these metallic thermometers a mercurial thermometer is attachs
to the bar about midway of its length. :

The rods and tubes thus forming a united whole are lengthwise movable
the rollers by means of a milled nut working in threads cut on the steel rod, whi
passes through a eircular opening in the brass plate serewed to the wooden b
and against which the nut presses. Two strong spiral springs pull the ro

back, and the nut is always pressed against the plate. ) -
. One end of the rod is defined by a plain agate securely fastened to it; f
te with a:horizontal knife ed

other end carries the contactslide, having an aga
This slide is a‘short. tube, fitting over the end of the rod, and pushed outward
a spiral spring. A slobin the tube shows an index-plate, with a ruled line faster

%o the rod. - |
. To align the bars properly 2 small telescope is placed on each bar, and can
the axis of the rod. The tres

‘adjusted to'bring the line of collimation over
) llustration, consists of a strong tri)

shown in the fipper left-hand corner of thel

" stand, carrying a frame with-two upright guides for two cross-slides, which
separated by a movable wedge. These cross-slides can be clamped in any p
tion. By moving the wedge, the bar resting between the uprights is either
vated or depressed. To obtain smooth movements, friction rollers are provit
To move the bars sideways, & coarse serew takes hold of a projection on the lc
side of the bar; by turning which, the bar can be moved laterally.

There are three pairs of trestles, alike in construction, with the excep

pieces of woo
screwed togeth:
ers, on the central one of
gide there is & zine fube 9 mm.
out their length on similar sys
| & metallic differential thermometer,

tion
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the upper slide of the trestle intended for the forward end of the bar carries a i

roller on which the bar rests, while the other has a fixed semi-cylindrieal surface
for the support of the bar. In making the measurement, the bars being four
meters in length, the stands are set up at distances of two meters, each bar being
supportéd at one-fourth its length from the ends, as indicated by painted black
bands.

Each bar has a sector with level alidade attached to one side, by which its in-
clination can be read off to single minutes.

All base bars constructed by us are compared with U. S. standards.

Price of the whole apparatus, ineluding two bars and six trestles..... .. $550 00
Price of simple 4-meter Standard Bar........ ...coviarinniiiaia..- 90 00
Price of Abutting Piece and Level Comparator to test bars............. 125 00

Nore.—Bars of the same construction, in feet instead of meters, can be furnished.

ZENITH INSTRUMENTS.

Following cut represents the form of Zenith Tnstrument as used in the U. S.
Coast and Geodetic Surveyand the U. S. Corps of Engineers. The telescope swings
on a hor&zontal axis, which is fastened to a vertical axis, and can therefore be moved
into any position. It is especially adapted for the determination of differences of
zenith distances. Graduated horizontal circle with clamp and tangent. The tele-
scope carmies a circle with the latitude level, and is provided with o micrometer
eye-piece. We make several sizes of these instruments.

No. 35.—Zenith Instrument, of 2 inches aperture, about 28 inches focal

length ; 10-inch horizontal circle; striding-level over horizontal axis;

fine latitude level attached to circle; micrometer eye-piece: packed

complete ...... e e e R i s b e L s wwiore s e oia $700 00
No. 36.—Zenith Instrument, as above, with telescope of 1} inches aper-

FAUTH & CO., WASHINGTON, D. C.

No. 35.—ZENITH INSTRUMENT.
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TRANSIT INSTRUMENTS.

This form of transit, suggested by Steinheil, designed by G. N. Saegmuller,

was made by us for the United States Coast Survey. Ifis intended to be set
up in the prime vertical, the telescope pointing east and west. By the use of a
prismatic objective, any star passing the meridian will be reflected and seen in the
field when the inslrument is set up corvectly ; by turning it in its bearings it will
sweep the meridian. The pivot-rings are of phosphor bronze, and, to avoid lexure
as much as possible, these rings are again connected by a tube, so that the tele-
scope body is really double. By one of the three setting-screws the instrument
is moved in azimuth. It is provided with a reversing apparatus, which also car-
ries the illuminating lamp. The fine level over the telescope is held by a projec-
tion from the reversing apparatus, which secures the great advantage, that the
level need not be taken off on reversing the instrument ; it remains on whether
observing in the zenith or horizon. The setting-circle is attached behind the
micrometric eye-piece with level alidade, divided on silver, and reading to minutes.
It also carries the latitude level, which is chambered, and reads to single seconds.
This instrument, being very simple and portable, is especially adapted for work
in a rough or mountainous country.
No. 37.—Telescope of 21-inch clear aperture, packed complete in box, with

two eye-pieces, illuminating and reading lamp, and all accessories. . .. $790 00

FAUTH & CO., WASHINGTON, D. C.

Wo. 33.—COMBINED TRANSIT AND ZENITH INSTRUMENT,
; = . s 3t B oAt man
as devised by Prof. G. Davidson, U. S. Coast and Geedslis SUrvey.

No 38.—The frafne-éf this instrument consists of two parts, the upper

pu.rt- with the uprights revolving upon the lower, to which .it. (_33.n+ be
ﬁrri;iy clanrped if; nsed as a Transit. When used as a Zenith msu'm-
ment, the ;:lampsgrews are removed ; stops and tangent-screw motion

for turning it exagtly 180° are provided. Two verniers and scale are

attached to the upper and lower b&se'. The telescope hasna_ clea;:
aperture of 2§ inches, and is about 28 inches focal .length. : ‘dmdpron
vided with micrometric eye-piece; two setting ecireles, divide .
silver, and reading to minutes, attached to the- telesc‘::tpe-tl:tb}:jl ne:rd 7
eye-end ; one of these carries the delicate zen?th iev‘el, .Wh1(15 'r;a ; -
sinole seconds and is chambered; also, an ordinary finding .ega i s
cla:,np is the latest improved pattern, and neeq not be ca.r;'le har e
with the telescope when reversing. The pm?ts are 0O I; osI:rhe
bronze, and finished with the utmost care; bearings are agate. s

&3
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ﬁﬁ?&?ﬁ;ﬂgﬁgﬁﬁ?ﬂtﬁ:’“gh tge pivots; the Strid.ing-'!ﬂvel i*f cham- B  No. 40.—Transit Instrument, of 3 inches aperture, about 3} feet focus.
ST illuminagn i(::;nnz Adifi,aml;den eye-piece, diagonal The axis carries two 12-inch eircles, one reading to 10 seconds, the
stand folde; and i packedgin bowa'tI{fi:h “E ; mp, are prlomied. The : other to minutes, both divided on the edge. The fine circle carries

No. 39, Same, with Telescope of 3 5 g i esitzope. Price, corl’-lplete,‘ $990 00 7 the latitude level. The striding-level over the axis is read by means
siant being :!Orres e ? ) inches aperture, the whole instru- of a mirror. The iron stand has the necessary adjustments for alti-

PORBHEDh SRR S sy A A . 1,200 00 tnde and azimuth. Reversing apparatus, mercurial basin, diagonal,
direct, and collimating eye-pieces, lamps,-etc. PR i e e $1.000 00

No. 41.—The same, with telescope of 3 inches aperture and about 33
feot focal length. 6-inch setting circle, with level alidade on axis;
Jelicate striding-level: glass micrometer instead of spider-lines;
Qirect and diagonal eye-piece with parallactic movement ; improved
clamp. One of the Y’s can be moved in- azimuth, the other in alti-
tude, and there be firmly clamped. Reversing apparatus, lamps, ete., T90 O

TRANSIT CIRCLES.

No. 40.—3-INCH TRANSIT : -
No. 42.—TRANSIT CIRCLE.
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No. 42.—Transit Circle, of three inches aperture, and circles of 16
inches diameter. One of the circles is coarsely divided on the edge,
and serves as a finder. The other is divided into 5-minute spaces,
and reads by two micrometer-microscopes to single seconds. The
micrometers can be transferred from one pier to the other. Sensitive
striding-level, read by means of a mirror. R. A. and Deel. microm-
eter, level over micrometer-holder: a level is also attached to the
telescope for measuring differences of zenith distance, The revers-
ing apparatus allows the instrument to be reversed with the greatest
ease. The iron stand is provided with the necessary adjusting
screws for movement in altitude and azimuth. The instrument is
complete in itself, ready to be mounted, and is provided with mer-
cury basin, diagonal, direct and collimating eye-piece, lamps, ete.

et S S e 1 T O e e N o $1L,650-00

No. 43.—The same, with four-inch teleseapalitosgie. . or ) e 1,800 00

No. 44 —Transit Circle, with telescope of about 8 feet focal length
and 6 inches aperture. Circles three feet in diameter, one divided
into 5-minute spaces, which are read off by means of 4 micrometer
microscopes to single seconds. The microscope-holder is in the form
of a pulley concentric with the circles, allowing the ready shifting of
the microscopes to any part of the graduation. The other circle
serves as a finder, and is provided with a coarse graduation. Clamp
and tangents by means of rods and handles. Illumination regulated
by means of a milled head near eye-end. The pivots are about two
inches in diameter, made of hardened steel or phosphor bronze. The
level, of best quality, is read by means of a mirror. R. A. and Decl.
micrometer with parallactic eye-piece motion. TIron piers coated with
asbestos and covered with mahogany ; the cut shows it without this

covering. Six micrometer and one diagonal eye-piece. Price.... .. £4.000 00
No. 45.—Same, without circles and microscopes ; two 6-inch setting cir-

cles with level alidades attached near the eye-end........ .. ... . . 2,500 00
No. 46.—Same as No. 16; telescope 5 inches aperture; circles 30

inches diameter; 4 microscopes................ ... ... .. 3,000 00
No. 47.—Same, without the large circles, but with two finders. ... . . 2,000 00
No. 48.—Transit Circle, with telescope of 4 inches aperture ; circles 24

inches diameter ; in other respects like No. 44.. ... ... ... . . 2,400 00
No. 49.—Same, without the large cireles, but with two finders. .. .. .. 1,900 00
Collimators, revolving in Y's, with sensitive level over telescope; mi-

crometer eye-piece according to size of objective. . ... .. from $250.00 upwards.

The above prices include reversing apparatus and observing chair

of approved pattern.
Nore.—These instruments may be mounted upon stone or brick piers, which is, perhaps, the

better plan.

FAUTH & (€0., WASHINGTON, D. C, ]’

No. 4£.—TRANSIT CIRCLE.
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SMALL TRANSITS.

Small Transits, suitable for watch and clock makers for taking time. The
stand is similar to the one shown on cut No. 26. The Y'’s have no adjustment,
and the telescope is without clamp or circle; a good striding-level, prismatic eye-
piece with sun-shade and glass micrometer are provided.

No. 50.—Transit, with telescope of 14 inches aperture, 16 inches focus. . $165 00
No. 51.—Same, with telescope of 1} inches RPEFIRTO. . Lol s, 140 00

CHRONOGRAPH.

" Cut No. 52 represents our style of Chronograph, which, for compactness
and regularity of action, cannot be surpassed. It is noiseless, and the
governor regulates the speed so perfectly that the second marks form
a perfect straight line. The cylinder is 14 inches long, 7 in diameter,
and with three feet fall and a weight of about 18 pounds, runs 21

~hours. Saegmuller’s maintaining power, however, permits winding up
without retarding motion. The clock-work is strong enough to drive
3 or 4 cylinders, which can readily be attached. By pushing a button

the speed of the eylinder is donblad, which i

AT AT

a n S
AL LD VLAY DLAGILY - Lk DAUIIRELES -

ing clock-signals in longitude work and other purposes............. $350 00
Each additional cylinder, with frame, carriage-slide, and maguet....... 150 00
Chronograph paper for the above, per 100 sheets.................... 150

N

FAUTH & CO., WASHINGTON, D. C.

No. 52.—CHRONOGRAPH,
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ASTRONOMICAL CLOCEK.

No. 53.—The cut No. 53 shows one
of our Astronomical Clocks.- We
make them either with long or short
case. Dennison’s gravity escape-
ment, compensated 60 pounds pen-
dulum: break circuit arrangement
with rheostat, which prevents
sparks, thus saving contact joints
from oxidation. Price.... ....... $450 00

No, 53,

2 g
FAUTH & €O., WASHINGTON, D. C. 91

No. 54.—SPHEROMETER, as devised by Prof. Wm. Harkness, U. 8. N.

i - 1olv accurate instrument for measuring the in-

: bes:htf; Lfaggoetzieﬁci 3‘1]:;:10“3 reliable and expeditious t_hnn the contaf:r;

‘13;1%1. As made lr;y us, it will measure pivots from 24 inches dqwn :

the smallest size. The glass disc on which the three legi ras.t is f;:ra

fectly flat; the screw is made with the utmost exactness, ?ba,rgng e
jewelled céntre, and the nut is so constructed that there can: e no

motion. Price,in box...i.cco.cocerrees _ _ ................. :
SPECTROSCOPE. :
The following cut represents' a Spectroscope wl}::}ch a:;w?z}'; bc::i;o; ;E?g;li?;
: omical " h, and is arranged to be used ether i
ﬂ-n(_f__ﬂvﬂhrflnor:il:;l r?[ieac?naists of a circular box into which the collimator a..nd
gi:'i;:gno tzlescyope are screwed. The collimator slides in & tubel s0 alf t.:d bntnerg
(t)h;sﬁt iitb the foeus of the objective. This t_ube is connectfed w1tl; tbe b ap&d_
fotir stiff rods,leaving the slit easily accessible. The collimator tube 1s gr
byte(:l into millimeters. -Grating or prism can readily be placed in th.?ubt{;thz;xd a
z::na.ll table which has all the necessary adjustrt[l:ents. : By memlf;azlf z.a rnu;): mpidll;
jecti h the bottom of the box, the grating or pris _
prgittilng;h;;‘:vgmotion can at once be obtained, without pre‘zﬂcus cla.mpnll_g,hb.y
1t-c’t'x:lin : a tangent-screw fitted into the periphery of t.h(? grating gold;;,e: ;:1; mlj
h]:zld bgy friction to a plate to which the proje{;tlng kn:(}la mtlifoar?teor;e b.Ottom Wil
ion i ured to single minutes by a gradua
% l:'ota;zn ;:ﬁr;::;”‘i in use the collimator and view telescope a.re.pla.ced ;:f ;h{.::q:
in ;\i for?nmg an angle of about 38 deg%'ees. When the p?:fln?;(:va c({:} o
dense hint——is to be used, the view telescope 18 changed and screwed 1 .
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the side of the box. The two telescopes are then placed in a position of minimum
deviation for the ultra-violet rays. The instrument can be put into any position

by means of a universal joint. It is readily lifted off the stand when intended
to be used with the telescope.

No. 65.—SPECTROSCOPE. ]

No. 55.—Spectroscope as above, with telescopes of one inch aperture,

about 9 inches focus, extra dense flint-glass prism.................. $250 00
No. 56.—The same, with telescopes of 1} inches aperture and 12 inches

e R Sl S S e s e e
No. 57.—MecLean’s Star Spectroscopes, consisting of a eylindrical concave

lens in front of a direct vision prism 25 00

Cut No. 58 represents a very complete Spectrometer, made according to the
plan of Prof. C. A. Young.

We have made several sizes of this instrument, with circles from 12 to 18 inches
in diameter, and telescopes from 2 to 2i inches aperture. The circle is gradu-
ated into 5-minute spaces and read by means of two micrometer-microscopes to
single seconds ; these microscopes are attached to the arm carrying the observ-

300 00

FAUTH & CO., WASHINGTON, D. C. 93
ing telescope. The collimating telescope can be turned on a-sepa;a]:e a.xmﬁ by
itageli and the whole instrument can be rotated on .emother ax:a e fr:enntf_
ta.bie; which is provided with all the necessary adjustments, turns on e

No. 58,—SPECTROMETER.

of its own and has attached to itself two verniers read_ing to ﬁw‘a second;i 0]1:;
the graduation of the circle. Both telescopes turn adjustable Y's, for whic

T R i ded.
ose a sensitive striding-level is provi : .
Pu’?})le price of these instruments varies, according to size, from $600 to $1,200.
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EQUATORIALS.

"lIJ!:||

No*59.—PORTABLE EQUATORIAL MOUNTING.

Above cut represents a Portable Equatorial Mounting, suitable for telescopes up
to 5 inches aperture. As shown in the cut, it has clamp and tangent movements,
silvered circles reading to single minutes and 5 seconds of time respectively. q
No. 59.—Equatorial Mounting, as above, for 3-inch telescope.......... $200 00
No. 60.—Same, without circles or tangent-screw movements .......... 140 00

FAUTH & CO., WASHINGTON, D. C. 95

No. 61.—Equatorial Mounting for 4-inch telescope, with circles and tan-

gent-screw MOtION ... .....oeaiee e S c.ov...- $300 00
No. 62.—Same, without circles, €66 .. ....cooricrroeanerorsmcnannss 225 00
No. 63.—Equatorial Mounting for 5-inch telescope, with circles and tan-

gent-serew motion ..............-- i AR e el S R S 400 00
No. 64.—Same, without cireles, 8¢, ... ....ccvieeeninae compmenenee 300 00

g

No. 65,—EQUATORIAL MOUNTING ON IRON PILLAR.
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The preceding cut represents a complete Equatorial Mounting on hollow iron
pillar, with clock-work, circles, and tangent-screw motion.
No. 65.—Equatorial Mounting, as represented in cut, with clock-work,

circles with silvered graduation, and tangent-screw motion suitable

IO B ARoh B oo DT e PRIGRS de T T SR .. $675 00
No. 66.—Same, see cut, for a telescope of 5 inches aperture ...... . . . 675 00

Telescopes for above mountings. Fine achromatic objectives mounted in brass
tube with focussing rack and pinion; 3 astronomical eye-pieces.
No. 67.—Telescope of 3-inch aperture

Mounted with 14-inch finder ... .. ... .. ... ... . SRR $140 00
No. 68.—Telescope of 4-inch aperture . . R R S e e B

Mounted with 13-inch finder. .. ........... ... . B - v g 94000
No. 69.—Telescope of 5-inch s RO R SR o

Mounted with 2-inch finder...... . - 350-00-

RECONNOITRING DRAW-TELESCOPE.

These are very convenient to carry. The Telescope, which has a fine objective
of two inches aperture, closes up in a leather case about 12 inches long, with
straps attached, and is easily fastened to the stand by a circular clamp. The
stand has a small divided circle for roughly measuring angles. Stadia wires are
mnserted in the eye-piece for measuring distances. The stand, when folded, forms
a round staff of about 2 inches diameter.

No. T0.—Reconnoitring Draw-Telescope, 2-inch aperture, as described

abilval |0 L SHORD RS R e S e e o T
Nore.—If Heliotrope fixtures are desired, (see cut No. 31,) consisting of

two plate-glass mirrors and two sight-rings, it increases the price.... 20 00
Clamp and screw attachment, to screw into a tree or post, extra....... 7 50
The abave Telescope, without thestand . .......................... 30 00

FAUTH & ©0., WASHINGTON, D. C. 9

COMPLETE EQUATORIAL TELESCOPES.
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No. T1.—EQUATORIAL.

No. 71.—These instruments
are highly finished and made
with the utmost aceuracy. -
Cuts Nos. 71 and 72 show two
styles as made by us.
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No. 71 is intended to be mounted on a brick or stone pier, which is especially
to be recommended for Telescopes of large size. 'We have, however, built several

No. 72—EQUATORIAL.

of them with iron piers. No. 71 is then like No. 72, complete in itself, ready to
be set up in the observatory. .

We have added several important improvements to these instruments :

The Telescope can be moved in R. A. without stopping the clock or disengaging

="
-

A

FAUTH & €O., WABHINGTON, D. C. 9

the worm. When moved sufficiently the clock acts again with the regular rate
without previous clamping. If desired, an additional R. A. circle is providec
driven by an auxiliary clock-work, which is kept running. An index shows th
R. A. of the point to which the Telescope is then directed.

The rate of the driving-clock is readily changed from sidereal to lunar. Thes
Equatorials are constructed with the utmost exactness, and each one is provide
with a finder; a number of micrometrical and astronomical eye-pieces; transi
eye-pieces and sun-shades.

Large Declination and Hour Circles, divided on silver, and reading with tw
verniers and microscopes to five seconds of are and single seconds of time respe
tively. Coarse graduation on the edge with pointer, for convenience in setting

Driving-Clock with conical pendulum connected with polar axis; can be throw
in and out of gear from eye-end of Telescope; additional tangent-screw motio
in R. A. and Decl. by means of rods and handles. THuminating lamp attache
to end of declination axis. 5~
No. 73.—Equatorial Telescope, of 4-inch aperture, with six eye-pieces,

fitted up a8 8bOVe. . .. ... iiiaiiiine reenies ... 8975 C
« 74— Same, without clock-work or micrometer. .................- 700 0O
€ ZE_ ¢ S mch aperbtire .. . .- -caviseasos oo aea st 1,400 @
« 7@ — + without clock-work and micrometer............. s 1,100 ©
« 77— ¢ @.nchaperfure.... ........c.. coeaiaanns gl LR s 1,800 0O
« 78 « without clock-work and micrometer................... 1,500 €
« 79 % Tinchaperture............oeoucecierenonns . 2,500 €
VSR R G R R el s 3,000 ¢
HERT— - D i e s 4,000 @
w8 ) e s SR e e 5,600 ¢

The prices of larger instruments may be had on application.

; MICROMETERS.

Cuat No. 83 represents a simple form of position micrometer ; micro-
meter-screw 100 to the inch; head divided into 100ths; provided with
_full revolutich index; four-inch circle reading by vernier to single
_Tminute_s; micrometer box turns by rack and pinion motion. Price... $75 (
No.'84 is a position micrometer of the highest class; parallactic move-
- ment for the eye-piece; fine movement to spider-line, and rapid move-
ment for entire micrometer to traverse the field. Micrometer head
is divided on silver ; whole revolutions read off on a separate dial—the
prettiest device for recording whole turns. Position circle 5 in. diam-
eter, divided on silver, reading by two opposite verniers to 30 seconds,
or ;1 of a degree. Clamps and tangent-screw to circle, arrangement
for dark and bright field illumination. Packed in 01 TaR ORI e $200 (
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Eye-piece Micrometer, (filar,) each. .
Reading Micrometer, with achromatic objective
Dauble Image Micrometer, according to style, from $75 up.

FAUTH & C0., WASHINGTON, D. €. 101

PRECISION PLANIMETERS.

(8ee pages 42-51.)

These instruments have been very much perfected of late, and we draw especial
attention to the “Roller” and ‘Suspended » Planimeters as the most accurate
They are ten to twenty times more exact than all other similar
The roller does not run directly

ones now in use.
instruments, as shown in the table on page 51.
on the paper, but on a perfectly flat disc, and, consequently, the results of the
instrument are in no wise affected by the nature of the paper. The rotation of
the roller is ten to twenty times smaller than that of the Amsler Planimeter with
equal length of tracing-arm.

These new Planimeters have been described in all the leading engineering pa-
pers in Europe, and we have no doubt but that they will be welcomed by every
engineer in this country who desires a really first-class instrument.

No- 86. Simple Precision Planimeter,in eage. .. ...... ..o iciaciennnn

s

............................. $100 00

No. 83, —ROLLER PLANIMETER.

....... $120 00

No. 88. Large Roller Planimeter, in €ase.............cccenes
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PROTRACTORS.
No. 89. Three-arm Protractor, 6-inch circle, divided on silver, extension
atEi 30 inehesdoniy. J ol onie L R St Sl S L R $110
TIDE-GAUGES.

No. 90. Threeroller Tide-gauges, with strong clock-work, having ad-
justed lever balance. metal frame and metal wheel, on strong stand... $350

EYE-PIECES.

Positive Eye-Pieces.
Ramsden—j# inch to 4 inch equivalent, each. .. .................... .
T e - Sy % R SR e L 5
1§ « 2}« s ST N, R AL 6
Kellner (achromatic)—} inch to # inch equiv., each.................... 6
s U e e e s s i
 E & R D e e 8
13 # A R DS S e 10
Steinheil (achromatic)—3% inch to § inch equiv., each.......... ........ 9
: L B e T 12

Negative Eye-Pieces.

Huyghens—} inch to 1 inch equiv, each. .............oovvniinnannn, $5

j SRR 5 e e e AT

Airy (giving a large and perfectly flat field) } inch to 1} inch equiv., each.. 6

2 inch equiv., i A L M Ty ST S Bl el e o /}

T % 2 RCNS s E SR S et e SR e 5

i 4 . 10

1} « I R e | e e el T e R S A )

1i “ & A e e S P L 12

g & i e S R S O e A S TR e e Gl i 16
Terrestrial or Inverting Eye-Pieces for Direct Vision.

Fraunhofér—i; inch to 4 inch equivalent, each......... ... .. c0vennn 37

3 & t ey e e 8

i # i S e et RS

13 “ to 2 inches o e (o, I A S e e 15

Airy (large and perfectly flat field)—3% inch to 3 inch equiv., each........ 8

4 inch equiv., @Al . . . ..o ciiaiaiiin it re e s et e 10
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13 “to 2 inches equiv., @ach .. vuoeuiii it 16
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FAUTH & co., WASHINGTON, D;

Diagonal Terrestrial Eye-Pieces.

$iibeh o' 8 inchiequivemal (L STl D s e e e E
1 13 1_% i 13 il b S e s U (TR S

First surface-reflecting prism (solar)....................... ... . E
§ inch square, mounted with sun-shade............ ..... . .
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s N b L I B L B et ot L S, :
1 13 113 [y i p “ |

.........
T .

Hehoact)pm eye- p1eoe, Melz ‘modified by Prof. Young, accordmg to size,
$50 up.

Compensation Slides, of neutral tint glass, according to size, from $5 up.

DIFFRACTION GRATIN G-S

Gratings with 12,000 and 24,000 lines per inch are now being ruled for 1
our new engine by Mr. Chapman.

LEVEL VIALS.

Of all sizes and grades of sensitiveness, from $0.75 to $1. 00 per inch. Chamk
- Levels, raudmg to seconds. from $3 to &5 par inch o

3

Lo

LEVELLING RODS.

=) )
~ New York Rad... ... S L e S e, e e $1
Phﬂade]phmiﬂod_‘ 1
2 PR I O O I e e T 1
Ranging Poles, painted red and white alternately, made of wood with
skonl shoow, Bto 8 teeblong ..o foes vy il e L :

HAND LEVELS.

Locke's Hand-Level, nickel-plated........................ ... ... .. 11
Abney Level and Clinometer




104 FAUTH & (0., WASHINGTON, D. C.

STEEL TAPES.
Excelsior Steel Tapes in leather case:

100 feet long, divided in tenths............ccvvieniii i,
66 o “ R e g R e e e L e
50 £ & e A L R i D

Chesterman’s Steel Tapes in leather case :

100 font, ‘divided S benibhis .. S iShi s e S fe i e e s s e 8
DR * R R R b D e e I L R B e S S GO
Bi " e LA T A N e A e PR LS

LIGHT, NARROW STEEL TAPES.

Fine Steel Tape, 50 feet long, &% inch wide, with spring balance, spirit
level, thermometer, and brass handles, on reel, for very accurate
T GHATT BITORE O - L e s s m v ia 15 oo Te s W/t aere v e s
Narrow Steel Tape, & or § inch wide, 100 feet long, with 2 brass handles,
graduated at every 50 feet,onreel.......................
Each additional 100 feet, graduated the same.................

SURVEYORS’' CHAINS.
Made of No. 12 steel, brazed links and rings:

Tand Chain, 50 feet long. ... .cooon ottt

.......

-------

2 L 1 R O o e b e e SR S RS S
- e e S oD S e R M :

&t no 0
s ¥ | T i S S e e ey e S C R R RO X

Meter chains, 10 meters long. . .o.-ocovii i Lann

o ] 15 R R i B B S, 5 iy s S R SR e
i3 i 20 e o e TR Sl i e S S e SRS

ARROWS.

Steel Arrows, No. 11 wire, bright, 11 in set, 14 inches long—set........

READING-GLASSES.

Pocket Reading-Glasses, oval pattern, mounted in rubber:

11lens, 1} inchdiameter. .. ........ouoiireeceremronnnnneene

“ e

2 lenses,

Coddington lenses, brass frame and handle, nickel-plated, £ inch.. ...

13 “ 1§_ i

12

$20

$1
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50
50
00
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