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PREFACE.

HE Instruments enumerated in this Catalogue, and described in the Manual,

T are all of our own design and regular manufacture. Full supplies of Engineers’

and Surveyors’ Instruments will be kept on hand. The demand, however,

is at times so great as to exhaust our supply. To secure an instrument in season,

it is best to order it from four to eight weeks in advance of its intended use. In-

struments varying from our customary designs, or those of rare inquiry, will be
made to order only.

While the illustrations given represent the instruments as they have been made
by us, we nevertheless make changes from time to time, as experience and the
progress of engineering show them to be desirable.

Our long experience in the manufacture of Engineering and Astronomical
Instruments, enables us to unite in our Instruments the high accuracy and finish
of the European makers, with the lightness combined with strength, steadiness,
practicability and portability required by American engineers. .

Having two well-equipped automatic dividing engines, with circles two and
three feet in diameter (the last-named built by the late J. H. Temple, of Boston,
Mass.), we are enabled to make graduations of rare excellence. We also have a
machine for engraving the figures, etc., on our circles and plates. Our adjusting ap-
paratus, consisting of nine collimators, for the purpose of testing our lenses, and for
correcting and adjusting the telescopes, etc., and instruments of our manufacture,
marks a new epoch in the manufacture of accurate Engineering and Surveying
Instruments. With the aid of this, we can test our instruments in so thorough a
manner as only the most rigid tests in the field could reveal. In the possession of
an apparatus of this kind, we believe, we stand entirely alone, here or abroad. It
is the invention of Mr. C. L. Berger of this firm.

A careful selection of skilled workmen, increased facilities of steam power, and
the application of the most approved tools and machinery, enables us to offer at a
moderate cost a very superior article. We make no pretence at manufacturing
cheap Instruments, — our prices are as low as is consistent with thoroughness of

workmanship and the best material.

IMPORTED INSTRUMENTS.— We have made and do make Scientific Instru-
ments, such as Cathetometers, Spectrometers, etc., but owing to the somewhat
limited demand, and the fact that their manufacture entails chiefly the employ-

.ment of hand labor, for this reason we find that we cannot produce them of equal

quality and completeness at prices prevalent with best makers in Europe. In
order, therefore, to enable customers and scientific institutions to procure these in-
struments at the lowest prices, we are giving our special attention to their impor.
tation. We refer more particularly to those used in the higher branches of
Geodesy and Astronomy. When a greater demand for such instruments exists, jus-
tifying the introduction of special tools and machinery for their manufacture in
numbers, we will make our own designs and improvements, and incorporate them
in our regular line of manufacture. These instruments we can import to the
order of schools and colleges free of duty. Approximate cost will be given on
application.

BUFF & BERGER.



Buff & Berger’s Large Automatic Dividing Engine.




PART I.

DESCRIPTION

OF THE

Essential Features of Qur Instruments.

-
-

Graduation.

This very important part of a good instrument we guarantee exact and accurately
centered, opposite verniers reading the same. The hnes are straight, thoroughly
black and uniform in width. There are two double verniers in every transit to read
angles with great rapidity as well as to make four separate readings at every sight,
when extreme accuracy in the repetition of angles is required. The horizontal
circle is graduated from 0° to 360° with two sets of figures, running in opposite
directions ( unless ordered differently.) and the verniers are marked Aand B, The
figures are large and distinet, and to avoid mistakes in reading, the figures of these
two sets of graduations, and those on the verniers, are inclined In opposite directions,
thus indicating the directions in which the verniers should be read.

Instruments intended for mining and mountain use can have the verniers so
placed that they may be read without changing the position of the engineer after
sighting through the telescope.

Glass covers protect the arc and verniers from exposure. For ease in reading
the verniers, we have added to most of our instruments two plates of ground las§,
which cast a very clear light on the verniers, in any position. We recommend this
addition to all of our more complete transits. The cost will be $3 additional.

The graduations on our transits are either on brass and silvered, or else g1 adu-
ated on solid silver. The former we can only recommend for the more ordinary
instruments, since imperfections in the brass or composition castings frequently
impair the graduations, and the silvering is apt to tarnish with time and exposure.

To graduate on solid silver adds $10 to the first outlay for the instrument, but its
many advantages, great permanency and smoothness of surface render it the only
satisfactory surface for fine graduations.

The Telescope.

All of its lenses are ground especially for us, by the best opticians. The teles-
cope is perfectly achromatic, and designed to furnish a large, flat field of view with
high power and yet without loss of light. For this purpose the curves of all our
lenses are ground by special formule. The telescopes show objects right side
up, unless ordered otherwise.*

The object-glass has a very large aperture, and is focussed by rack and pinion,t
but the eaye-piece is focussed by siinply turning its head to the right or left in an
improved screw-like manner.

By a method of construction peculiar to ourselves, we are enabled to guarantee
the line of collimation correct for all distances without making use of the very objec-
tionable adjustment for the object-slide by means of inner rings, which time and
experience has proven to wear loosc too readily, thus rendering this adjustment
worse than none at all.

The eye-pieces are thoroughly achromatic, and their lenses are mounted in such
a perfect manner (a method also peculiar to us) as to require no further adjustment
with regard to the axis of telescope.

#It should be remembered that the focal length of the object glass is limited in engineering instruments and
that a high power is obtained only at the sacrifice of light. To obtain the fullest satisfaction, tel pes intend
ed_for close work, as in stadia e t, etc., should invariably be ordered to be inverting. The
brilliancy with which objects appear in such a telescope, owing to the amount of light gained b
saving two lenses in the er=-piece is very marked as compared with one of the same power anA focal lengt

shawing objects erect.

tThis rack and pinion motion is now so placed upon our telescopes that it is more easy of access by either
hand than when placed at the side, as shown in most of our cuts.




The Collimator Apparatus for testing Objectives and adjusting
Telescopes.

The Collimator used for testing Objectives of larger Telescopes.

Buff & Berger’s Auxiliary Apparatus,

Used during the construction of their Tustruwents of Precision.
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The telescope of the transit reverses at both the eye and object ends, and is
thoroughly balanced when focussed for a mean distance.

The telescope of the wye and dumpy level is also balanced each way from the
center of the vertical axis when focussed for mean distance and with the sun-shade

attached to it. -
Spirit-Levels.

The Spirit Levels used in our instruments are carefully ground, filled and tested
by us in person.

Those for the highest class of engineeriniwork are sometimes provided with an
air chamber by which the length of the bubble can be regulated according to tem-
perature. The levels for astronomical instruments have air chambers, and are filled
with ether, but in field instruments ether is not admissable, owing to the high
degree of expansion and contraction in that fluid with changes of temperature.
For these we use a composition fluid that we have found to be more sensitive and
quick-acting than that used in instruments we have seen of other makers.

Our astronomical levels are so ground that a depression through one second of
are causes a displacement of the bubble through about  of an inch. The curva-
ture or sensitiveness of our levels for field instruments we adapt carefully to the
instruments and the kind of work to which they are to be applied. With too sen-
sitive a level the position of the bubble would be too uneasy to work with, while
too low a sensitiveness would not reveal the full qualities of aninstrument. Persons
ordering instruments of us will confer a favor by statinF for what purpose they are
intended, whether for water works, for railroads, or for general use, so that we
can use our judgment for their benefit.

Gradienter Screw.*

[Description to be found elsewhere |
This is attached to the clamp of telescope of all of our transits except the plain
transit. This attachment was first introduced by Prof. Stampfer, of the Vienna
Polytechnic School. It does not add to the weight of the instrument, and once
used we have found it to be universally approved by our customers. By means of
it grades can be established, and horizontal distances, vertical angles and differences
of level can be measured with great rapidity. Indeed this attachment to an en-
fineer’s trausit is one of the most useful introductions in practical engineering.
t is 8o universal in its application to railroad and general work, that when once

used it will afterwards form an indispensible part of an engineer’s outfit.

Fixed Stadia Wires for Distance Measurements.

We have specially devised an optical and mechanical apparatus for the purpose
of placin% fixed, or non-adjustable stadia wires so accurately upon the diaphragms
of our telescopes that their distance apart will read 1’: 100” { on any leveling rod,
as with the gradienter screw, thus dispensing with a special rod. ,

It is well known that adjustable stadia wires are so apt to change their distance
apart with every change of temperature, that no reliance can be placed upon them
unless previously adjusted. With fixed stadia wires, annoyances of this kind are
obviated —they are reliable at all times.

As regards the degree of accuracy attainable by the use of fixed stadia wires,
experiments with our powerful telescopes, made optically as perfect as the most
advanced optical and mechanical skill enables us, warrant to say that with some
experience and proper care the results obtained will approximate and even equal
those obtained by chain measurements. The price for this accessory in any new
instrument is only $3.00, but if inserted into a telescope sent to us for that purpose,
we must charge $10.00. We advise to order both the gradienter screw and the
fixed stadia wires, as each in itself, separately or jointly, will prove of great value.

*S fers G h for leveling instr , as introduced by him in the year 1838 (see
Bauernfeind’s Vermessungskunde), is{ however, ically more plicated as pared with our own.
As to simplicity of design and ion, we believe, our Cradi Attach , as applied to our transits,
is unequafled.

t In all stadia work, the constant, which is the distance from the center of the instrument to a point in front
of the object glass equaf to its focal length, must be added to every t. Thus the in our

transit No. 1, with inverting telescope, measured from centre of the instrument, is 1.3 feet; same instrument,
telescope erecting, 1.15 feet. Transit, size as in No. 2, telescope inverting, 1.15 feet; same instrument,
« telescope erecting, 0.94 feet. In our 18.inch Wye level, telescope erecting, this constant is 1.78 feet.
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Tangent Screws.

These are made of Aluminumn bronze, or phosphor bronze, and sometimes of ger-
man silver, and are provided with strong spiral springs of german silver, which take up
all the dead motion, no matter how long the screw may be in use, or how worn.
Thay are less liable to get out of order. by blows or accidents, than any of the ex-
isdng tangent screws, and require little or no attention on the part of the engineer.
Thiere i8 no strain on either plate when the instrument is clamped, so that the levels
are unaffected. They are set and turned with the greatest ease, following the move-
ments of the finger instantaneously with mathematical precision, and do not scratch
the plate in revolving instrument. We confidently recommend this form of con-
struction to those who have not used our instrnments. as the best possible; super-
sed.\.l:f’ the usual methods by means of two opposing screws. or ball tangent screw,
gresatly in point of convenience and accuracy, and equalling them in point of steadi-
ness. By this construction we are also able to fit our upper and lower circle plates
8o snugly that it is impossible for dust to enter between them. Our leveling instru-
ments have the clamp and tangent screws so placed that they can be reached by
either hand with the same readiness.

The Compass.

The Compass circles are graduated to half degrees in quadrants from 0° to 90°.
The needles are made of superior steel, and tempered all over. A coil of fine wire
attached to the end pointing South balances the needle for our latitude, which must
be re-balanced if the instrument is used further north or south of this latitude, and
must be entirely reversed if used on the southern hemisphere ot our earth. At2
cost of $10.00 a variation plate can be placed upon our surveyors’ transit to set off
the variation of the needle for any particular locality. A stationary pointer just
above the graduated ring at the South end, and protected by the glass-cover of the
compass, indicates the line joining the vertical plane of the line of collimation of the
telescope. By means of a milled-headed nut, also at the South end of compass,
serving bath as a handle and as a clamp-screw, the graduated ring can be turned
past this pointer towards East or West as the case may require.

Tripod.

The form we adopt for our instruments is an improvement over what is com-
monly termed the ** split leg ” tripod, used extensively in Europe, which unites the
greatest strength and steadiness with the least weight. The tripod-head is cast in a
single casting, to avoid all small screws, as well as to attain greater stiffness. For
the legs we use the best fine ined white ash, taking particular pains that the
grain of the wood runs in the direction of the leg. They are still further guarded
a%ainst all possible accidents by having wooden tongs inserted at their top. When
folded, our tripod is better adapted than the ordinary form, for carrﬂing on the
shoulder without irritating the place on which it rests. The good qualities of this
over the ordinary round leg tripod provided as that is with unyielding brass cheeks
to “tighten” the legs, are so great that there is but one opinion regarding its real
advantages, and we gladly bear the greater expense incurred in its manufacture. The
cast-steel shoes have projections for the foot, to aid in pressing the legs into the
ground. Our levels and transits both fit the same tripod, which can be distinguished
only by their different lenghts — the level tripod being two inches longer.

Shifting Tripod.

We have also adapted to all our engineers’ transits the shifting tripod or shifting
center, by which, after an approximate setting of the tripod, the transit can be
immediately brought over a point on the ground. This device we also attach to
our instruments with three leveling screws in a most perfect and simple manner,
and without impairing their steadiness and portability.

Adjustable Plumb-Bob.

We furnish with all our transits a small brass chain and hook, which are
connected to the centers of the instruments. The cord of the plumb-bob can be
readily attached or detached from this hook, and by means of a neat, small and
simple device, (also furnished with every instrument,) the plumb-bob can be ad-
Jjusted over the ground at any height, with hardly any effort on the part of the
engineer,
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Hlumination of Cross-Wires.
For Mining and Tunnel Transits,

‘This consists of a small hole drilled through the transverse axis of the telescope.
and closed at each end with small glass plates, to {)revent dust entering the tele-
scope. In the center ofthe telescopeis placed a small adjustable reflector, by means
of which the cross-wires can be very readily illuminated in the mine or tunnel by
the reflection of the light of a lamp placed on a small table, which is attached to
the standard. This lamp is provided with a ground lens. This method of illumi-
nating wires 18 the best known to astronomers ; it is the easiest to operate without
asgistance, or a change of lamp or position of the telescope. It can be applied to
all our transits.

[(See Wood Cut Astr ical Insty £5.]

Arrangement for Offsetting at Right Angles.

Upon unscrewing the small adjustable reflector in the center of the telescope,
which is explained in the foregoing paragraph, a perfect line of sight is had at right
angles to the telescope. By simply sighting through the axis, offsets may be.
conveniently established without disturbing either clamp or telescope when the eye
is brought close to the instrument; its application is, however, limited to even
ground. To use it on an uneven ground it is necessary to place the eye at a dis-
tance of twelve or fifteen inches from the instrument. The head should then be
moved until the eye is in line with the openings of the transverse axis. An offset
can then be aligned irrespective of the height of the instrument.

Quick Leveling Attachment.

This we can apply to any of our Mining and Mountain Transits and Leveling
Instruments. It adds about 1 lb. to the weight and $8.00 to the cost of an instru-
ment.

Protection to the Object-Slide, &c.

A rain and dust guard for the object-slide is now furnished with all of our
telescopes, and to insure smooth working of the object slide and telescope tube
both are made of a non-friction metal. The Eraduation of the horizontal circle,
the centers and such other important parts that are liable to injury by the aetion
of dust and water in the field-use of an instrument, are entirely protected.

General Construction.

In regard to the general construction of our instruments, the dead weight is
removed wherever it Is shown to be not essential to the stiffness of the instrument ;
but we have at the same time strengthened the parts most likely to be injured by
an accident or fall. Thus the base of the standards, the vernier plate and circle, the
parallel plates for leveling screws, the telescope axis, the flanges of centers, cross-bar
of level, etc., are made especially rigid and provided with ribs. Instead of finishin
the smaller pieces of an instrument separately and then joining them with smaﬁ
screws, or solder, each screw or joint being a weak place in' an instrument, we have
adopted the opposite principle, (at an increased expense to us,) and aim to unite as
many pieces a8 possible in a single casting, which casting, by means of ribs is made
as light as consistent with strength.

We also call attention to the exceptionallg hard bell-metal and phosphor bronze
used for our centers and telescope axis, which are long and unyielding, and the
remaining parts are of a composition metal, which is itself harder than hammered
brass, or red composition, used ordinarily for centers, etec. It is more ditficult to "
work, but we avoid the objectionable softer brass in its use. Experience has
Proven that soft, or hammered yellow brass is untit for a good field or astronomical

nstrument, since it is more liable to fretting and yielding generally, and in the
hammered state its unequal expansion and contraction a. different temperatures
may be so marked as to impair the reliability of the adjustments.



The Focal Length Apparatus.

Used to determine the focal length of an objective from the optical center, as well as from the
second principal point. The latter by attaching a micrometer microscope at one end of the grad-
usted bar and measuring with it through the objective the wire interval of the collimator A.

Buff & Berger’s Auxiliary Apparatus.

Used during the construction of their Instruments of Precision.
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The Finish.

It is a well-known fact that the black finish has one objection. It absorbs the
heat readily, and therefore is apt to expand an instrument unequally, and thereby
deran%es its adjustments. We therefore consider it necessary to finish certain parts
of an Instrument in a bright but not glaring finish—including the upper plate, the
standards and the telescope in the transit; the cross-bar ahd the telescope in the
wye level, etc. All other portions may be finished and bronzed before lacquering.
This finish gives a very fine appearance to the whole instrument ; it wears better
than black, and is in better taste.

Customers desiring to have their instruments finished entirely in bronze, how-
ever, can do so by notifying us of their wishes.

Cloth-Finish.

It is so called because the parts of an instrument so finished have the feeling to
the hand of being covered with cloth of a very close texture,—there is no further
resemblance to cloth however. )

The principle is borrowed from astronomical instruments, where it is necessary
to cover the surfaces with some non-conducting material in order to avoid disturb-
ances in instrumental adjustments caused by suddenly varying temperatures.

We have adopted this principle with the view of securing the same results for
our finer transits, wye and dumpy levels. Some of these levels are sensitive to a
depression of a single second of are.

Instruments finished in this manner heat up or cool down very gradually,
causing the minimum derangement of the adjustments, and being of a dark brown
color, this finish unites all the advantages of a bright finish with the convenience
of having a dark colored instrument to use in the sunshine.

As regards durability, it will not quite equal the bright finish, but is superior to
the bronze or black; this fact, coupled with the ease with which it can be restored
at any time, leads us to recommend it in all cases where engineers do not care so
much for an elegaut appearing instrument after a number of years, as for an
instrument in which every precaution is taken to avoid the influence of sudden
changes of temperature.

In finishing an instrument in this manner, we are not obliged to polish its
surfaces so finely, and thus can offer our transits with standards finished in this
manner at $5 less than when finished in the other ways.

Packing.

In putting our instruments in their cases, none of them separate above the leveling
screws. 'They stand erect, and are ready for use upon unlocking the case.

The cases are provided with rubber cushions, to check severe jarring arising from
transportation over rough roads.

In conclusion, we wish to say that we aim to secure in our engineers’
Instruments — )
. Simplicity in manipulation.

2. Lightness, combined with strength.

3. Accuracy of division.
4. Achromatic telescope, with high power.
5. Steadiness of adjustments under varying temperatures.
6. AStiffness; to avoid any tremor even in @ strong wind.

And we would add, that since all our leveling, tangent and gradienter screws
are cut with precision in our engine lathes, and then run through a size plate to
cnsure uniformity and perfect smoothness, that we are able to replace any such
part of our instruments by mail. The spiral springs. and most other small parts
of the instrument, can be supplied in the same manner.



The Longitudinal Dividing Engine.

Apparatus for graduating the grooves for spider threads on the diaphragm

of telescopes.

Buff & Berger’s Auxiliary Apparatus.
Used during the conmstruction of their Instruments of Precision.
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Care of Instruments.*

Do not allow the legs of your tripod to play loose on the tripod head ; keep nuts
and bolts always well tightened up against the wood. Examine the shoes from
time to time, and sharpen them if necessary, also screw the shoes tight, if wear and
tear loosen them. Be sure your instrument is well secured to its tripod before
using it. Bring all four leveling screws to a seat before shouldering instrument.
Let the needle down upon its pivot as gently as possible, and allow it to play only
when in use; if too far out from its course check movements of needle carefull
by means of lifter. Never permit playing with the needle, especially not wit
knives, keys, etc. Be sure to arrest the needle after use, and screw it well up against
the glass cover before shouldering instrument. Do not clean the glass cover or
the lenses with a silk handkerchief; breathe over the compass-glass and readin
lens if one is used, after cleaning. Examine the buttons of your coat with regar
to iron that may be concealed in them, also beware of nickel-plated watch chains,
etc. To clean the object-grass and the lenses use a fine camel hair brush. If
dust, or sticky or fatty matter cannot be removed with the brush, take an old
clean piece of soft linen, and carefully wipe it off. Do not unscrew the object-glass
unnecessarily,—this is apt to disturb the adjustment of line of collimation. The
lens nearest the eye of eye-piece, as well as the front side of the object-glass, need
careful brushing with fine brush from time to time.

If dust settles on cross-hairs and become troublesome, unscrew the eye-piece
and object-glass, and gently blow through the telescope tube, cover up both ends
and wait a jew minutes before inserting the eye-piece and object-glass. Be sure to
have the object-glass cell screwed well up against its shoulder, and then examine the
adjustment of line of collimation (see adjustment of line of collimation.) Do not
grease the object-slide of telescope, or screws that are exposed to dust; use a stiff
tooth brush to clean slides or threads if dusty.

To take out the eye-piece, unscrew the screw at the end of the main tube, take
hold of the eye-piece and pull it out.

To focus the cross-hairs, take hold of the eye-piece cap and turn it in a screw-like
manner until cross-hairs appear distinct, and as if fastened on the object when the
head is being moved.

Should there be any fretting in the telescope slide, take it out, and endeavor to
smooth the rough part with the back of a pocket knife.

To clean the threads of leveling or tangent screws when working hard, use a stiff
tooth brush to first clean the threads of all dust, then apply a little oil, and work
the screw in and out with alternate brushing to remove dirt and all oil until it
moves perfectly free and smooth.

Screws for the adjustment of cross-hairs should not be strained any more than
necessary to insure a firm seat; all straining of such screws beyond this simply
impairs the accuracy of instrument and reliability of adjustment.

When in the field always carry a Gossamer water-proof for the instrument in
your pocket, to put over it in case of a shower or dust cloud. On reaching office,
after use of instrument, dust it off generally with another fine brush; examine the
centers and all other principal movements to see if they run perfectly free and
easy, and oil them if necessary; also examine the adjustments. This will save
expense and many hours of vexation in the field.

Care of Centers and Graduation.

As the centers, the telescope axis and the graduations require greater care to
preserve their fine qualities, perhaps it is not amiss to say a few words concerning
their treatnent.

Upon ﬁndin§ that the centers do not revolve as free as usual after exposure of
the instrument in an extremely hot or cold weather, they should be cleaned as soon
as time permits, and then proceed as follows:

Unserew the milled-head nut at the extreme end of the cylindrical tube containing
a spiral spring, which is opposite the upper tangent screw. Do it somewhat cau-
tiously, or the spring will fiy out. Then unscrew a small cylindrical case, which
also has a milled edge, and which is at the bottom of the centers. 'This case contains
a small triangular spring to balance the upper weight of the instrument within a

* For additional suggestions see p. 12,
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few Ibs. Be careful to keep the face of this spring min its case, which is best
indicated by a bright point in its center. After unscrewing the nut attached to the
inner center, a gentle pressure upwards will lift the vernier plate out from the lower
part of the instrument. Take a fine camel hair brush, and with it clean the radua-
tion, the verniers and the inner part of the instrument,~—but do not rub the graduation,
especially not its edge,—then take a stick of about the same taper as the inner center,
wrap some wash-leather slightly soaked in fine oil around it, and clean the insides
of the sockets as carefully as possible; then remove this piece of wash-leather and
wrap a fresh piece without oil around the stick and clean dry. Proceed similar with
the centers and their flanges. :

Before applying fresh and pure watch oil, however, care should be taken that
not a particf; of dust or other foreign matter is left in the sockets, on the centers,
or on the graduation. This caution having been taken, the fresh oil should be well
distributed on all the bearing parts. It will be well to also examine the arm of the
clamp screw of the circle and telescope axis, and if necessary clean by removing
washer. After the instrument is thoroughly cleaned and oiled, the nuts and springs
screwed back to a firm seat, the instrument must turn perfectly free and yield at
the slightest touch of the hand.

To remove dirt and oxyd that may have accumulated on the surface of a solid
silver graduation, apply some fine watch-oil, and allow it to remain for a few hours;
take a soft piece of old linen and slightly rub until dry, but without touching the edge
of the graduations. If, after cleaning, the solid silver surface should show alter-
nately, brighter spots, which would interfere somewhat with the accurate reading of
the grbduation, barely moisten the finger with vaseline and apply the same to the
surface; then wipe the finger dry and lightly rub it once or twice around the
graduation. Avoid touching the edges as much as possible. Such cleaning, however,

must only be resorted to when absolutely necessary, and then only with the greatest
care, as it is too apt to reduce the minuteness of the graduation, and spoil its fine
appearance. If, after such cleaning, dirt and grease has accumulated on the inner-
edge of the graduation and verniers, gently wipe clean before restoring the vernier-
plate to its place. Remember, also, that the centering of the graduations of the
circle and verniers is a most delicate adjustment to make. These should never be
unscrewed from their flanges by anybody except a maker.

Care of Telescope Lenses.

As dust and moisture, as well as perspiration from the hands, will settle on the
surface of the lenses of a telescope, it becomes necessary that they should be
cleaned at times. A neglect to keep the lenses free from any film, scratches, etc.,
greatly impairs the clear sight through the telescope. To remove the dimness,
produced by such a film, proceed thus : — Brush each lens carefully with a camel’s
hair brush, wipe gently with a clean piece of chamois leather moistened with al-
cohol, and wipe dry using a clean part of the chamois skin on every portion of the
lens, to avoid grinding and scratching. When perfectly transparent brush again
to remove any fiber that may adhere to the lens. The tubes in which the lenses fit
should be brushed, and if damp should be dried; this done, restore each lens to
its original place as marked. To remove dampness in the main tube of the teles-
cope. take out the eye-piece, cover the open end with cloth and leave the instrument
in a dry room for some time.

If an instrument has been exposed to a damp atmosphere, or water has pene-
trated the telescope, moisture may settle between the crown aad flint glass of
which the object-glass is composed. If such is the case expose the instruinent to
the sun for a few hours, but if in the winter, leave itin a warm room some distance
from the stove, the moisture will then generally evaporate. However, if niot suc-
cessful, unscrew the object-glass from the telescope, and heat it slightly’ over a
stove or open fire. If a film settles between these glasses nothing can be done ex-
cept sending the instrument to the maker. The two nglasses form one lens only
and must not be disturbed, as upon their relation to each other the definition and
achromaticity of the telescope depends. Much depends also on the stabili'ty, with
which these lenses are mounted in their cell, as any looseness between thein or the
cell will affect the adjustment of line of collimation. — Of course, if at any #ime the
object-glass has been unscrewed from the telescope, this latter adjustmernit must
again be verified before the instrument is used.

4
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Additional Imnstructions concerning the Care of

Telescope Lenses, etc.

Ever since the introduction of the high power in the telescopes of geodetic in-
struments, now used by the best makers, complaints are frequently made of
the loss of light in such telescopes and of the hazy appearance of objects
viewed through them, the latter in particular when an instrument has seen service
in the fleld for some time. Now, while the loss of light is wholly due to the greater
power as compared with the low powers formerly in vogue, and to the useof erect-
ing eye-pieces (see page 15), the ‘¢ haziness” is produced principally by films
of dirt, settled on or between the lenses of a telescope, and becomes even more
marked as more lenses are used in a telescope.

Perhaps it is proper to say here, that when comparisons are made between low
and high-powered telescopes of geodetic instruments, other things being equal, the
first named, as a rule, will incite favor, because, as in spy-glasses, the image of an
object seen through them has a brilliancy never attained by telescopes of higher
power. But, whenever the results of stadia work, or finelevelling, as obtained with
the more powerful telescope, are compared with those obtained by a lower power,
it will be found that, though less Lrilliant, the defining power of a high-powered
telescope is superior to the other within the customary range of distances had in
the ordinary engineer's and surveyer’s practice.

On the other hand, owing to the less amount of light with high powers, it is
necessary that the tine qualities of the superior lenses required for them should be
preserved, and on this account a more frequent inspection and a more careful
treatment of them is needed than when lower powers are used, —inasmuch as the
least impairment of these lenses by films, or dust, etc., will reduce the definin,
power accordingly. A little extra care, as consequent upon the use of high-powere
lenses, is, therefore, imperative, but in so doing one is more than compensated by the
satisfaction of having a finer and more penetrating telescope.

To prevent an untimely settling of a film on the lenses of a telescope, and par-
ticularly that apt to form on the inner surfaces of the lenses composing an object-
glassthat has not been cemented together — such film being so fatal in an object-
glass because it cannot ordinarily be reached and without disarranging the cross-wire
adjustments —the treatment of an instrument should be strictly in accordance with
the instructions given under ‘¢ Prevention better than Cure,” page 12e. Unless these
conditions are complied with, the greater efficacy of a telescope composed of supe-
rior lenses will be entirely lost.

Upon finding that, after carefully cleaning the object-glass and the lenses of the
eye-piece, the telescope is not as clear as when first received from the maker, then
the cause of it is generally a film between the lenses of the object-glass — we take
for granted that the lenses are not scratched or otherwise impaired—but, as a rule,
it takes several years (with careful usé sometimes many years) before such a film
has sufficiently developed to impair the transparency of these lenses. But when-
ever it is found that a film has settled between them, then it is best, if the distance
is not too great, to send the whole instrument to its maker, and if this is not feasible,
then the telescope, at least, well and soft packed in a box, should be sent.

Cemented Object-glasses. — To prevent the settling of a film between the
lenses composing an object-glass, and to avoid disturbing reflections of light from
their inner surfaces, such fiims and reflections imparting to an object viewed
through a telescope the hazy appearance noticeable in high-powered telescopes,
we now, since 1889, cement these lenses together, so as to form one lensonly. The
lenses so treated are more efficacious in many respects than when separated by
three thin pieces of tin foil, as has been the custom of nearly all instrument
makers up to date.

The cement, however, needs some five or six months to harden, and until it has
hardened sufficiently, an exposure to a cold atmosphere causing a greater contrac-
tion of the metal cell than the glass, the lenses are very apt to warp, which may
lead to a distortion of an object, when viewed through such an objective.

The proper treatment of an object-glass freshly cemented is to keep the instru-
ment, when not in use, in a room having a mean temperature of about 68° F., or
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slightly above. The same treatment should be followed if it is found that the
image formed ot an object is slightly distorted; only in this case the temperature
in which it is kept over night should be raised to ahout 75° or 80° F. This treat-
ment applies only to normally mounted objectives. If they are too tightly fitted
the i(la‘nses cannot be restored to their original eficacy without being attended to by
a maker.

Object-glasses that are cemented are very apt to show some specks, or, with ill
usage, cracks in the cement, but, unless the specks are very numerous, 8o as to
cover almost the whole area of the object-glass, the opacity caused by them does
not sensibly affect the efficacy of the telescope, and therefore need not disturb the
mind. Our experience is that the usefulness of an instrument is greatly enhanced
when these lenses are cemented together, and that a few specks that may appear
after an exposure from a sudden change from hot to a very cold atmosphere, or vice
versa, are a lesser evil, as compared with the 1ll effects produced by a film that in
time will settle between these lenses if separated by pieces of tin foil, or even when
brought in direct contact with each other, as such a film will have much the same
effect as a fog, in preventing vision.

When, after carefully cleaning the lenses of a telescope, the ebject-glass of which has
its lenses separated by pieces of tin foil, it is found that the image is not as clear as
originally, it is a sure sign that there is a film between its lenses, and that it has been
exposed to a damp or impure atmosphere, either by injudicious use in the field, or by
being left too long a time in the packing box, in which it is protected by cushions of
paper or shavings, both of which attract moisture, or by storing it away in its box in
such an impr(:Per place as a basement or cellar. Such film being noticed, it will then
be well to send the object-glass, or much better, the telesc:s)e, or, best, if the distance is
not too great, the whole instrument, to the maker, in order that the lenses may be
cleaned by him, and, if deemed advisable, be cemented. The slight expense incurred
of a few dollars will be more than justified by the advantage gained.

When the object-glass, or telescope is returned after the cleaning or cementing of
its lenses, the cross-wire, spirit level, and vertical arc adjustinents of the instrument
will require a thorough verification before it should be used. In case the whole instru.
ment has been sent to the maker, these adjustments are attended to by him. If the ob-
ject-glass has been cemented, the telescope should be watched for a year to see that there
is no distortion of the image. If there is a distortion, it will indicate that the object-
glass has been too tightly fitted, of which fact we should be informed, as also whether
after cementing the object-glass the instrument retains its cross-wire adjustment the
same as before the cementing took place. If the cross-wire adjustments have to be
more frequently made than before thelenses were cemented, it indicates that the object-
glass is not t.ightly fitted to its cell ; and if such is the case it should be sent to us to be
more tightly fitted, after a lapse of about ten or twelve months, when the cement will
have sufficiently hardened to allow of a tighter fit of the object-glass in its cell.

In telescopes of very high power it is of as great importance to keep the lenses of the
eye-piece free from grit and films a8 of the object-glass. Therefore, whenever the tele-
scope does not appear to be clear, the lenses of the eye-piece need most careful cleaning
(if necessary, every four weeks). The cleaning must be done by first wiping gently
with a clean piece of old linen barely moistened with alcohol and then wiping dry, using"
a clean part of the linen on every surface of the lenses. (Please read the various
articles on this point on pages 11, 12, and 15, of our handbook and catalogue.) To re-
move the eye-piece, unscrew the German-silver screw at the eye-end of the telescope. —
Of course, after cleaning, every lens must be put back in its tube precisely as marked,
and then the outer bearings of the eye-piece in the main tube must be greased with
tallow before the German-silver screw is restored to its place.
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Additional Suggestions Pertaining to the Care and Pro-
tection of Instruments Field Use.

In fleld use, an instrument has to be necessarily exposed to the heat of the sun,
and to the action of dust and water; all of these, however, singly or combined, have
a tendency to affect its accuracy and endurance. = While our instruments in particular
have been designed to guard against injuries resulting from exposure of this kind,
yet glaring abuses, such as to allow it to stand for hours in the hot sun, etc., withouta
covering or shelter of some sort, may often lead to a permanent injury to its most vital

arts. To preserve the finer qualities of an instrument, viz., the telescope slide, the
enses, the edge of the graduation and verniers, the centers, etc., any undue unequal
expansion of the different parts should be prevented. A bag thrown over the instru-
ment when not in use, or any shelter that can be had, is to be recommended. While
in use, an umbrella or screen held over it will insure greater permanency of its ad-
justments, and the results obtained will be more accurate and uniform than when
carelessly exposed.

To protect an instrument from the effects of salt water, when used near the sea
coast, a fine film of watch-oil rubbed over the exposed parts will often prevent
the appearance of oxyd. To remove such oxyd-spots as well as possible, apply
some watch-oil and allow it to remain for a few hours, then rub dry with a soft piece
of linen. — To preserve the outer appearance of an instrument, never use anything for
dusting except a fine camel’s hair brush. To remove water and dust spots, first use
the camel’s hair brush, and then rub off with fine watch-oil, and wipe dry ; to let the
oil remain would tend to accumulate dust on the instrument.

Lubricating, etc.— An instrument used in a tropical or semi-tropical country,
or during the warm season in a northern latitude, requires more frequent cleaning
and oiling than in the more temperate climes and seasons; but so long as an instru-
ment works well and the centers revolve freely, it is best not to disturb it. However,
if nocessary, proceed as described under ‘- Care of Centers, etc.” A few additional
remarks we give here: Should the centers or the object-slide commence to fret, they
should be examined as soon as possible. Once commencing to fret, it grows worse rapidly
and oftentimes 8 then beyond repairing. Never use emery or emery-paper on them, as
this will cause everlasting trouble afterwards. After a thorough ‘cleaning of the slide
and tube (taking care not to break the cross-wires), endeavor to smooth carefully
the injured parts with the back of a pen-knife, and barely apply enough tallow to
grease the surface of the injured part. If this does not remove the trouble, a little
scraping of the roughened parts on the slide, and, if accessible, on the inside of the
tube, may become necessary, and apply a mere trifle of finely-powdered pumice
stone moistened with oil. Replace the slide and grind a little by moving it in and
out; clean thoroughly, and with a piece of charcoal moistened with oil smooth the parts
thus ground on the slide. This process of grinding is a most precarious operation,
and generally requires the hand of a skillful workman; it should be resorted to only
in case of utmost necessity. Whenever permissible, recourse should be had toa
maker. These remarks apply equally to the centers.

The centers of a transit should always be lubricated with fine watch-oil only, and
after a careful cleaning; never apply fresh oil before thoroughly wiping off old
gritand oil. Rendered marrow is a most excellent lubricant for instruments made of
brass and the many kindred alloys of copper and tin. In the varying climes of our
northern latitudes this lubricant becomes rigid in cold weather, and an instrument 80
treated will often become unmanageable in the field. Its application, particularly
to the centers of a transit, is therefore restricted to the warmer zones. The use of
watch-oil for the finer parts of an instrument, involving freedom of motion, is
tmperative in our latiudes.

Many parts of an instrument, especially those whose metal compositions are
closely related to each other, may sometimes cause trouble if simply oiled. If they
begin to fret and grind, but are otherwise free trom grit, etec., the judicious application
of a little marrow may prove very beneficial, but it should be cleaned off again as
much as possible. The rack and pinion motion and the telescope clamp should
always be greased with marrow, but the clamp, tangent and leveling screws, should
receive as little of it as possible in the Northern States.

Vaseline, not having as great a tendency to rigidity under similar ecircumstances,
may prove an excellent substitute for marrow, and ‘may often be applied to level-
ocenters, where watch-oil would not give the necessary rigidity in the use of the more
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ordinary instruments, but it must be renewed quite often. In the finer class of
leveling instruments, the centers should be lubricated with oil only, as in transits.

A great deal of annoyance is caused to the engineer if the eye-piece or the object-
slide of the telescope move too freely in their tubes, requiring a re-focussing of the
cross-wires and object at every revolution of the telescope in altitude. If the eye-*
piece can be retained in its socket, with sufficient friction to keep it focussed to the
cross-wirea no matter how much it may wabble otherwise, this imperfection (in old
instruments) will not lead to any inaccuracy, but if there is not sufficient friction to
keep it focussed to the wires, a little rondered tallow or marrow applied to its bearing
surfaces in most cases will remedy this evil. Wabbling in the object-slide, however,
leading to inaccuracy of collimation, or back-lash In its rack or pinion motion, can be
remedied only by a maker; but if the object-slide moves too freely in and out of its
tube only, this may be remedied by applying a little tallow to the bearing parts of
the rack and pinion, or by tightening the screw in the pinion-head. If not entirely
successful, a thin disk made of parchment, or a thin leather-washer, both greased
with tallow, and inserted between the flanges of the pinion-head and its socket,
will insure the desired result. — These latter remarks apply to transit and level
telescopes of the customary design. In telescopes, where the object-glass is mounted
permanently to the telescope-tube, the eye-piece tube, contawning the cross-wires,
becomes the slide with which to focus the object. Its motion must be in a line
parallel to the optical axis. Any wabbling in this eye-piece slide would lead to in-
accuracy in sighting through the telescope, hence it requires the most careful
treatment on the part of the engineer.

Care in the Use of Spirit-Levels.

Spirit-levels are very susceptible to the least change in temperature, as will be
readily seen by the difference in the length of its bubble in varying temperatures.
Hence, to guard against inaccuracies from this source, it is necessary that the
bubble should lengthen symmetrically from the center of its graduated scale (sup-
posed to be made by the maker), and that both of its ends should be read. Suffi-
cient time must also be allowed for the bubble to settle before a reading is made.

The fluid ordinarily used for levels is pure alcohol, and requires, according to
curvature, diameter and length of tube and length of bubble, from twenty sec-
onds to one minute to attain its equilibrium. The composition fluid used in our
levels for fleld instruments requires only from flve to fifteen seconds of time; those
filled with pure ether, a few seconds only.

A great source of error in spirit-levels, however, increasing with their greater
sensitiveness, is occasioned by an unequal heating of the level-tube, as the bubble
will always move towards the warmer spot or end, thereby imparting to the instrument
an inaccurate position. This must be attributed to a changed condition in the
adhesiveness of the fluid in the level-tube, and not to a change in the form of
the tube itself. Therefore, to guard against inaccuracy resulting from sudden
changes of temperature, a spirit-level, while in use, should be protected from the
sun, and no part of it or its mounting should ever be touched with bare fingers;
neither should it be breathed upon, nor the face of the observer come too close to

-it. For this reason, in the finer instruments the mountings of our spirit-levels
are cloth-finished, and if the levels are detachable they are provided with wooden
handles, as the case may require, and glass covers are placed over them whenever
deemed necessary.

If at any time during the progress of fleld-work a spirit-level has been improperly
exposed, it is best to cover it with a cloth for from five to tifteen minutes, before
proceeding with further work. -

Mounting Spirit Levels.— To prevent any undue strain and change of
curvature in spirit levels used in astronomical instruments, they are mounted by us
in wyes, as shown in the cuts of these instruments, and are protected from injury, or
inaccuracy caused by the breath of the observer and other air currents, by a cover
of glass placed over them. Such a mounting, while most suitable for such delicate
levels, would, however, require constant attention and expose a spirit level to break-
age in field instruments. To guard against this danger and to lessen the expense
and weight, the spirit levels for fleld instruments are mounted in a brass tube; but
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owing to the difference existing in the expansion and contraction of glass and brass
at different temperatures, a spirit level so mounted may sometimes become loose, in-
volving inaccuracy and unreliability of adjustment. — Upon finding that the adjust-
 ment of a spirit level in an even temperature is not as stable as desirable, the level
fastenings, tube, screws, ete. should be examined, to see if any of them are loose. If
the trouble is in the screws, tighten them up; but if the spirit level can be shifted in
its tube by a touch of the finger, take it apart; soften the plaster of paris in water,
and remove it with a sharp pointed stick of wood. Cautiously move the spirit level
with your finger, at first only a trifle to and fro, increasing the length of stroke little
by little, until it can be safely taken out without breaking; —- clean thoroughly. Cut
pieces of white paper, of the width of the radius of the tube, and somewhat shorter
than the length of the spirit level, but longer than the opening in the brass tube, and
insert these of sufficient quantity at the bottom of the brass tube, to fill up the space
intervening between the glass and the brass tube. The uppermost layer of paper
should, however, be so wide, as to envelope the spirit level up to the opening in the
brass tube. Now insert the spirit level, taking care not to touch the glass ends that
are sealed up, and place the division or other marks, indicating where the level has
been ground to a true curvature, uppermost in the brass tube. The level must be
pushed in with sufficient friction to prevent slipping in the tube, yet not so tight as
to cause a crack at a subsequent low temperature, as brass will contract more than
glass. No part of the spirit level should touch any part of the metal tube. Now
. prepare some plaster of paris with water, of the consistency of paste, and pour in at
each end enough to fill up the space between the end-pieces and the glass, stirring
it sufficiently to make a perfect contact by it and the glass and the brass, but leaving
the spirit level ends exposed. Now put the level together, and adjust as described
elsewhere. .

There are other causes, such as centers and flanges that have been bent by falls,
etc., or that have been worn out—unequal expansion or contraction in different tem-
peratures of the metals employed in the construction of an instrument, or a non-
symmetrical lenghtening or shortening of the air-bubble at different temperatures —all
of which, singly or combined, tend to impair the adjustment of spirit levels on
instruments. Of these we will not speak here, as it requires a most thorough mecha-~
nician and instrument-maker to trace the cause to its proper source.

Being assured that the level is mounted as explained above, our advice is, not to
meddle too frequently with the adjustment of a spirit level. Though it may appear
to be out one day, it may be in perfect adjustment other days. It is the function of
a spirit level to indicate the changes taking place in an instrument, so that the
engineer may mako proper allowance and apply his corrections, as the character of
bis work may require. The finer an instrument, the more sensitive the spirit levels
must be, in order to admit of corrections to arrive at closer results. As a rule, a
spirit level that does not indicate changes taking place in an instrument, is too in-
sensitive for the character of the instrument, and in many cases entirely unfit for
reasonably good work,

Replacing Broken Cross-Wires.

The cross-lines in our telescopes are bona flde spider webs (except where plati-
num wires have been specially ordered). In case they should be broken, they may
be restored in the following manner: clean the reticule frame of all foreign matter;
BUt it on a sheet of white paper with the cuts on its surface uppermost. Prepare a

ttle shellac by dissolving it in the best alcohol and waiting until it is of the con-
sistency of oil. From the spider’s cocoon, (those from a small black wood-spider
preferred), which the engineer has prudently secured at some previous time, select
two or three webs, each about two inches long and of the same appearance. Attach
each cud of these webs to a bit of paper or wood to act as weights, and immerse
them in water for five or ten minutes. Remove one web from the water, and very
gently pass it between the fore-finger and thumb nails, holding it vertically to re-
move any particles of moisture or dirt. Stretch the web carefully over two of the
opposite cuts in the reticule frame. Fasten one end by a drop of the shellac, —let
fail gently from a bit of pointed wood or the blade of a penknife. Wait & moment
for this drop of shellac to harden. See that the web is stretched tight across the
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frame, and apply another drop of the shellac to the opposite cut with its enclosed
web. Wait several minutes before cutting off the two ends of the web, and then
proceed in the same manner with the web which is to be placed at right angles to
this one.

Note. — The fine spider-threads used were tormerly taken from the cocoons of the small black wood-spider;
now, however, we obtain them from the cocoons of a species of spider found in Michig These th are
almost opaque, and not apt to relax their tightuess if properly placed on the diaphragm, and as they retain their
lasticity, they are preferable to plati wires, which have a tendency to break, owing to their great brittle
ness. ﬁle best spider-threads are those of which the sﬂder makes its nest. These nests are yellowish-brown
balls, which may be found hanging on shrubs, etc., in the late fall or early winter. The nest should be torn open and
the eggs removed ; if thisis not done, the young spiders, when hatched,will eat the threads. The fibers next to the
are to be preferred on account of their fineness and darker color. As it is important to get the proper kind
:E spider-web, we subjoin an extract from a letter addressed to us on the subject by Prof. J. B. Davis, Unis
versity of Michigan, Ann Arbor, Mich., to whom we are indebted for our supply.

“ The species of spider of which I send you cocoons is not difficult to findin Ann Arbor — Lat. 42° 26/ N.
—as far as my experience goes, and is numerous on Beaver Island, out in Lake Michigan — about 46° N.— at
St. James. Ihave also always succeeded in huntil:f it in our Michigan woods, in places of concealment, — under
bark of dead trees, in cracks and holes, about old stumps, logs, and the like. It is ially partial to painted
woodwork. It roosts high, — the higher the gable the more numerous the cocoons; but it is aiso found on fences
quite numerously, as I am led to think it is quiet rather than security this spider seeks. The body of the female
is three-fourths of an inch, I guess, long, and nearly half an inch wide across the abdomen. The male is about
the same length, but far slimmer. They are both entirely harmless. I never knew any one to get bitten by
either, and many persons in my observation have had them freely crawling over their hands, face and body.
They may be certainly gently handled without the least harm.  They both (male and female) bear a plain
escutcheon design on the back of the abdomen; female much the more beautiful, —in browns, Colors
brown and yellowish brown. The cocoon is a snarl of webs, and is attached under ledges of window-sills, cor-
nices, projections of gables, and the like partly sheltered places. The color of the threads you have is of a light
corn-color, distinctly separating it from the white cotton-like cocoons so common everywhere. The threads are
silky, not like cotton. Of late years I keep one or two nice cocoons where they can be reached. You know one
can wrap them in a bit of paper and carry them in the pocket, or any such place, and they are always ready.”

Prevention Better than Cure.

IT cannot be denied that instruments frequently meet with serious accidents
which, with a little care on the part of the operator, could be prevented. It cer-
tainly does not betoken proper care to leave it standing unguarded in a street, road,
or pasture, or in close vicinity to blasting, or to expose it unnecessarily to the burning
rays of the sun, or to dust, dampness, or rain at any time. Such carelessness must
inevitably result in deterioration of the accuracy and efficiency, not to speak of the
durability, of an instrument.

It should be borne in mind that there are many parts of an instrument which, 4
once impaired, cannot be restored to their original efficiency; and when it is consid-
ered that a conscientious maker bestows no little care, time, and expense on his
work in order to attain a high degree of perfection, such neglect seems like a
wanton waste of human energy and skill. .

Legs of tripods, if fitting too loose or too tight, and dull shoes are frequent
sources of falls, and loose shoes tend to make an unsteady instrument. The test
of the proper degree of the tightness of the legs is this, that if the leg is raised to a
horizontal position and left free, it should gradually sink to the ground. If it drops
abruptly it is too loose; if it does not sink it is too tight.

‘When taking an instrument from its box, it is not immaterial where and how to
take hold of it. To'lift it by the telescope, circles, standards, or wyes is improper,
and while it may not be attended at once with any serious consequences, yet it may
sometimes lead to some permanent injury, and it certainly is always fraught with
danger to the dpermanency of the adjustments. In handling, it is always best to
place the hand beneath the leveling base.

When mounting an instrument on the screw of its tripod, or screwing any of its
parts together, it is important to turn the part in the direction of unscrewing until it
is perceived by a slight jar that the threads have come to the point where they en-
ter; the motion may then be reversed, and the parts screwed together.

To secure an even wear of tangent and micrometer screws, they should be used
equally on all portions of their lengths.
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Carrying an instrument in cold weather into a warm room, without the pro-
tection of its box or bag, will cause . sudden exchange of air within the hollow
spaces, and carry with it dust and other substances through the minutest openings.

he vapor, also, that will thus condense on the metal surfaces, if it were not pro-
{ected, will have a tendency to settle a film on exposed graduations, making them
indistinct and difficult to read.

Failure to protect.the lenses of the eye-piece and object-glass of a telescope,
when not in actual use, from the effects of moisture, dust, etc., by the covers pro-
vided for them (eyepiece-lid and cap) will result in a more frequent settling of a
thin film, which, like the fatty substance left by the touch of the fingers, greatly
impairs the ciearness of vision. That the too frequent cleaning of the lenses must
in the course of time be detrimental to their brilliant polish, and lead to a corres-
ponding loss of transparency so essential to the proper working of a good telescope,
is apparent. Too much care cannot be taken to guard the lenses, and particularly
the inner surfaces of the lenses comprising the objective, against any film that may
settle on them. The ill effects of such a film are especially noticeable in high-pow-
ered telescopes of first-class geodetic and astronomical instruments. In short, it
should be remembered that the slightest film, scratch, or dirt will, aceording to their
nature and location, impair the sight through a telescope, and often render it unfit
for accurate work.

The glass covers protecting the compass, arc, and verniers from exposure need
very careful brushing and cleaning, the same as the lenses, as any scratch or film
will impair their transparency. If at any time the ground-glass shades should lose
their pure whiteness, by either dirt or film, and will not act as illuminators of the
verniers and graduation, take them out of their frames and simply wash them with
soap and water.

To prevent loss of magnetism in the needle of instruments provided with a com-
pass: when storing away, allow the needle to assume magnetic North and South;
then, by means of the lifter, raise it from the center-point against the glass cover.

If an instrument has met with a fall, bending centers and plates, etec., it should
not be revolved any more, in order to preserve the graduations from still further
injury, but recourse should be had at once to the nearest competent maker.

If the box or tripod should have become wet, they should be rubbed dry, and
the varnish should be renewed whenever found wanting.

Loose or detached resting-blocks in the instrument-box, or any looseness of the
instrument in them, are very detrimental to the instrument and its adjustments.
Cracks in the instrument-box, the absence of rubber cushions under it, worn-out
straps and defective buckles, hinges, locks, and hooks, should never be tolerated,
as the remedy is so easily applied by any mechanic. Such defects and imperfections
are known to lead to injury of the instrument.

The place where instruments are kept or stored away should be thoroughly dry
and free from gases. The placing of fused chloride of calcium, or caustic lime, in
an open vessel in the instrument-boxz is to be recommended where there is damp-
ness; andif the presence of sulphureted hydrogen is suspected, then, cotton satu-
rated with vinegar of lead, placed in the box, will prove a preventive against the
tarnishing of solid silver graduations.

Transportation of Instruments.

DuriING the progress of field work the more ordinary and portable transits and
levelling instruments, ete., can generally be carried on their tripods for ease and
dispatch. Nothingin the way of precise instructions, however, as to the best me-
thod of carrying an instrument : whether on the tripod, in the arm without the
tripod — placing the hand beneath the leveling base —or in the box, can be sug-
gested here. The nature of the ground, the surroundings, the size and weight, and
the distance to be traveled over, and last but not least the fineness of the instru-
ment, will dictate to the engineer the best means of conveying it from point to point
in order to protect it from injury, and its adjustments from derangement.
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The ilner and finest classes of fleld instruments, such as those provided with
micrometer-microscopes, should always be placed in their boxes for safe conveyance
—no matter how short the distance — for fear of improper handling, and because of
danger of unequal expansion, temporary as jt may be, of such parts as would come
in contact with the body or fingers.

Carrying an instrument on its tripod without slightly clamping its prin-
cipal motions, will wear out the gentex{s. dWhen 1carryinlgl ?n,ips tripod,

in TRANSIT, when placed on a line with its centers;

clamp telescope { in LEVEL, when hanging down.

‘When carrying an instrument in the box it is important that it be placed therein
exactly in the position and manner designated by the maker. Therefore, upon re-
ceiving a new instrument, the first step should be to study its mode of packing, and
if necessary a memorandum should be made for future guidance and pasted in the
box. This will save time and vexation, as some of the boxes for field instruments
must necessarily be crowded to be light and portable.

Before placing an instrument with four leveling screws in its box, the foot-plate
should be made parallel to the instrument proper, and then brought to a firm
bearing by the leveling screws. The insirument must also be well screwed to the
slide-board, if one is provided, as is the case in most of our transits. Having put
the instrument in the box in such a poseition, that no part of it will touch the sides,
the principal motions are now to be checked by the clamp screws, to prevent mo-
tion and striking against the box. Wiy instruments not standing erect in their
boxes, but which are laid on their sides in resting-places, padded with cloth, speci-
ally provided for that purpose, their principal motions must not be clamped until
the instrument has been secured in a complete state of repose in these receptacles,
80 as to be entirely free from any strain. . Care must be taken, too, that all of the
detached parts of an instrument, as well as its accessories, are properly secured
to their receptacles before shutting the box.

When shipping an instrument over a long distance it is commendable to fill the
hollow space between it and its box with small soft cushions made of paper, or of
excelsior or shavings wrapped in soft paper, taking care not to scratch the metal
surfaces, nor to bend exposed parts, nor to press against any adjusting screws.

For greater safety in transportation by express, the instrument-box itself should
always be packed in a pine-wood box one inchlarger all around. For the ordinary
size of field instrument the packing-case should be provided with a strong rope
handle, which, like the strap of the instrument box, should pass over the top of the
case and through holes in the sides, the knots being within the case and strongly
secured. In cases where the gross weight of the entire package, as prepared for
shipment in the above manner, exceeds 40 or 50 1bs., then two men should handle it,
and two strong rope handles, one at each end of the packing-case, should be provi-
ded. In order to check jars and vibrations while en route, the loose space between
the instrument-box and the packing-case is to be filled with dry and loose shavings.

The cover bearing the directions should always be screwed on and marked thus,

in large black letters :
THIS SIDE UP.

HANDLE WITH GREAT CARE.
Scientific Instrument.

Mr. George Brown,
36 West Street,

Value 8 Cleveland,
Okio.

From JOHN SMITH, Chicago, Illinois.
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The upper halves of the four sides also should have * CARE?’ and ‘ KEEP
DRY ’ marked in large letters on them. These precautious are indispensable for
safe conveyance while in the hands of inexperienced persons, as without them mes-
sengers will often carry them wrong side up.

. The tripod needs packing simply in'a close-fitting box. If not placed in a box,
it often happens that legs or shoes are broken off while en route, or that the tripod
bead becomes bent.

Many hundreds of instruments, packed as explained above, have been shipped
by us, travelling over thousands of miles, over rough roads, on stages and on horse-
back ; and the instances are so rare where one has become injured (and then only
through gross carelessness), that this mode of packing must be regarded as the
onlt)_'i proper one for conveying instruments of precision by express or other public
carriers. .

Arriving at its destination, an instrument should not remain packed up with
cushions, etc., any longer than absolutely necessary. The atmosphere in such
boxes naturally must be close and often moist, and consequently has a tendency to
produce the ill effects by moisture mentioned in preceding paragraphs.

Some Remarks Concerning Instrument Adjustments.

. The mechanical and optical condition of instruments used in geodesy, and their
adjustments, although satisfactory when they leave the maker's hand, are liable to be-
come disturbed by use. It is therefore of vital importance that the person using an in-
strument should be perfectly familiar with its manipulations and adjustments. He
should be able to test and correct the adjustments himself at any time, in order to save
trouble and expense, as well as to possess a thorough knowledge of the condition of the
instrument. It is evident that if the character of an instrument is not properly under-
stood or if the adjustments are considerably out, the benefit due to superior design and
workmanship may be entirely lost. Under these circumstances an instrument may
be little better than one of lower grade.

In the best types of modern instruments the principal parts are so arranged that
they can be adjusted by the method of reversion. This method exhibits an existing
error to double its actual amount,and renders its correction easy by taking one-half
the apparent error. Thus errors of eccentricity and inaccuracy in the graduations are
readily eliminated by reading opposite verniers and reversing the vernier plate 180° on
the vertical center and taking the mean of the readings, and by repeating the measure-
ment of an angle by changing the position of the limb so that the measurement will
come on different parts of the graduation. The striding levels and levels mounted on
a metal base are read:‘liy tested by reversing their position}end for end. In the
transit plate-levels the adjustment is assured by turning the vernier plate 180°. Errors
of the line of collimation are detected or eliminated by reversing the telescope over
the bearings, or through the standards, asthe case may be. In short, an instrument,
the important parts of which are not capable of reversing in one way or another, cannot
be examined quickly and accurately.

The adjustments of an instrument, and particularly those of its cross-wires, should
be taken up successively in a systematic manner. The proper way is to select a place
from which they can be conducted in succession without moving the instrument, as
none of the adjustments should be completed independently of the others. This method
is followed by the maker, and will save time and vexation. Any auxiliary apparatus
that may be available, such as collimators, etc., will be of great service and expedite
the wor One of the most important considerations in making adjustments (when
the same are greatly disturbed, as when new wires are to be inserted), is to place all
the respective parts in an approximate adjustment without introducing any strain
except what properly belongs to the action of the adjusting screws themselves. The
more natural the method, and the less internal strain introduced in bringing these ad-
justable parts into position, the more lasting will be the final adjustments, provided the
instrument is otherwise in good coudition.

It is important that all adjusting screws and nuts should fit truly on the surfaces
against which they operate, with only a mere film of tallow between them, so as
to insure a true metallic contact, and that they be brought to a firm bearing, yet with
out excessive strain. Opposing screws and nuts should always work somewhat freely,
so that one can feel when they come to a true bearing. A moderate pressure



12h

applied with an adjusting pin about one and one half inches long, and held between
the thumb and forefinger, will then make a. perfect contact. For instance, after the
opposing capstan-headed screws of the cross-wire reticule have come to a bearing, it is
only necessary to give them each a slight turn, say from 20° to 30° (with the usual pitch
of these screws) in order to insure such a tightness that a moderate pressure of the
finger upon these screws, or an accidental gliding of the hand over them, cannot change
their relative position. On the other hand, if one pair of these opposing screws be
fastened tightly during the tentative process of adjustment, there will be, in all likeli-
hood, at the end, an excessive strain exerted upon the pair of opposing screws at right
angles, which will make itself felt at any change of temperature, or whenever any
external pressure may be momentarily applied to them. It is but natural that these
continual changes in the resultant pressure must affect the adjustments in a like man-
ner. To obviate such changes the procedure should be as follows : —

Having placed approximately in position the principal wire of an instrument: viz.,
in a transit, the vertical wire in a plane perpendicularto the horizontal axis of revolu-
tion, in a level, the horizontal wire in a plane perpendicular to the vertical axis
of revolution, the other wire should be approximately adjusted for collimation,
with the capstan-headed screws only moderately tightened. This accomplished, the
capstan-headed screws of each pair in succession should be unscrewed about one-
quarter turn, and again screwed tight the same amount. Now if the two pairs of
opposing screws have exerted no undue strain upon themselves, the telescope tube, or the
wire reticule, the principal wire will still be in the perpendicular plane ; but if the screws
have been used too much the wire will have slightly moved out of the perpendicular
plane. Therefore all four capstan-headed screws will have to be released again, say
about 3 turn, so that they may be moved simultaneously until the principal wire is
again in a plane perpendicular to the axis of revolution, and then each pair in succes-
sion must be again tightened an equal amount. The adjustment of the wires for colli-
mation must now be made in turn — the less important wire should always be taken
up first — by slightly releasing the capstan-headed screw away® from which the wire
must be moved, and tightening the opposite screw the same amount, and repeating
this process until the adjustment is ually perfected. If during this operation either
or both of these wires have becomeso much displaced that the capstan-headed screws
have to be moved more than a quarter turn, it would be advisable to slightly release all
four of them again, in succession, and commence anew.

It should be said here, that the force applied by the capstan-headed screws
cannot break or affect the tightness of the wires in any case, since the reticule, as
made by us, although very light in weight, is of a very stiff form. Too great pressure
exerted by the capstan-headed screws against the outer tube of the telescope may,
however, change the form of the main tube, thereby affecting the true fitting of the
object-slide, and creating friction of so serious a nature as to lead to the fretting of the
object-slide mentioned in other paragraphs.

In following the above-described course, the cross-wire reticule occupies a position
in the telescope free from any excessive side strain; the result of which is found in the

ter permanency of these adjustments ; and although it may require a little more time

or an inexperienced person to make the adjustments in this manner, the satisfaction
derived from their greater permanency will more than recompense for the extra time
spent on them. The adjustments should be made at leisure, and should not be
meddled with, unless they appear to be permanently deranged; when, ordinarily,
the adjustments will merely require a very slight turn of the capstan-headed screws
and opposing nuts in the proper direction.* Unequal exposure of the instrument to the
sun, or exposure to sudden changes of temperature, may for a time expand some
arts more than others, so that the instrument may seem to be slightly out of ad-
justment. In such a case it would be better to stop temporarily and cover the
instrument with a bag to allow the temperature to become equalized, instead of at-
tempting adjustments that would need to be repeated when the instrument is
again in a normal condition. The use of metals of different co-efficients of expansion
in the construction of corresponding parts of an instrument will naturally lead to a

1 We refer here exclusively to the more common instruments of American manufacture, where the
of the capstan-headed bear against the outer tube of the telescope, and where the adjusting
threads are contained in the wire reticule. In other designs where, as in most instr of Cc ,
Europe, the capstan-headed screws are made to butt against the wire reticule, the cap headed screws
towards which the wire must be moved, must first be ned. In the latter case this action is identical
with that of opposing nuts used for the adj of most telescope levels on American instruments.
3 See foot-note on page 2q.

hould
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permanent derangement of adjustment ; such also will be the case when the temperature
of an instrument is greatly altered after the adjustments have been completed. A
similar result is caused if the bubble of a spirit level should not lengthen symmetrically
from the center of its graduated scale in varying temperatures. These imperfections,
however, seldom occur in instruments of modern make (or if they occur, they are gener-
ally caused because the principal constituents, glass and metal, are substances of
widely differing co-efficients of expansion), and are generally so slight in well made
instruments, as to be of little practical value, and may be overcome by adjusting the
instrument while at a mean temperature of an entire season.

If an instrument does not remain in adjustment a reasonable length of time, the
cause that leads to the trouble, such as a loose object-glass or cell, loose object-slide,
worn out screws or bearings, etc., must be found and remedied. If this ig beyond the
scope of the operator the corrections should be made by an instrument maker.

Some Facts Worth Knowing.

The Line of Collimation.

The expression “Line of Collimation,” usually defined vaguely in treatises on
geodetic instruments, generally means any line of sight in a telescope given by the inter-
section of the cross-wires, whether they are in perfect adjustment or not. The term
“Line of Collimation,” should, however, be congf)ed solely to the line of sight defined
by the cross-wires when they are in perfect adjustment, with reference to the optical
axis of the object glass; and any difference existing between the optical axis of an ob-
ject glass and the actual line of sight as delineated by the geometrical axis of the instru-
ment is the “ Error of Collimation.”

The principal optical axis of an object-glass is the line passing through the optical
centers formed by the curvatures and the thickness of the two lenses composing it.
Thus it will be seen that it is a well defined axis, giving direction to the light passing
through an object glass, and that, when the intersection of the cross-wires is placed in
its prolongation at the focus of the object glass, it becomes the axial or fundamental
line by and from which all measurements by telescopic sighting are made. It is the line
of collimation.

To make a good instrument, therefore, it is necessary that the outer circumference
of the lenses composing an object glass shall be truly concentric with the optical cen-
ters. The aim of the maker is to 80 construct his instruments that this optical axis
shall be truly concentric with the geometrical axis of the telescope and that the latter
shall also occupy a normal position with regard to the geometrical axis of all other im-
portant parts : upon this depends the proper working of an instrument.

In the larger geodetic and stationary astronomical instruments, the telescopes of
which are arran only for distant sighting, this condition is readily obtained ; but it
becomes very difficult of attainment in the smaller geodetic instruments, since, owing to
the varying position of the focussing slide when set for different distances, the optical
axis may not always remain truly coincident with the geometrical axis of the telescope.

" Hence in these instruments, carefully adjusted for distant sights, there is frequently an
error of collimation when nearer sights are taken. In the latter case the intersection
of the cross-wires remains no longer exactly in the optical axis, its displacement
being the cause of the error observed —disregarding momentarily the other and more
gompl(ifsated features of different instruments, upon which the line of collimation also

epends.

In the Engineer's transit, however, the line of collimation must also lie exactly
at right angles to the axis of revolution of the telescope, so that when this axis
is placed in a horizontal position, the line of collimation shall describe a truly vertical
plane, whether the telescope be mounted in the centre of the instrument or outside of
the plates, or whether it be focussed for long or short sights. In the more common
instruments of this class, where the telescope is situated in the center of the instru-
ment, the intersection formed by the line of collimation and the horizontal axis of revo-
lution is also required to lie truly in the prolongation of the vertical axis of revolution,
80 that there be no eccentricity between the vertical axis of revolution and the line of
collimation when sights are taken at objects nearer than 200 feet.

In transits of this latter type, and in which the above conditions are fulfilled, the
sights taken would at once define the true angle, and no reversing of the telesco
would be necessary, were it not for other reasons. On account of the necessity for
eliminating the eccentricity and error of graduation and verniers, as well as for eliminat-
ing errors arising from an inaccurate adjustment of the line of collimation and of the
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adjustment of the telescope in the vertical plane, an instrument should be reversed and
an angle should be repeated. These remarks apply equally to transits made with the
telescopes in an eccentric position. If the line of collimation is truly at right angles to
the horizontal axis of revolution, the amount of the offset from the line through the
center of the instrument to the line of collimation will equal the eccentricity of the latter,
and will remain the same whether the sights be long or short. As a rule, however, the
small geodetic instruments of the latter class cannot be constructed with the same de-
gree of perfection as those with the telescope in the center:and in consequence the
engineer using such instruments will have to rely upon methods of observing that will
eliminate all instrumental errors. :

In the engineer’s wye level the line of collimation must be truly concentric with
the object-slide and outer rings ; and it is also necessary that the telescope be well bal-
anced from the center of the instrument, in order to project & truly horizontal line.

Difficult of attainment as the foregoing conditions may seem, it is proper to say
that improved tools, and a generally better understanding of the l|l)rinciples governing
a telescope and its relation to the instrument, have done so much toward the perfec-
tion of geodetic instruments, that while it may not always be possible to make an
instrument in which the line of gight for both wires remains true for all distances, that
result can generally be secured, for at least the principal wire, without requiring any
other but the regular cross-wire adjustment.

By the foregoing explanation it will be readily understood that it is of great im-
portance to have the focussing slide of such a telescope {ruly fitted, in order that the
optical axis of the object-glass may coincide with the geometrical axis of the telescope,
whether this slide moves in the main tube and carries the object-glass, as is the custom
now in the smaller instruments ; or whether it moves in special rings provided for it in
the main tube at the eye-end, where it will contain the eye-piece and the cross-wires,
as i8 the case in all larger instruments. Any lateral motion in the focussing slide that
carries the object-glass or the cross-wires, will, therefore, derange the adjustment of the
line of collimation. However, it is equally as clear that a wabbling of a focussing slide
carrying an eye-piece which serves only the purpose of a compound microscope for
close observations of the wires and the image of an object, is of no account save that
such lateral motion may be so great that the obliquity which the optical axis of the
eye-piece may at times have with respect to the optical axis of the telescope, may cause
some parallax, if the wire and image under observation are not sharp}{ focussed to-
gether. In concluding, it may not be considered amiss for a full understanding of
this subject, to also mention in this connection, that any transparent substance, such
as prisms,* lenses, or shade-glasses,introduced between the object sighted at and the
object-glass, will deflect the line of sight from its true course, unless such parts can
be mmfe optically and mechanically perfect, which is rarely the case without elaborate
adjusting apparatus. The introduction of a lens or lenses between the object-glass
and wires, or that of a glass micrometer, will also have the tendency to deflect the
optical axis and affect the line of collimation. For this reason “ Porro’s telescope,”
which requires a lens between the object-glass and the wires, complicates the above
conditions of a measuring telescope ; and while it may prove of some value in stadia
measurements, can never be adapted for the engineer’s transit so long as the proper
functions of the transit telescope, as explained above, are considered of the greatest
importance. The successful performance of an instrument should not be sacrificed
for the sake of some doubtful novelty.

The proper way of attaching prisms and colored glasses necessary to make sun
and star observations is to put them upon the eye-piece of a telescope. After the rays
from an object have passed through the object-glass and the plane containing the
wires, the line of sight as fixed by the object, optical axis, and the wires, cannot be
changed by additional refraction. The best way, therefore, is to apply ‘prisms and
shade-glasses between the eye and the lens nearest the eye.

Aluminum for Instruments of Precision.

In consequence of recent improvements in the production of pure aluminum and a
corresponding great reduction in its cost, we frequently receive inquiries as to the adapt-
ability of this metal for the manufacture of engineers’ and surveyors’ field instruments.

We may be permitted to say, that while we were among the earliest advocates
of aluminum and its alloys for mathematical instruments (see Scientific American,
Feb. 1, 1868), we are not so sanguine concerning its adoption for the finest class of

* The object prism, so called, attachable to the object end of a mining telescope to aid in steep sighting,
from its position between the object glass and the object sighted at, must of necessity be of very limited usefl.ﬁ

ness, since the slightest change of the J)rism or its mounting or a change of the position of the telescope itself or
of its object slide will almost certainly deflect the line of sight from its true course and give no satisfactory results.
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geodetic instruments, as these inquiries would warrant us to be. There are certain
advantages derived from the use of the lighter aluminum instead of copper and its
alloys,—the metals now employed for fleld-instruments ; but the disadvantages are
that pure aluminum, although very rigid, is nevertheless a very soft metal like tin,
and that, when alloyed with 10 per cent. copper, to make it harder, it becomes very
brittle, but when alloyed with 20 per cent. or 30 per cent. of copper, it becomes so
brittle as to break like glass. Therefore, we believe, in the present state of its
development it is not a suitable material for precision instruments.

An alloy of 95 parts aluminum and 5 parts of silver by weight has been found to
glve good results, being morerigid and harder than the pure metal, and but little
heavier, while it is almost as resistent to corrosion, polishes well, and is said to
be better for graduation; but, the fact that it contains silver, will, of necessity,
limit its use to the more exceptional class of work.

Very little is gained in the way of reducing the weight of an instrument by em-
ploying aluminum bronze (30 per cent. copper and 10 per cent. aluminum). The
})arts of instruments made of the latter metal might be easily reduced somewhat
n thickness on account of its greater rigidity as compared with copper alloys; yet
to lessen the tendency to vibration, and also in order to withstancfihe wear and
tear of the field use of an instrument, such garts need a little more mass, or dead
weight as it may be called. Itis then found that the weight of an instrument re-
mains materlally the same as ever. An exception to the rule may exist in the con-
struction of the larger and stationary astronomical instruments, where aluminum
bronze may be used to a certain extent to advantage. Its adoption is, however,
restricted to non-revolving parts, since, when closely fitted into bearings made of
the softer copper and tin alloys, the friction and wear of these parts is so marked
that we would never think of substituting it for steel, bell metal or phospho~
bronze, or for any work requiring a smooth and accurate motion.

There can be no doubt that aluminum possesses great utility over brass in the
construction of instruments of minor importance. Sextants, reflecting circles, and
the more ordinary compasses,* parts of plane-tables, etc., can be made of it with
propriety. We have used it occasionally for many years, but for reasons already
stated above, we are not prepared to advocate its general adoption for instruments
requiring greater precision, such as the finer transits, theodolites, etc. It is only
in rare cases when a judicious use of this metal may be a necessity for the success-
ful construction of an instrument, as for instance in our new style of mining transit,
permitting of vertical sights up and down a shaft without the use of an extra side
telescope, where certain detachable parts of the instruments are mounted in an ex-
centric position, and unless such parts are made of aluminum they would require a
heavy counterpoise. .

It is principally the indiscriminate use of aluminum that we would warn against.
We are aware that transits have been made of aluminum, but aside from their nov-
elty as such, little or no merit can be claimed for them. To make this fully under-
stood, it will be necessary to explain that all the finer bearings of an instrument
made of aluminum, such as centers, object slides, leveling and micromeler screws, etc.,
will have to be bushed with a harder and non-friction metal, to guard against friction
and wear and to obtain the close fitting of such parts, and permanency of adjust-
ments 50 necessary in instruments of precision. Now, to make the principal
bearings of an instrument of different metals will have the tendency to weaken the
parts so treated, to make them less secure, and to render the adjustments more
liable to derangement on account of unequal contraction and expansion between
the two metals. It simply means, then, that the present high state of perfection
in geodetic instruments, which retain their adjustment in the varying temperatures
and climes of our zone, shall be abandoned, and we go back many years to when
the indiscriminate use of widely different metals often made an instrument entirely
unreliable, except when used in the temperature in which it was adjusted.

Modern instrument-making has, however, already achieved great results in re-
ducing the weight of fleld instruments. By improved designs and by the use of
harder metals in place of the soft brass, remarkable changes have been brought
about in the weight of instruments. They are no longer the heavy and formless
structures of soft or hammered brass as of yore, but are of the type and character
of a long-span steel bridge, as compared with an old-fashioned wooden structure.
Every important member of an instrument is now calculated with regard to its
strength, and the materials are particularly chosen for the part they are to perform.

+ Commercial Aluminum, unless obtained from reliable sources, often tains a small t of iron.
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Owing to the many improvements made in the designs, to the use of better mate-
rials, by the application of specially designed tools and machinery, there is no need
any more to use large and heavy instruments. An instrument of about two-thirds
of the size and weight of those made ten or fifteen years ago will do now the same
class of work.

It is by these methods that lightness has been gained, and even must be looked
for to some extent in the future. Unless the size of an instrument is decreased,
the resistance of its exposed surfaces to wind pressure, causing sudden vibrations
or tremor in the instrument, will of necessity require a certain amount of weight
to secure the needed steadiness, and if this weight is not in the instrument pro-
per, it will have to be in its tripod legs. This is especially true in this era of high
telescope powers and sensitive spirit-levels. What is needed is that engineers and
surveyors should have more confidence in instruments of gmaller size as made by
the best makers.

There are other reasons why makers should be somewhat conservative inthe
adoption of aluminum as a material for the finer class of surveying instruments,
but as they relate principally to the treatmentof aluminum during construction
graduating process, etc., they may be omitted here.

In conclusion we wish to say that the future developments, in alloying it as a
base with other metals or combination of metals, will be watched by us with
due care, and that whenever such developments will warrant their adoption in
the various parts of our instruments, we will only be too glad to avail ourselves
of any superiority such alloys may possess.

Repair of Instruments.

We are often applied to for corrccting new and repairing old instruments made by other
makers. We will here remark, that as workmanskip, material and construction of different
makers’ instruments vary from one another, it is oftentimes impossible to repair them in an en-
tirely satisfactory manner without going into an unwarrantably great expense, or without mak-
ing such alterations as would practically make a new one. e will always guarantee in such
cases to put the instrument in as good order and adjustment as the character of its construction,
workmanship and material, the extent of damage and the general wear will permit, and that all
repairs are promptly and conscientiously made. The charges will be according to time con-
sumed, and as low as is consistent with good work. Parties sending instruments should point
out in detail whatever parts they wish to have repaired ; but the best course to be pursued is to
have the instrument pu¢ in thorough order and adjustment,implying, as it does, that the firm
should make such warrantable repairs as will make it as serviceable as possible. This course is
always more dexpensivc’, but the most satisfactory to insure good work, and it is also the cheap-
est in the end.



The Level-trier,

Apparatus used in the manufacture of spirit-levels to try the character and approximate
sensitiveness of the curvature ground in the glass tubes before they are finally filled and
sealed. Also to accurately determine the value of one division of level in seconds of arc.

Buff & Berger’s Auxiliary Apparatus.

TUsed during the construction of their Instruments of Precision.
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General Remarks.
TRE OPTICAL PART.

In the construction of telescopes for engineers’ instruments, several difficulties
present themselves. To be portable, the telescope must be of small aperture, and
of short focus. To make it of short focus and yet retain sufficient aperture to give
the light necessary with the eﬁre—pieces used, requires especial care on the part of
the maker, both in securing the true curves for the crown and flint glass lenses,
which make up the achromatic object-glass, and in adapting an eye-piece which
will secure a flat field, with the least distortion.

Of the many forms of eye-pieces known, Messrs. BUFF & BERGER, after careful
experiments with the formulas su%gested by the distinguished astronomer, Sir
George B. Airy, and the late Mr. Kellner, of Wetzlar, (the two best formulas
known,) have adopted the latter. Mr. Kellner’s formula employs four lenses,
mounted separately, and so arranged as to secure a flat field of the sharpest defini-
tion, to the very edge.

The maﬁlﬁfying power of the telescope depends upon the relation between the
focal length of the object-glass and the focal length of the eye-piece, considered as
a silr}gle ens: Thus—

F =focal length of the object-glass,
f= - ¢« < eyepicce,

Then !‘f" =magnifying power of telescope.

It is readily seen that the magnifying power m: ty be increased or diminished by
altering the focal length £, of the eye-piece; but if the maker increases the power
too much, since only a fixed amount of light can enter the object-glass, this fixed
amount of light is spread over too much surface in the field of view, and the object
seen is therefore too faint. If the maker gets the magnifying power too small,
then the engineer has a difficulty in pointing the telescope accurately. Some other
points in regard to the magnifying power will be referred to in the description of
the transit telescope. Messrs. BUFF & BERGER have found about twenty-four
diameters to be the most satisfactory power for their Engineers’ Transit Telescopes;
and for levels the powers increase in proportion to the size of the instruments. -

Very much depends upon the optical part of any instrument, and very little has
been put into the hands of the practical engineer by which he may rigidly test it.
The following suggestions may be found convenient.

The telescope should come sharply into focus, and a very little movement of the
focussilzig screw, either way, should cause the image to blur. When it is sharply
focussed, covering any part of the object-glass without alterinﬁ the focus, should
not alter the sharpness of definition but merely cut off light. The pencil of light
which enters the object-glass, should come out at the eye end. To ascertain this,
see whether a pointer which you place Iiust: in contact with the edge of the object~
glass, can be wholly seen in the small disc of light which you will notice at the
small opening of the eye end when you draw your head back some inches from the
telescope, and point the telescope towards the sky. If the pointer cannot be seen
up to the very edge, then the maker has inserted a diaphragm which cuts off light
from the object-glass, and, very probably, to eonceal the faults in making. In
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case the real aperture of the telescope is found by moving the pointer over the object-
glass until its point is just visible, and measuring from the inner edge of the brass
cell holding the object-glass to the pointer. Twice this distance subtracted from
the distance between the two edges of the brass cell, will give the real or clear
aperture of the telescope. The clear aﬁerture, divided by the diameter of the small
circle of light at the eye end, when the telescope is focussed on a distant object,
will give the m: ng power of the telescope. Thus the clear aperture of a tele-
scope, measured by means of a pair of dividers and a scale. was 1= 35, while the
diameter of the circle of light at the eye end, was, 0% 06. In this case, the magnify-

ing power of the telescope was TD =22.5 diameters.

Another way to determine the magnifying power, is to measure the angular
distance between two 11l>oints with a transit, and then measure the same distance
with the telescope of which the power is to be ascertained, placed 8o that the tran-
sit must point into its object-glass and see the same angular distance through the
second telescope inverted. Then calling the first angle A, and the angle as seen
diminished through the introduction of the second telescope inverted a, we have

the magnifying power of the second telescope "_":%:_a' Thus the angle sub-

tended by a window sash, several hundred feet away, was measured by a transit
instrument direct, and found to be, 1°58’50”. Whena Y level, previously focussed
on a distant object, wag set before the transit, with its object-glass towards the
transit, the same sash was measured and the angle was found to be but 3°30”. In
this case, therefore,

tan (l°58’50"

. 2 tan. 0°59’ 25" .
the magnifying power of Y level= — ( ﬂb”) = 1745 »=34.0 diameters.—
. T

Or, for an approximation, a card cut one inch wide may be set up across a room
by the side of a measure graduated to inches. Then, the number of inches on the
measure seen by one eye, covered by the image of the white card seen through the
telescope by the other vye, will give, roughly, the magnifying power. :

It is difficult, without months of use, to fully test an instrument in all its parts;
but in choosing an instrument the engineer should bear in mind that the making of
the transit and the level are considered to be feats of mechanical skill. It should
be remembered that there is no machine so delicate that it can finish the essential
parts of an instrument. ‘The last stages in its making must depend upon the personal
skill of some mechanie, who has a reputation for that particular work; and we are
sorry to add, that so difficult is it to secure the mechanical skill and patience re-
quired in the finishing of the interior parts, the only essential ones, and so easy is
it to add thelacquer and polish of the outside, that the market is full of instruments
sold at a price enough lower than the best makers can work, to seem to effect a
large saving of the first cost; but such a saving is money borrowed at the highest
rate of interest, when the cost of annual repairs is considered. It is better at the
outset to buy of a maker who is noted for the conscientious accuracy of his work.
An imperfect rack motion; a screw turned home on the wrm:lg thread; a wabblin,
of the object-slide ur eye-piece; a slight space between the edge of the vernier an
the limb of the circle; in fact, any mechanical defect, no matter how slight it may
seem, may be taken as a pretty sure indication that the work has been slighted in
other parts as well, and should have a strong infiuence in guiding the selection of
an instrument, in the absence of a test by work in the field.

The Xngineer’'s Transit.

In the first part of this catalogue, Messrs. BUFF & BERGER have pointed out
the peculiarities and improvements in this instrument, as constructed by them. In
speaking of the adjustments of these instruments it is well for the engineer to
remember that the construction is aimed to be such that if the telescope and levels
are carefully adjusted they ‘may remain so for even a number of years to come. if
the instrument suffers no rough usage. .
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Description of the Telescope.

THE object-glass is achromatic, being made of two lenses, one of crown and one
of flint glass. Both these lenses are made of the celebrated * Jena ” glass (intro-
duced about 1885), which has a greater index of refraction and power of dispersion
than known before this time. For the most part, thatis, whenever the diameter of
these lenses is not too large, we — since 1889 — cement them together so as to
make one lens only. In so doing the disturbing reflections from their inner sur-
faces, and the settling of a fiim between them is prevented, besides securing to the
telescope an additional amount of light equal to about 8 per cent. The curvatures
are computed from special formule, so that the telescope may have the largest
aperture possible with a short focal length.

The engineer will appreciate the slightest gain in the diameter of the object-
glass, since the amount of light received from any object varies as the square of
that diameter. Thus an object-glass 14 inches in diameter will admit half as much
light again as an object-glass one inch in diameter.

The eye-piece, or ocular, as it is sometimes called, is the combination of lenses
\ilssed in t&he telescope with which the image formed at the focus of the object-glass

viewed.

The simplest and most commonly used eye-piece in the telescopes of instru-
ments of precision, where spider-threads and micrometers are used in making
measurements, is the Ramsden astronomical or positive eye-piece. It consists of
two plano-convex lenses, commonly of the same focus, placed apart at a distance of
two-thirds the focal length of either, the convex sides facing each other. It has
the advantage of being placed behind the focus of the object-glass. It is almost
free from spherical aberration, and gives a perfectly flat field of view, so that the
spider-threads can be seen distinctly throughout their entire length. Unfortun-
ately it is not entirely free from chromatic aberration, that is, not strictly achro-
matic, and therefore the Kellner and Steinheil eye-pieces are frequently preferred, as
in them the chromatic aberration is sensibly eliminated, so that a bright object
viewed with a normal eye will appear achromatic, a condition as important in the
eye-piece as in the object-glass.

The Kellner eye-piece, also, consists of two lenses. The one nearest the eye, or
eye-lens, is a compound lens composed of crown and flint-glass, as in the objective.
Both are cemented together so as to make one, to prevent loss of light consequent
upon a ray passing from one substance into another. In its common form the eye-
lens is plano-convex, with the plane side nearest the eye, while the second or field-
lens is double-convex.

In the Steinheil eye-piece both lenses are compound, as in the eye-lens of the
Kellner. The parts of each lens being cemented together, they form two double-
convex lenses, and therefore it may be designated as an achromatic double eye-piece.
There are some deviations in the construction of the three eye-pieces mentioned
above, but mainly as to the proper curvature of the lenses and their proper distances
apart, depending as they do on the index of refraction and gower of dispersion
of the glass used in the construction of the object-glass and eye-piece, but the
principle as above explained, by which an achromatic image is obtained, underlies
all of them.

The Ramsden eye-piece is generally preferred on account of its greater simpli-
city and its flat field of view, which latter condition is more difficult to be obtained
with the Kellner and Steinheil eye-pieces in powerful telescopes of limited length,
on account of the somewhat larger flield of view possessed by these eye-pieces.
Moreover, the compound lenses are liable to be affected after a while by opacities
:ﬁused by a crystallization, as it were, of the cement uniting the parts composing

em.

Objects seen through the above-mentioned eye-pieces are, however, inverted,
and telescopes so constructed are often objected to on this account. It neverthe-
less is the most proper telescope to use where fine telescopic measurements must
be made, as the image is more brilliant than when the objects are shown upright,
and it requires but little practice to get accustomed to its use. The inverting tel-
escope has some otheradvantages that should be mentioned here. The eye-piece
being shorter, an object-glass of greater focal length is obtained in the same length
of telescope, thereby favoring the conditions imposed to secure the best definition
where the telescope must be short and powerful. Any increase in the focal length of
an object-glass adds to the magnifying power in the direct way, without entailing
the loss of light consequent upon the use of an eye-piece made unduly powerful.
On the other hand, an increase in the magnifying power of the eye-piece magnifies
‘the least imperfection that may exist in the object-glass, and makes the cross-
wires appear too coarse.
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In practice, however, many engineers prefer the erecting or terrestrial telescope.
Such telescopes must be made with an eye-piece consisting of four lenses, as by
adding two more lenses, objects are shown right side up, as viewed with the naked
eye. In the construction of an erecting eye-piece the chromatic aberration can be
corrected by the two additional lenses required to secure an upright image ; but in
the case of short and powerful telescopes the difficulties presenting themselves to
secure & perfectly flat fleld of view are very great, and recourse must often be had
to a compound lens. In the Kellner terrestrial eye-piece the third lens, reckoning
from the eye, is therefore compound, and both parts are cemented together.

The Huyghenian eye-piece is used to a very limited extent in the more modern
telescopes of instruments of precision. It is most frequently met with in the
large telescopes used in physical astronomy, where objects are merely viewed, but
no measurements made. The fleld of view is large, but not quite flat. The amount
of light is greater than in the other eye-pieces. The eye-piece consists of two
plano-convex lenses with their convex sides facing the object-glass. The main fea-
tures are, that in this eye-piece the second lens is placed between the object-glass
and its focus, and that it brings the image to a focus at a point half-way between
the two lenses of the eye-piece. The focal length of the second lens is three times
larger than that of the eye-lens, and they are placed apart at a distance equal to
one-half their combined focal length. The image is viewed by the eye-lens. It is
fa.lled a negative eye-piece, because the image is formed at a point between the
enses.

The magnifying pewer of a telescope must be proportional to the aperture. If
the magnifying power is too high for the aperture, ordinary objects will appear too
faint; and if the magnifying power is too low, the objects will appear so small
that the engineer cannot point upon them with sufficient accuracy.

The magnifying power should be such that the least perceptible motion of the
bubble of a level, or change in the reading of the verniers, should cause sufficient
movement of the cross-wires over the object in the fleld of view to be readily no-
ticeable. A higher power than this is worse than useless, since objects are less
brilliant. A lower power would not develop the full capacities of the instrument.
Messrs. Buff & Berger adapt, therefore, the magnifying power and aperture of their
instruments to the sensitiveness of the levels, and the fineness of the graduations.

In the telescopes of the instruments manufactured by Buff & Berger, the main
tube has a much smaller diameter than is usual in proportion to the size of aper-
ture. This is accomplished without cutting off any light derived from the object-
glass, since the pencil of light within the telescope is continually diminishing in
diameter until it comes to a focus at the plane of the spider-lines. The danger of
an increase of reflections caused by bringing the interior surface of the telescope-
tube nearer to this pencil of rays, is neutralized by the introduction of several more
diaphragms properly placed, and by the use of a specially dead black coating for
the interior. By this method of construction the weight of the telescope is greatly
reduced compared with the large apertures used by them, and therefore there is
less wear on the horizontal axis of revolution, and less friction of the object-slide.
There is, also, on this account, less surface exposed to the wind, and the instru-
ment is consequently more steady. C. L. B.

The Graduations,

Engineers’ transits have various graduations on their circles, according to the
requirements of the different branches of civil engineering. These various gradua-
tions are read by opposite verniers, which may be either single or double. Ameri-
can instruments have usually double opposite verniers, commonly reading the
circle to single minutes or to thirty seconds. For a higher grade of work, required
in the larger cities and on extended land surveys, they should, however, read to
twenty or ten seconds.

The customary graduations of Buff & Berger's instruments are, First, —the
circle divided to half degrees, the verniess reading to single minutes. Second, — the
circle divided to twenty minutes, the verniers reading to thirty seconds. Third,—
the circle divided to fifteen minutes, the verniers reading to twenty seconds.
Fourth, —the circle divided to twenty minutes, the verniers reading to twenty
seconds. Fifth, —~the circle divided to ten minutes, the verniers reading to ten
seconds.
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To express the relation between the vernier and circle divisions, let d=the value
of one division of the circle ; d’=the value of one division of the vernier; d-d'=
the least count of the vernier, or, in other words, the smallest reading of the circle.

b n= %he number of spaces of the vernier which correspond to (n— 1) spaces of
the circle.

We then have the three formulas;

a.) Ne=———
@.) d=——0d

e 1
3 d—d'=——d

Thus, for example, suppose the circle was divided to 15’,and it was desired to
read to 20”. Here,d=—15"
d—ad’, or, the least count =20"

Then, by formula (1)
15 15 X607 45
207 20m
: '{‘herefore, 45 spaces of the vernier must correspond to 44 or(n—-1) spaces of the
circle.
Suppose again the arc to be divided to 20/, and to be read to 30”. In this case
ve

20X60
v=—g5 =40

Therefore, 40 spaces of the vernier must correspond to 39, cr (n—1) spaces of
the circle. These are the graduations which Messrs. Buff & Berger usually adopt
for engineers’ transits.

Rq 29
A0 Ir 70

n=

we

’90 ! . ‘
i
LA

The cut shows a portion of the circle and vernier, to illustrate the method of
reading to thirty seconds. ) )

The lines marked 130, 140, and 150 denote 10° each. The shorter lines half way
between them denote 135° and 145°. 'The next shorter lines denote whole degrees.
while the shortest lines are one-third of a degree, or 20" apart.

The vernier comprises the upper series of lines. Of this series only that half
lying to the right of the vertical arrow, or zero, and having the figures 10 and 20
incli%ed in the same direction as the 130, 140, and 150 of the arc, fs to be used in
connection with these ﬁ§ures. The vernier is double,—one half to be used with
one set of graduations of the are, the other half to be used when angles are laid off
in the opposite direction, and then the lower set of figures, 210, 220, and 230 are used.

It is to be especially remembered that the figures on the vernier are inclined in
the same direction as the figures on the arc to which they belong.

To read the vernier, first note the whole degrees, and 20’ spaces lying between
the last 10 degree division and the zero division of the vernier.

Thus in the cut, using the upper line of figures, the zero of the vernier has passed
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the 130° division, and moved on until it is between the 20" and 40’ space beyond the
138° mark. The first part of our reading will therefore be 138°20°. .

Second, look along the vernier, beginning from the zero point, and in the direc-
tion in which the graduation of the are runs, until one line of the vernier is found
which seems to be a prolongation of an opposite line on the arc.

Consider each of the vernier spaces between the vernier zero and such a line,
as equal to 30” of arc. .

Add the number of minutes and seconds thus obtained to the first reading. The
result will be the reading of the circle. . »

Thus we notice that the vernier zero is a trifle over half-way of the distance
between the 20" and 40’ marks of the arc. .

And looking along the vernier to the right, we notice that the lines of the ver-
nier gradually approach the lines on the arc until the twentieth line of the vernier
is precisely opposite a line on the arc. Of course, since each vernier space denotes
307, the alternate ones made a little longer in the cut will denote single minutes,
and on the vernier therefore the twentieth line would correspond to 10’ 00”7, and
since our first reading was between 20" and 40’, this vernier reading is to be added
to that first reading.

Thus, 138° 20’
100 00”7
138° 30" 00” will be the reading of the vernier,
. using the upper graduation.

In the same manner we proceed to the left in reading the lower graduation, in
which the figures are inclined to the left. Thus-in the cut, we shoulg find the zero
Foint of the vernier is beyond the 221° 20’ mark, and the line of the vernier. which

s seemingly a prolongation of a line of the arc, corresponds to 10’ 00”. Then we
have 910 90’
221° 20
100 007
221° 30" 00”7 for the reading of the vernier, using
thé lower graduation.

Practically, in reading the vernier, the engineer decides which line is in coinci-
dence by the position of the lines on both sides.

He first notices, roughly, what fractional part of a space on the limb lies between
the vernier zero and the last graduation mark it has passed. This enables him to
look immediately to that part of the vernier in which the coincidence occurs.

Thus in the figure the vernier zero is about half way between 221° 20’ and 221° 40/,
the engineer therefore immediately looks about half way along the vernier and
finds the 10" 007 division to be the one sought. )

When the graduation is to thirty seconds, the engineer will find that if he only
chooses, he can work to minutes with this graduation quite as rapidly as with a
transit graduated to minutes, by simply disregarding the shortest lines of the vernier.

The second vernier, which is distant 180°, or exactly opposite the one read flrst,
may also be read. Not so much to eliminate any eccentricity of the circle and ver-
niers as to afford a valuable check upon the angle measured.

Greater accuracy in the measurement of any angle may be obtained by the
principle of repetition. In this case, before and after an angle has been repeated a
number of times, all four of the verniers should be read, and if, for example, the
graduations proceed from right to left, the left hand side of each double vernier
should be read as usual; but iu the right hand side the line now marked 20 on the
vernier should be considered 0, and the arrow on the vernier 20. Then, with this
convention, only the minutes and seconds of the second vernier should be used.

But it should be here remarked that the repetition of angles is not now held in
such repute by our best engineers, as it was before the present perfection of the art
of graduating and centering the circles and verniers of engineering instruments.

e engineer who has not used them will find the Eround—glass shades a great
convenience in reading the vernier. They are so placed as not to be readily broken,
and they shed a clear, white light upon the graduations.

Graduations on solid silver are much to be preferred to graduatious on any
known brass alloy. The surface of the silver can be worked very plane, since it is
of uniform texture. The graduations can be cut with the utmost uniformity in
width of line and spacing.
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The Centers.

Quite as important as the graduation, is the exact fitting of what the makers
call the centers of the instrument; i.e., the two vertical metal axis, about which the
circle and the vernier plate turn.

Both axes must be exactly concentric with the center of the graduated circle
and the center of the horizontal axis of the telescope in any position of the instrue
ment. The most sensitive level about the instrument should not show any displace-
ment when the circle-plate is held, and the lower plate moved by the hand.

In the construction of the inner center, the hardest bell-metal should be used,
and for the outer center a red composition metal of the best quality. To insure a
true concentricity of the axis, and consequently of the limb and vernier, it is
necessary that they should each be turned in a dead center lathe, each about its
own axis. In fitting the centers, they should turn without the slightest play, and
yet with very little friction.

Messrs. Buff & Berger take the precaution of casting the outer center, circle,
:tllld ve:;:ier plate in the same mould, to avoid any.difference in the composition of

e metal.

The upper plate should not be hammered, since this would also effect an unequal
expansion of the metals in extreme temperatures, causing the vernier to read too
long or too short. :

er the plates are put together, the vernier and limb should revolve in the
same plane, to avoid parallax. The space between the limb and vernier should
have the appearance of a uniform, fine, black line.

The Compass.

In running old lines, and as a check in running new ones, the compass is frequent~
ly a very important part of the transit. Its needle should be tempered throughout,
and of hard steel, to retain its magnetism. It should be thin, and yct at the sane
sime have enough surface to be strongly magnetic. It should be swung upon o
sewelled center, and so nicely fitted that when at rest, with the instrument levelled
the two extreme points should just clear the graduation of the compass box, an
read precisely 180° different in any part of the graduated arc. The pivot on which
it swings should be conical, and hardened so that it may swing upon a sharp point,
without having this point weak.

The needle should also be so sensitive, that when drawn from its pointing b
the outside attraction of a piece of iron held in the hand a foot or so away, it wiil
settle to the same reading several times in succession.

This sensitiveness depends upon the form and sharpness of the pivot, the strength
of its maﬁnetism, and its bearing on the jewelled center.

If it should be found that a needle has lost its sensitiveness, it is probably not
80 much owing to its loss of magnetism, as to a dulling of the pivot. Since this
may happen when the enﬁineer is without access to the maker, and an instrument
otherwise be in good condition, it should be remarked that the (})ivot can be sharp-
ened after removing the needle, by taking a fine oil-stone, and while turning the
instrument with one hand, grinding the pivot, with the oil-stone in the other; being
careful to incline the grinding surface about 25° to the pivot. The pivot is origi-
nally turned and sharpened in a lathe, and in grinding by hand, great care should
be taken to preserve its conical form, .

The two extreme points which lie next the graduation, together with the point
of suspension, should lie in one straight line.

The center of gravity of the needle should be as far below this line as possible.

The quivering of a needle 8o constructed is not annoying, since the center of its
quivering motion is in the line through its two extreme points, which are, therefore,
stationary.

To detyermine whether the transit itself has any iron in it to disturb the needle,
it is a good plan, after settinﬁ the instrument so that both compass-needle- and
vernier reads 0°, to go round the circle, setting the vernier ten degrees ahead each
time, and noting whether the compass-needle also describes an arc of precisely ten
degrees. If it does not, there is some local attraction.
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The graduations on the compass box should begin at the North point, and run
90° in both directions; then decrease to 0° again at the South point. In order that
the needle reading may indicate the direction of the telescope, the line joining the
zeros of the ordinary compass ring must be in the same vertical plane, with the
line of collimation of the telescope; and the letters denoting the cardinal points,
East and West, must be transposed ; i. e., when the letter N is towards the North,
the letter W should be towar(})s the East. Of course the needle indicates magnetic
north, and in the case of instruments unprovided with means of setting off the local
variation of the needle, all the readings of the needle must be corrected for this

local deviation.
Spirit-Levels.

The spirit levels, as regards their sensitiveness, should be in strict keeping with
the optical power, and the Fraduations of the instrument, but the quality should be
of the best. A level-bubble should move uniformly over the same distance, when
the telescope is made to point on two objects alternately, diﬂ‘ering slightly in alti-
tude, by the leveling screws alone. In change of temperature the bubble should
lengthen symmetrically from the center; and no matter what its length, it should
move quickly, without any of the hitching, which is caused usually by a little divt
introduced when it is filled.

Of the three levels attached to the complete transit, the telescope level is the
most sensitive. It should be sensitive enough for ordinary leveling, such as good
railroad work. The level in front, or at right angles to the standards, should be
sensitive enough to make a line plumb by it to any height; while the third level
on the standard is used in leveling up the instrument, and to establish the zer.
point for the vernier correctly when vertical angles must be measured.

The test of the fitness of the various levels for the capacity of the instrument
should lie in this: that after carefully bi-secting an object in the field of view, in
such a position of the instrument that all the levels can be read, and then slightly
deranging them all with the leveling screws, the bi-section will be accurately made
after rest.loring the levels to the exact position they before occupied, by the leveling
screws alone. —

Leveling Screws.

Messrs. Buff & Berger usually cut their leveling screws with 82 threads to an
inch provide the usual four screws in opposing pairs. The plates once set firmly
apart by tightening two of these screws on the same side, the leveling of the instru-
ment is easily accomplished by turning the two screws of an opposing pair so that
both thumbs shall move toward each other (when the bubble will go toward the
right), or both thumbs away from each other, when the bubble will move toward
theleft. Instruments intended for triangulation, i. e., reading to 10” or less, should
however be supported on three, instead of upon four screws. In this case the in-
strument is rapidly leveled by bringing one level parallel to two of the screws, the
other level will now be at right angles to it. Level both levels at the same time
by turning one of the screws to which the first level is parallel and the screw
which is at right angles to this level. Of course the instrument may now be
reversed to guard against non-adjustment of the levels.

Three Leveling Screws versus Four.

To thestudent of the progress in Engineers’ field instruments, the question often
presents itself as to the comparative merits of an instrument provided with three,
over one having four leveling screws. It should be here remarked that the greater
portability existing in instruments provided with four leveling screws still com-
mends itself to all using the more customary class of instruments. However, the
finest class of field instrumgnts, requiring spirit-levels corresponding to the fine-
ness of graduation, cannot be advantageously manipulated with four levelin
screws. The results thus obtained would be little better than those obtained wit!
a more ordinary instrument. To insure the full benefit of a finer instrument, such
as used in triangulation, the maker will prudently apply three leveling screws,
mounted on @ basis larger then is usual in instruments with four screws. So, while
four leveling screws have the advantage of greater compactness and less weight
three screws have the advantage for closer settinﬁ, givin(f better results. The
maker will therefore adapt either the one or the other kind to his instruments as
the case may require.

.
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Quick Leveling Attachment.
[For sliustyation see elsewhere.]

As all devices of this kind detract more or less from the stability of an instru-
ment, it seems they never have been regarded with much favor by the engineering
profession at large. There are cases, however, where the use of such a device, in
a mountainous country, or in underground work of a close character, becomes very
desirable. Messrs. Buff & Berger’s device, unlike devices of a similar kind forming
a part of the instrument proper, consists of a coupling with a ball and socket joint
which can be screwed between the instrument and tripod. As this intermediate
piece forms no part of the instrument itself it can be readily attached or detached
at will, thus adapting the instrument to the circumstances and to the class of work
in hand. For this purpose the threads of this coupling or quick-leveling attach-
ment, and those of the instrument and tripod are identical; and as all their transits
and levels with four leveling screws are interchangeable on any of thelr tripods,
one such coupling is sufficient for an engineer's outfit. In fact one extra tripod
permanently provided with this gquick-leveling attachment may be kept ready for
occasional use in an office where there are a number of their instruments.

To use this quick-levelin%) attachment proceed as follows:—Screw it to the
instrument, and then screw both to the tripod in the usual manner, taking care
that the coupling becomes firmly fastened thereto. Now to operate it, slightly
unscrew the instrument from its hold upon the flange of the coupling by means of
the milled edges provided for this purpose, and move it approximately into a level
plane, then again screw the instrument firmly to the coupling same as before.
This being accomplished, move the instrument over the given point on the ground
by means of the centering arrangement described later on, and level up carefully
by the leveling screws alone. It will be seen that this quick-leveling attachment
is operated entirely independent of the leveling screws or centering arrangement.
Of course, when this device is to be used for several days in succession, it is not
necessary to detach it from the tripod every time the instrument is to be removed.
In sueh cases the instrument only should be detached from the coupling. When-
ever it becomes desirable to detach the coupling from the tripod, it can best be
performed by allowing the instrument to remain fastened to the coupling, then by
taking hold of the milled edge of the coupling unscrew in the usual manner. In
cases where the coupling has been permanently attached to a tripod, the small
screws connecting it to the tripod head must first be removed.

To secure the greatest possible stability to the instrument. the outside diameter
of the hollow hemisphere is equal to the distance between the leveling screws of
the instrument; and to secure a smooth and ready action, leather washers are
provided in the socket which act against the hemisphere. However, when the
instrument is clamped to the flange of the coupling these washers recede, and the
metal surfaces are brought into direct contact with each other.

The Gradienter Screw.

This very convenient attachment consists simply in a screw working against
the clamping arm suspended from the horizontal axis, and on the opposite side
from the vertical arc. A strong spiral spring is set directly opposite the screw,
and presses the clamp arm against the end of it. This screw is cut with great care
in a lathe. It hasa large silvered head graduated into fifty equal parts. As the
screw is turned, the head passes over a small silvered scale, so graduated that one
revolution of the screw corresponds to one space of the scale.

Obviously then, the number of whole revolutions made by the screw, in turning
the telescope through a vertical arc, can be ascertained from this scale. The clamp
arm of- the telescope has its clamping screw just above the horizontal axis, in the
usual manner. When this screw is free, the telescope may be revolved ; but when
it is clamped, the telescope can only be moved by the gradienter screw, which thus
takes the place of the ordinary vertical tangent screw. The screw is cut with such

.
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a value of a single revolution. as to cause the horizontal cross-line of the telescope
to move over a space of ;j; of a foot, placed at a distance of 100 feet, when the
screw is turned through one of the smallest spaces on its graduated head; and
since there are fifty such spaces on the head, it follows that one revolution of the
screw is equivalent to g3 of a foot, at a distance of 100 feet. The numbered gradua-
tions on the screw head are then each equivalent to § of a foot in 100 feet; and two
entire revolutions of the screw would be twice 3, or 1 foot to the 100, It is readily
seen that grades can be established with great rapidity with this screw. It is only
necessary after setting the gradienter screw to zero, and leveling and clamping the
telescope, to move it up or down as many spaces of the head of the gradienter screw
as there are hundredths of feet to the hundred, in the grade to be established.
Thus, to establish a grade of 1* 85, the screw head is turned through three whole
spaces of the scale, which corresponds to1.%* 50, and through three of the numbered
vigions, and five of the shortest ones to make up the entire reading of 1.* 85.

For measuring distances this screw takesthe place of stadia lines, and is more
convenient ; since for any a, %oximatel horizontal distance, the space on an ordi=
nary leveling rod expresse hundredths of feet, included in two revolutions of
the screw, will be the number of feet the level rod is distant from the center of the
instrument. Thus the difference between two readings of the level rod was 2, 963
when the telescope was moved 1n altitude through two revolutions of the screw.
The rod therefore was distant 296.5 feet.

It is unnecessary even that a leveling rod be used. A ranging pole or walking
stick, or any arbitrary length which can afterwards be measured, will suffice. Thus
a stick, which was afterwards measured and found to be 3. 38 long, was found to
be subtended by 3§ revolutions of the screw at an unknown distance.

In this case the distance was —

3.38 _
-1—.—5§X 100=213.9 feet.

In case, however, the distance to be measured 18 not approximately in the same
level plane with the transit telescope, it is necéssary to compute the distance, from
the readings of the rod. In taking such readings at an altitude, it is customary to
incline the rod towards the telescope, and by trial find the least space subtended by
two stadia linés. A skilful rod-man will plumb a rod more readil{ than he can
incline it at the proper aulgle, and a reading of the plumb rod can be taken with
Freater accuracy, and in less time than with the inclined rod; but it ordinarily

nvolves some additional computing to reduce such vertical readings to horizontal

distances. With the view of reducing the computation to a simple multiplication,
the following table is appended with the trignometrical argument on which it
depends. The engineer will notice the solution is not rigorously exact, but is suf-
ficiently so for all cases in practice. i



In the above figure,

TH =the transit horizontal sight line.
The angle HI'B=the angle of elevation of the telescope to the foot of the rod

ienter screw = G.
AB =the length of the rod included by the angle G, when the rod
is vertical =R.
CB is drawn perpendicular to TB.

oo BTA=the_an§le subtended bér any number of revolutions of the

Then, CBA=BTH=E TAH=90°—(E+G)
BC_ 90°—(E+G) ) o E cos G—sin E sin G.
AB sin -+ G) cos G.

.*.BC=R (008 E—tan G sin E.)

tan G =Zlaﬁ where h 18 the height above a horizontal line, subtended by
one revolution of the gradienter screw at a distance a.

n is the number of rgvolutions made in any given case.
PT—="_BC=RZ _na
Bf—nhBC—th (cos E a sin E)

.'.BT=R(lcosE-—-sinE) e+ e e e« e e« « L
nh

HT=BT cos E
.'.HT=R(%cos’E—ygsin2E) T ¢ &

Formulas I and II are general formulas for any gradienter screw. In Buff &
Berger's transits the screw is cut and placed so that when & =100, for n=2 and
h =14, by substitution these formulas become,

BT=R (100 cos E—sin E.)
HT =R (100 cos *‘E— 14 sin 2 E.)

Where BT =the direct distance from the center of the horizontal axis of the
transit to the foot of the vertical rod.
H'T = the horizontal distance from the center of the horizontal axis of the
transit to the plumb line dropped from the foot of the vertical rod.
R =the space included on the vertical rod by two revolutions of the
gradienter screw.
E=the elevation of the foot of the rod above the horizontal sight line
of the telescope.

When the angle B becomes an angle of depression instead of elevation, then the
point B is the upper end of the part of the rod used, A B. The distance BT in
this case is the direct distance between the center of the horizontal axis of the tele-
scope and the upﬁr reading of the vertical rod in the valley.

The distance H T is, as before, the horizontal distance between the center of
the horizontal axis of the telescope, and the plumb line prolonged in this case
upwards from the upper end of the vertical rod. The plumb line in all cases coin-
cides with the direction of the rod.

By means of the following table, it is only necessary to multiply the factor
apposite the angle of elevation, by the space included upon a vertical rod by two

enter screw revolutions, to obtain either the direct or horizontal distance of
e center of the horizontal axis of the telescope from the foot of the rod; or the
zme distance from the upper reading of the vertical rod in the case of an angle of



Gradienter Screw Table I.

Factors to be multiplied by the space on the vertical rod expressed in feet and decimals,
included in two revolutions of the gradienter screw, to find the distance of the foot
of the rod from the center of the horizontal axis of the transit telescope.

AuEhch | Secrinte, ool B | el | actorforhe
E. (100 cos E~sin E){ \1° §i°nsz E) E. (100 cos E-sin B)
o 100.00 100.00 15 96.33
I 99.96 99.94 15 30 96.09
2 99-90 99.84 16 95.85
3 99-81 99.67 16 30 95.60
4 99-69 99.45 17 95.34
5 99:53 99.15 17 30 95.07
[ 99-34 98.80 18 94.80
7 99-13 98.39 18 30 94.51
8 98.89 97.93 19 94.22
9 98.61 97-41 19 30 93.93
10 98.31 96.81 20 93.63
10 30 98.15 - 96.51 20 30 93.32
II 97.97 96.17 21 93.00
Ir 3o 97.79 95.82 21 30 92.67
12 97-60 9547 22 92.34
12 30 97.41 95.11 22 30 92.01
13 97-21 9473 23 91.66
13 30 97-01 94-33 23 30 91.31
14 96.79 93.92 24 90.94
14 30 96.56 9348 24 30 90.59
15 96.33 93.05 25 00 90.21

Horizontal Dist.
(100 cos 3 F — 14

Factor for the

sin 2 E)

93-05
92.59
92.14
91.66
91.1%
90.66
90.17
89.63
89.09
88.54
87.98
87.41
86.83
86.22
85.62
8s.01
84.37
83.75
83.08
8243
81.96
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In practically applying this table, it is preferable to take the mean of several
readings of the rod in each position of the gradienter screw.*

Thus, with the target near the foot of the rod, and then moved to correspond to
:‘“;(l) revolutions of the gradienter screw, three readings in each position were as
ollows :

1. IL.
Altitude 18° 20/
ft. ft,
0.625 8.380
0.627 3.376
0.623 3.378
Means, . . . 0.626 3.378
0.626

Difference, . . . . . . . . . . . . . 2752

Factor for direct distance for 18° =94.80 For Horizontal Distance =90.17
e 6 s 18°30'=94.51 ‘e e - =89.63

Differences, . . .=0.29 ) 0.54

Therefore, the factor for 18°20” will be for the direct distance 94.80,—243 of 0.29
=94.61, and for the horizontal distance, 90.17 —2/4 of 0.54 =89.81.

Then we have, 2.752 X 94.61 = 260.37 = the direct distance,
2.752 % 89.81 = 247.15 = the horizontal distance.

This direct distance being the distance from the position of the foot of the rod
or the lower target to the center of the horizontal axis of the telescope,t and the
horizontal distance, the one usually desired, that distance reduced to a level line.

The mean value of two revolutions of the Gradienter Screw in arc, is 34’ 23”.
Hence the value in arc of one of its smallest divisions on the head is 20” nearly.
Vertical angles therefore may be laid off with facility when they are confined to
the range of the screw.

®To insure at all times results, the telescope axis should revolve iree, but without any looseness in
the bearings. The engineer should examine these bearings from time to time, and, if necessary, fresh and pure
watch oil must be applied.

To make a ement with a mi screw, its graduated head should be set back slightly, then bring
it up to the readings in the same direction in which the t must be effected

1 Should the engineer desire the direct distance between the foot of the rod, and tke goint over whick the
Plumb-bob is suspended, it may be found by the following formula. .

x=A/ d’:f’q:2pd:in E.

or putting it in a shape adapted for logarithmic computation,

—{d=2) —2sin % (W+E), y~=
= cosg Wheretgny_—z—d—_T dp.
Where x =the distance from the point under the plumb-bob to the foot of the vertical rod.
d=the direct distance obtained as above.
#=the distance from the center of the horizontal axis is to the point under the plumb-bob.
& =the angle of elevation of the foot of the rod, as above.
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The subjoined table affords & ready means of* expressing ax:ly number of revolu-
tions, and parts of a revolution, in arc; and the converse, of degrees, minutes an@
seconds, in revolutions of the screw:

Gradienter Screw Table II.

To convert a reading of the Screw To convert Arc into a reading of
into Arc. the Screw.
Gg;l:;.ter Arc. Gruhenfer Arc Arc Ggéheewn'ter Arc. Gls'agrx::ter

Rev. Div.|© * 7 IRev. Div.{© + r | ©° + #|Rev. Div.] © 7 / |Rev. Div.

o0 o|loo o] 2 o |[03425|/0o o olo o.0|lo 8 o0o| o235

o 1| o20| 3 o |o5135l0 o10lo o.5|0 8 30| o25.0
o 2| 040 4 o |t 845|0 020l0 1.0]0 9 00| 0 26.0
o 3] 1t ol 5 o]rz2555l0 o30|/o 1.5]0 9 30| 0 27.5
o 4 125] 6 o |143 10lo0 0 40|0 2.0]o 10 00] 0 29.0
o5 145] 7 o |2 o20]lo o0350|0 2.5}02000| 1 8.0
o 6 2 51 8 o |21735|l0o 100{0 3.0]0 30 00| 1 37.0
o 7 225] 9 o [23445]0 1 30|0 4.5]0 40 00| 2 19.0
o 8 24510 o |252 Olo 200{0 6.0]0 50 00| 2 55.5
o 9| 3 5]1r o |3 940Jo 230|{0 4%.5]|1 00 00| 3 24.5
o10| 325]|12 o |326 20|0 3000 g.0|20000]| 649.0]
0 20 6 50|13 o |343 30|0 3 30| 0 10.5 |3 00 00|10 23.5
030| 102014 0 |4 O45[0 4 00|0 12.0[4 00 00|13 48.0
o040 | 13 45|15 O |4 17 55]0 4 30{0 13.5|5 00 00|17 22.5
1 o| 1710 o 5 o00[0 15.0
1 10| 20 40 o 5 30|0 16.0
I 20| 2405 o 6o00fo 175
13| 27 30 o 6 30| 0 19.0
1 40| 3055 o % oofo 20.3
2 o] 34 25 o %7 30| 0 22.0
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Thus, the telescope being leveled, the gradienter screw was turned through a
space of 11" 23%" required the arc:

11 revolutions,=3° 9" 10"
20 divisions, =0 6 50
3 =0 1 0
The whole are, . . . =3°17" 00"
Conversely, it was desired to turn off a vertical angle of 4° 35" 40,

Then we have —
. 4° 0 0/=13"" 48%-0

30 0=1 37 .0
5 0 = 15 .0
40 = 2 .0

The space oun the head of the screw=16*" 2.0

The engineer will bear in mind that the examples given are purposely given in
detail : that in practice the operations may be mental ones.

1t will be seen that the vertical gradienter can be used for a variety of purposes;
measuring distances, grades, differences of levels, vertical angles, and is a use
check agalinst errors of rod or chain measurement.

Messrs. Buff & Berger have also applied the same principle to their horizontal
tangent screws. By graduating a silver head attached to these screws sub-divisions
of one minute of arc are readily made.

For constant use with these screws it is better to have a rod with two movable
targets, or a rod painted with white and black squares as used in the coast survey.

Stadia. Lines.

The %radienter screw is so universal inits application and can be soreadily used
for angular, distance or grade measures, that it will generally be found best to have
it upon transits designed for current work. There are some cases however where
stadia lines are more expeditious in use than the gradienter screw, and give quite
as exact results.

Stadia lines, for instance, where an instrument is to be used for distance measures
alone, commend themselves for their greater simplicity. For such work, non-adjust-
able lines, in connection with an inverting eye-piece, give the best results. If the
lines are adjustable, in the field usage of an instrument they may alter their distance
apart; and there is a rapidity of work with fixed lines,and arod graduated for
telemetrical work, which is not reached in any other way.

These lines may be webs, or platinum, or they may be ruled on glass. The lat-
ter are extremely accurate, but the use of them is necessarily limited in the tele-
scopes of fleld instruments for the following reasons : thin as the glass may be on
which the lines are ruled, and intercepting only a small amount of light, yet the film
of dampness and dirt soon collecting on it will intercept a great amount of light
which in time may become a very serious impediment in the use of the telescope.
Another objection to their general adoption consists in the fact that as the image
of an object is focussed in the plane of these glass-lines, a portion of the light of the
image will become reflected from the polished surfaces of this glass, causing at
times a disturbance in the clearness of vision. Besides, this glass-¢‘ micrometer,”
as placed in most telescopes, is very difficult of access and must needs be removed
{é)sr clea.ni:i:ng, thereby increasing the liability of becoming broken, or detached from

mounting.
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Plumbing and Centering Arrangements.

It now remains to speak of several conveniences of the instrument under con-
sideration. By a simple mechanical contrivance the plumb-bob when suspended
from the instrument can be set immediately at any desired height. It is suspended
directly from the center of the instrument, and not from the tripod head. This
precaution should be taken with every instrument, since otherwise, when there is
difﬁcultgnin setting up an instrument, and the legs are unsymmetrically placed, the
plumb-line will not pass through the center of the instrument.

The instrument is provided with the shifting tripod, better known as the shifting
center, by means of which, when the plumb-bob of the instrument is within a fraction
of an inch over a point on the ground, it may be brought immediately over it, by
moving the body of the instrument on its lower level plate. This is probably the
grea’test thine-saving arrangement which modern makers have introducedin engin-
eers’ transits. :

Shifting Center for a Transit with Three Leveling Screws.
As made by Buff & Berger.

In this device, as shown in the cut, the leveling screws rest in receptacles on the
piece made to slide on the tripod head. A clamp-nut, provided with a large flange
and handles, serves to secure this sliding piece to the tripod in any position in the
range of its lateral motion. The center-piece, bearing the hook for the plumb-bob,
is like that shown in the p. 124 cut; the milled-head, at its lower end, serving to fasten
it to the instrument; while its milled-headed nut, acting against the spiral spring,
fastens the instrument to the tripod. In use, the pressure of this spring needs to be
sufficient to take up the back lash orany looseness that may exist in the leveling
screws; but to secure the necessary stability of the instrument to the tripod, the clamp-
nut should be well fastened to the sliding piece. To operate the shifting center, both
the spiral-spring and the clamp-nut must be released slightly from their hold upon
the tripod and the sliding piece, when the instrument can be moved over the given
point on the ground. This device adds about 2 Ibs. to the weight of the tripod.

C. L. B,



Arrangement for Offsetting at Right Angles.

The most common off-set with the transit is one at 90° to the line of =sight.
Several methods have been proposed for doing this without disturbing the telescope.
Messrs. Buff & Berier have a very neat onej it consists in simply perforating the
horizontal axis, so that by drawing the head back fifteen or twenty E]ches from one
end of the axis, the eye may be placed so that the eye, the horizontal axis of the
telescope, and a rod set beyond, may be readily placed in the same straight line,
at right angles to the line of sight of the telescope, no matter at what altitude
the telescope may be pointing. :

In off-setting by the arrangement proposed above, the rod is made plumb by
lining it with the plumb-line ofthe instrument itself. The advantage of u& method
is, that it holds equally well for any inclination of the telescope. The disadvantage
is, that the engineer is obliged to leave the eye-end of the telescope at each off-set
made. Where the eﬁglneer is willing to bring his telescope nearly level before
each off-set is made, Messrs. Buff & Berger will adapt a simple combination of two

prisms to the telescope, by which the rod may be made plumb, and set at an angle
of 90° to the line of sfgﬁt.y . Y P ’ 8

Setting Up.

In setting up a transit, {msh the iron shoe of one leg firmly into the ground, b
pressing on the other two legs near the tripod head. Having secured a firm found-
ation for this leg, separate the other two legs, at the same time drawing the tripod
head toward you. ’ghen set the two remaining legs in the same manner as the first
one. If the ground is pretty level, merely noticing that the tripod feet are equi-
distant, will insure that no unsightly appearance will be l_flvenlzo the leveling screws.
If the ground is uneven, however, nothing but practice can produce a graceful
position of the instrument. The plumb-bob attached to the instrument should
swing within say half an inch of the point on the ground, and the plate on which the
leveling screws rest, if possible, should be approximately horizontal, when this
stage is completed.

ow with the level screws not tightened up, after leveling approximately,
bring the plumb-bob exactly over therlpoint on the ground, by moving the body of
the instrument on its shifting head. Then complete the leveng of the instrument,
and it is ready for work. ,

The Adjustments of the Transit.

In a theoretically perfect transit instrument, the following points are established :
1. The object and eye-glasses are perpendicular to the optical axis of the
telescope at all distances apart. . .
2. The line of collimation coincides with the optical axis.
8. The line of collimation is parallel to the telescope level. .
4. The line of collimation passes through, and is perpendicular to the horizontal
axis of revolution. .
5. The vertical circle is perpendicular to the horizontal axis.
6. The center of its graduated arc lies in the horizontal axis.
7. The arc reads zero when the line of collimation is perpendicular to the ver-
tical axis of the upper plate.
8. The pivots of the horizontal axis of the telescope are circles.
9. The Bea.rings for these pivots are of the same diameter or otherwise exactly
similar.
10. The line of collimation moves in a plane perpendicularly above the center of
the horizontal graduated circle. . .
11. The horizontal axis is perpendicular to the axis of the upper plate.
12. The upper plate is perpendicular to its axis. . .
13. The radial lines which form the graduations of the circle and verniers are
equi-distant at the same distance from the axis of the upper plate, and pass through
this axis.
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14. 'The levels of the upper plate are perpendicular to its axis.

15. The vertical axis of the upper plate coincides with the axis of the lower plate.

16. The lower plate is perpendicular to its axis.

17. The center of the vernier l;))late lies in the axis of the lower plate.

18. The axis of the plumb-bob coincides with the vertical axis of the instrument.

Of the above points the maker attends to numbers 1, 2, 4, 5, 6, 8, 9, 11, 12, 13, 15,
16, 17, 18, as a part of the skillful manufacture of the instrument ; and the engineer
has no facilities for adjusting them, away from the shop. Points numbered 3, 7, 10
and 14 are attended to by the maker when the instrument leaves the shop ; bat owin
to their liability to derangement, from accidental rough usage, the maker leaves it
in the hands of the engineer to restore them at any time. It1is to these adjustments
only that the following remarks are confined.

Adjusting.

If the instrument is out of adjustment generally, the engineer will find it profit-
able to follow the makers in not completing each single adjustment at once, but
rather bring the whole instrument to a nice adjustment by repeating the whole
series.

After setting up, bring the two small levels each parallel to a line joining two
of the opposing leveling screws. Bring both bubbles to the center of the level tubes,
by means of the leveling screws. In doing this, place the two thumbs on the inner
edges of the two leveling screws, parallel to the bubbles, and the fore fingers of
each hand on the outer edge. Turn the leveling screws so that both thumbs move
inwards or both outwards. In the former case the bubble will move toward the
.right, in the latter case toward the left.

Now turn the iastrument 180° in azimuth. If the small levels still have their
bubbles in the center of their tubes, these levels are adjusted, and the circles are
res%gctively as nearly horizontal and vertical as the maker intended them to be.

the bubbles, however, are not in the center of their tubes, then bring them
half way back by means of the lev screws, and the remaining half by means
of the adjusting screw at the end of each of the level tubes.

It may be necessary to regeat this adjustment several times, but when made, the
instrument once leveled will have its small levels in the center of their tubes through
an entire rotation of the circle. ) ’

There is one adjustment common to all telescopes used in surveying instruments,
that of bringing the cross hairs to a sharp focus, at the same time with the object
under examination, the adjustment for Paraliaz.

Point the telescope to the gky, and turn the eye-plece until the cross hairs are
sharp and distinct. Since the eye itself ma{j::ave slightly accommodated itself to
to the eye-piece, test the adjustment by looking with the unaided eye at some dis-
tant point, and while still looking, bring the eye-piece of the telescope before the
eye. If the cross hairs are sharp at the first glance, the adjustment is made. Now
focus in the usual manner upon any object, bringinﬁ the cross hairs and toa
sharp focus by the rack-work alone. point should remain bi-sected when the eye
is moved from one side of the eye-piece to the other.

To make the vertical cross-line perpendicular to the plane of the horizontal axis,
simply bi-sect some point in the center of the field of view of the telescope, and
note whether it continues bi-sected by this cross-line throu%hout its entire length
when the telescope is moved in altitude. If it does not, and the point is to the right
of the line in the upper part of the field, the adjustment is made by loosening the
four capstan-headed screws, and rotating the reticule in the direction of a left-handed
screw, until the cross-line is moved over half the distance between the point and
the line. Again, bi-sect the point by means of one of the tangent screws. It should
now remain bisected throughout the length of the cross-line.

The following method of adjusting the horizontal line in a dumpy level has its ad-
vantages, and it is given in the words of its propounder, Mr. Gravatt.

“On a tolerably level piece of ground, drive in three stakes at intervals of about
four or five chains, calling the first stake a, the second b and the third ¢. Place tbe
instrument half way between the stakes a and b and read the staff (leveling rod) A,
placed on the stake a,and also the staff B, placed on the stake b; call the two readings
A’ and B’; then, although the instrument be out of adjustment, yet the points read off
will be equidistant from the earth’s center, and consequently level. (Supposing the
instrument to have its vertical axis vertical.) Now remove the instrument to a point
half way between b and ¢. Again read off the staff B, and read also a staff placed on
the stake C, which call staff C (the one before called A, being removed to that situa-
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tion.) Now by adding the difference of the readings on B (with its proper sign) to the
reading on C, we get &:ee points say A/, B/, C/, equidistant from the earth’s center, or
truly level. Place the instrument at any short distance, say half a chain beyond A,
and using the bubble to merely to see that you do not disturb the instrument, get a
reading from each of the stakes a, b, c, call these three readings A”, B”, C”. Now, if
the stake b be half way between a and c, then ought
= — (A” __ A’) =2 [B// — B/— (A” — AI)]

but if not, alter the screws which adjust the diaphrﬁ?m, and consequent.lr the horizontal
line, until such be the case, then the instrument w. adjusted for collimation.”*

“To adjust the spirit-bubble, without removing the instrument, read the staff, A, say
it reads A/, then adding (A’//— A’) with its proper sign to B/ we get a value, say B/

“ Adjust the instrument by means of the parallel plate-screws (in a transit use the
telescope’s tangent-screw), to read B/ on the staff B. -

. “ Now, by the screws attached to the bubble-tube, bring the bubble into the centre
of its run.

“The instrument will now be in complete practical adjustment, for level, curvature,
and horizontal refraction, for any distance not exceeding ten chains, the maximum
error being only #syth of a foot.”

ExaMpPLE. — The instrument being placed half way between two stakes @ and & (at one chain from each),
the staff on @ or A’ read 6.53, and staff on & or B’/ read 3.34, placing the instrument half way between the
stakes 4 and ¢, (three chains from each) the staff on & read 4.01, and the staff on ¢ read s.31.

Hence, "ﬁ?.im“ a as the datum, we have .

Stake. Above Datum. Stake. Above Datum. Stake. Above Datum.
aorA’ = o.00 ., borB' .= 319 cotC’ = 1.89

This instrument being now placed at d (say five feet from a, but the closer the better,) the staff on s or A
read 4.0o1,0n & or B”,1.03,and on c or C”, ciu? Now had the instrument been in complete adjustment (under
which term curvature and refraction are included), when the reading on staff a was 4.o1, the readings on 4 and
¢ should have been respectively 0.82 and 2.12.

‘The instrument therefore points upwards, the error at 5 being o.21, and the error at ¢, 0.95: now were the
bubble only in error, (as is supposed in all other methods of ad'ustments the error at ¢ ought to be four times as
great as at 5, but 4 X 0.21 = 0.84 only, there is an error therefore of 0.95 —0.84 = o.11 not due to the bubble.

For the purpose of correcting this error (and be it remembered contrary to former practice, for this pur-
pose only), we must use the capstan-headed screws at the eye-end of the telescope, and neglect{ng the actual
error of level we are only to make the error at 4 one-fourth that of c.

After a few trials, whilst the reading at a continued 4.01, the reading on 4 became o.75, and that on ¢, 1.84.

Now 0.82 —0.75 = 0.07, and 2.12 — 1.84 = 0.28.

And as 4 X 0.07 = 0.28, the tel pe is now adjusted for collis

All that remains to be done, is to raise the object-end of the telescn?e by means of the el plate-

(or the telescope’s tangent-screw), until the staff at c reads 2.12, and then by means of the nuts which
adjust the bubble-tube to bring the bubble into the centre of its run.

It is the vertical wire, however, which in the trangit is the most important. When
that is to be alone adjusted in the field, it is usually done according to the following
simple directions : Select two distant points in opposite directions from the instru-
ment, such that the vertical cross-line will bisect them both when the telescope
is pointed upon one, and then the telescope is reversed around its horizontal axis.
After bisecting the second point selected, revolve the instrument 180° in azimuth,
and bisect the first point again by means of the tangent screw. Reverse the tele-
scope around its horizontal axis again, and if the second point is now bisected the
adjustment for collimation of the vertical wire is correct. If it is mot bisected,
move the vertical wire one-fourth of the distance between its present position and
the point previously bisected. Again bisect the first point selected, reverse the
telescope and find a new point precisely in the new line of sight of the telescope;
these two points will now remain bisected when the instrument is pointed upon
them in the manner described above, if the adjustment is correctly made. If the
two points are not now both bisected, the adjustment must be repeated until this
be the case.

Perhaps the most el thod of adjusting for collimation, and one which ds itself b
it is best performed by lamp light, is the following: set up the transit and level with their object glasses
toward each other, and they need not be but a few inches apart. Cover the eye-piece of the level with a piece
of white paper, and illuminate this paper with a lamp. By a slight motion of the two telescopes, and use of
the transit focussing screw, the cross-lines of the level will be seen sharply defined against the white back-
ground of the illuminated paper over the eye-piece. Bring the transit cross-lines so that their intersection is
precisely over the i ion of the cross-lines in the level, which had better be turned in its wyes so that its
cross-lines make an ) with the horizon. If now either instrument is not collimated when the focus of the level
is altered by its focussing screw, half an inch or more, and the transit is aﬁ:in sharply focussed on its cross-
lines, the intersection of the transit cross-lines will no longer exactly cover the intersection of the leve) cross-
lines. If thelevel has been carefully adj d the methods given further on, then the displacement is

)

wholly due to error of collimation in the transit. is must be corrected by the adjmsting screws. When the
* To adjust the line of collimation in a tel hasuipg objects erect, the diaphragm bearing the wires

must be moved in the direction in which the error is observed (as if to increase the error); in telescopes s

ing objects tnverted, the wires must be moved in the direction lessening the error observed. — To move the
vertcal wire, sljlghtly loosen the respective capstan-headed screws at the side of the telescope, and draw to a
corresponding degree the one on the opposite side. To move the horizontal wire, make use only of the vertical
p head tel in the described. —C. L. B.

d on the




The Collimator Apparatué.‘

For adjusting the Line of Collimation, etc., in the Telescopes of Geodetic Instruments.
In use since 1872.

NoTE. — A collimator is an optical instrument whose function is to furnish a pencil of rays of light the
axis of which is in a given direction. The collimator is commonly arranged so that the rays shall Le parallel,
as if emanating from an object at an infinite distance; or it may be arranged so that the rays shall be
divergent, as if emanating from an object at a given finite dist: These changes are made by moving the
object-slide of the collimator to previously determined positions, as in focusing a telescope.

The pencil of rays emanating from the collimator is received by the telescope of the instrument to be
adjusted, precisely as if it had emanated from a fixed star, or from an object at a given finite distance, and the
telescope must be manipulated precisely as if it were pointing at natural objects. This renders the adjust-
ment of the telescope, its wires, level, etc., very simple. Even where the necessary long sights are con-
venient and the state of the atmosphere is favorable, the use of a collimator is to be recommended on account
of the greater ease, sharpness and accuracy with which the collimator objects can be seen as compared with
ordinary objects.

Buff & Berger’s Auxiliary Apparatus.
Used during the construction of their Instruments of Precision.

© Por a more detailed description, see article in Zeitschrif? fiir Insty tenkunde
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:edljustment is made, the two sets of cross-lines should coincide throughout the entire focussing motion of both
escopes. It must be borne in mind, however, that this method is only applicable to instruments like Buff
and Berger's, in which the method of construction precludes the idea of ible ch in the telescope axis,
when screw is turned from one end of its rack-work to the other.

. Itshould be remarked here that whenever the engineer has a level and transit with him at the same time,
i is a great convenience to use either one for adjusting the other. It requires a little patience at the outset to
cmt one into the other, so that the cross-lines in both instruments may be black and sharp against a dead-white

ickground ; but once accustomed to using these methods, the cross-lines are so sharp, and their motions so
easily controlled by the screws of the instr the engi usually prefers them.

To determine whether the standards are of the same height, suspend a plumb-bob
by means of a long cord from a height say of from thirty to forty feet. The plumb-
bob may swing in a bucket of water to keep it steady. Level the instrument carefully,
and point upon the plumb-line at its base. If the plumb-line remains bi-sected
throughout its entire length when the telescope is moved in altitude, and then the
telescope reversed and again made to bi-sect the line throughout its length from its
base upward, the adjustment is correct. Otherwise make the adjustment by means
of the capstan-headed screw directly under one of the telescope wyes, loosening or
tightening the small screws in the pivot-cap at the same time.

To adjust the telescope level in the field, set up the transit in the middle of a
tolerably level piece of ground, and carefully level it. At equal distances, in
opposite directions from the transit, drive two stakes, so that the readings of a level
rod held successively on each of them will be the same when the telescope level
bubble is brought to the center of its tube by the vertical tangent screw in each
case, and the instrument is turned in azimuth. 7Take up the instrument and re-set
it over one of the stakes; measure the vertical distance from the center of the
horizontal axis of the telescope to the top of the stake over which the instrument
is set. Set the target of the rod to read this distance, Hold the rod on the distant
stake, and bi-sect the target with the horizontal cross-line. With the target thus
bi-sected, turn the cylindrical nuts at the ohject-glass end of the level, till the
bubble plays in the middle of its tube. Test the adjustment by re-setting half way
between the two stakes, and noting that the bubble remains in the same position,
and the rod gives the same reading when the instrument is turned in azimuth alone
upon the two stakes. Sometimes it is convenient to use a sheet of water for the
same purpose. T'wo stakes are driven into the water bed at different distances from
the transit, until their tops are even with the surface of the water. The transit is
leveled up near one of them, and its telescope altered in altitude until a rod held on
each successively gives the same reading. Then with the telescope clamped in this
position, the adjusting nuts are altered as before until the bubble plays in tha
middle of its tube. The methods of this paragraph assume the horizontal wire to be
adjusted for collimation. .

This adjustment also permits of being made by an auxiliary level in the office. Set up the transitand a

level, as described in the adjustment for collimation, and after both instruments are in collimation : take the
precaution to set up the instruments so that when the are approxi ly level they will point into

each other, and the cross lines may be made to coincide by means of the leveling screws of the transit instru-
ment, after the level has been carefully leveled. Now make the transit bisect the intersection of the level
cross-lines, and bring the bubble of the telescope level into the middle of its tube by meansof the capstan-
headed screws, it is obvious the telescope and level axis are both truly level.

It now remains to adjust the vernier of the vertical arc to read zero when the

\

telescope is level, to complete the adjustments of the transit. Bring the telescope .

level bubble in the middle of its tube, and with the bubble in this position, set the
zero of the vernier to coincide with the zero of the vertical arc; loosening the
capstan-head screws, which secure the vernier to the standard, in so doing.

NOTE.—If the vernier for the vertical arc is single, made to read both ways, in reading it proceed to the
right or left on the upper line of figures in the direction of the graduation used, and if the coincident line of the
vernier is beyond the 15’ line, continue on the lower line of figures on the other half of the vernier, so that the
whole graduation from o’ to 30 lies in the same direction. Messrs. Buff and Berger make now double verniers
for their vertical arcs, similar to those described on pp. 15 and 16.

The Wye Level.

The description of the telescope of the engineer’s transit applies with the fol-
lowing moditications to the telescope of this level.

It has a clear aperture of 134 inches focus, and i8 17 or 18 inches long over all,
the sun-shade excluded.

The bell-metal collars which rest in the wyes are about 1024 inches apart and
134 inchesin diameter.

On account of the extreme length of the telescope tube. four capstan-headed
screws are provided for centering the eye-piece.

The object-glass focussing screw is in the middle of the tube. 'The eyec-piece is
focussed by turning amilled ring at the eye-end. T'he level attached to the tele-
scope i8 about 8 inches long, with about 514 inches exposed, over which is placed
the metal scale for reading the position of its bubble. 'The level-tube is suspended




N

from the telescoge—tube in such & manner that at the object-glass end it can be moved
in azimuth, with reference to the telescope axis, and at the eye-piece end it can be
moved in altitude with reference to the same axis.

Its graduated scale has its graduations set carefully opposite each other on its
two sides, and they are numbered from 5 to 0 to 5 at each end of the bubble.

Since 1t is not necessary to construct a level which shall have absolutely the
same value in arc for the same motion of its bubble throughout its length for
engineering purposes, the graduated scale is so set that the slight deviations from
the arc of a circle may be equally distributed on each side of the zero of the scale.
‘The bubble tube is ground cylindrical. :

The level-bar is about 12 inches long over all, and at its two extremities sup-
rts the two wyes which rise about 315 inches from its upper surface. One of
ese wyes is adjustable in altitude. e level-bar is attached to a long conical

oenter of the hardest bell-metalﬁ which may be clam%ed to the upper level plate, and
then a slow motion in azimuth may be given to the telescope, by a slow motion
screw which presses the clam in% bar against a stiff sgiral spring. With the sun-
shade on the telescope, the we?gh 1s equaly distributed from the center, each way.
This is necessarK, since a sensitive level, in the nicest work, is affected by any
unequal strain, though it may seem to be, practically, imperceptible.

The base, on which the leveling screws rest, has as great a diameter as porta-
bility will permit; and the leveling screws are cut witha fine thread. These two
points add to the ease with which the instrument may be accurat:el¥l leveled.

A stop is 8o arranged that the telescoipe may be readily set with its horizontal
cross-line level, when the instrument is in adjustment.

The instrumeut complete is not separable when put into its box. Messrs. Buff
& Berger believe this condition to be necessary to protect one of the essential ad-
Justments of the level—the adjustment of the wyes—from needless derangement.

This instrument is sometimes made by Messrs. Buff & Berger in a different
form. One of the wyes is movable in a vertical line by a milled-head screw. This
enables pointing tc be made with greater accuracy and facility.

The Adjustments.

In a theoretically perfect level the following points are established :

1. The object and eye-glasses are perpendicular to the optical axis at all distances
apart.

2. The optical axis coincides with the axis of rotation in the wyes.

8. The axis of collimation coincides with the optical axis.

4. The axis of collimation is parallel to the telescope level.

5. 'The collars resting in the wyes are circles of the same diameter and concen-
tric with the line of collimation of the telescope.

6. 'The wyes are exactly similar, and s rly placed with reference to the line
of collimation of the telescope.

7. 'The level bubble moves over equal spaces for equal displacements of the
telescoye in altitude.

. The level bubble expands or contracts equally from the center in both

directions, during changes of temperature.

9. The vertical axis of revolution is perpendicular to the line of collimation of
the telescope.

Of the above, the maker establishes points numbered 1, 2, 5, 7 and 8. The
remaining points, 3, 4 and 9, are established when the instrument leaves the shop,
ggltdbeing ble to derangement from rough usage, they are made adjustable in the

Adjusting.

After the engineer has set up the instrument and adjusted the eye-piece for
arallax, as described under the engineer’s transit, the horizontal cross-line had
getter be made to lie in the plane of the azimuthal rotation of the instrument. This
may be accomplished by rotating the reticule, after looseiing the cas)stan-hea.ded
screws, until a point remains bi-sected throughout the length of the line when the
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telescope is moved in azimuth. In making this adjustment, the level tube 18 to be
kept directly beneath the telescope-tube. When made, the small set screw
attached to one of the wyes may be set so that by simply bringing the projectin
pin from the telescope against it, the cross-lines will be respectively parallel an
perpendicular to the motion of the telescope in azimuth. )

The first collimating of the instrument may be made using an edge of some
building, or any profile which is vertical. Make the vertical cross-line ent
to any such profile, and then turn the telescope half-way round in its wyes. the
vertical cross-line is still tangent to the edge selected, the vertical cross-line is
collimated.

Select some horizontal line, and cause the horizontal cross-line to be brought
tangent to it. Again rotate the t.elesc(;ge half-way round in its wyes, and if the
horizontal cross-line is still tangent to the edge selected, the horizontal cross-line
is collimated.

*Having ad{usted the two wires separately in this manner, select some well defined
point which the cross-lines are made to bi-sect. Now rotate the telescope half waX
round in its wyes. If the point is still bi-sected, the telescope is collimated.
verg excellent mark to use is the intersection of the cross-lines ofa transit instrument.

enter the eye-piece by the four capstan-headed screws nearest the eye end.
This is done by moving the opposite screws in the same direction until a distant
object under observation is without the appearance of a rise or fall throughout an
entire rotation of the telescope in its wyes. The telescope is now adjusted.

Next, bring the level bar over two of the leveling screws, focus the telescops
upon some object about 300 feet distant, and put on the sun-shade. These precau-
tions are necessary to a nice aR‘ustment of the level tube. Throw open the two
arms which hold the telescope down in its wyes, and carefully level the instrument
over the two level screws parallel to the telescope. Lift the telescope out of its
wyes, turn it end for end and carefully replace it. If the level tube is adjusted, the
level will indicate the same reading as before. If it does mot, correct half the
deviation by the two leveling screws and the remainder by moving the level tube
vertically by means of the two cgnnder nuts which secure the level tube to the
telescope tube at its eye-piece end. Loosen the upper nut with an adjusting glin,
and then raise or lower the lower nut as the case requires,and finally clamp that
end of thelevel tube by bringing home the upper nut. This adjustment may require
several repetitions before it Is perfect.

The level is now to be adjusted so that its axis may be parallel to the axis of the
telescope. Rotate the telescope about 20°in its wyes, and note whether the level
bubble has the same reading as when the bubble was under the telescope. Ifit
has, this adjustment is made. If it has not the same reading, move the end of the
level tube nearest the object-glass in a horizontal direction, when the telescope is
in its proper position, by means of the two small capstan-headed screws which
secure that end of the level to the telescope tube. If the level bubble goes to the
obilect-glass end when that end is to the engineer’s right hand, upon rotating the
teleseope level toward him, then these screws are to be turned in the direction of a
left-handed screw, as the engineer sees them, and vice versa. Having eompleted
glisladjustment, the level bar itself must now be made parallel to the axis of the

vel. : B

To do this, level the instrument carefully over two of its leveling screws, the
other two being set as nearly level as may be; turn the instrument 180°in azimut
and if thelevel Indicates the same inclination, the level bar is adjusted. If the leve
bubble indicates a change of inclination of the telescope in turning 180°, correct
half the amount of the change by the two level screws, and the remainder by the
two capstan-headed nuts at the end of the level bar, which is to the engineer’s left
hand when he can read the firm’s name. Turn both nuts in the same direction, an
equal part of a revolution, starting that nut first which is in the direction of the
desired movement of the level bar. Many engineers consider this adjustment of
little importance, prefering to bring the Ievel bubble in the middle of its tube at
each sight lgsmeans of the levelling screws alone, rather than to give any consid-
eration to this adjustment, should it require to be made.

#* See Note p. ag.
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The Dumpy Level.

3 The dumpy level giﬁers from the wye level in being attached to the level bar by
immovable upright pieces; in having the level tube firmly secured to the uprights
of the level bar, in being provided with an inverting eye-piece (unless ordered
otherwise), a:nd in the absence of the tangent and slow-motion screws. In regard
to the level itself, and the optical power of its telescope, it is fully the equal of the
more elaborate wye level.

Compactness is the object aimed at with the dumpy level, and this must be
secured at the sacrifice of the parts of the wye level which may be considerea more
in the light of conveniences than necessaries.

Adjusting.

A theoretically perfect dumpy level has the same points established that are
mentioned under the head of wye level; but since its construction differs from the
wye level, the methods of adjustment are not so convenient, resembling closely the
adjustment of the transit telescope and its attached level. After adding the sun-
shade and setting up as nearly as level as may be, and setting the eye-piece so to be
rid of parallax, the two crosslines should be set one_at right angles to line the
telescope axis describes in its horizontal revolution, and the other cross-line parallel
to such a line. This is accomplished by loosening the four capstan-headed screws
near the eye-piece, and rotating the reticule until a point remains bi-sected when
the telescope is moved in azimuth.

To adjust the level, bring the level over two of its foot screws, and bring the
bubble to the middle of its tube by means of the foot screws alone. Revolve the
instrument 180° in azimuth, and if the bubble remains in the middle it is adjusted,
if it does not, then correct half its deviation by the capstan-headed adjusting screw
at the eye end, and the remaining half by the two foot screws. Repeat the opera-
tion over the other two screws, until the instrument may be revolved in any position,
and the level bubble will remain in the middle of its tube.

To adjust the telescope for collimation, any of the methods given for the
horizontal cross-line of the transit telescope (see page 28) will apply to the dumpy
Jevel. The usual method is to use a sheet of water, or where that is not available,
two stakes which are driven with their surfaces in the same level plane.

To make the adjustment with the stakes, set up the level half way between two
points lying very nearly in a horizontal line, and say 300 feet apart. Point upon a
vod held at one of them, and bring the level to the middle of its tube. Drive a stake
at this point, and take the reading of the rod upon it. Point the telescope in the
opposite direction, again bring the level to the middle of its tube, and drive a second
stake at the second point gelected until the rod held upon the second stake gives
the same reading as when held upon the first stake. The tops of these two stakes
now lie in the same level line.

Take up the level and set it within a few feet of the first stake. Read the rod
upon the first stake, and then upon the second. If the two readings agree, and the
level is in the middle of its tube, the collimation is correct. If the tworeadings do
.not agree, correct nearly the whole of the disagreement shown when the rod is
held on the distant point, by means of the upper and lower capstan-headed screws
near the eye end of the telescope, and repeat the operation until both rods read the
same with the level in the middle of its tube.

The telescope and uprights are in a single casting, which is finished and fitted
to the level bar, so that the line of collimation may be Eerma.nently parallel toit.

The dumpy level will then be in adjustment, since the adjustment of its vertical
cross-line is of no importance. .

Adjustment of the Dumpy Level* —and attached level of
Transit Telescope.
Two-Peg Method.

THe following method is simple, direct, and geometrically accurate, requiring no
approximate measurement from a peg to the centre of lens, no trial setting of the tele-
scope, no trials to drive a peg just enough and not too far, and no auxiliaries except
level-rod and tape or chain.

1 Contributed by Prof. R. Fletcher, Thayer School, Dartmouth College.



On slightly ris-
ing ground locate
four points, a, b,
¢ and d, on the
same line, nearly,
making bc = ca,
and ad any con-
venient distance,
preferably not much less than ca, and in some simple
ratio with it, for ease of calculation afterwards. Set the instrument
at ¢; take readings A’ and B’ on a and b respectively, carefully leveling before
each sight. Then, unless the instrument is otherwise much out of adjustment, (B'—A/)
is the true difference of level of a and b.

Next set up at d, level carefully, and take readings A” and B’” on a and b respec-
tively. [In strictness the eentre of the instrument should not be set over d, but beyond,
by an additional distance = principal focal length of the object-lens 4 the distance from
that lens to the centre of the tripod. (See the Manual, page 63, Fig. 2.)t,l Then (B” —
A”) — (B’— A’) =B” =error of collimation in the distance ba, that is the error due to
the vertical angle between the line of sight and axis of spiritlevel. Now, by similar
triangles, we have B”:ba — Bv:bd .. Bv — 77 X bd

. ba
which is the error in the distance bd, and is to be applied to the reading B”. Set the
rod to read (B“—Bv). Then:

For Adjustment of a Dumpy Level.

Having first adjusted the spirit-level so that it remains true in all positions about
the vertical axis, point the telescope on the rod, properly held at b, with target set to
read (B”—Bv). By means of the capstan-headed screws, raise or lower the horizontal
line until it bisects the target. To test the adjustment, set the rod over @, with index
reading (B”— Bv) — (B’ — A’), and see if the target is still bisected.

Adjustment of Attached Level of Transit Telescope.

The rod being held plumb at b, with target set to read (B” —BW¥), move the tele-
scope by vertical tangent-screw until the line of sight bisects the target; clamp securely.
Then bring the bubble to the middle of the tube by means of the level-adjusting nuts
alone. Test as in the other case.

ReMArks. — The diagram shows a special case, viz.,, when (B” — A”) > (B’— A’),
or the anFle subtended by B! is one of elevation. If (B”-—A”)=(B’— A’) the line of
sight is already level and no adjustment is needed. If (B — A”) < (B’ - A’), Biv sub-

* tends an angle of depression, and is to be added to B/, In the latter case, if the slope
of the ground is slight, the difference (B — A”) may be either zero or a very small
quantity, })ositive or negative ; butin all cases it is added algebraically to (B'— A/) to
obtain B,

As in all other methods of adjustment, we assume that the maker has done his part
g0 well that the line of collimation will not be disturbed in any movement of the ob-
jective for focusing. Let us suppose that the lineof collimation is made truly hori-
zontal, and that in its prolongation we have set the centres of two targets, one over a
and one over b, the instrument being at d. If now we focus upon the farther target, the
image will be bisected by the horizontal spider-line. Then change the focus so as to
view the nearer target. If the centre of the objective has not moved truly in the line of
collimation, the new image will not be bisected at the focus, and the nearer target will

agpearto be out of level, when in fact it is not. Hence, since this adjustment requires
change of focus, it cannot be made if the above defect, in the movement of the objective,
exists. If however, the distance ad be not too small and the defect alluded to be only
slight, the error in changing focus for b and a may be hardly appreciable. The adjust-
ment once made approximately, we need not remark that, in the field work, any further
error of objective is avoided when taking equidistant sights.

The Plane Table.

A description of this instrument, as modified in plan by H. L. Whiting, Esq.,
assistant U. S. Coast Survey, and constructed by Buff & Berger, may be found in the
Coast Survey Report for 1865.

The following description of its adjustments, by A. M. Harrison, Esq., assistant
U. S. C. S., is taken entire from the same paper:

“Topography is that branch of surveying by which any portion of the land surface
of the earth is mapped in plan on a specified scale or proportion of nature.



With the plane-table such a map is constructed on the ground by at once drawing
ugon the paper, which is spread upon the table, the angles subtended by different
objects, and determining by intersections their relative positions, instead of reading
off the angles on graduated instruments and afterwards plotting the lines by means
of a protractor, as i8 done in other methods of survgﬂng. The practice with the
plane-table has in this respect a great advantage in directness and precision, The
measurement of distances and of vertical angles are used, in conjunction with the
method of intersections, to obtain all the data for representing the horizontal and
vertical features on the map, which is drawn in the field with pencil, the details
being filled in according to established conventional signs.
¢Adjustments.—From the nature of the service In some sections of the coun-
try the plane-table i8 often necessarily subjected to r(:lllﬁ'h usage, and there is a
constant liability to a disturbance of the adjustments; still, in careful hands, a well
made instrument may be used under very unfavorable conditions for a long time
without being é)erceptibly affected. One should not fail, however, to make occa-
sional examinations,and while at work, ifany difficulty be encountered which cannot
otherwise be accounted for, it should lead ectlg to a scrutiny of the adjustments.

“1. The fiducial edge of the rule.—This should be a true, straight edge. Place
the rule upon a smooth surface and draw a line along the edge, marking also the
lines at the ends of the rule. Reverse the rule, and place the opglosite ends upon
the marked points, and again draw the line. * If the two lines coincide, no adjust-
ment is necessary ;_if not, the edge must be made true.

“There is one deviation from a straifht line, which, by a very rare possibility,
the edge of the ruler might assume, and yet not be shown by the above test; it
when a part is convex, and a part similarly situated at the other end concave, in
exactly the same degree and proportion. In this case, on reversal,a line drawn
along the edge of the rule would be coincident with the other, though not a true
right line ; this can be tested by an exact straight edge.

“3, The level attached to the rule.— Place the instrument in the middle of the
table and bring the bubble to the center by means of the leveling screws of the table ;
draw lines along the edge and ends of the rule upon the board to show its exact
position, then reverse 180°. If the bubble remain central, it is in adjustment ; if not
correct it one-half by means of the leveling screws of the table, and the other half
by the adjusting screws attached to the level. This should be repeated until the
bubble keeps its central position, whichever way the rule may be placed upon the
table. This presupposes the plane of the board to be true. If two levels are on
the rule, they are examined and adjusted in a like manner.

$Great care should be exercised in manipulation, lest the table be disturbed.

$3.— Parallaz.— Move the eye-glass until the cross-hairs are perfectly distinct,
and then direct the telescope to some distant well defined object. If the contact
remain perfect when the position of the eyeis changed in any way, there is no
parallax; but if it does not, then the focus of the object~glass must be changed until
there is no displacement of the contact. When this is the case, the cros are
in the common focus of the object and eye-glasses. It may occur that the true focus
ofthe cross-hairs is not obtained at first, in which case a readjustment is necessary, in
order to see both them and the object with equal distinctness and without pnfgax.'

The Striding Level, its Use and Adjustments.

I  reading to and half-mi , _ the plate-level in front of the telescope is generally
sufficiently sensitive to insure go work. However, an instrument of the class as shown and described under
No. 1 d, should alw‘?{sbe provided with a striding level, to insure a degree of accuracy in keeping with its
ter capability. e sensitiveness of this striding level is equal to that of the long level on tﬁe telescope.
hus it will be seen that in a transit of this description the plate-levels serve only the purpose of leveling up
senerally, and that in all cases where the objects vary considerably in height, the striding level only shoulg be
epel'lded'-on at every sight. The striding level of this instrument rests on two cylinders of equal di
at points the ds on the axis of the telescope; and, unlike the method described on page
serves also the purpose of adjusting the telescope to revolve in a_vertical plane. As shown in the cut, (ioe.
striding level can be left on the cross-axis when the telescope is revolved in altitude. — To verlfy the
adjustment of the stridin, level ﬁm other words, to make its axis parallel to the cross-axis) level up the transit
and bring the bubble to the middle of its tube, reverse the striding level on the cylinders and see whether it reads
same; if not, remove half the error by the leveling screws, the other half by the capstan-headed screws at
the end, and repeat until corrected. To venify the side adjustment of the level, revolve the telescope 20 cr 30°
and note whether the read g of the bubbl the same, if not, correct the error by the capstan-hea
screws at the side. To venfy the adjustment of the cross-axis of the telescope for right angles to the vertical
axis of the transit, revolve the instrument 180° in azimuth, and assuming that both cylinders, on which the
striding level rests, are equal in diameter, a change in the reading of the bubble will indicate double the amount
of error  To correct it, remove half the error by the Ievelix:g screws, the other half by the Wye adjustment of

the standard. — Remember, that the p of the similar
to that of the Wye adjustment of the standard, —C. L. B. gainst the level tubo acrs
* For more inf on this subject, see pages 74 and following, of this handbook
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Buff & Berger’s Solar Attachment.

‘Written for this catalogue by H. C. Pearsons, C. E., Ferrysburg, Mich.

The “Solar Attachment,” of which the following is a description, is a modification
of Pearson’s Solar Trnsit.

With the view of reducing the weight and cost of this attachment, the declination
arc is dispensed with, using, in its stead, the latitude arc for .setting off the dec-
lination. A

And to attain a greater degree of precision, a small telescope with cross-hairs, and
a diagonal eye-piece. have been introduced in place of the lens-bar and focal-plate.

This attachment is an appliance to the surveyor’s transit, for the purpose of
finding the astronomical meridian. Combined with that instrument, it becomes
purely astronomical in its character — indeed, & portable Equatorial, and an Alt.-
Azimuth instrument combined, —hence a few astronomical detinitions scem to

be requisite.

Verticat or

g

In the aecompanyin% cut, the instrument is represented in position for an ob-
servation; and in north latitude (as in these instructions we will suppose the observer
to be) the view is as from the west.

l_(ll.) The line through the vertical axis of the transit represents the pole of
horizon, and is called the Vertical.

The line perpendicular to this represents the Horizon.

(2.) The transit telescope, having its optical axis in the meridian, and having
its south end (whether object-end or eye-end) elevated so that the vertical-arc reads
the co-latitude, will have its optical axis in the plane of the equator also; viz. the
optical axis of the telescope will then represent the intersection of the plane ot the
meridian, with that of the equator. This line is called the Equator.

(3.) The line perpendicular to the equator, — that around which the solar
telescope revolves, in following the sun in his diurnal course, is the pole of the
equator. — It is parallel with the earth’s axis, and is called the Polar Axis.
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(4.) The arc distance from the equator to the vertical is the Latitude of the ob-
server, — whence the distance from the vertical to the polar axis, is the Co-Latitude.

It will be observed that these arcs occur alternately around the entire circle; so
that the student should make himself familiar with their relative position with regard
to the horizon, and the vertical, in order to avoid mistakes, when setting the polar
axis of the instrument up to the pole of the equator.

(5.) Astronomical Tri . The height of the sun is measured in a plane passing
through the ‘“ Vertical ” and the sun, and is called his Altitude, whence his distance
from the *“ Vertical ” is his Co-Altitude.

In the same manner, the distance from the sun to the ‘‘Pole,” is his co-dec-
lination; and the distance from the ‘‘ Vertical” to the pole, is the observer's Co-
Latitude. These three compliments form what is called the Astronomical Triangle.

Thus we have the three sides of a spherical triangle, from which to find th
several angles.

(6.) The angle at the Pole, contained between the meridian of the observer and
that passing through tho sun, is called the Hour Angle, as it gives the distance from
};ht?esu;ni to the observer’s meridian, in time or arc, and is usually represented by the

etter H.

(7.) The angle at the ‘ Vertical,” or at the observer’s zenith, contained between
the meridian and a vertical plane passing through the sun, is called the Azimuth
Angle, and is usually represented by the letter Z.

his angle is the one particularly important to surveyors, as from it the place of
the meridian is readily determined.

Navigator's look for this angle every day, when an observation can be had, and
solve the triangle for Z, by one or both of the following equations.

cos S cos (S—p)\t
cos;Z:(W%h_p—) R
: sin (S — L) sin (S — h)\} '
sin}Z:( cos L cos h ) <o e ()
in which
L = Latitude. . Z = the required Azimuth
d = Declination. p = Polar Distance = 90°—d.

h = Height of the sun’s cénter, corrected for refraction and parallax.
S=3®L+h-4p). _

Nore. — The correction for parallax, which is usually about 6”, and never exceeds g//, may be neglected
except in work of great precision.

To solve these equations numerically requires much computation, but the Solar
Transit solves them for Z, mechanically, with no more computation than that required
to deduce the declination for the longitude and local time of the observer, from that
given in the Nautical Almanac for the day.

From the above definitions, it is readily seen that the following conditions, or
relation hetween the parts of the instrument, must be established.

(A.) The polar axis must be Vertical, when the vertical arc (latitude arc) reads
zero, and, consequently, perpendicular to the cross axis of the transit telescope.

(B.) The horizontal cross-wire of the solar telescope must be parallel with the
plane of its rotation around the polar axis; 4.e. it must be parallel with the plane
of the equator.

(C.) The plane passing through the vertical wire and the optical axis of the
solar telescope must be at right angles to the cross axis of the solar telescope.

(D.) The bubble of the level-tube on the solar telescope must be in the middle
of its tube, when the optical axis of that telescope is in the plane of the horizon.

These conditions are obtained by the following

Adjustments.

(Aa.) Having attached the solar apparatus to the cross-axis of the telescope. as per
instructions under the head of ‘“ Remarks,” and having leveled up the trapsit (sup-
posed to be in perfect adjustment) carefully, set the vertical or latitude arc to zero,
observing that, upon rotating the whole instrument 180° in azimuth, the bubble of
the level of the transit telescope is in the middle of its tube. Clamp the polar axis
firmly to its collar by means of the clamp screw at the lower end of the polar axis in
a position approximately vertical. Then, by means of the upposing tangent screws,
also at the lower end of the polar axis, bring the bubble of its level to the middle of
its tube, and repeat if necessary:
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Revolve the polar axis 180° to see if its level on top is in proper adjustment;
if not, remove half the error by means of the opposing tangent screws at the lower
end, and the other half by the capstan-headed screw of the level tube. (This conditicn
must be attained, before the polar axis can be set to the latitude of the observer; and
being attained, it needs no further attention than to be examined at times for
verification.) Now turn the solar telescope 90°, so as to be parallel with the
cross-axis of the main telescope, and observe if the bubble remains in the middle of
its tube. If not, make the requisite correction by means of the capstan-headed
screws near the lower end of the polar axis, some of which draw, while others-pull,
taking care not to strain them.

This last adjustment brings the polar axis into a vertical plane perpendicular to
that of the first adjustment, and parallel to the vertical plane containing the optical
axis of the main telescope. It is made by the manufacturer, and, thereafter, needs
only to be examined at times. And if the above adjustments are properly made, the
bubble of the level on the polar axis, that of the level on the transit telescope, and those o
t];glate levels on the transit, will all be in the centre of their tubes, and the vertical arc wil
read zero.

(Bb.) Bi-sect some distant object, and turn the solar telescope sufficiently to the
right and left, around the polar axis, to make the image of the object traverse the
fleld from one side of the tube to the other. The image should remain bisected by
the wire. If not, loosen the four slot-headed screws of the diaphram, carrying the
cross-hairs, and turn the diaphram, till the above condition is attained, and fasten
the screws securely.

(Cc.) Direct the solar telescope to bi-sect a distant object, revolve the transit
around its vertical axis exactly 180° in azimuth, and without disturbing the polar
axis reverse the solar telescope on its cross-axis. If the vertical wire again bi-sects
the same object, the adjnstment is made; if not, move the vertical wire one-fourth
of the error by the slot-headed screws at the side of the telescope, and by means
of the transit’s lower tangent screw, again bi-sect the object first selected, and
repeat as described above until entirely corrected. The solar telescope showing
objects inverted requires the cross-wire diaphram to be moved as described in
the foot-note on page 29 of manual. If for the above operation the polar axis
revolves too freely in its socket, the operator may insert a thin piece of paper
between it and its socket, which afterwards must be removed. .

(Dd.) Bi-sect any distant object by the main telescope. Then, by means of the
clamp and opposing tangent screws on the solar telescope, bring its cross-wires to
bi-sect the same object. Now level the main telescope by means of its clamp and
tangent screw, then, by means of the capstan-headed screw, bring the bubble of the
level on the solar telescope to the middle of its tube. This being done, thé optical
?xes of the two telescopes will lie in parallel planes, and the instrument is ready

or use.

All these adjustments are made by the manufacturer and need to be verified only
occasionally.

Before the solar attachment is available for finding meridian, the observer must
know his Latitude, and the sun’s Declination for the day and hour of observation,
corrected for refraction, whence the

Reduction of Declination and Refraction.

The sun’s Declination is given for noon of every day in the year, in the Washing-
ton and Greenwich Ephemeris of the sun, for those meridians. The maps and charts
in use will give the difference of Longitude to all the precision required, and tables in
this manual give the required Refraction.

An example will best illustrate :

Required a declination table for the different hours of the day for April 25, 1885.
Lat. 44° N., and Longitude 97° W. At 15° to the hour, 97° of longitude is about
6} hours of time, and as this longitude is W., 12 o’clock, or noon, at Greenwich will
correspond to 54 A. M. at the place of the observer.

The declination, as given for that day, in the Greenwich Ephemeris, is 13° 20’
04” N., and is shown to be gaining at the rate of 49” per hour (see column headed
Difference for one Hour, with the signs + for sun going North, and — for sun
going South).
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If now, to the declination for 5} A.M., we add the hourly rate of change succes-
sively, we shall have the declination for the several hours of the day, observing that
the first increment is for only half an hour, thus: —

Form of Daily Declination Table.
Arrr 25, 1885.

Hourly difference Dec. +4 49” Hourly difference -+ 49

Dec. 54 A.M. N, . . 13° 20’ 04” 4 ‘ 1p.M. N.. . . Dec.=13°26"11"4
“o6 o« . . . 13 20 28 + 2 « e .. =13 27 00 4+
w7 .. . 13 2117 4 8 « coe. ¢ =13 27T 49 +
“ g o« ... 13 2206 + 4 ¢« ... % =13 28 38 +
9 o« ... 13 22 55 + 5 « e . % =13 29 27 +
“ 10 ¢ ... 13 28 44 4+ 6 ¢ e . . % =13 30 16 +
“o11 o« .. . 13 24 83 4+ 7 « C e “ =13 31 05 +
“ M., ¢ .. . 13 25 22 +

The above table must be corrected for the effects of refraction, before it is set off
on the vertical arc of the transit. Refraction increases the apparent altitude of an

object, and thereby affects the declination of the object — 3’;;’;’3‘;‘1%8 } the declina-

same '
tion when of the different { Pame with the latitude. .

From the 4 sign of the ‘ difference ” of declination, we see that the declination is
of the same name as the latitude, whence the correction is an increment, and accordingly
the +4 sign as suffixed. This sign belongs to the refraction. )

When the object is in the meridian, refraction affects declination by its full
amount; but, if both the observer and the object were in the plane of the equator,
refraction would have no effect on the object with regard to refraction; whence, be-
tween these limits, only a part of refraction is effective in changing the declination.

Just what portion is effective, is shown by table II. of this paper.

Thus, in the given Lat. 44°, and for, say 4 hours from noon, the position of re-
fraction to be applied is .74 of that corresponding to the altitude of the object at the
time of observation. The sign 4 to be used must be determined, as above, by con-
sidering whether the sun is going north or south at the time.

This part of the reduction of declination cannot, of course, be made till the alti-
tude is found at the time of observation.

To Find the Latitude.

Having prepared the declination for the day. as above, level up the transit care-
fully. Level the main telescope, observing that the vertical arc reads zero, and set
the polar axis to a vertical position by means of its level.

Tl?ese points being attained, set the main telescope, pointing south. Then for a
:&ﬁh declination, gligvate %the south end of the telescope, till the vertical are in-
dicates the declination thus found.

Then, having turned the solar telescope into a vertical plane parallel with that
containing the optical axis of the main telescope, level it carefully and clamp it, and
see that the friction spring, at the lower end of the polar axis, is sufficiently taut to
hold it in position.

A few minutes before the time of the sun's culmination, bring the telescope into
the vertical plane passing through the observer and the sun, and ‘‘find the sun” with
the solar telescope. This is readily done by varying the altitude when the sun’s
1maﬁe will appear on the diagonal eye-piece.

aving ‘‘found the sun,” bisect his image with the vertical wire, by varying the
azimuth with the tangent screw of the transit plate, or with that of the outer center;
and, simultaneously, follow him in altitude — the horizontal wire bisecting the image
—till it ceases to rise, then clamp and read the vertical arc. This reading should
be the sum of the co-latitude and refraction, the refraction being that due to the meridian
altitude of the sun, which is the algebraic sum of declination and co-latitude. From

this reading the latitude is readily deduced. With the latitude und declination
known, we are prepared
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To Find the Meridian.

(a.) As for finding latitude, level up the instrument carefully, the vernier of plate
clamped, reading zero.

(b.) Point the telescope to the sun to find his altitude for the refraction. This
can be found with sufficient accuracy by turning the telescope, till the shadow of a
pencil held across the end, or till the shadow of the screws on the side, are parallel
with the tube.

(c.) The refraction corresponding to this altitude must be multiplied by the cor-
responding coefficient, for the time from noon and the latitude, and applied to the
declination, as per instructions above, for thg corrected declination.

(d.) Polut the telescope to the south, giPP10&: {the south end for J0rih | decii-
nation, till the vertical arc reads the corrected declination, and clamp the vertical

are.

(e.) The main telescope being dipped to the corrected declination, level the solar
telescope by means of its level, being careful to do so when it is in a vertical plane
parallel with that containing the optical axis of the main telescope, for only when it
is in this plane can the declination be properly set off.

(t.) Elevate the south end of the main telescope to the co-latitude, by means of
the vertical are, and turn the telescope approximately into the meridian, by means
of the magnetic needle. .

(g.) ¢ Find the sun” with the solar telescope. This is done by turning the whole
instrument in azimuth, on its outer center, simultaneously with a motion of the solar
telescope in right ascension, till the sun’s image is seen in the eye-end of solar teles-
cope. Bi-sect the image, as nearly as may be, by the two motions above named —
clamp and complete the bi-section, by both wires, by means of the transit’s lower
tangent screw, and by tapping the solar telescope gently with a pencil or other light
stick. If the image of the sun should be so large that it cannot all be seen from one
position of the eye, look around it by moving the eye around it in such a manner as
to see the entire circumference, and bring the cross-wires on the four sides of the
image, normal to their respective sides, by means of the motion in azimuth, and the
motion of the solar telescope, as above described. This being attained, the opti
azi8 of the main telescope should be in the astronomical meridian. Refer to an azimuth
mark, and repeat the operation. The above is called a direct observation.

(h.) To make a reverse observation. Having made the direct observation, turn the
whole instrument 180° in azimuth, and set the co-declination off, on the opposite side
of the vertical arc. Also turn the solar telescope 180°, and proceed as before. The
object of repetition is to eliminate personal non-precision, and possible errors
in manipulation, while the object of reversing is to eliminate any possible remaining
errors of adjustment of the instrument. The prudent surveyor will not trust his
work without such verification, and he will take the mean of both observations.

. Remarks.

(1.) To unscrew the solar apparatus from the packing-piece, at the bottom of the
box. First, release both, the clamp and the tangent screws, and then turn the milled
nut, at the bottom of the box, a few times to the left. To attach the solar attach-
ment to the instrument, turn this milled-headed nut, from left to right, around the
screw on the instrument (the end of the cross-axis, marked No. 2, on right side of
instrument) but without revolving the solar apparatus. To insure a perfect contact of
the flange of the collar against the shoulder of cross-axis — involving, as it does,
the adjustment of the polar axis in the direction of the cross-axis of the main teles-
cope — it is necessary that the parts be kept clean of dust, grit, and dirt of any kind.

(2.) The auxiliary, or latitude level, attaches to the other end of the cross-axis
(marked No. 1) on the side of the vertical arc, in the same manner.

(8.) The latitude level is used to facilitate the resetting of the instrument to the
co-la.tztude— the telescope being adjusted to its position, with more facility and pre-
cision with the level, than by reading the vertical arc.

Notz.—The great utility of this auxiliary, or level attachment, is seen in the setting of grades. Two of
these levels being applied to the telescope of a pivot-leveling instrument — one on each side — or one on each

end of the cross-axis of a transit telescope, and ong of them being adjusted to the w2, the other to the down grade,
the engineer may work in either direction on his grade, with the same facility that he would on a level line.
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(4.) In an emergency, the level on the solar telescope could also be dis|
with, by utilizing the level of the main telescope, in the same mannér as the latitude
arc is utilized for the declination arc. By bi-secting some distant object with both
telescopes, their optical axis will be parallel. Then, when brought to a level, their
level bubbles should both read zern. Then, the level on the solar telescope being
kept level, and the main telescope dipped or elevated to the required declination, the
difference of their vertical angles will be the required declination.

(5.) It will be observed, that in this ‘*Solar” the polar axis is perpendicular to the
optical axis of the main telescope, while in the Pearson’s ‘‘Solar” these axes are
parallel, whence the different arcs found by an observation for latitude, and the
different angles to be set off on the latitude arc in finding the meridian.

(6.) The latitude having been found, for the initial point of a survey, it may be
found for other points, within moderate limits, by allowing 92 chains of northing or
southing for 1’ of latitude.

(7.) The object of bringing the telescope into the meridian by means of the
motion on the spindle, is to have the zero line of the horizontal plate in the merid-
fan, go that the azimuth or bearing of lines can be referred directly to that line.

.) If, for any cause, we are obliged to work with an unce latitude, it is
better to do so with the sun as far from the meridian as practicable, for the follow-
ing reasons:

It is only when the sun is in the pole of the meridian, that it has its maximum
efficiency in pointing out the direction of the meridian. Hence, a large hour-angle,
and a small declination, are conducive to the elimination of errors resulting from
an incorrect latitude.

Indeed, with the sun precigely in the pole of the meridian, meridian is determi-
nate independantly of latitude.

(9.) Inmaking the several adjustments, or rather in verlfyinghthem, the student
should have a true meridian established by some other means than by the ¢‘solar
transit,”—as from the North Star, by some of the methods given in works on sur-
Xjeging. He should compare the results of his observatibns with this meridian at

‘erent times in the day, and under different states of the atmosphere, till he has
learned any peculiarity of the instrument and the utmost precision obtainable with
it, as well as the ordinary limit of non-precision.

Degree of Precision Required.

(10.) This, of course, depends on the character of the work to be done. In the
U. S. Public Land Surveys,—which are, without question, conducted on the best plan
the world can afford,—only compass lines are required. As a consequence, a wide
margin for non-precision is given.

In sub-dividing a block of townships, the surveyor in coursing a random of 6
miles, 18 required to make his objective &oint within 8 chains. Charging the half
of this error to lineal measurement, we find the error of coursing in::st be within 10"
of the true course.

(11.) In Manitoba, the authorities, having fallen in love with our system of Pub-
lic Land Surveys, have adopted it; but they requirc greater precision. They re-
quire clear transit lines, projected with the best six-inch silver lined instruments,
graduated to 10",

In coursing a 6 mile random in the sub-division of a township, the surveyor
must make his objective %oint within one chain, in order to save reviewing his work,
charFlng, as before, one half of this error to the lineal measurements, we find the
maximum error allowed in coursing to be between 3’ and 4.

(12.) With the *““New Solar,” as manufactured by Messrs. Buff & Berger, the
surveyor will be surprised and delighted to see the facility and certainty with which
he can bring his work far within the above limit.
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Inclination of the Meridian.

(13.) In projecting arcs of a great circle with the ‘‘solar transit,” it is of the
utmost importancethatthe surveyorbe able to tell the inclination of the meridians for
any latitude, and for any distance of eastings or westings.

As this problem is not treated in elementary works on L
surveying, perhaps the few following hints may be of use
to the young student.

In the following figure, let the two arcs A G, and B G
be two arcs of a quadrant of the meridian, 1° ofiongitude
apart. Let A B = the arc of one degree of longitude on o
the equator = 69.16 miles. .

Let D E be an arc of longtude on any parallel of
latitude. Also, let E H and D H be the tangents of those s
meridiang meeting in the earth’s axis produced, and cor- R
responding to the parallel of latitude D E. )

Then the line E F=D F=cos L=cos AD or B E.

Also, the an§le D F E=1°and the angle D H E=thc

inclination of the meridians, which is the le we wish

to find, and which we will represent by X°. d because

the two triangles F D E and D H E are on the same base ©
E D, and isosceles, their vertical angles vary inversely as
their sides ; and we have the equation,

1°X EF=X° X EH, But
E F=cos L, and E H=cot L, hence
X° cot L=1°cos L, or

X°=co8 L = cot L =sin L, . . . . . . (a)

That is to say,
The tnclination of the meridians for any difference of longitude, varies as the sine
of the latitude.

(14.) Since the sine of the latitude is the inclination in decimals of a degree, for
one degree of longitude, if we multiply by 3600” we shall have the inclination in
seconds of arc. Then, if we divide this by the number of miles in one degree of
longitude on that latitude, we shall have the inclination due to one mile on that
parallel. Thus, for .

Latitude43® . . . . . . log.sine= 9.833783
Multiply by 3600 . . . . . * = 38.5566303

3.390086
Divide by 50m66, =1° long. on that L, log. = 1.704682
48" .46 = inclination for one mile of long. 1.685404

(15.) The use of the Inclination, as found by the preceding article, is to show
the surveyor how much he must deflect a line of survey from the due east or west,
to have it meet the parallel at a given distance from the initial point of the survey,—
for it will be remembered that a parallel of latitude is a curve, having the cotangent
of the latitude for its radius. .And the line due east or west is the tangent of the
curve.

Thus, on latitude 43°, I wish to project a six-mile line west, for the southerly
line of a township.

Rememberinf that in an isosceles triangle, the angle at the base is less than a
right angle by half the angle atthe vertex, I deflect my line towards the pole by the
inclination due to three miles,— or in this case 48”.46 X 3=2’.25", {. e., Deflection =
14 Inclination.

(16.) Table No. III, which was computed from the formula (a) Art. 37, gives the
Inclination for one mile, and for six miles on any parallel, from 10° to 60° of Iatitude ;
also the Convergency for six miles, on any latitude.
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(17.) The Convergency of the meridian is readily found for any given distance
from the corresponding inclination, by multiplying the Sine of the inclination by
the given distance.

Thus, for latitude 43°, the inclination for one mile is 48”.46; the sine of which is
.000235. This, multiplied by the number of links in a mile, which = 8000, we have
the convergency for one mile,=—=1.88 links.

Multiplying this by the number of miles in a township,—36, and we have the
convergency for a township =67.68 links. In this manner were the convergencies
of table III computed.

(18.) Deflection of Range-Lines from meridian. The second column of table IIT
shows the surveyor how much he must deflect the range lines between the several
sections of a township from the meridian, in order to make the consecutive ranges
of sections in a township of uniform width, for the purpose of throwing the effects
of “‘convergency” into the mostwesterly rangeof quarter sections agreeably tolaw.

Thus, say between 46° and 55° of latitude, the inclination is practically 1’ for
every mile of easting or westing. Then, bearing in mind that in the U.S., the sur-
veys are regarded as projected from the East and South to the West and North; the
surveyor must project the first range-line between the sections of a township in those
latitudes, 1’ to the left of the meridian.

The second, 2'; the third, 3'; and so on to the fifth, which must be §° to the left
of the meridian on the east side of the township.

By this means all the convergency of the township is thrown into the sixtk, or
westerly ranie of sections, as the law directs.

The fourth column of the above table shows the amount of this convergency.
‘This column is also useful in sub-dividing a block of territory embraced by two
“gtandard parallels” and two ‘“‘guide meridians” into townships. Thus, starting a
meridian from a standard parallel on latitude 43° N, for the western boundary of
a range of township,—say the first one west from the guide meridian,—and running
North, say 4 townships, the surveyor must make a point that is East of the six-mile
point on the northern ¢standard parallel” 4 X 67.7 links=270.8 links, The second
meridian should fall 8 X 67.7 links to the right of the twelve-mile point, ete.

39.) The Variation of the Needle, This is easily determined by notit* the
re:rl ng of the needle when the solar transit telescope has been brought info the
meridian.
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Table I.

Mean Refraction of Celestial Objects for Temperature 500,

Alt. Refr, Alt. Refr, Al - Refr. Alt. Refr. Alt. Refr.
o 2] . ” ) A ” o ’ s nljo ’ v o ’ v
0 0|33 o] 530|9 8|1z o|4 23|23 o|214]46 o| 0 55
10(31 22 40| 8 54 20 4 16 20| 2 12 |47 o| 0 53
20|29 50 50| 8 41 4|4 9 40| 2 10|48 o o 51
30|28 23] 6 o[8 2813 o4 3|24 of2 8|49 o]0 49
40|27 o 10| 8 15 20| 3 57 202 6|50 o| o048
50|25 42 20| 8 3 40| 3 51 40| 2 4151 o] 0 46
I o024 29 30751 14 o|345()25 o|l2 2|52 o| o 44
10|23 20| 40| %7 40 20 3 40 20| 2 o|53 o| o043
20|23 15 50| 7 30 40| 3 35 40| 1 58 |54 o] o0 41
30(2r 15| 7 o|7 2015 0|3 30}26 o|1 56|56 o| o0 38
40|20 18 10| 7 11 20 3 26 20| 1 55|58 oo 35
50|19 25 20| 7 2 40| 3 21 40| 1 53 )60 o 0 33
2 o|18 35 30{6 53|16 of 3 17]27 o|r 51|62 o|o0 30
10|17 48 40| 6 45 20| 3 12 30| 1 49|64 o| o 28
20|17 4 so| 6 37 40| 3 8|28 o|147]66 of o 25
30|16 24| 8 o|6 29|17 0|3 4 30| 1 45|68 of o 23
40|15 45 10{ 6 22 20/3 1|29 0|1 42|70 o|o0 21
50115 9 20| 6 15 40| 2 57|30 o|1 38|72 o|o018
3 of14 36 30{6 8|18 of2354]|3t ofr 35|74 o|o0 16
10|14 4 40| 6 1 20l 2 51|32 o1 31|76 oo 14
20|13 74| 500|555 40| 2 47|33 o| 1 28|78 o|o 12
30{13 6} 9 o/ 54819 0| 24434 0|1 248 o|o 10
40|12 40 10| § 42 20| 2 41135 o|1 21|82 o|o 8
sol12 15 20| 5 36 40| 2 38136 o|1 18|84 o|o o
4 o|1r 51 30| 531 |20 o|235]|37 o|116]|8 ofo 6
10|11 29 40| 5 25 20| 23238 o|113|88 o|o 2
20{11 8| 50|35 20 40| 2 29|39 o|1 10|90 Oofl0 ©
30(10 48|10 o|5 15|21 oOf 2 27|40 O| 1 8
40|10 29 20(5 5 20l 22541 o|l1 6
50|10 11 40| 4 56 40| 22342 o1 3
§ ol 954|11 0| 44722 0o[22043 of1 1
10| 9 38 20| 4 39 20| 2 18|44 o] o 59
20| 9 23 40| 4 31 40( 2 16 |45 o] o 57
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Correction to the Mean Refraction given in the
preceding Table.
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EXAMPLE ].

What is the correction for refraction for an altitude of 8°5’, the thermometer
standing at 50-0° and the barometer at 29-6° inches?

Answer (by inspection) .. e ee .. 67207:

and therefore,

Apparent altitude . .o = 8%
Refraction .e .e .o = — 625
True altitude .. .. .o 75835

ExampLE IIL.

What is the correction for refraction for the same altitude, the thermometer
standing at 44° and the barometer at 2945 inches?

'

Thermometer correction for altitude 8°5’ = 4 0 6
Barometer ditto = —0 2
Correction for bothis .. .. . = 40 4
Mean Refraction .. . .. = —062
.*. True refraction .. .e .o = — 621

o 7

Apparent Altitude . .. = 85 0
True refraction oo .e - = — 621

T'rue altitude .e . .o 7 68 39



Table II.

Coeflicients showing the per cent. of Refraction to he applied
to the Sun’s Declination.

For the construction of the above table, see p. 37.
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Table III.

Inclination and Convergency vot the Meridians.

Indlina- |Inclina & 8 ol Inclina- |Inclina-| & & od .. |Inclina-| H2.2
Lat. | tion for |tionfor| g 5-2'E | Lat.| tion for | tion for 5,8_'55 Lat. :;’co];‘;‘;ﬁ: tion for gs-s‘
one mlle. Jsix Y one mile. [six miles 2.5 £ o| : six miles :.,ggg
5 372 3
° " / I |Links. | © ” / M |Lings.| © |/ ¥ 4 ¥ | LiNks.

10| 9.18| 55|13.0]27|26.52|239|36.9|44| 50.19|501| 70.1
11| 10.13 |1 01 | 14.2 | 28| 27.66 | 2 46| 38.6| 45| 52.00|5 12| %2.6
12| 11.07|106|15.5|29|28.85|253|40.2|46| 53.83|523| 75.2
13| 12.02 |1 12| 16.8 | 30| 30.03 3oo'41.9 47| 5567|534 77.8
14|12.98 |1 18| 18.1 |31|31.26[ 307|436 48| 57.67(546| 806
15|13.96 | 1 24| 19-4 |32 32.49 |3 15(45.4| 49| 5983 (559| 83.5
16| 14.93 [ 1 30| 20.7 | 33| 33-83|3 23| 47.2| 50| 1 02.00 |6 12| 86.5
17|15.92 | 1 36 | 22.0 | 34| 35-17 |3 31| 49.1 | 51| 1 04.17 |6 25| 89.7
18| 16.91 [ 1 41 [23.4 | 35| 36.50|3 39| 50.9| 52| 106.67 (6 40| 93.0
19|17.93 |1 47|24.9 |36|37-83|346|52.7| 531 09.17 |6 55| 96.4
20| 18.94 | 1 54| 265 |37|39.17|3 55| 54.7| 54| 1 16.67 |7 10| 100.0
21{19.98 |2 00| 27.8 | 38| 40.67| 404|568 55| 1 14.33 |7 26 | 103.7
22|21.02 |2 06(29.3 |39|42.17|4 13|58.8]| 56| 1 17.17|7 43 | 107.6
23| 22.10|2 13| 30.8 | 40| 43.67]|4 22 | 60.9| 57| 1 20.00 |8 00| 111.8
24|23.17|2 19|32.3 |41 [ 45.17|4 31| 63.1| 58| 1 22.00 | 8 19 | 116.2
35 24.30 |2 26 [ 33.8 | 42| 46.85 | 4 41 | 65.4| 50| 1 26.66 | 8 40| 120.9
26|25.38 |2 32|35.4 [43[48.52|4 51|67.7]| 60| 1 30.00|9 00 | 125.7

(l'lFo{ gh)e construction and use of the above table, see articles (13,) (14,) (15,)
18.

i'zor details of instruction in U.S. Government Surveying, sce Hawes’ System
of ‘* Rectangular Surveying,” and Burt’s **Key to Solar Compass.”
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To Find the Meridian from ¢¢Polaris.”

The north star, Polaris, being out of the pole of the equator, is in the meridian but
twice in a stellar day — once above and once below the pole — called the upper and
lower transits, or culminations.

It is also at its extreme distance, east and west, twice in a stellar day, called
greatest elongations, east or west.

At the time of a culmination, it would be only necessary to get the bearing of the
star to have the place of the true meridian. But this would require an exact knowl-
edge of the time, an element not usually possessed by surveyors. Moreover, the -
observation must he made with certainty, at the instant, which is not always practi-
cable. On this account, this method is not in favor with surveyors.

At elongation, the apparent motion of the star is tangent to the vertical, and
therefore, for a few minutes, with regard to azimuth, it appears to stand still, thereby
affording ample time for deliberate observation.

The distance of this star from the pole—called its polar distance, was 1° 18’ 16”
on January 1, 1885, and is diminishing at the rate of about 19.06” per year, whence
its distance in following years may be known.*

‘The azimuth of the star, corresponding to any polar distance, is variable with the
latitude. Thus, an observer at the equator would see this star —say at eastern
elongation — in the horizon, and at the distance of 1° 18’ 16” to the right of the pole,
or true meridian.

If now the observer should go north, the azimuth of the star would increase with
its altitude, till he should arrive at a latitude equal to the complement of the polar
distance, when it would be N. 45° E. Between these limits, the bearing of the star,
at elongation from the pole, would vary according to the following equation, in which
Z = the azimuth, or bearing :

Sin Z = sin Polar Distance

cosine Latitude

As the telescope of the surveyor’s transit is not usually of sufficient power to show
the star in the daytime, the observation must be made at night, in which case the
cross-wires of the telescope must be illuminated by light reflected into the tube. A
piece of stiff white paper, with an opening large enough to admit of seeing the star
through it, and held obliquely in front of the telescope, will make a good reflector.

As generally but one of the elongations can be seen, on the same night, it is im-
portant to know, which one is observed. Also the latitude must be known, at least
approximately.

The pole is nearly in line between Polaris and the star Alioth, which is the first
star in the handle of the Dipper, reckoning from the bowl, so that when these two

stars are in a line, nearly horizontal, and the Dipper is :f’;% } of the pole, Polaris is
- at his greatest elongation ;;(;stt

In sighting to the star, the observer must be careful to keep his transit level
transversely, for the star is so high that inattention to this might introduce a serious
error into the resulting azimuth.

A satisfactory sight having been obtained, the telescope should be brought down
to fix a mark on the ground, at a distance of 300 to 400 yards from the transit.

This mark should be something clear anddefinite, like a nail set in a hub, driven
into the ground, which may be located by means of a plummet lamp, or by means
of a common lamp in a box, having a vertical slit in one side of say } or } an inch in
thu;k:)es:, with a plumb-line suspended from the slit, and manipulated by an
assistant.

The direction of the star being satisfactorily marked, compute the azimuth from

the above equation, and set the resulting angle off to the t'ight}ol’ the mark for

left
Z;zt:r;n }elongation.

It may happen, that the resulting azimuth may have an odd number of seconds,
or fraction of a minute, not convenient to be set off with a vernier graduated to

*Small corrections to the di thus calculated a ded, but do not t to than 30" i
all; see a Nautical Almanac. “ » Dt o not amount to more Than 307 1
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single minutes. In this case, find the distance carefully between the transit and the
mark, and multiply this distance by the tangent of the azimuth. This result set off

to the f:}tht %for xﬁer;n %elongatlon, will point out the place of the true meridian.

Meridian from Equal Altitudes of the Sun.

If the sun, like the stars, were stationary, with regard to declination, the meri-
dian could be found by simply bi-secting the angle between the bearings of the sun,
at two consecutive equal altitudes, at forenoon and afternoon. But the declination
is constantly changing, so that a reduction is required, before meridian can be found
from the daily motion of the sun.

The sun is going north in declination for six months in the year, or from the
winter solstice, in December, to the summer solstice, in June, and during the next
six months, from June to December, he is going south.

A table accompanying this paper gives the hourly motion of the sun in declina-
tion for every fifth day in the year, from which the change of declination, between
two consecutive equal altitudes, may be readily computed. '

north

To an observer, in north latitude, when the sun is going s outh} in declination,
the meridian, as deduced, from the bi-section of the angle between two consecutive
equal altitudes, would be to the {i%tht } of its true place.

The amount of error depends on the hourly rate of change of declination, the
time elapsed between the epochs of equal altitude, and the latitude.

By multiplying the time elapsed, in hours, by the corresponding hourly rate of
change, we have the change of declination during the time between the two equal
altitudes of the sun. But declination is measured in a direction parallel with the
earth’s axis, which makes an angle with the horizon equal to the latitude. Whence,
the change of declination must be multiplied by the secant of the latitude in order to
find its value, as seen in azimuth in the horizon.

Again, the afternoon observation will not generally be made, when the sun is
due west, but to the south of west, by an angle equal to half the supplement of the
angle between the two points of equal altitude. Whence, the above corrected
change of declination must be multiplied by the cosine of half the supplement of the
angle above mentioned. The effect of this correction will be to reduce the corrected
declination by from about 4 to 8 per cent., so that the formality of this calculation
may he dispensed with, or may be omitted entirely, as only half of it affects the
place of the meridian.

From the foregoing considerations, we have the following routine of work for
finding meridian with a surveyor’s transit :

(1.) Having set up the instrument and leveled it carefully, take a sight on some
object, preferably to the left of the sun — the plate vernier reading zero — for an
azimuth mark, and clamp the plate firmly to the spindle.

(2.) Having set the telescope to a convenient angle of altitude, above that of the
sun, follow the sun in azimuth by the upper motion of the instrument, keeping the
vertical wire of the telescope bi-secting the sun, by means of the plate tangent, till
the sun’s lower limb touches the horizontal wire of the telescope. Clamp, and note the
reading of the vernier, keeping the telescope, also, carefully clamped in altitude, and
note the time of day.

(3.) In the afternoon, turn the telescope, and bi-sect the sun’s disc, as in the
morning, with the vertical wire, and when the sun’s lower limb comes down to the
horizontal wire, clamp the horizontal plate, note the reading of the vernier, and the
time of the day.

(4.) From the table of the hourly change of declination take out the rate for the
day of the month, and multiply the same by the time in hours between the times of
equal altitude, and by the secant of the latitude, or if there are no secants at hand,
divide by the cosine of the latitude. This last result, diminished by about 5 per
cent. of itself, as above explained, will be the correction to be applied to the last
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plate-reading, hefore finding the angle between the bearings of foremoon and
afternoon observations. )
subtracted

fro I(llli.) If the sun is going 's‘g‘:g‘l}in declination, this correction must be added
to the plate-reading of the last observation.

‘Then, half the difference between this corrected plate-reading and the first read-
ing, is the angle to be set off to the right from the bearing of the first altitude for
the place of the meridian.

EXAMPLE.

Date of observation, April 10. Lat. 43° N.
Plate reading at first altitude, 13° 26’ (right of mark).
¢ ¢ ¢ gsecond ¢ 148° 13",
Time between observed altitudes, 94 hours.
Hourly rate of change of declination (see table), 56”.
Total change of declination north = 9} X 56” = 8’ 52",
Multiplied by secant of latitude = 8’ 52” X 1.867 =12’ 12",
This, 12’ 127, is the amount by which the change of declination changes the
sun’s place in azimuth, and is subtractive, because the sun is going north, whence,

(<] 7 T / 7/ — o 9pr
18713 12 212 187 26 ==67° 17’ 24” = the angle between the bearing of the

first altitude and the meridian. Or, from the assumed azimuth mark, the angle
would be 64° 17/ 24” 4 13° 26’ = 80° 43’ 24”. It is best to use the double sign J be-
fore the corrections of the last plate-reading, in order to avoid mistakes.

A ¢ Davis’ Screen,” or a prism-attachment, to the telescope will add greatly to
the facility of making observations. .

With good appliances, this method of finding meridian will be found very efficient
and satisfactory — indeed, one of the best in use. The computations are few and
simple. Moreover, the resulting angle for the place of the meridian is affected by
only ome-half of any uncertainty in the correction for change of declination. The
greatest objection to this method is the amount of time required.

Hourly Motion of the Sun in Declination.

LD:{}, Jan. | Feb. |March.| April. | May. | June. | July. | Aug. [ Sept. [ Oct. | Nov. | Dec.
onth.

I|+12 43|57 |58 |45 | 21 | 10|38 |54 |58|48/ 23
50 17|46 |58|56|43| 17 | 14|41 |56 |58 46| 19
10| 22|49 (59|54 (39| 12 | 19|44 |57 |57 | 42| 14
1528 |52|59|52|36| 7 |24|47|58|56|38| 8
20| 32|54 |50|49 |31 |4+2)|28|49|58]|54]|34|—2
25 | 37|56 | 59|47 |27 —4} 32 | 52|59 |52] 3 +4}
3041 |.. 5846|123 9 |36|54|59|49]| 5| 10




Transit Solar Attachment.

For running Meridian or other lines by the Sun.

Written for this catalogue with special reference to the wants of Public Land Surveyors, for both common and
mineral lands, by J. B. Davis, Assistant Professor of Civil Engineering,
University of Michigan.

1. Remarks. The attachment herein referred to is the Davis and Berger
solar screen, prism, and colored shade glass, used for direct solar observation.
These inventions have been devised by the Mr. Berger, of the firm of Buff &
Berger, and by the writer. They are simply for the purpose of enablin% one
to make an observation directly upon the sun’s centrée. This observation being
secured by readings of the horizontal and vertical circles, is reduced so as to
give the direction of the line of sight of the transit at the instant of the observa-
tion. Thus knowing the direction of the line of sight at a given instant it becomes
simply necessary to turn off the angle which this line of sight makes with the
meridian, to ascertain the position of the meridian. This angle is what is obtained
by reducing the observation, as above mentioned. A brief reference to the history
of these devices will best explain them. It occurred tothe writer to seeif an image
of the sun could be formed behind the el};e-piece of a telescope at the same time
an image of the cross-wires was, and the latter image be made to quarter the

" former, by allowing the sun to shine into the object end of the telescope and thence
directly through it. The experiment was made by holding a piece of white paper
behind the eye-piece, and adjusting the focus of the eye-piece and object glass.
The very first trial was readily successful. The next thing was to see if the posi-
tion of the instrument could be located by this means as near as the circles would
read. By the same simple means it was soon found that a motion given to the
telescope by either tangent screw might be so slight that the eye could not detect
it upon the circles, but evidence of it would be apparent in the position of the images
with reference to each other. This fact at once settled the question of whether
this would be a sufficiently delicate means of observation. It showed that the
observations would be closer than the circles would read. After some trials and
some months rest these facts were brought to the notice of others, and finally were
submitted to Mr. Berger for his opinion. He made a screen which the writer
exhibited at the first annual convention of the association of Michigan Engineers
and Surveyors at Lansing. The matter was further studied by Mr. Berger. The
screen was much improved, and the mechanical construction of it brought to
the standard of the work done by this firm. Mr. Berger soon conceived the
idea of making the screen of ground white glass in a brass frame, as shown in
figs. 1 and 2, so one might observe the position of the images directly upon it,
and thus secure not only the comfort of an easy position in observing, but the
consequent accompanying accuracy. The arm of attachment was perfected from
time to time. The screen of ground glass is mounted upon an arm that admits of
all adjustments of position, and is so attached to the side of the telescope tube that
it can be turned up out of the way when not needed. The reflecting prism
can be screwed on to the eye-piece cap for observing at high altitudes. This also is
adjustable so as to look in any desired direction from the telescope tube. The
diagonal eye-piece also has its movable colored shade glass as above stated. With
these attachments observations on the sun at all altitudes may be made in two
ways. By looking directly at it through the simple colored glass for low altitudes,
or through the prism and its shade glass for high altitudes. The other way is to
receive on the screen the images of the cross-wires and the sun and make the image
of the cross-wires just quarter the image of the sun by means of the slow motion
screws to the circles of the instrument. For this method the colored shade glasses
;re not to be used. With this complete outfit one may work whichever way seems

est.



Davis’ Patent Solar Attachment.
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These devices being gerfected have been protected by letters patent, and Messrs.
Buff & Berger make and sell them exclusively.

2. Remarks. Certain precautions are necessary in the use of this method
of finding the true direction of a line as well as in any other. It is not wise to
observe the sun, read the circles, note down the readings and leave the instrument
standing there while making the reductions. It will get out of place in some way,
very likely. Therefore, as soon as the observation is completed and the readings
of the circles noted, set the line of sight on some fixed point and read the plate
again, noting this reading. Of course the two plate readings will give the horizon-
tal angle from the sun to the line. This will enable the observen after finding the
direction of the line of sight when set on the sun, to readily ascertain its direction
as set on the fixed point referred to, thus determining the direction of the line from
the point over which the instrument is set to the fixed point. This line may be
choselil befm(-le beginning the observation, and become the reference line for the
work in hand.

3. Remarks. For the purposes of reduction the process by equations is
used instead of one by rules. The introduction of symbols and signs is a much
simpler matter than many suppose. It is nothing but this. We agree that a char-
acter of some sort or other shall represent a certain thing and nothing else.
‘Whenever this character occurs, therefore, it simply means the thing we have set
it for. That is all there is of symbolical representation. These very words here
printed are all symbols. The method is universal. We here, as elsewhere in
algebraic processes, make a special application of it. The rules for a case of this
kind would be very cumbersome and give the user far more trouble than will be
necessary for mastering the few equations given below. The record of the pro-
cesses is hereby reduced to a few lines, and one has not to go searching through a
page for a point here and there, but places his eye at once u({)on what he wants,
where all will be found in a compact form. Of course one needs to read each word
and each sign. Nothing must be slurred over or missed. The record as set forth
below is exact, complete and reliable. .

4. Remarks. All computations should be thoroughly checked, and check
equations and devices are given. These should always be applied, without fail, as
no one can implicitly trust a computation by a single process, unrepeated, even if
simple. No one should who is a surveyor or engineer. Several checks are given.
One used is sufficient, usually. If one distrusts the check because it shows the
work to be wrong, it may be of some satisfaction to use another or more than one.

5. Remarks, The directions prepared below are intended for use, word by
word, and step by step. It is hoped that they will prove in convenient form for
use as a chart to direct the efforts of the observer in his first use of these attach-
ments and this method. Therefore, it is thought that one may safely do as told,
:xi'usting the next step to the next statement. They have been prepared with this

ew.

6. Using the Screen. :

a. Directions. Set the instrument so the sun can shine in at the object end
of the telescope, and directly through it. Run out the eye-piece and adjust the
screen behind it, by its sliding arm, so that a distinct image of the cross-wires can
be seen on the screen within the lighted spot made by the shining sun, as shown
in fig. 2. Set the object glass so as to clearly define the imuge of the sun on the
screen. Repeat these trials, and adjust the parts of the telescope and screen so
that the clearest image of both the cross-wires and the sun will ll))e obtained that
the telescope will give. Mark the slide on the arm of the screen and the eye-piece,
80 they can be easily set thereafter for an observation.

b. Remarks. The eye-piece, when all is in exact position, will be found to
be considerably farther out than for an ordinary sight. The marking of the sliding
arm and eye-piece will save time in the future. These trials, when made with a
new apparatus, should be conducted at leisure and with extra care, for the purpose
of fitting the apparatus carefully to the telescope. A few trials may be needed at
first in order to accustom the observer to recognize the best definition of the images.

This solar screen is especially adapted to the ordinary surveyors’ and engineers’
transit telescopes, with erecting eye-pieces. Itisnot adapted to be used withinvert-
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ing or astronomical telescopes, because in such telescopes the images are formed at
too great a distance behind the eye-piece, and are too large to be received on the
screen. Hence, with such telescopes, the colored shade-glasses and reflecting
prism should alone be used.

7. Using the Colored Shade Glass.

a. Directions. Attach the colored glass shown in fig. 4, to the eye-piece,
to shield the eye from the sun and look directly at it, setting the cross-wires 8o as
to quarter it.

‘b, Remarkms. This will be found entirely satisfactory when the sun’s alti-
tude is so low as to enable the observer to bring his eye in apposition with the eye-~
piece of the telescope with ease.

8. Using the Diagonal Eye-piece.

a. Directions. Screw on the prism, as shown in fig. 3, to the end of the
common eye-piece. Look directly through the shade-glass, it observing in that
way, turning the prism either way so as to make it convenient to look into it. If
any trouble is experienced in finding the sun with it. let the sun first shine through
the telescope, the colored shade-glass being turned aside, till the brilliant light
perceived in the aperture of this eye-piece shows the telescope to be rightly
directed. Cover the aperture with its shade-gluss and proceed. ’

b. Remarks. By attaching the reflecting prism to the eye-piece of the tele-
scope, the light is reflected at right angles to the the line of sight of the telescope,
and it thus becomes what is termed a diagonal eye-piece.

This prism can be used for direct observation when the altitude of the sun is
too great to allow the eye to be applied directly to the eye-piece of the telescope,
and not so great as to bring the eye-piece too far over the plate, but through this
range of altitudes the solar screen can be used without the prism, as shownin tig. 2,
and it will usually be found advantageous to do so.

Since the prism in effect withdraws the eye about half an inch further from the
eye-piece of the telescope than its natural position, that being about the distance
traversed l&y the light in passing through the prism, the high magnifying power
used in Buft & Berger’s transit telescopes makes the use of the reflecting prism for
direct observation a little awkward, and it will usually be found more satisfactory
when using the prism to use the solar screen with it.

9. Using the Reflecting Prism and Solar Screen combined.

a. Directions. Attach the prism, and direct the telescope as in 8. Then,
leaving the aperture of the prism uncovered, adjust the solar screen so as to receive
the images of the sun and the cross-wires. as shown in fig. 1.

"b. Remarks. For observinﬁ the sun at high altitudes it will be found that in
this, otherwise most difficult of all positions, the use of the solar screen combined
with the prism will erable the engineer to make his observation with the greatest
ease and precision.

10. Making the Observations.

a. Directions. Direct the telescope to the sun, and by means of the slow
motion screws. cause the image of the cross-wires to exactly quarter the sun’simage.
Read both circles and record the readings. Refer the position of the instrument to
some fixed line, and once, after the above work, by another plate reading. Also
note and record the exact instant of time of the observation by the watch.

b. Remarks. This observation with the watch may be used as hereafter
indicated to simplify and lessen the amount of work in making the reductions. A
fair watch of ordinary accuracy is sufficient. The entire work can be carried on
without a watch at all, but it takes some more figuring.

11. Use of the Nautical Almanac.

a. Remarks. In order to use the observations. made as above directed, it
is necessary to find the sun’s apparent declination for the time of observation.
This is done as directed below.

b. Conditions. Let all the algebraic signs be carefully observed throughout
the work. Use the watch time.
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¢. Directions. For finding the Sun’s apparent declination. Look in the table
of Washington Solar Ephemeris against the date of the observation, and take out
the following quantities. First,the sun’s apparent declination, with its sign, 4
when N.,— when 8., from its column. Second, the hourly change, with its sign,
from its column. Find from a map or otherwise, the difference in longitude
between the place of observation and Washil‘lgton, as near as one-half hour, or
seven and one-half degrees. This is 4 when W. and — when E. of Washington.
Adad to this difference of longitude the time of the observation from noon, this time
being + when the sun is W. and — when E. of the meridian. Multiply the hourly.
change by this result, in hours, notin% all the signs. Apply this product, regarding
its sign,to the sun’s apgarent declination as taken, from the table, for the sun’s
apparent declination at the time of the observation.

d. BExample. Date, 1881 —6—14. Hour, 9h—26m—24s, A.M. Longitude
about 40 minutes East of Washington, considered in time.

(’s apparent declination, 1881 —6 — 14.
Washington mean noon, 4 23° 18" 15”
Hourly motion, ™"

Time of observation from noon, —2 hours 30 minutes, about.

Longitude East of Washington, — 40 minutes.

Total time of correction, —3 hours 10 minutes, =314 hours.
Amount of correction = —3%6 X T =—221%"
(@©’s apparent declination from table, +  23° 18" 15"

(©'s apparent declination at time of observation, 4  23° 17" 53" nearly.

12. Reducing Observations.
a. Conditions. Let 2" = the sun’s altitude, as observed.
Let ¢ = the latitude of the place of observation.

" Let § = the sun’s apparent declination at the time of obser-
vation, found as above directed.

Let 2’= the sun’s observed zenith distance.
: Let z = the sun’s true zenith distance, always .

Let k and ¥’ be two auxiliary angles used in the reductions. ’

Let A =the azimuth of the line of sight of the instrument at the instant of the
observation, reckoned from the N. point of the horizon, either E. or W. as the sun
is E. or W. of the meridian.

Let ¢ = the sun’s apparent hour angle at the time of the observation, that is the
local apparent time from apparent noon plus the changein the sun’s right ascension
between :ﬁ)parent noon and the time of the observation. This is 4+ when W. and
— when E. of the meridian, or 4 for P.Mm, and — for A.M.times. The mean or
watch time is sufficient for use in 2,

Let p = an auxiliary angle used in some of the reductions.

Let all signs be faithfully regarded. Let logarithms be used.

b. Directions. For finding z from z. Use the following equations.
Z=90°—hK . . .. . . (D
z= 2z +465"tan2! . . . . )

c. Directions. For finding A when ¢,8 and z are given.

Find tan 14 (k—K)=cot 15 (¢+¢) tan 15 (p—d)cot 15 z . 3)

When ¢ <¢ and of the same name find k=14 2+ 15 (k—¥') . . 4)

When ¢> 6 and of the same name find¥'=14 z2—14 (k—k’) .« . 3)

‘When ¢ and 6 have different names find¥’' =1 2— 1 (k—X’) . . (®

Then find A from Cos A=tan % tan ¢ or tan %" tan ¢ Y A N ()

Checks.
Siné cosk

When (4) is used m=008 1’4 . . . . . . . ()]
Sin¢ Sind

Eo—s_k':cosk’:cos}’ . . . . . )
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When (5) or (6) is used g}%ﬁ T
Sing¢ Sind__ .

OF oSk —cosk — 8P . . . . (I

Find Sinp=sin Acos¢ . . . . . . (13)

. Sin p and cos p are at the same place in the table.
d. Example. ¢ =42°16" 30" N. z=>52° 43’ 30"
d=18°13"20" N. 14 z==26°21" 457
¢+ d =60 29" 50"
¢—d=24° 310"
% (9+9)=30°14’ 55"
Y% (p—5)=12° 1'35"
Checks.

Cot15( ¢+ 8) = 0.2342195 'Tan ¢ = 9.9586273. Sin ¢=9.8278148 Cos ¢ — 9.869
Tan/($— J) — 9.3284570 — Tan ¥'— 9.2477939. Coszf>=9.993:-mes sxn1=9.m$377§

Cot 13 £ =0.3048785 —Cos A=19.2064212. Cos p=9.8345080 Sin p—19.8634054
—_—

Tan14(k— k' )= 19.8675550 3804,
346 318. At same place in table.
% (k— ') = 36° 23 o A=STIT
— k) =36°2% Sin ¢ —9.8278148  Cos &’ —9.9933068
1, 2 =26° 21 45" Sin 6=9.4951325  Cos k — 9.6606232
¥=—10° 2 00" 0.3326823 0.3326836

k= 62°45 30"

e. Remarks. Look out tan ¢, cos ¢, and sin ¢, at one search. Use either check
as may be preferred. This operation need not be performed oftener than the
femands of the work require, the plate being used mean time.

13. Remarks.

The observations and reductions can be alwa{s made, according to the process
given, without a watch, but the latitude of the place must be known. It must be
carried on as the survey proceeds, b{ measurement, or an ohservation made to
determine it with the instrument. If it becomes necessary to find the latitude it
may be done as follows:

14. Finding the Latitnde by the Sun. v

a. Directions. For Observations. Near noon begin to observe the sun
a little before it reaches its greatest altitude. By means of the slow-motion
screws keep the sun’s image exactly in place on the screen, or by direct sight keep
the cross-wires exactly on the sun. As it moves upward just carefully follow it,
recollecting that the object is to get its greatest altitude. Be careful to stop fol-
lowing it when it turns and begins to descend.

b. Directions. For Reductions. Find z,asin 12,b. Find the sun’s appar-
ent declination, J, as in 11, ¢. Then

z -+ 6 = ¢, the required latitude. . . . . a13)
Be sure to observe the Algebraic signs, as d may be - or —.

¢. Remarks. Having the latitude in this way, the observations and reduc-
tions may be conducted according to the processes above given. The latitude once
carefully ascertained by this or some other method, may be preserved b{ the dis-
tance traversed north or south of the point of the last observation for latltude. It
will at once appear that the measurement and observation may be made to check
each other. The method of reducing the change in latitude by linear measurement
may be as follows:

15. Finding the Latitude by Linear Measurement.

a. Conditions. The latitude of the point measured from, or reckoned from,
must be known. The measurements must be reduced to the north and south
direction from the reference point. Let reduced distances north be 4, and those
south be —. Let all signs be observed. Let the true bearings, or directions of all
lines with the meridian of the reference point, be given. Let any number of courses
be run in any direction.
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b. Directions. For reducing the north or south distances. Multiply the
length of each course by the cosineof its bearing, the results being given signs
as above indicated, | for northerly courses, and — for southerly courses. Sum
these results regarding the signs.

. ic. Remarks. This sum will be the distance north or south of the reference
point.

d. Directions. For reducing feet to minutes of Latitude. Find the length of
a minute of latitude for the place by this equation. .

m=so7s.3s(1+S‘L2(;0;‘_45°)) e T

Then divide the traversed distance north or south of the reference point by the
value of m found from this equation.

e. Remarks. 'The result will be the minutes and decimals of a minute of
the new point from the reference point. This value of m will be in feet, hence the
north or south distance must be in feet.

16. Remarks. The latitude may be dispensed with during a day’s work
after the first satisfactory observation. It may be for a longer period if the watch
is to e depended upon. It will be well to find the latitude. and check the work
occasionally, where the watch is used. In order to prepare the watch for this work,
proceed as follows:

17. Correcting the Watch.

a. Directions. For correcting the Watch by a Noon Observation. Havin
ascertained the bearing of a line without the aid of the watch, as at first directed,
near noon set the line of sight in a meridian. Set the telescope go the sun can be
seen in it, or received on the screen as it passes the meridian. Note the time by
the watch when the sun’s west side comes in apparent contact with the vertical
cross-wire. Note the watch time when the east side of the sun just touches the
vertical wire. Find the time half way between these two noted times for the time
of thﬁ meridian passage of the sun’s center, or the time of apparant noon, by the
watch. -

b. Remarks. The time as above found should differ from exact noon by
just the equation of time for that date and time as given in the Nautical Almanac.
Observe the sign there attached to the equation of time. The watch may then be
set to true time if not correct. That is, it may be set so that the time of the sun’s
meridian passage will be just the equation of time, with its sign, from exact noon.

¢. Remarks. The watch may also be corrected directly from an observation,
reduced as at first directed in 10 and 12. Here it will be necessary to take the
watch time of the observation, as directed in 10. Having done so, and reduced the
observation by 12, proceed as follows:

d. Directions. For correcting the Watch by an observation at any time. Hav-
ing found A and 2, and knowing 4, find ¢ by the following equation.

sin A sin 2z :
Sin = —co—sd— . . . . . (15)

This being in arc, reduce it to time at the rate of four minutes of time to one
degree of are. .

e. Remarks. Thisresnlt should differ from the watch time of the observation
from mean noon, by just the equation of time, with its sign. If it does not, set the
watcg so it would have done so had the observation been made with the corrected
watch.

18. Remarks. Having corrected the watch by the last method, the value of
¢ in time may be found from the value of ¢ at this observation by noting the time
by the watch of another observation, and thence finding the elapsed time. This
applied to the first value of ¢ will give its value for the last observation. Thus the
value of ¢ may be carried forward as long as the watchruns true. Of course it will
occur to many at once that the watch can just as well be used to measure the
elapsed time without being corrected. This is too careless. The better way is to
keep a careful oversi%ht of the watch by correction. Thereby it may be known
how much the watch is to be trusted. It is always best to establish a routine sys
tem in these matters, as soon as practicable, and adhere faithfully to it.
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19. Remarks. When the watch is corrected by either method, it will give
the value of ¢ in time directly as follows: Note the time of an observation. Apply
to this time the equation of time with its sign. as given in the Solar Ephemeris Table
of the Nautical Almanac. The result will give the apparent time of the observation
from apparent noon, - when the sun is west of the meridian, and — when it is east.
This found is the required value of ¢.

20. Reducing Observations. i

a. Conditions. Let the notation be as before.

Let ¢t = the sun’s apparent hour angle at the time of the observation, that is the
local apparent time from apparent noon This is 4 when W. and— when E. of the
meridian, or - for p.M., and — for A.M. times.

Let the value of ¢ be found by 18 or 19, and reduced to arc at the rate of one
dtta.gree of arc to each four minutes of time, the work being carried out to seconds
of arc. .

. Directions. For finding A when J,t,and z are given. Find A trom the
following equations. : i

; __cosdsgint
:iin A= i_Sle— . . . . . . (13)
nz =sin ¢t
Check. c0sd —sinA . . . . . . (14)
c. Hxample. 6=18°30"20" N. 2z=>52°43"30" ¢=>55°46" 3276

Cos 6 = 9.9776554

Sin ¢ =9.9174225 }

001146} Gy

9.895077 | | o'0591146

Sin 2=9.9007700
Sin A =9.9943079
A =99° 15225

20. Remarks. The value of A as determined in these examples is greater
than 90°, because the sun is south of the zenith. The value of ¢ used in the second
example was found from the first, hence the exact check. It may be noticed how
much less figuring is required in the second example than in the first. It should
be noted, however, that more than one check is figured out in the first example,
and so more than the necessary figures shown. The value of A is carried out with
exactness in order that the process may be fully illustrated.

21. Summary. Several courses are hereby opened to the surveyor. This
is done that he may have the more checks at his command, and so make certain of
his work, It may be well to indicate these courses in a catalogued form for easy
reference. 'The courses are

The proeesses of 10, 12, and 14 or 15.

The processes of 10, 12, and 14 or 15, and thence
6, a, or 16, d, and 18 or 19 and 20,

22, Cautionary. Keep the levels and the vernier of the vertical circle in
good adjustment. Also keep the adjustment of the axes of the instrument, the
transit axis and the vertical axis, in good order.

23. General Remarks. It will beseen that in doing solar work with these
attachments in the manner explained above, the observation of the sun depends on
the ordinary line of sight of the telescope exactly as in all Geodesic work.

For this reason no extra adjustments are required. The accuracy of the observa-
tion in no way depends on these attachments, which are merely couveniences to
enable one to make solar observations with the ease and precision of ordinary
terrestrial work.

Other Solar Attachments are mechanical devices requiring special adjustments,
and considerable care is necessary to keep these adjustments perfect, while they
cause some degree of anxiety and doubt in the mind of the engineer as to whether
they are quite perfect or not.

With thisinvention all these sources of anxiety are avoided, the solar observation
being made with the telescope of the transit itself, while it has the advantage of
being applicable to every surveyors’ and engineers’ transit, is so light as not to add
appreciably to the weight of the instrument, so simple as to require no special pro-
vision for its care, and so cheap as to be within the reach of every surveyor.
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Spofford’s Equal Arc-Meter.
Patented, November 28, 1876.

Attached to the Engineers’ Transit, for the purpose of facilitating the
Location of Curves.

.

This attachment to the engineer’s transit, recently patented by Mr. N. SPOFFORD,
of Haverhill, Mass., is designed to facilitate the operation of laying out railroad
curv;:s, ‘?r running out arcs of circles for any purpose where the use of a transit is
required.

As these curves are usually run by the method of equal angles, subtended bv
equal chords, it requires considerable time and no little care on the part of the
transit man to set off the angles from the verniers, especially when there are odd
minutes in the angle; but with the equal arc-meter attachment it is only necessary
to read the angle once. The meter is then carefully set, after which the angle may
be repeated any number of times with the greatest rapidity and accuracy, the ver-
nier showing at any time the sum of the angles turned off.

The construction and operation of this device will be readily understood by
reference to the annexed engraving, in which A represents a front view of the ver-
nier plate of the ordinary engineers’ transit. M, the main plate or circle. IE,the
vernler tangent screw in section. 1B, spring bolt. DD, the vertical portion of the
radial arm.” JF,clamp screw. These are the ordinary parts of the vernier clamp
and tan%ent device as usually constructed for all surveying instruments; but by
the simple addition of clamp-screw Z, operating screw eye bolt X, Y, by means of
which spring bolt B, is clamped in any desired position, and the supplementary
clamp screw C, to hold the plates firmly together, it may be used for the purpose of
repeating any small angle, independently of the vernier readings.

The operation is as follows :—Suppose the transit set over the tangent point of
the curve, clamped at zero. Reverse telescope and align upon the back staff with
lower tangent screws ; clamp spring bolt B with clamp screw Z; turn back tan-

ent screw I, until space &, equaﬁ; the arc measure of the angle to be repeated.

8 being very carefully done by the vernier reading, our meteris set and ready
for the work. With telescope on the fore staff, suppose we are to deflect to the
left; set clamp screw C, release clamp screw K, and move arm I to the right
until it comes in contact with point of screw E, as shown by dotted lines; set
clamp screw F, and release C, then turn vernier plate and telescope until point of
sgriug bolt B. comes in contact with tangent arm I ; get clamp screw C. The
chain-man may now be aligned and the first point fixed. The simple repetition of
this operation, which the transit man can very easily perform without changing
his position at the instrument, sets every stake in the curve as far as the sight ex-
tends, and as rapidly as the chain-man can proceed. Clamp screw C is removed
and carried in the pocket when the meter is not in use; but the clamp is perman-
ently fixed to the main plate, and is a great convenience in setting the verniers at
zero.

If the engineer desires to run other than circular curves, it may be very easily
done by changing the length of the chord for every station.



The Planimeter.

An instrument for measuring the areas of n})lane surfaces, by passing a pointer
around their periphery. It is of great convenilence to all classes of engineers, and
practically applicable to a great variety of purposes. To measure the areas of
figures that are bounded by irregular lines, such as :—drainage areas; lots bounded
by rivers or creeks; contour lines of ponds, etc.; to get the true average of obser-
vations taken at irregular intervals; to measure indicator and other diagrams, and
for many other portions of engineering work. As these instruments not only
give the area of any figure, but also any multiple of such area, and the sum of any
number, or series of such multiples, at one operation, they may be used to ve
great advantage in the calculation of the cubical contents of solids; as in the cal-
culation of earth-work, etc. See on this point an article by Clemens Herschel, Esq.,
in the Journal of the Franklin Institute for April, 1874. 'The planimeters graduated
by us are rated to read square inches of area, square centimeters of area, any mul-
tiple of these areas, and so as tgnﬁlve the cubic yards in any cut or fill, if used
according to the directions that will accompany each instrument, Two consecu-
tive measurements of the same area need never differ by more than 0.02 of a square
inch; and by repeating the measurement in the same manner that angles are re-
peated with a transit instrument, the error of observation may be reduced to but a
small fraction of one hundredth of a square inch of area.

The above illustration represents the Planlmeter, as sold by us, ready for
use. The total length of the instrument is about nine inches. The graduated
bar g & can be slid in and out in a socket formed at the top of the frame, the thumb-
screw f being used for fine movements of this sort; by this means, and by the
sensible form of graduation adogted. the planimeter may be made to do the various
operations spoken of above. Theory requires that the pointer d, which is moved
around the periphery of the figure whose area is to be measured, the pivot %, at
thejunction of the two arms g & and ¢ j, and the main axis ¢ b, upon which turns
the measuring and counter wheel ¢ should all be in one and the same straight line ;
for this purpose, our instruments have both the pointer d and the rear part
of the frame which carries the rear bearing of the axis @ b, adjustable. Each
reading of the instrument consists of a record of the number of revolutions of the
counter-wheel ¢ read to three places of decimals; the whole revolutions are read
on the wheel 7, the tenths and hundredths on the wheel itself, and the thousandth
on the vernier m. With such simplicity of construction and of operation, the accu-
racy of work done by this instrument is one of the most surprising things about it.
The figures given above in relation to accuracy of work are, however, reliable;
being ‘derived from the experience of several years in the use of the planimeter for
many kinds of work.

A brass scale sent with our planimeters can be used to prove the correct working of the instrument. Te
use it drive a fine needle as an axis through one of the small holes of the scale into the paper, then put the
tracer into one of the other holes and describe a circle. In this manner large and small circles of known areas
can be circumscribed with perfect accuracy. This operation should be repeated in the opposite direction, and
if the results agree the instrument is correct. However. if the results differ correction maybe made by
t,"l‘xee‘::s :f m‘:; lt)v:vo adjusting screws by which the tracer can be moved to right or left of the graduated bar, as



THE FOLLOWING DEMONSTRATION OF THE WORKING
OF THE PLANIMETER IS FROM THE PEN OF WM.
D. GELETTE, CIiviL ENGINEER, FORMERLY OF
BOSTON, NOW ENGAGED IN THE CONSTRUCTION OF

St ] THE SOUTHERN PAcIrFic R.R. .

2 Case I. When the anchor point is outside of the

| 77~ figure to be measured. Let X be the figure to be

measured, and let a be the pole or origin, and R the

he radius of polar co-ordinates of the point ¢ in Fig. 1.
Andlet R, be the radius of a second point ¢, on the out~ .

line of the figure X, and let 6 be the angle ¢ a ¢,—then

the area of the triangle ¢ @ ¢, = -R—R‘l;i—m’ . Butif g be
z taken so small, that for the small distance ¢ ¢, the
radius R may be taken constant, then area ¢ a t,— i ;‘" 0.
R?sin ¢ .

By polar co-ordinates the area X =3 3 T ¢ )

Let a be the anchor point, ¢ the tracing point, and w the point of contact of the
flange of the wheel of a polar planimeter, and call ¢ p=y, ap==z; and p w =7, and
the angle apw = gthen after the motion of the tracing point ¢ to ¢, the point p
comes to p,, w to w, and the angle & changes to o, But when, as in this case, it is
supposed that during the small motion ¢ ¢, the radius R is constant, then for the
same length of motion, ¢ will be constant and p a p, will =4,

Expressing R in terms of y, 2, and «, we have R*= (¢ m) *+ (a p+ pm) *=

(z4+ycose)*} (¥ sin @)’=2*42 zy cos ¢} y*cos’ a4 y*sin*ec But sin® @ 4 cosz
R'sin § 2*sin

=1 and R*=2"422y cos a+4*." And the area t a t= 3 —=—3—+
. s . ino.
2zycos2u sino+y’s2inoandX=zz’smﬂ+ 2zyc;>susm0+2 y’;lllﬂ But in

the summation, owing to the fact that the instrument returns to the same position
from which it started, the = gin 6 must = 0 and wherever combined with constants
only, in the above equation will reduce to 0. hence the first and last terms will dis-
appear, but the middle term which contains the variable cos ¢ will remain, hence,

X =2 zycos ¢sin b e e e e e e e e e e ()]

It will be seen by reference to Fig. 1 that z sin 6 =p p, when 6 is very small,.-.
z sin 0 cos ¢ =p p, cos &= p, q¢ which is the component of the motion of the wheel
which is atright angles to its axis, and is therefore the part which represents the rota-
tion of the wheel for a small motion ¢ ¢, of the tracing point. And this component
multiplied by thearm y gives z y sin  cos « which by equation (2) expresses the area
of X after summation. But 2 z sin 6 cos ¢ is the resultant rotation of the wheel
after the tracing point has completed the circuit of X, hence the area X = distance
rolled by the wheel multiplied by the length of the arm y. Calling the circumfer-
ence of the wheel ¢, and the numger of resultant number of revolutions made durin,
the measurement n, we have X=ycn. . . . . . . . . (3

And if the instrument is ﬁ-raduated 80 as to record y ¢ 1, and we call the record of
the instrument r, we shall have, X=7.
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Case II. When the anchor pointisin-
gide the figure to be measured,— and the
rotation of the wheel is forward or plus
with reference to the figures on its circum-
ference,— it will be seen that there will be
one position of the arms y and 2, which,
while the point ¢ describes a circle around
a as a center, (see fig. 2) will produce no
rotation of the wheel. The condition
under which thiswilloccur willbe fulfilled
wPen zt’he alslgle tw af -)--—’- 90°.’i1*1 ghi(}h _ﬁas’e
Ri=2"— Y =2 Y Y5
and the m:Za-c')-f(thj—ch'cle described under
these conditions =r R*=n2*42my f;{-

LE . . . . . . )
Call this the corrective circle. In (fig. 2)
TR0

the area of ¢at=-5." the area of the

whole figure X=3 er’3—gO; as before

R*=12"+42 2z ycos @+ y*and hence X =
[ 0

27"2’3354-5 2mzycos a§6—0-+2 © ¥

0
e S P )

But in the summation the instrument makes a complete revolution around a.
the sum of 2 §&= 1, and when combined with constants only, will not appear in

the result as a factor. Hence we have
0
X=nz'423 (21rzycosam)+1ry’ . . . . ®

Now follow out on the diagram in Fig. 3, the motion
of the wheel, which corresponds to a motion of the
tracing point from ¢ to ¢, first dividing that motion into
two parts ¢s and s ¢, swinging the arm y around the
point p until it becomes parallel to ¢, p, while z remains
fixed, produces the first motion and causes the wheel
« 0 to roll backward to s, and as the path of its motion
~\is everywhere pci‘ripendicu]ar toits axis, 8, w will repre-

sent rotation or distance rolled during that motion, but

as s p t=29 the distance s, w=2 wfa%owhich is the

backward or minus rotation of the wheel.

The second part of the motion is by moving the arm
y from s 3, to ¢, p, during which the wheel moves from s, to w, and this motion is part
sliding and part rolling, the rolling component is p ¢, and causes forward or plus

rotation of the wheel, the value of p qis 2w 2 360 €08 s and the resultant rotation
of the wheel is on completing the circuit=3 (2 TZCOS 5%) —32 2xf'; and the area
expressed by the wheel as by Case I is

) 2wzycosa§§-0) —227yS . . . . M

Comparing the area expressed by the wheel which we will call » with the true
area of the figure as given by Eq. 6, we have

X=nrz43 (21rzycosa%) + =yt

r= p (2wzycosa§§%) —2nyf
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X—r =mz'+ 2y myswhich is seen to be identical with the expression
in Eq. 4, for the area of the corrective circle. Hence, calling the area of the correc-
tive circle C, we have for Case 11

X—r=C;andX=C+r . . .. . .+ (®

It will be seen from the above equation that when z cos & = f, the forward rota-
tion of the wheel just balances the tackward rotation, and the result is 0 for a read-
ing. This occurs when the tracing goint moves on the arc of the corrective circle
and the area passed around is X=C. When zcos? is less than f, then the back-
ward rotation preponderates over the forward rotation, and the result is a minus
reading ; this is Case III.

Case ITI. When the anchor point is inside the ﬁ%n'e to be measured, and the
rotation of the wheel is backward with reference to the figures on its circumfer-
ence. In this case r is negative, and instead of X=C-r, we have X=C—r.
Hence, we have for Case I, X =7, Case II, X=C+-r, Case III, X =C—r.
Suppose it to be required to make the instrument record 100 for every square
inch passed around by the tracing point. As the wheel is divided on its circumfer-
ence into 100 divisions, and by the vernier can read tenths of these, then ¢ of a rev-

olution will give a reading of 100, make X =1 sq. in., and n =116 then by Eq. 3,ylc—o

=1, and i/=]—(;(-): the length of the arm varies inversely as the reading, so for any

other reading we may obtain the length of y by simple proportion. Suppose it is
required to read v for every 8q. in. passed around, we have
100y 1000

_v-_l—(lfrom which V="u-

c
The range of the arm renders it impossible to set it so that for one sq. in. of area
it shall rea§ more than 250, or less than 50, 8o the value of » must lie somewhere
between these limits. Having determined the value of y for any particular scale,
the value of C may be found by substituting in Eq. 4; the values of 2z and f being
measured on the instrument.

Current Meter.

An instrument used in the hydrography of rivers and harbors for measuring the
velocity of the current, at any depth, and generally, at any defined point in the
cross-section of a stream. Since the (ia.ys of Woltman this instrument has under-
gone many improvements at the hands of experienced engineers, and the illustra-
tions given in the price list, represent it as manufactured by Messrs. Buff & Berger.
of Boston, who make it according to two general designs; the one with speeiai
regard to the results of a series of careful experiments by Mr. Clemens Herschel,
Hydraulic Engineer, Boston, Mass., the other after designs furnished by Gen. Theo.
G. Ellis, of Hartford, Conn. The first named experiments were made at Lowell, in
1877 and 1878 under the direction of Mr. James B. Francis, Engineer of * The
Proprietors of Locks and Canals on Merrimac River,” and warrant to say that
velocities as low as 0.17 of a foot per second can be measured.

In designing these meters, it has been the aim to make all parts of the instru-
ment as unchangeable as possible. For this purpose the wheel is furnished with
a guard ring, thus connecl:?ng the outer ends of the vanes amor;ﬁ themselves, and
the journal in which runs the main axis is made of an agate, as is also the bearing for
the conical pivot at the end of the same axis. The wheel is a geometrically defined
body, the vanes being surfaces of an Archimedean screw; hence in case of loss or
injury, the wheel can always be replaced by one of exactly the same size, construc-
tion and qualities; experience as well as theory having shown that the shape of the
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wheel is the ruling element in the rate of the instrument. These remarks apply
equally to the three kinds of meters shown in the price list. In Figs. I and II the
strin%is shown, by means of which the dial wheels are thrown in and out of gear.
One ghort pull on the string throws them in gear, and the succeeding pull will throw
them out again; the next one in, and so on.  Fig. I represents the cheaper kind of
instrument, in which the dials and gears are not protected while in the water.
Fig. II shows a complete protection of both dials and gears, as well as a protection
for the main axis and its bearings from impurities while in the water. This
Protection may be useful in preventing straw, dirt, etc., from clogging the gear.
To lessen the friction on the journal the outerrim of the wheel can be provided with
an air-chamber, and the size of this is so nicelir adjusted that the wheel and its axis
would fioat in the water if detached from the instrument proper.

The electric form of meter shown in Figs. III and IV, is especially adapted for
observations upon large rivers, arms of the sea, etc. It has its registering apparatus
above the surface of the water, or on the bank of ariver, and current measurements
may be made with it at any depth, and may be continued for a week, without
stopping, or longer, if desired. Half a dozen or more of these meters may be strung
on one and the same vertical rod or wire, and simultaneous observations then taken
of the velocities at different depths below the surface. With the meters shown in
.the first and second figures, to be used principally in water not over ten or twelve
feet deep, a gauging of a quantity equal to 1000 cubic feet per second, has been made
in four minutes, the calculation of the fleld notes so taken reauirin only about five
minutes more without leaving the place of gauging; thus finding the quantity flow-
ing in the stream within ten minutes from the time of commencing to gauge—a speed
of work accomplished which has been equalled by no other instrument yet discovered.

The form of current meter shown in Fig. IV, was used upon the gauging of the
Connecticut River* by General Ellis, and was designed particularly to avoid the
catching of floating substances, such as leaves and grass, upon either the vanes or
the axis, and to render the record of the instrument independent of the position
of its axis with respect to the line of the current. Also, to get less friction upon
the axis 8o as to measure low velocities accurately.

This current meter is also adapted to be used with an electric register for showing
the number of revolutions of the wheel. It is constructed upon the principle of
Robinson’s Anemometer, turning by the difference of pressure upon opposite vanes
of the wheel. The vanes of this meter however, instead of being hemispherical
cups with a straight stem, are made conical at the ends, and are hollow and taper
to the central hug, 80 as to offer no obstruction to the slipping off of straws, leaves,
or grass as the wheel revolves. The central hub is made tapering so that any object
can slide off easily, and it extends over the joints at the ends of the axis, so as to
enclose and protect them from floating substances.

The axis runs in agates, through which a fine platinum wire connects with the
metal of the frame.

The forward end of the frame which carries the wheel, can be turned and secured
in any position so that the wheel can be horizontal, vertical, or at any desired angle.

The electrical connection is made by can&vinﬁ. an insulated wire from near the
center of the instrument, where the insulated wire from the battery is attached to
it when in use, out to the end of one arm of the wheel frame, where it ends in a
fine platinum wire resting upon a ring in the hub of the wheel. This ring is made
of alternate interchangeable sections of silver and hard rubber, secured in place by
scrs,w?, ? that their position can be changed to register whole or part revolutions
as desired.

There is also a socket and set-screw in the body of the frame near the center,
for the return current, which can be carried most conveniently through a plain wire
slightly twisted around the insulated wire so as to form one cord. If the instru-
ment is run upon a wire, or has a metalic connection with the surface, the return
current can be made through that.

The universal motion at the center of the frame and the tail are of the usual
construction.

This meter can be used in connection with any apparatus for registering the
revolutions of the wheel by the breaks in the electric circuit.

® For further information on this point see Gen’l G. K. Warren’s Report of Surveys and Examinations of
Connecticut River: . :
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On Stadia Measurement.
‘Written especially for this Catalogue by Gxo. J. SPEcHT, C. E., San Francisco, Cal. -

A transit or theodolite, which is provided with the so-called stadia wires and a
vertical circle, furnishes the means to obtain simultaneously the distance and the
height of a point sighted at without direct measurement, and with the only use of
a self-reading rod, held at the point of which the horizontal and vertical position
is to be determined in reference to the instrument-point.

Besides the ordinary horizontal and vertical cross hairs of the diaphragm of the
telescope, two extra horizontal hairs are placed parallel with the center one, and
equally distant on each side of it, which, if the telescope is sighted at a leveling
rod. will inclose a part of this rod or stadia-rod, proportional to the distance from
the instrument to the rod. By this arrangement we have obtained an angle of
sight, which remains always constant.

. k. Supposing the eye to bein the point O (Fig.1),

the lines O ¢ and O krepresent the lines of sight

Figl. from the eye through the stadia-wires to the rod,

A which stands consecutively atk e,id, hc, g b and

Ja. According to a simple geometrical theorem
we have the following proportion:

0a:0b:0¢c:0d:0e=af:bg:ch:di:ek,

‘which means that the reading of the rod placed
on the different points a, b, ¢, d and e is propor-
a » o d e tional tothe distances O a,0b,Oc,OdandOe.

The system of lenses which constitute the telescope do not allow the use of this
proportion directly in stadia measurements, because distances must be counted
ﬁl-lomla point in front of the object glass at a distance equal to the focal length of
that lens. .

(-]

8
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Fig. 2 relll)resengs the section of a common telescope with but two lenses, be-
tween which the diaphragm with the stadia-wires is placed.
‘We assume:
J= the focal distance of the object glass.
» = the distance of the stadia~wires a and b from each other.
d = the horizontal distance of the object glass to the stadia.
& = stadia reading (B A).
D = horizontal distance from middle of instrument to stadia.

The telescope is leveled and sighted to a leveling or stadia rod, which is held
vertically, hence at a right angle with the line of sight. According to a principle
of optics, rays parallel to the axis of the lens, meet after being refracted in the
focus of the lens. Suppose the two stadia wires are the sources of those rays, we
have, from the similarity of the tvcvlo t?a)mgles, a’ b’ F and F A B the proportion:

@—r)ra=f:p.

The value of the quotient, f: p, is, or at least can be made, a constant one, which

we will designate by the letter k; hence we have: :
v (@—f)=FC=ka.
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In order to get the distance from the center of the instrument N, we have to add
to the above value of F C yet the value c.
¢=O0F-4ON.
O N is mostly equal to half the focal length of the objectic, hence we have

r
c=f4 3 =15/

Therefore the formula for the distance of the stadia from the center of instru-
ment, when that stadia is at right angles to the level line of sight, is:
(¢)) D==k.a4c.

-

W

‘When the line of sight is not level, but the stadia held at right angle to it, the
formula for the horizontal distance is:
@) D=k.a.cos n+c-om.

—_a —_—
The member om =3 sin n 5 for a =24’, n = 45° the value of om is but 8.4’, and for

a=10", n=10°it is 0.86"; this shows that om in most cases may safely be omitted.
Some engineers let the rodman hold the staff perpendicularly to the line of sight;
they accomplish this by different devices, as, a telescope or a pair of sights attac ed
at right angle to the staff. This method is not practicable, as it is very difficult,
especially in long distances, and with greater vertical angles for the rodman to see
the exact position of the telescopes, and furthermore, in some instances it is entirely
fmpossible, when, for instance, the point to be ascertained is on a place where only
the staff can stand, but where there is no room for the man. The only correct way
to hold the staff is vertically.
In this case we have the following: (Fig. 4)
MF=c+ GF=c-}k.C.D.
CD must be expressed by AB.
AB=g. AGB=2m.
CD = 2GF tan.m.

And finally, after many transformations :

D =c.cos n 4} a.k.cos’n — a.k.sin’n tanm.

The third member of this equation may safely be neglected, as it is very small
even for lool’llg distances and large angles of elevation (for 1500’, n = 45° and k= 100,
it is but 0.07”). Therefore, the final formula for distances, with a stadia kept ver-
tically, and with wires equi-distant from the center wire, is the following:

3 D =c.cos n+ a.k.cos*n.

The value of c.cos n is usually neglected, as it amounts to but 1 or 1.5 feet; it is
exact enough to add always 1.25’ to the distance as derived from the formula
(3a) D =a.k.cos'n
without considering the different values of the angle n.

In order to make the subtraction of the readings of the upper and lower wire
quickly, place one of the latter on the division of a whole foot and count the parts
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included between this and the other wire; this multiply mentally by 100 (the con-
stant k) which gives the direct distance D’.

In cases where it is not possible to read with both stadia wires, it is the custom
to use but one of them in connection with the center wire, and then to double the
reading thus obtained. With very large vertical angles, this custom is not advis-
able, as the error may amount to 0.507%. )

To find the height of the point where the stadia stands above that one of the
instrument, simultaneously with the distance, we have the following:

We assume in reference to figure 4.

q= height of instrument point above datum.

MP = D = horizontal distance as derived from formula (3).

n = vertical angle.

h =FE =stadia reading of the center wire.

Q =height of stadia point above datum it is

Q=¢+Dtann—h. .

The substraction of & can be made directly by the instrument, by sighting with
the center wire to that point of the rod, which is equal to the height of the telescope
above the ground (which is in most cases =4.5") ; ¢ will be constant for one and
the same instrument point ; then the formula:

Q=D tan n;
this in connection with formula (3) gives
Q=c sin n - a.k. cos n. 8in n.

or Q=csinn+a.k..’£‘.22_”.

The first term of the equation can be neglected, when the vertical angleis not too
large; hence the final formula for the height is

5 _ak.8in2n
®) Q=tenin

The position of the stadia must be strictly vertical.

The _error increases with the height of m; (m = height of center wire on the
rod). In shorter distances the result is seven-fold better when the center wire is
placed.as low as one foot than it is at 10’; in longer distances this advantage is
onlf double.

t is always better to place the center wire as low as possible. If the stadia is
provided with a good circular level, the rodman ought to be able to hold it vertically
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within 5007 ; that means, that the inclination of the stadia shall not be more than
0.023 in a 10/ stadia, or 0.034" in a stadia of 15" length.

Determination of the two constant coefficients c and k. Although the stadia wires
are usually arranged so that the reading of one foot signifies a distance of 100 feet,
I will explain here, how to determine the value of it for any case. Suppose the
engineer goes to work without knowing his constant, and not having adjustable
stadia wires. The operation then is as follows:

Measure off on a level ground a straight line of about 1000’ length; mark every
100", place the instrument above the starting point, and let the rodman place his
rod on each of the points measured off; note the reading of all three wires separ-
ately, repeat this operation four times ; the telescope must be as level as the ground
allows ; measure the exact height of the instrument. i. e., the height of the telescope
axis above the ground. Then find the difference between upper (0) and middle

-(m) wire; between middle (m) and lower (u) wire, and between upper (o) and
lower (u) wire, from the four different values for each difference, determine the
average value; then solve the equation for the horizontal distance (1) D=#k.a 4 c.,
with the different average values, and you find the value of ¥ and ¢. In case the
stadia wires should not be equi-distant from the center wire, there will be three
different constants, one for the use of the upper and middle, one for the use of the
middle and lower, and one for the upper and lower wire.

If the stadia wires are adjustable, the engineer has it in his power to adjust them
sothat the constant k¥ =100, or ¥ = 200, which he accomplishes by actual trial along
a carefully measured straight and level line.

The constant ¢, which is one and a half times the total length of the object-glass
can be found closely enough for this purpose by focussing the telescope for a sight
of average distance, and then measuring from the outside of the object-glass to the
capstan-head-screws of the cross-hairs. This constant must be adaed to every
stadia sight; it may be neglected for longer distances.

Stadia Measurements.
Written for this catalogue and manual by H. C. Prarsons, C. E., Ferrysburg, Mich.

In view of the great and growing interest in the subject of ‘¢ Stadia Measurements,”
the following solution of the problem is offered, as applied to inclined measurements.
. This solution is made from a different geometrical consideration than that usually
employed, and it effectually does away with the necessity for any subsequent cor-
rections, as with most schemes in use for inclined distances.
In the following discussion, let

R = the reading of the stadia rod; . :

D = the horizontal distance from plumb line of transit to stadia rod, which must
be vertical.

m = the angle of elevation or depression to the smaller reading of the stadia rod.

n = the same angle to the larger reading.

Through the point ¢, at the distance of unity from the centre of instrument,
draw the vertical ¢b. Then the rod A B, being also vertical, the triangles aod
and AaB are similar, as are also the triangles cob and CoB. But the read-
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ing, R, of the rod A B is the difference of the tangents of the angles of elevation,
m and-n. Also, the distance a b is the difference of the tangents of these angles,
m and n, to distance unity, as given in the trigonometrical tables.

Whence, to find the horizontal o C = D, we have simply to divide the reading of
the *“ Stadia Rod” by the difference of the tangents of the angles of elevation. Or, by
formula,— ) R ’

D= Tan. n — Tan. m

If one of the angles should be a depression or —, we must then divide by the sum
of the.tangents, and the formula would be

R

D=rna + Tan.m

Erample.—If n = 12° 16, nat. Tan = .217426
“m=10°10%, ¢ ¢ =.179328

The difference of the tangents = .038098 -
Then. if R = 12.26 feet,

oC=D = 12.26

038098 = 322 feet.

It may happen that our transit has no vertical circle, or that we have no trigono-
metrical tables at hand. In either case, introduce an auxiliary rod, ¢ b between the
stadia rod and the plumb-time of transit, and at some known horizontal distance,—
preferably 100 feet,— from the latter, and note the intercept a b.

This intercept is the analogue of the difference of tangents used in the former
case, and must be used in the same manner, in dividing the reading of the stadia rod,
zvhheg;;e ﬁhall have the distance, D, in terms of the distance of the auxiliary rod from

e sit.

Example. — Suppose the intercept a b on the auxiliary rod, at distance 100 feet, is

.845 foot, and that the reading R, of the stadia rod is 12 feet, then

oC = D = (12 + .845) X 100 = 1420 feet.

If the height, H, of the foot of the stadia rod, above or below the height of
instrument, be wanted, it may be had from the following equation :

H = 4+ D. Tan. m,

in which the +4- sign must be used for angles or elcvation, and the — sign for those
of depression. :

Or it the auxiliary rod be used instead of the vertical arc, note the intercept a b
on this rod, between the level line o C and the iine o1 signt to the ioot of the Stadia

rod, and
Muitipty Shis intercept by che ratio of D io oc.
b Example —in she last case, if ca =1.06 §., oc being 130 feet, and D = 1420 tt.,
then k

. D 1420
CA=jil=ca e = 1.06 0 = 15.05 teet.



The Portable Collimator.

For use with Collimator A or B, for testing theodolites, bs measuring aud repeating angles in the
manner these instruments are manipulated in the field. It cam be set at any angle or height.
It is a valuable aid in adjusting instruments with fixed nflu ete.; and also serves a varlety
of purposes where distant and fixed sights are a mecessity in the shop.

NoTe : — The above rrocedure of measuring and repeating angles, by sighting at two collimator objects
placed at any desired angle with the instrument, might profitably adopted in the primary instruction of

d at polytechni Is before putting them on actual practice in the field. For this purpose alone the
collimators may be of a most primitive construction. Any two cheap spy-glasses that can be bought in a store
will answer, and the field of view can be simplg' scratched on the silvering of a mirror. The latter should be
placed in the principal focus of the objective of the spy-glass. There is no need of a spirit-level. The whole
apparatus can be imtgrovised in any well lighted basement where it is not apt to become disturbed by sudden
jars and vibration of the building. ere there is a well-adjusted wye level or transit at disposal for this pur-
pose only one such collimator will be needed, and when they are placed opposite each other at a distance of
about ten feet, so that an instrument can be readily placed and operated between them, they will then afford
an excellent means of making the telescope adj by reversing the telescope of a transit upon a point,
or successive points, in the opposite direction as explained on page 29. .

In treating a similar subject (also on the same page) it is assumed that the geometrical and optical axes of
the two telescopes are truly coincident with each other (a condition requiring some skill to makeg in order to
adjust the line of collimation in a transit telescope. By employing a cheap colli of the above kind, so that
the telescope can be reversed on the collimator object, this assnm‘{)tion becomes, however, invalidated, as the
adjustments can be made precisely in the same manner as in the field. To test the adjustments for nearer dis-
tances it will then only be necessary to set the collimator object slide at places corresponding to these d

The use of such an apparatus will give the student clearer ideas of geodetic instruments and the optical
principles upon which they are based, and every lagie engineering department ought to be in ssion of
:llxl imgoviseg apparatus of this kind. Much valuable time, which must otherwise be spent in the field, can

en be saved.

Buff & Berger’s Auxiliary ‘Apparatus,
Used during the construction of their Instruments of Precision.



~ APPENDIX.

GIVING SOME METHODS, NOT ALREADY EXPLAINED, FOR ADJUSTING THE INSTRU-
MENTS ERUMERATED IN THIS CATALOGUE.

... We feel that we owe an apology to our readers for the imperfect arran t of our hand-book and
illustrated catalogue. This has been caused by its gradual enlargement as our business has increased. Itis
our ntion, should other pressing duties permit, to rumnge‘;ﬁ descriptive part of the catalogue after the
completion of several new types of instruments which are now contemplated, and to bring into their proper
order the various topics treated in this book. —C. L. B.

Spirit-Levels on Metal Base. (See page 99.)

A level plane surface is required, upon which the adjustment of a level, mounted
on a plane metal base, may be made. Such a level surface may be some portion of a
field instrument, as the horizontal plate of a transit or the bar of a wye-level, which
may be made horizontal by the leveling screws. If an instrument is not available, a
planei):urg:cde upon any piece of machinery which may be suitably raised or lowered,
may be used. :

Place the level upon the plane surface with its edge coinciding with a straight line
reviously marked upon the surface,and bring the bubble to the center of the graduated
nes or marks ruled on the glass tube, by raising or depressing the plane surface. Next
reverse the level end for end, ta.kini care to replace it precisely in the tplace that it
previously occupied, and notice whether the bubble returns to the center of the gradua-
tions ; if 80, the level is in adjustment; if not, correct one-half the error by means of the
two opposing nuts, or by a capstan-headed screw, provided at one of its ends, and cor-
rect the other half by raising or lowering the plane surface. Repeat these operations
until the adjustment is perfect.

Locke’s Hand-Level. (See page 99.)

There are several methods by which this instrument may be adjusted. (a) Select
asheet of water with an unobstructed view of not less shan 200 feet, and sight t.hrough
the level at an object whose height above the water has been made the same as the
height of the eye. If the bubble is bisected at the same time that the object is bisected
by the horizontal wire, the level is in adjustment; if not, move the frame containing the
wire, by means of the screw or screws placed at the ends of the mounting of the level,
until this is the case. (b) If an adjusted wye-level is at hand, set it on its tripod at a
heiﬁht corresponding to the height of the eye above the ground, and direct it at some
well-defined object of suitable size, as the target of a leveling rod, distant about 600 feet,
and in the level plane given by the instrument. Now raise the hand-level to the eye
and notice whether its wire bisects both the object and the bubble at the same time.
If not, adjust the wire as explained above. (c) Select a tolerably level place where

" there are two trees, about 200 feet apart (two telegraph posts or two sticks fastened to
a fence will answer the purpose). Find, by pacing or otherwise, the point midway
between the two objects selected. Standing at this point, raise the hand-level to the
eye, sight at each object in succession, and make distinct marks where the wire inter-
sects them when the bubble is bisected. These two ?oint.s will be approximately in
a level line, although the instrument may be out of adjustment. Walking to the
side of either of these objects, place the hand-level against the mark upon it and sight
at the mark upon the other object. If the bubble is then bisected by the horizontal
wire the level is in adjustment; if not, adjust it as above.

Hand-Level and Clinometer. (See page 99.)

If the instrument is of the style shown in the cut, it may be adjusted thus. Clamp
the index or vernier of the arc at 0° and test the adjustment by the methods described
for Locke’s hand-level. If the bubble is not bisected by the wire, the level must be ad-
justed by raising or lowering the tube containing it by means of one of the adjusting
screws at the end ; — or in some instruments by moving in or out a square tube to which

“ the wire is fastened —until the adjustment is made. This latter tube should then be
fastened by a screw or marked by a scratch, as the case may be.

If the style of the instrument permits of being placed with its base upon a plane sur-
face, as is usual with an ordinary clinometer, the parallelism of the level with the base
should be tested, when the index is at 0°, by the method explained above for adjusu;tg
the spirit-level with the metal base. If found to be out, the spirit-level should be ad-
justed by one of the adjusting screws at the end of its tube. The line of sight must
now be verified as explained for the hand-level. If found to be out, the adjustment
must be made by moving in or out the square tube carrying the wire as described above.
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The Adjustments of the Engineers’ Transit for Leveling
and for Measuring Horizontal and Vertical Angles.

These adjustments differ according as the telescope is provided with a fixed
level, which is the more usual form in the engineers’ and surveyors’ transits, or is
provided with a striding-level parallel to the telescope, as shown in the illustration
of the transit-theodolite No. 11a.

1. A Fixed-Level Parallel to the Telescope.

This adjustment consists of two distinct operations. The first is to place the
horizontal wire of the telescope in the combined geometrical and optical axes of
the telescope, or the line of collimation (see ** Some Facts Worth Knowing, " Part
1.); the second is to place the axis of the fixed -level parallel to the line of colli-
mation. -

The precision of the adjustments will depend in a measure upon the perfection
with which the geometrical axis of the telescope has been made to coincide with
the principal optical axis for all focussing positions of the object-slide. The more
perfect the continual coincidence of these two axes, the more precise and accurate
will be the measurements when the sights are of unequal lengths ; but in practical
leveling, where sights of equal length are used, the effect of a non-coincidence of
these two axes is mainly confined to “intermediate points,” and is of minor conse-
quence unless the non-coincidence is very marked. .

The Adjustment of the Horizontal Wire. This may be done with sufficient accuracy
in our transits having an erecting telescope, where the eye-piece is non-adjustable
laterally, in other words, permanently centered with respect to the optical axis, by
merely placing the horizontal wire in the center of the fleld of view of the eye-piece.
The cross-wires of invaerting telescopes, however, being stretched on a diaphragm
which itself limits the field of view, they will appearin the center of the field whether
the instrument is adjusted or not, and therefore another method of adjustment is
needed. This can be done roughly in an emergency by merely placing the hori-
zontal wire by the eye as nearly as possible in the center of the main tube of the
telescope, the eye-piece having been first removed. Another method is that
described by Gravatt, see pages 28 and 29. But the method which is the easiest in
our shop J)ra,ctice, and sufficiently accurate for all practical purposes, is that followed
by us, and as it might be followed with profit by the engineer, should circumstances
favor, we give it here also. After the wires have been placed in a position
perpendicular to the horizontal axis of revolution, the telescope is removed from
the standards and placed in wyes where it can be rotated. Such wyes may be
improvised by the engineer, by cutting the Proper shapes out of thin wood and
fastening a pair of them to a board in an upright position. The distance between
them should be such, that the telescope may rest upon the outside of the mounting
of the object-glass where the cap is placed, taking care to rest it against its shoulder
on the inside of the wye, and upon the tube near the cross-wires, when practicable.
The improvised wyes being placed on afirm support and fastened so that they will
not move, the telescope may be revolved in them and the wires may be placed in the
line of eollimation as in a wye-level, using a distant point.

In some makers’ transits the telescope is so arranged that it can be revolved
in the center part of the transverse axis of revolution, after the level tube and the
screw fastening it in the center of the hub which keeps the telescope and axis
together have been removed. In this case the horizontal and vertical wires can be
adjusted approximately for collimation by turning the telescope in its hub. This
method, however, does not permit of close work, and besides being clumsy, gen-
erally leaves the telescope in & more insecure state of stability, than when the tele-
scope and transverse axis are soldered together. On this account, whenever appli-
cable, all our instruments are made in this latter manner.

There is another method which may be followed if the principal optical axis
passes through the geometric horizontal axis of revolution of the telescope. Select
a place for the transit alongside of a house or near a tree, and with an unobstructed
view of at least 300 feet. Set the instrument and level up approximately. Clamp
the telescope, and by means of its tangent-screw bisoct a distant point with the hor-
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izontal wire, Then turn the instrument on its vertical center and find or mark a
point, distant about 50 feet, on the house or tree, carefully focussing the telescope .
upon it. Now unclamp, reverse the telescope, clamp it again and bisect the nearer
mark with the horizontal wire. Then turn the instrument again on its vertical axis
and see whether the wire also bisects the distant point; the telescope having been
carefully re-focussed. If the wire does not bisect it, correct the error by moving
the wires, by means of the capstan-headed sorews, in the direction explained in the
foot-note on page 29.

The amount that the wire should be moved can be determined, by this method,
only by successive approximations. If the horizontal wire is considerably out, move
it an amount equal to two or three times the apparent error, and again test the
adjustment. As the adjustment approaches completion, the wire should be moved
less and less, until the correct position is attained.

As before stated, this method can only be relied on when the principal optical
axis passes through the geometrical horizontal axis of revolution. When these two
axes do not intersect, the amount of error is doubled and multiplied by reversing
the telescope, and causes an eccentric position of the wire when the adjustment
appears to be perfect. It is extremely rare that an instrument fulfills this condition
exactly, the maker having to rely solely upon mechanical methods of construction ;
and it is not wise for the engineer to place much confidence in this method of ad-
justing the horizontal wire.

The adjustment of the vertical wire should now be made, as explained on page
29, by reversing the telescope through the standards, or over the bearings of the
horizontal axis of revolution, as explained on page 76. The adjustment of the hori-
zontal wire should then be examined again, and if found to be disturbed, the two
wires should be adjusted again, in turn, until the position of each is found to be
correct.

The Adjustment of the Fixed-Level of the Telescope. This is to be done by means
=f stakes set on opposite sides of the instrument, as described on pages 28, 30 and
33. By this method the axis of the spirit-level is placed parallel to the line of col-
limation directly, without depending on the accuracy of collars or other mechanical
arrangements ; thus ensuring great accuracy in the adjustment.

2. A Striding-Level Parallel to the Telescope.

The adjustment of a transit for leveling, when it has a striding-level parallel to
the telescope, is similar in some respects to the telescope adjustment of the ordinary
wye level. The telescope of the transit is provided with collars, or rings, upon:
which the striding-level rests. It may be placed upon them when the
telescope is either in a direct or in a reversed position, and it can be re-
versed end for end upon them. In a theoretically perfect instrument it is assumed
that the collars are cylinders of truly circular form and of exactly the sarie diame-
ter; that they have a common axis which is parallel to or coincident with the geo-
metrical and optical axis of the telescope, so thattheline of collimation shall remain
true for all focussing positions of the object-slide. It is also assumed that the
combined geometrical and optical axis intersects the geometrical transverse axis of
revolution of the telescope. The tests of these assumed conditions will be given
below. .

The following explanations will render the description of the adjustments more
simple : —

The interior surface of the glass tube or vial is ground so that it has a slight
curvature in the direction of its length, the radius of the curvature depending upon
the degree of sensitiveness required for any particular instrument. This grind-
ing gives a symmetrical barrel-shape to the interior surface. Consequently, if the
tube be rotated slightly to one side, the bubble will still indicate a horizontal plane.
The vertical plane which bisects the bubble longitudinally may be called the vertical
axial plane of the bubble. The linetangent to the upper longitudinal element of the
ground interior of the tube, at the central point of the graduations, is called the
axis of the spirit-level. It is situated in the plane of curvature of the element, that
is, in the vertical axial plane, and is horizontal when the bubble has settled normally
in the center of its graduations.
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The adjustment of such a transit for leveling consists in placing the axis of the
striding-level parallel to the axis of the collars, and then, in placing the horizontal
wire in the combined geometrical and optical axis of the telescope by means of the
striding-level.
foll. The adjustment of the striding-level consists of two separate operations, as

ollows : —

The lateral adjustment of the Striding-Level. This adjustment is the first to be
made. Its object is to place the vertical axial plane of the spirit-level parallel to, or
coincident with the axis of the collars, and is necessary to avoid errors in the posi-
tion of the bubble, should the striding-level be slightly moved on its collars later-
ally during the manipulation of the ingtrument. The telescope should be clamped in
a position nearly horizontal, and the striding-level should be placed with its wyes
resting on the collars. The bubble must now be brought approximately to the
center of its tube by the tangent-screw of the telescope. The striding-level should
then be detached from its fastenings on the telescope, and, while resting on the
collars, be inclined to one side of the telescope, say about 10° from its vertical posi-
tion, and the reading of the bubble be noted. Next, it must be rocked on the collar 3
an equal amount to the opposite side of the telescope, and the reading be noted.
If both read.ngs are the same, the adjustment is correct, but if the bubble moves
towards one end of its tube when the striding-level is in one of these positions, and
towards the other end of the tube when it is in the second position, it indicates
that the vertical axial plane of the bubble is not parallel to the axis of the collars,
and that the end towards which the bubble moves is elevated with respect to the
axis of the collars, causing the movement of the bubble from the center of the tube.
The adjustment to be made is to bring the bubble again to the center by means of
the capstan-headed screws at the side of one leg of the striding-level. They are op-
posing butting screws, and the one towards which the tube must be moved to bring
the bubble again to the center must first be slightly loosened. The opposite screw
must then be tightened until it is perceived that a {)erfect metal contact has been
established. This operation must be repeated until the reading of the bubble re-
mains the same in both positions of the striding-level relative to its normal posi-
tilcl)n. dThis will also indicate that the ground portion of the tube is_truly barrel-
shaped.

It the level be extremely sensitive, it is sometimes found that the bubble will
run slightly towards the same end of the tube, as the lateral adjustment approaches
completion, although the striding-level may have been inclined at the same angle
when in each inclined position. This indicates that the ground portion of the tube
is funnel-shaped, and then the adjustment is completed by making the bubble run
to the same amount when the striding-level is rocked through equal angles later-
ally. The effect of this deviation of the glass vial from the barrel form is generally
within the limits of error of observation with the telescope, but aside from this, it is
imperceptible in most cases, as the striding-level can rock only one or two degrees
laterally when it is fastened to the telescope. The lateral adjustment i8 necessary
in order to avoid errors in leveling, should the striding-level be moved laterally on
its collars during the manipulation of the instrument.

The horizontal adjustment of the Striding-Level. This, the principal adjustment, is
to make the horizontal axis of the spirit-level parallel to the axis of the collars.
To do this, bring the bubble to the center of its tube by means of the tangent screw
of the telescope, then reverse the striding-level end for end, and note whether the
bubble returns to the center. If it does, the adjustment is correct. If not, correct
half the error by means of the vertical opposing capstan-headed screws at the other
leg of the striding-level, moving them as has been explained for the lateral adjust-
ment, and correct the other half by the tangent screw of the telescope. If, upon
again reversing the striding-level end for end, the bubble remains in the center of
its tube, all the adjustments of the striding-level are made. But it is well to verity
the correctness of the lateral adjustment again, especially if the amount of correc-
tion required to adjust the horizontal axis of the level was large,and to repeat
both adjustments in the order given above until assured of their correctness.

The adjustment of the horizontal cross-wire. After the striding-level has been fully
adjusted, the adjustment of the horizontal wire of the telescope should next be made.
This adjustment is to bring the horizontal wire into the combined geometrical and
optical axis of the telescope, as follows. First make the vertical cross.wire perpen-
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dicular to the plane of the transverse axis by the é)rocess described on page 28.
The striding-level is then ’glaoed upon the collars and is secured to the telescope by
means of its fastenings. The instrument being leveled up, the telescope is clamped
and the bubble of the striding-level is brought to the center of its graduation.
Now turn the instrument on its vertical axis and find, through the telescope, a suit-
able and well defined object, distant about 400 feet, which the horizontal wire bisects
when the bubble of the striding-level is in the center. Then remove the striding-
level, and, if the telescope reverses through the standards, as is usual in these
transits, unclamp the telescope and plates, reverse the telescope, turn the instru-
ment on its vertical center and direct the telescope again towards the object previ-
ously bisected. Clamp the telescope, replace the striding-level on the collars and
bring its bubble to the center. If the horizontal wire again bisects the same object,
its adjustment is correct, but if not, move the reticule bearing the wires over half
the error by means of the capstan-headed screws of the telescope, as explained in
the footnote on page 29, and repeat the operation until the adjustment is correct.
If the telescope is not reversible through the standards, as in Theodolite No. 14,
(or as in most Plane-tables), the horizontal axis of revolution should be reversed
end for end in its bearings, and the plates should not be unclamped. In other re-
spects the process is the same as above described. The instrument is now in ad-
justment for leveling with the striding-level. To insure good leveling with the
striding-level, it is necessary that its points of contact on the collars be free from
dust, grit, and exide.

The adjustment of the vertical wire should now be made as explained on page
29, by reversing through the standards, or if the instrument has low standards, over
the bearings of the horizontal axis of revolution, as explained on page 76, atter which
the adjustment of the horizontal wire should be examined again, and if found to be
disturbed, the two wires should be adjusted in turn, successively, until the adjust-
ment of each is found to be correct. See ‘‘Some Remarks Concerning Instrument
Adjustments,” Part I.

Tests of the assumed conditions.

The Collimation. It has been assumed in the above methods of adjustment that
the line of collimation passes through the geometrical transverse axis of revolution
of the telescope; otherwise, a change in its height would occur when the telescope
is reversed, giving two parallel lines of sight, of which the distance apart is double
the distance between the line of collimation and the geometrical transverse axis.

An error from this source in a well designed instrument of modern construction
will be very small, and will be manifest only with short sights and in most cases
will be within the limits of error of observation for long sights, since the space cov-
ered by the cross-wire is proportional to the distance to the object, and will soon
amount to considerably more than this error. It would not, therefore, affect the
adjustment of the instrument for long sights.

It is also assumed that the principal optical axis coincides with the geometrical
axis of the telescope for all focussing positions of the object-slide ; that is, whether
the telescope be focussed on a distant or on a near object; otherwise the telescope
would give incorrect readings for objects at different distances ; more fully explained
in Part L., ¢ Some Facts Worth Knowing.”

The existence of these two sources of error may be detected by repeating the
test of the adjustment of the horizontal wire with the striding-level, using then a
very short sight. If the horizontal wire does not bisect the near object when the
telescope is both in a direct and in a reversed position, there is an error which
affects readings on near points, caused by one or both of the above mentioned
sources of error. This error may be eliminated with the striding-level, by the
method used in precise geodetic leveling to remove errors of collimation, which is
to take two readings of the rod at each point, one with the telescope direct, and the
other with it reversed ; the mean of the two being the true reading. This process
may be used for distant points if it is suspected that the adjustment of the horizon-
tal wire has been disturbed. This error cannot be eliminated with a fixed level ; nor,
as it might be supposed, with a reversion level, that is, a fixed level accurately
ground and graduated upon the top and bottom (for an illustration see elsewhere)
since both horizontal axes of such alevel are adjusted to the line of sight forlong dis
ances, and because the level cannot be reversed on the telescope tube. The effect of an
error of this kind in short distances can, however, be easily eliminated when
backsights and foresights are equal in length,
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The Equality of the Collars and Flexure of the Telescope. It has also been as-
sumed that the collars are of the same diameter. This is of prime importance since
inequality in diameter will cause large errors. If they are of unequal diameters
the line of collimation will not define a horizontal plane when the bubble of the
striding-level is in the center of ite tube, although the axis of the collars may
have been made parallel to the combined geometrical and optical axis of the
telescope. The equality of the collars will always exist in our instruments when
new, since the auxiliary and collimator apparatus used by our firm enables us to
detect the least deviation of -the collars from a circular form or from equality in
diameter, and, consequently, the collars will be of unequal diameters only from
the effects of wear and careless use.

A similar deviation from a horizontal line will exist, however, although the col-
lars are of equal diameter, owing to the flexure of the telescope by its own weight,
when in a horizontal position. This filexure of the telescope is greater in the tele-
scopes of greater length. It is also aggravated when the telescope is not symmet-
rically mounted upon its transverse axis of revolution. Thisis the case to acertain
extent in all geodetic instruments, owing to the changes in the position of the center
of gravity of the telescope when focussing the object-slide for sights at different dis-
tances, or when the sun-shade is removed, slight as the effect of the weight of the
latter may be.

To test the combined effect of irequality of the collars, if any, and the flexure
of the telescope, a method very similar to that used for adjusting the fixed telescope
level, explained on pages 30 and 33, may be used.

After the striding-level and horizontal wire have been adjusted, as explained
above, one may try the methods for adjusting the fixed-level, and see whether the
line of collimation is in fact horizontal when the bubble of the striding-level is in the
center of its tube. If the horizontal cross-wire bisects the target when the rod is
held on the distant stake (see page 33), then the line of collimation is horizontal, but
if there is any deviation, it may be owing to inequality of the collars or to a flexure
of the telescope, or to both causes combined. To eliminate this error, the operator
may move the telescope by the vertical tangent-screw until the horizontal wire bi-
sects the target of the distant rod. The reading of the striding-level will then be
noted by taking the mean of the readings of the two ends of the bubble, and the
amount of displacement of the bubble from its central position will be the constant
error of the instrument, which should be applied asa correction in fine leveling.
If this erroris caused solely by a flexure of the telescope, it may be corrected by
actually making the collars unequal in diameter to an amount which will cause
zh?)e line of collimation to be horizontal when the bubble is in the center of its

ube.

It is thus seen that when the telescope is supported in the center only, a striding-
level is no more accurate than a fixed level of equal sensitiveness, unless all of the
above conditions are attained. Also, that the methods explained for adjusting the
telescope with a fixed-level, being direct and avoiding the use of collars and elimi-
nating the effect of flexure, etc., preclude the existence of these errors. The fixed-
level has therefore its specific advantages and a legitimate place even in the best
surveying instruments.

The Adjustments of the Telescope’s Axis of Revolution of the En-
gineer’s Transit, by means of the Transverse Striding-Level, so
that the Line of Collimation shall describe a Vertical Plane.

These adjustments consist, firstly, in adjusting the striding-level; secondly,
in making the transverse axis of the telescope horizontal, by placing it truly at
right angles to the vertical axis of revolution of the instrument by means of the
transverse striding-level; thirdly, in adjusting the vertical wire for collimation so
that it shall describe a vertical plane.

The adjustment of the transverse striding-level. In our instruments for general
work, where the telescope is reversible only through the standards, as is the case
in the Tachymeters, the striding level will rest upon special collars of equal diame-
ters on the transverse axis of revolution, as it may then be attached to the telescope
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and move with it; and besides being very compact and readily manipulated, it en-
ables us to give the pivots of the horizontal axis a form by which greater lateral
stiffness 1s secured for the standards, and without this the telescope of these instru-
ments would not have the required stability.

The striding-level of the finest class of instruments, such as Transit-Theodo-
lites No. 11b, 19, etc., used for triangulation wholly, and Mining Transit No. 8, used
mainly for very steep sighting, will rest directly upon the cylindrical pivots of the
transverse axis, at the circle of contact in the wyes. This latter method is preferred
for the finest class of instruments, on account of greater simplicity and accuracy,
although the striding-level is then more liable to injury, as it cannot be attached to
the telescope and must be lifted off whenever the telescope is moved greatly in
altitude or when it is to be reversed, and is liable to fall off if the instrument is
taken up hastily.

The transverse striding-level is adjusted precisely as described, on page 72,
for the adjustment of the longitudinal striding-level shown on page 125. To test
the lateral adjustment, the striding-level may be rocked upon the transverse axis,
if it rests upon its pivots; or, if mounted upon collars between the standards and
attached to the telescope, the latter may be moved on its horizontal axis a few
degrees up and down. The horizontal adjustment of the striding-level is tested by
reversiog it end for end.

The transverse striding-level is the most important level of the transit, when
the latter is used for measuring horizontal angles and for ranging straight lines
where objects differ greatly in height.

The adjustment of the transverse axis of revolution. The striding-level having been
carefully adjusted, level up the instrument generally with the plate-levels, put the
striding-level in position and bring its bubble to the center of its graduation by means
of the leveling screws, then turn the instrument 180° on its vertical axis and note
whether the bubble of the striding-level remains in the center of the graduation. If
it does, the adjustment is correct. 1f it does not, correct one-half the error by means
of the leveling screws, and the other half by means of the wye adjustment of
the standard. Repeat the process until the adjustment is correct. Observe also,
in adjusting the wye adjustment of the standards, that it will be best performed and
more lasting when the last turns of the lower capstan-headed screw are always ap-
plied in an upward direction.

The transverse axis of the telescope is now adjusted for movement of the latter
in a vertical plane. The striding-level, being very sensitive, is the best-known de-
vice for making the transverse axis of the telescope truly horizontal. The method
assumes that the special collars, or the cylindrical pivots at the end of the axis,
which rest directly on wye bearings in the standards, as the case may be, are of
equal diameters, and if collars are used, that they are concentric with the pivots of
the axis. These conditions are best fulfilled when the striding-level rests directly
on the pivots of the horizontal axis, as in the finest triangulation transits.

‘Whenever exact vertical motion is desired, as when the objects sighted at differ
materially in altitude, the striding-level in such instruments should be depended
upon to the exclusion of the front plate-level. The latter is then entirely subordi-
nate to the striding-level and should be depended upon merely for leveling the in-
strument approximately. The plate-levels are also useful in indicating quickly any
large disturbances of position. When the objects sighted at do not differ much in
altitude, the front plate-level is, in these instruments, sufficiently sensitive to give
satisfactory results without using the striding-level. Where no striding-level is
provided, the plate-levels are, of course, to be depended upon for all work, and as a
rule, in our instruments the degree of sensitiveness of the front plate-level is such
as to insure that the plane described by the telescope shall not differ from the true
vertical plane by an amount larger than the smallest direct reading of the verniers
of the horizontal circle.

The adjustment of the vertical wire for collimation. The object of this adjustment
is to place the vertical wire so that the line of sight shall be at right angles to the
horizontal axis of revolution. This operation presupposes that the optical axis
is coincident with the geometrical axis of the focussing slide and also that this
combined axis moves at right angles to the tramsverse axis, so that the line of colli-
mation shall describe a vertical plane at all focussing positions of the object-slide
when the transverse axis has been placed in a horizontal position. In which case,



76

of course, the projection of the line of sight will not deviate from a straight line for
intermediate points. See on this point “ Some Facts Worth Knowing.” It is also
assumed that the point of suspension of the plumb bob is in the prolongation of the
vertical axis of revolution of the instrument, and that the instrument is correctly
set over the point chosen for its position.

The method of adjusting the vertical wire for collimation is sufficiently de-
scribed on page 29. The result of this process is, however, affected by any variation
of the transverse axis from .a true right angle to the vertical axis of revolution,
when the two objects sighted at are not precisely in the same horizontal plane, a
condition somewhat inconvenient to meet at all times in the field. Therefore,
in instruments not provided with a transverse striding-level, it will be best to
select two points in opposite directions that are as near as possible in the same
horizontal plane, then make the vertical adjustment as described on page 30, which,
however, is a crude substitute for the more perfect methods of the striding-level,
or two collimators arranged in a vertical plane. When this adjustment is com-
pleted it will be necessary in these instruments to again verify the adjustment of
the vertical wire for collimation and also to repeat the adjustment of the vertical
plzlslne, as neither of them can be made at once correctly independently of the
other. i

The adjustment of the vertical wire of telescopes whose transverse axis is pro-
vided with cylindrical bearings resting in wyes, a8 in Transit-Theodolites Nos. 11 and
12, etc., may be made by the same process of reversing through the standards, or
by the following process,which is the only one applicable to instruments having low
standards, such as Theodolite No. 14. )

- The process is as follows. Level up the instrument approximately; clamp the
glates; set the vertical wire in a vertical position by the method described on page
8. Then select a well-defined distant point and bisect it with the vertical wire.
Next, lift the telescope out of its bearings, and reverse the transverse axis end for
end, replacing the axis in the bearings with the telescope pointing in the same
direction as before. If the distant point is again bisected by the vertical wire, its
adjustment is correct. If not, move it in the direction stated in the footnote on

o 29, by means of the capstan-headed screws, one-half of the distance between
ts present position and the point previously bisected, and repeat the process until
the adjustment is correct.

Tests of the assumed conditions.

In the foregoing explanation of the adjustment of the transverse axis by means
of the striding-level resting on special collars, it has been assumed that the special
collars are of equal diameters and that they are concentric with the telescope’s axis
of revolution. Now to see whether the line of collimation moves in a truly vertical
plane, after the horizontal axis of revolution has been adjusted to lie at right angles
to the vertical axis of revolution of the Engineer’s Translit, proceed thus:—

Having previously verified the adjustment of the striding-level and by it that
of the wye adjustment of the standard as well as that of the vertical wire for colli-
mation, set up the instrument as near to a church with a spire, or a building with a
well defined object elevated sufficiently to require the telescope to move through an
altitude of about 90° when it is elevated to the object and depressed to the base of the
building. Now level up the instrument, bring the bubble of the striding-level to the
center of its graduation, and with the plates clamped bisect the object at the top,
then depress the telescope and find or make a mark at the base which is also
bisected by the vertical wire. Now reverse the telescope, turn the instrument in
azimuth and with plates clamped again bisect the elevated object and upon depress-
ing the telescope see whether the mark at the base is also bisected. If so, the adjust-
ment of the line of collimation for motion in the vertical plane by means of the
striding-level is correct but, if not it will show that the collars are worn and that
correction of the difference must be made by means of the wye adjustment of the
standard, over a little less than one quarter of the error, taking care to make the
final adjustment by an upward movement of the capstan-headed screws. Then
repeat this adjustment, and find or make a new mark at the base upon each succes-
sive trial when the instrument is depressed, until correct.

Now note to what extent and towards which collar the bubble of the striding-
level has moved and make & memorandum of it so that it may be applied as a cor-
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rection in the most precise work. Such deviations, while never existing in our new
instruments, are, as a rule, caused by unequal wear of the collars, or by an unequal
distribution of weight of parts attached to the horizontal axis of revolution, or by
an imperfect adjustment of the vertical wire for collimation — or by all three com-
bined. Errors from this source can also be eliminated by the usual method of
reversing the instrument an§ telescope and taking the mean.

The above test can also best be performed by the use of collimators arranged
in the vertical plane, see “The Collimator Apparatus,” when of course the modus
operandi is the same as just described.

Instead of being obliged to find or make a mark at the base of a building in
order to test the correctness of the vertical adjustment of the wyes a true vertical
plane may be had by the use of an artificial horizon.

Artificial Horizon. This may be made of mercury placed in a shallow bowl of
copper or iron (see page 134) or it may be made of molasses, or of oil mixed with
finely powdered lamp black ; or it may be made of plane parallel glass suitably
mounted on three leveling screws, so that it can be placed in a truly horizontal posi-
tion by means of a sensitive spirit-level. In the absence of any of these a bucket
full of water may serve the purpose, although the slightest air currents will cause
a rigglo in the water and make observations more difficult.

'o test the vertical adjustment of the wyes with the aid of an artificial horizon
proceed thus : —

Having previously verified the adjustments of the striding-level and instrument
set it as near to an elevated object as can be conveniently observed, place the arti-.
ficial horizon within 8 or 10 feet in front of the instrument ; level up carefully and
bring the bubble of the striding-level to the center of its graduation. Now, if with
plates clamped, the vertical wire bisects both the object and its reflection in the
artificial horizon, it is ?roof that the line of collimation lies in & truly vertical plane;
but if not, remove half the difference by the wye adjustment and repeat until cor-
rect. Now make & memorandum of the deviation of the bubble of the striding-level
as explained above in order to apply it as a correction in precise work.

While, with the use of an artificial horizon, it is not actually necessary, it will
be well to repeat this test with the telescope in reversed position to see if the object
and its reflected image remain bisected. If not, it will indicate that the instrument
has not been properly adjusted before the test was made.

Test of the Equality of the Cylindrical Pivots of horizontal axis of revolution by means
of the transverse striding-level resting at circle of contact in wyes. Carefully level up the
instrument by the plate level. Next verify the adjustments of the transverse strid-
ing-level as explained on page 72 and then make the wye adjustment of the standards
by reversing the instrument on its vertical center and, removing half the difference if
any and repeating this operation until the bubble of the striding level remainsin the cen-
ter of its graduation. Now remove the striding-level, and upon reversing the telescope’s
axis of revolution end for end in the bearings and placing the striding-level again on the
pivots, sothat each end will be on the same side of the standard previously occupied be-
fore the telescope was reversed in the bearings, see if the bubble comes back to its
center. If so, the pivots are of equal diameter, but if not, remove half the difference by
the wye adjustment and note to what extent and towards which pivot the bubble of the
striding-level moves and make a memorandum of it so that it may be applied as a cor-
rection in precise work.

The test of the equality of the pivots at the circle of contact in the wyes when
the telescope is reversible over the bearings may also be made by any of the methods
explained in the preceding paragraph for verifying the adjustment of the line of col-
limation for exact motion in the vertical plane. In this case, after the horizontal
axis has been adjusted for the vertical plane with the telescope in the direct posi-
tion, it is only necessary to reverse the telescope over its bearings, without unclamp-
ing the plates, and to repeat the test for motion in the vertical plane. If correct
the pivots are of equal diameters; but, if not, the inequality amounts to one-half
of the deviation of the line of collimation from the vertical plane, and for best
results in very steep sighting, it will be well to reverse the telescope for this pur-
pose and to accept the mean of the two readings as the true result.

On the other hand, however, if the telescope is intended only for reversal
through the standards and turning the instrument on its vertical center, as all our
Transit-Theodolites do, then for good results after the cylindrical pivots are worn,
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the wye adjustment should be made only with the telescope in its direct and proper
position in the instrument and by the striding-level alone, that is, if the latter rests
directly on the pivots as shown in No. 11b. The telescope must then not be reversed
over the bearings. :

In Transit-Theolites having no striding-level the wye adjustment of the stan-
dards, after the pivots are worn, must be made only with the telescope in direct
position as explained above and as explained on page 30 for the Engineers’ transit.

If the Transit-Theodolite has a striding-level resting on special collars (as most
of these instruments are made by us for the sake of greater compactness and
portability) and the pivots and collars have become unequal in diameter from wear
and tear, then the instrument should also be treated as if it was non-reversible over
the bearings and the wye adjustment must be made with the telescope in the direct
position only by any of the methods given for the vertical adjustment of the wyes, and
after completion of the adjustment this difference in the reading of the striding-level
should be noted, etc., for correction as already explained.

Of course in making any of these tests for equality of collars, pivots and vertical
adjustment of the wyes, it is of the utmost importance to have the instrument balanced
as the maker intended it to be, as without this none of the above tests can be made.
It will not do for instance, to detach the vertical circle after the wye adjustment has
been made with it on the instrument, nor will it do, if a solar attachment or a side
telescope, etc. has been attached to the telescope’s axis of revolution, to suppose that
the counterpoises made for each can be indiscriminately interchanged or left off at will
without disturbing the equipoise of the instrument and its adjustments. All these
parts bear a strict relation to each other and cannot therefore be changed at will without
also deranging other existing conditions of the greatest importance for a successful
working of the instrument.

Appendix to the Description of the Adjustments of the Tramsverse Striding-Level.

The above tests have been given in great detail to create a familiarity with
this subject, on the part of the Engineer, that he may know the proper method to
attain results consistent with his intentions. It is important to realize how much
depends upon the degree of sensitiveness of the spirit-levels used, and upon the
power of the telescope to reveal slight differences in its pointing. The utility of
the striding-level in the finer instruments will be best understood when we consider
that the method of reversion, so useful in detecting and eliminating errors of
graduation and of collimation, is useless in detecting or eliminating deviations of
the plane of motion of the line of collimation from the vertical plane passing
through the center of the instrument. The adjustment of the vertical wire (de-
scribed on page 29) causes the line of collimation to move in a plane perpendicular
to the horizontal axis of revolution, and the vertical adjustment of the standards,
described on page 30, renders it possible to place that plane in a vertical position
as nearly as the degree of sensitiveness of the front plate-level or the striding-level
will permit. The actual position of the plane of motion of the line of collimation
being dependent upon the levels, a want of sufficient sensitiveness in them will
cause the plane to deviate from the vertical plane passing through the center of
the instrument. The angle between these planes measures the greatest angular
amount of deviation that the line of collimation can make with the vertical plane.
This occurs when the telescope is pointing vertically upwards or downwards. —
The angular deviation of the line of collimation from the vertical plane is nul
when the telecope is horizontal and it increases as the telescope is more and more
inclined. :

When a horizontal angle is measured between points so situated that the tele-
scope does not need to be changed in altitude during the observations, each point-
ing deviates from the vertical plane to the same amount and in the same sense and
the error is eliminated from the observation. This, however, is rarely the case,
and when the telescope is changed in altitude during a set of observations, a de-
viation of the line of collimination from the vertical plane introduces an error
which cannot be detected and which cannot be removed by repeating the angle,
and which is greatest when one pointing is made with the telescope horizontal
and the other with the telescope vertical, which can be done with some mining

transits.
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The above reasoning assumes that the deviation of the plane of motion from the
vertical plane is constant or can be maintained constant during a set of obser-
vations. This, however, is far from being assured in ordinary instruments. The
position of the plane of motion depends upon the accuracy of the adjustment and
upon the degree of semsitiveness of the front plate-level, or of the striding-
level. Their sensitiveness should therefore be such that the plane of motion shall
not deviate from the vertical plane by an amount inconsistent with the degree of
precision expected of the instrument. That is to say, levels whose sensitiveness is
suitable for an instrument reading to minutes would be insufficient in sensitiveness
for an instrument reading to ten seconds. We have seen cases where the more
ordinary Engineers’ Transits were provided with front plate-levels which would hardly
indicate five minutes of arc in an instrument reading to thirty seconds. = With such
an instrument the plane of motion of the line of collimation cannot therefore be con-
trolled within five minutes of arc, from a true vertical plane and all horizontal angles
measured by it are influenced by the uncertainty arising from this defect. :

The importance of knowing the degree of sensitiveness of the levels of the finer
instruments is very great and on this account, it is usual for us to send with such in-
struments a statement giving the value of the divisions of the levels in seconds of arc.
The sensitiveness of the transverse striding-level is made much greater than that
of the plate-levels, and in such instruments the latter serve principally to level up
approximately. Its greater sensitiveness is of especial importance in Mining transits,
as steep sighting is the rule in mining surveying.

The Adjustments of the Arc, or of the Full Vertical Circle with
Double Opposite Verniers.

In the Engineer’s Transits provided with an arc or full vertical circle, the ad-
justment of its verniers to read zero when the telescope and plates are level should
be made as described on page 30, in order to make the instruments serviceable for
reading vertical angles.

‘When the vertical circle is, however, provided with double opposite verniers, as
shown in No. l¢, Style 0, page 109a, or as in Tachymeter No. 1g, the adjustment
of the vernier zeros for a normal position should be made by the two opposing
capstan-headed socrews attached to the vernier frame; but if the telescope is revers-
ible over the bearings also, requiring a separate tangent screw,as shown in our
Universal Mining Transit No. 8, and in Transit Theodolites No. 1la and No. 11b,
then the adjustment of the vernier zeros for position must be made by the vernier
framel’go tangent screw. See “Instructions for Using our Universal Mining Transit,”
page 120g.

ng the vertical circle has a separate level attached to the frame carrying the
double opposite verniers, as shown in Mining Transit No. 8, and in Transit-Theod-
olites Nos. 11a and 11b, etc., then the adjustment of this level and verniers for
position must be made as described on page 120g, so of which we will repeat here
much as properly belongs to this subject. .

Place the telescope in the horizontal plane by means of its tangent screw, then
move the vernier frames’ tangent screw until the zero line of the double verniers,
marked A, is in coincidence with the zero line of the vertical circle, and now raise
or lower the adjusting screw of this level, as the case may be, until the bubble is
in the center of its tube.

It is now supposed that the zero line of the double opposite verniers, marked
B, is also in coincidence with that of the vertical circle. If not, the verniers
marked B can he moved after releasing the capstan-headed screws, until both zero
lines on that side of the vertical circle are also in coincidence. However, this is a
very laborious proceeding for those uninitiated in this work, and as it cannot
always be made quite exact, owing to the mode of mounting the vertical circle on
the telescope’s axis, it will be found easiest to eliminate errors of excentricity
in the graduation of the vertical circle and verniers by reversing the telescope and
taking the mean of the readings. The vertical circle is graduated from 0° to 90°
and back, and the verniers are double, so that angles of elevation and depression
can be read with ease and dispatch, :
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The Adjustments of the Auxiliary Telescopes of Mining
Transits. .

The Detachable Side-Telescope.

This telescope, illustrated on page 120a, as ordinarily made, is attached to the
transverse axis of the main telescope by means of a hub, which is screwed upon a pro-
longation of this axis beyond the standards. The hub contains an independent hori-
zontal axis upon which the side-telescope may be revolved, and to which it may be
clamped. The side-telescope is usually set parallel to the main telescope, and look-
ing in the same direction, but it may be set so that it is inclined at a given vertical
angle when the main telescoge ishorizontal. A counterpoise is attached to theother
end of the transverse axis of the main telescope, 8o as to balance the weight of the
side-telescope and retain that axis horizontal when the side-telescope is in use. The
side-telescope is mainly intended as an auxiliary in measuring vertical angles,and it
is on this account that the simple means of attaching it to the transit, here described,
has been adopted by us as suiﬁclent for the purpose, although it will be very diffi-
cult to place its line of collimation truly parallel to the main telescope for all focus-
sing positions of the object-slide. When greater accuracy and greater permanency
in the adjustments are desired, our Universal Mining Transit No. 8, page 120e,
should be chosen. This has duplex telescope bearings, one set of bearings being
placed excentrically, 8o as to permit of vertical sighting up or down a shaft with the
main telescope alone.

The adjustments of the detachable side-telescope are as follows : — :

1. To place its vertical wire perpendicular to the transverse axis of the instru-
ment. Attach the side-telescope and the counterpoise to the transverse axis.
Clamp the side-telescope slightly to its hub, bisect a point by its vertical wire and
move the main telescope on its horizontal axis of revolution. If the point remains
bisected by the vertical wire of the side-telescope throughout its entire length this
adjustment is correct. If not, loosen the capstan-headed screws and rotate the
reticule bearing the wires, as explained on page 28, until the wire bisects the point
throughout its entire length. Then slightly tighten the capstan-headed screws as
explained in ‘‘ Some Remarks Concerning Instrument Adjustments,” page 12g. Also
see footnote on page 29.

2. To place the intersection of the cross-wires of the side-telescope in its line
of collimation. This may be done in several ways.

(a) The side-telescope being detachable, it could be adjusted by rotating it in
wyes, were any at hand. Such wyes, as we have shown before, may be impro-
vised by cutting the proper shapes out of thin wood, and fastening a pair of them
to a board in an upright position. The distance between them should be such that
the telescope may rest upon the outside of the mounting of the object-glass and
against its shoulder where the cap is placed, and upon the tube near the cross-
wires when practicable. The improvised wyes being placed on a firm support
and fastened so that they will not move, the side-telescope may be revolved in
them, and the wires may be placed in the line of collimation as in a wye-level, using
& distant point. The horizontal wire, being the more important one in the side-
telescope, should be placed with some care.

(b) This adjustment for collimation may be made without removing the side-
telescope, if for the adjustment of the horizontal wire, a small spirit-level* mounted
gll]] a metal base, similar to those described on page 99, is at hand. Then proceed

us:

Adjustment of the horizontal wire, First,level up the instrument by its plate
levels. Then, placing the main telescope in a horizontal position by its level,
find a well-defined object, such as the target of a leveling rod, distant about 300 feet.
Now clamp the side-telescope when in a nearly horizontal position to its hub, and
placing the auxiliary level, which has been previously adjusted, longitudinally on
the side-telescope bring its bubble to the center of the tube by means of the tan-

* Such a spirit-level mounted in a cast-iron frame, and good enough for this purpose if carefully selected,
can be bought in any of the better equipped hardware stores.
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gent screw of the main telescope and now, by turning the instrument on its vertical
center see if the horizontal wire of the side-telescope bisects the object or target
also. If so, this adjustment is made, but if not, it must be completed by moving the
vertical capstan-headed screws as explained in foot-note, page ;él

To verify this adjustment, the side-telescope may be reversed on its horizontal
axis of revolution and clamped to its hub when nearly in the same level plane.
Then turn the instrument a little more than 180° on its vertical center, place the
auxiliary level on the side-telescope, same as before, and bring the bubble to the
center of its tube by means of the vertical tangent screw. If now, when the side-
telescope is in the reversed position the horizontal wire bisects the object also, this
adjustment is com;i)let.ed, but if it does not then the horizontal wire must be moved
again to a point half-way between the two readings.

This adjustment may also be made by the auxiliary level alone or by means of
a striding-level without the aid of the main telescope. (See adjustment of the
horizontal wire of the Engineer’s transit telescope by means of the longitudinal
striding-level, page 71.)

Adjustment of the vertical wire. Select a well deflned object, as a church spire,
distant 5 or 6 miles. Bisect it with the vertical wire of the main telescope, and
without moving the instrument, look through the side-telescope and note whether
the object is also bisected by its vertical wire. If not, make the adjustment by
moving its vertical wire by the horizontal capstan-headed screws, until the object
is bisecled also. The distance between the two telescopes being only a few
inches, the vertical wires will cover so great a width, if the object be sufficiently
distant, that the effect of the excentricity of the side-telescope will be almost im-
perceptible and the same distant point may be used for each telescope.

(c) When a distant object is not available, measure with a pair of dividers the ex-
centricity of the side-telescope, which is the distance between the centers of the two
telescopes. Then transfer it to the face of a wall as far distant as practicable and
make two marks whose horizontal distance apart is equal to this excentricity. Bisect
one of these marks by the vertical wire of the main telescope and then look through
the side-telescope and note whether the other mark is bisected by its vertical wire. If
not, make it do so by moving the cross-wires of the side-telescope as described on page
29. The direction of the lines of sight should be at right angles to the surface upon
which the two marks are made.

The position of the side-telescope with respect to the main telescope should be
assured whenever the former is to be used. This may be done as follows: find a mark
that is bisected by the horizontal wire of the main telescope. Then turn the instru-
ment on its vertical axis and notice whether the horizontal wire of the side-telescope
bisects the same mark. If so, firmly clamp the side-telescope to its hub. If not,
gently tap one end of the side-telescope, which hitherto has only been loosely clamped,
until its horizontal wire coincides with the mark and then clamp the side-telescope to
its hub. The telescopes are now set to correspond with the zero of the vertical circle.

To place the telescopes at an angle with each other. Level up and fix a mark
when the main telescope is level. Then raise or depress the main telescope the required
angle and clamp the horizontal axis. Now move the side-telescope until its horizontal
wire bisects the mark and clamp it firmly to its hub. During an extended operation with
the side-telescope, the relative position of the two telescopes should be verified from
time to time to detect any disturbance of the side-telescope.

Transits having the telescope mounted at the end of the horizontal axis of revolu-
tion are sometimes used in mines ; or, as shown in the Alt.-Azimuths Nos. 15a and 15b,
this construction is used in some instruments for geodetic and smaller astronomical
work. The adjustment of such a telescope for collimation may therefore be explained
in this connection. The following method is as simple as any : —

Select a well-defined object, as a church-spire, distant at least 6 or 6 miles. The
.astrument being leveled, bisect the object with the vertical wire and read the verniers
of the horizontal limb. Then turn the vernier plate so as to read exactly 180° different
from the previous reading, and revolve the telescope. If the vertical wire is adjusted
for collimation it will again bisect the distant object, since the space covered by the
cross-wires on an object at such a distance will be much greater than the change in the
position of the telescope as caused by its excentricity from the center of the instrument.
If it does not again bisect the object, correct one-half the error by means of the hori-
zontal capstan-headed screws as explained in the footnote on page 29.
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The adjustment of the horizontal wire for collimation may be made by selecting
one of the methods best adapted for a particular design of telescope, as described on page
70 for a telescope provided with a fixed level. If the telescope has a longitudinal strid-
ing-level this adjustment should be made by the method explained on page 72.

These two adjustments should be repeated until both are correct.

To measure the excentricity of the telescope, set up the instrument as near to a
wall or other vertical object as possible. Draw a horizontal line upon the wall at a
convenient height. Point the telescope exactly at right angles to the wall, mark where
the vertical wire intersects the line just drawn, and read the verniers of the horizontal
limb. Turn the vernier plate exactly 180°, revolve the telescope and make a second
mark where the vertical wire now intersects the line. The distance between these two
marks will be twice the excentricity of the telescope.

‘When using an instrument of this description for short sights, it is very convenient
to use sighting poles with excentric targets, or an offset at the foot of the pole corres-
ponding to the excentricity of the telescope.

The Auxiliary Top-Telescope.

This is a small telescope placed above the main telescope, as shown on page 120 b
for Mining Transits No. 5, 6 and 7. It is mounted in wyes upon standards firmly
attached to the main telescope, and may be reversed end for end in its wyes. The
standards of the auxiliary telescope are balanced partly by the level below the main
telescope and partly by the stem upon which the counterpoise for the top-telescope is
to be mounted. This counterpoise is to be used only when the top-telescope is in its
wyes. When not in use, the top-telescope and its counterpoise should be kept in the
instrument box, but neither the standards for the top-telescope nor the stem for its
counterpoise are to be removed from the instrument; they should always remain
attached to it in order to save frequent adjustments of a troublesome nature. A prism
attachable to both the main and auxiliary telescope may aid in steep sighting, the same
as with the side-telescope, if so ordered.

The top-telescope must necessarily be of small size in order that it may be revolved
through the standards of the main telescope. It must consequently be of low power ;
from 10 to 12 diameters if inverting, or from 6 to 8 diameters if erecting. This low
power may frequently be an objection to this type of mining transit. An auxiliary side-
telescope may be made of the same length and power as the main telescope, although it
is usually made somewhat smaller to keep the instrument more compact and to avoid
a heavy counterpoise.

A Mining transit provided with a top-telescope properly constructed so that the
lines of collimation are really parallel to each other and properly counterpoised, is a
cumbersome instrument compared with one provided with a side-telescope, since its
upper parts are of considerable size and are necessarily crowded. It may have some

vantage, however, which may offset this cumbersomeness, which is also felt when it
‘is used for ordinary work, since the standards of the top-telescope and the stem of the
counterpoise are always on the instrument and are somewhat in the way, besides adding
to the weight and wear of the axis of revolution.

The adjustinents of the auxiliary top-telescope are as follows. It is necessary that
the adjustments of the transit proper, that is, of the plate and telescope levels, of the
vertical plane, the line of collimation, etc., should first be verified and corrected, and
that the verniers of the vertical circle should read zero when the plates are levelled up
and the bubble of the telescope level is in the center of its graduation.

Then place the small telescope in its wyes 50 as to look in the same direction as the
main telescope, and make the adjustment of its line of collimation by revolving it in its
wyes, as explained on page 32 for the adjustment of the telescope of a wye level.

It is now necessary to place the lines of collimation of the two telescopes in the
same vertical plane. This is done by alternately moving the eye-end and the object-end
of the top-telescope into the vertical plane of collimation of the main telescope.

The adjustment of the eye-end is made thus. The transit being carefully levelled
u? and the main telescope being made approximately level, suspend a weight by means
of a fine silk thread from some fixed point above, and directly between the eye and the
eye-end of the main telescope, in line with the latter and as close to it as possible. The
weight should be immersed in water to lessen its oscillations. Then place the eye
a short distance, say two feet from the eye-piece of the main telescope and as nearly as
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practicable in the vertical plane of its line of collimation to avoid parallax. This is
done by using the outlines of the standard of the top telescope as sights Looking at
the eye-end of the main telescope from this position, a small bright circle will be
observed, which will be bisected by the thread when the eye is properly placed. Now,
without moving the eye out of the vertical plane, notice whether the bright circle seen
at the eye end of the top-telescope is also bisected by the thread. If not, slightly loosen
the capstan-headed screw of the fastening of the standard carrying the eye-end of the
top-telescope, 8o that this standard can be moved around on the main telescope. Place
it so that the thread bisects both bright spots at once, and clamp it tightly.

Then adjust the object-end of the top-telescope thus. Direct the main telescope
towards a well defined distant object and bisect it by the vertical wire. Then notice
whether the same object is also bisected by the vertical wire of the top-telescope, when
it is depressed to point at this object. If not,loosen the capstan-headed screw of the
standard carrying the object-end, and move it around the main telescope until both the
vertical wires bisect the distant object at the same time. Then clamp the standard
tightly. The adjustment of the eye-end should now be verified, and if found to be
disturbed, the two adjustments should be repeated until both are correct. The two
1ines of collimation are now in the same vertical plane.

The two standards of the auxiliary telescope are so constructed as to be of
precigely the same height. No further adjustment is therefore required to make the
two lines of collimation parallel to each other. If it is found that rough usage has
impaired their parallelism, the standards must be readjusted by the maker.

The distance between the lines of sight of the two telescopes should be carefully
measured by sighting at a vertical line on a wall—the telescopes being horizontal —
when the distance between the intersections of the two horizontal wires on the line will
be the excentricity of the top-telescope,and every vertical angle measured with it should
be corrected for this excentricity. -

A capstan-headed screw is provided at the top of each of the wyes of the auxiliary
telescope. The wires of the top-telescope are placed vertical and horizontal by fitting
the pointed end of one of these screws, or other arrangement provided for this purpose
into a small cavity in the collar of the eye-end of the top-telescope, after the adjustment
for parallelism of both telescopes has been assured. The screw at the other wye is in-
tended to hold the top-telescope to its bearings in the wye. It should not be set too

tightly,

The Solar Telescope.

The Solar Telescope, as an auxiliary top telescope for steep sighting in the ordinary
mining transit, whether mounted at the side of the instrument (as usually made by us),!
or whether mounted on todp of the main telescope, can hardly be seriously considered
as a fit auxiliary for good work in sighting in rgines. In the first place its power,
though it may be of greater length than usual, is too low for such work, and secondly
because the lines of collimation of the main and solar telescopes can not be made truly
parallel with each other for varying distances, without providing some special arrange-
ment similar to that just described under the auxiliary top telescope; but as such an
arrangement will practically bring it under the same heading with the regular top
telescope, without any compensating advantages over it or over the side telescope, we
shall not discuss it any further.
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PART ITI.

Catalogue and Price List

OF IMPROVED
Engineers’ and Swrveyors’ Instruments,

WARRANTED FIRST-CLASS,
' MANUFACTURED BY

BUFF & BERGER, No. 9 Province Court, Bosten, Mass,

NOTICE.
In selecting instruments from catalogues, engineers should not be led so much

by a simple comparison of prices, as by the advantage offered in superior merits, -

working capacity, and preservation of fine qualities in case of severe treatment. We
can cite instances, where transits and levels of our manufacture had severe falls,
resulting without injury to any part of instrument —not even disturbing the ad-
justments. )

A greater outlay of $10 or $20 in the purchase of a superior article {8 a greater sav-
ing in time and expense in the end.
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Spirit-Levels on Metal Base.

NoTe. — For use in setting weirs, fine machinery etc., and for leveling up apparatus in observatories, and
physical and chemical laboratories, etc.

Ground Spirit-Level, one division of level about 1 min. of arc; mounted on 3}

inch metal base, provided with a handle. Level adjustable. In case.
Price $7.00
Ground Spirit-Level, one division of level about 30 sec. of arc; mounted on
8-inch metal base, provided with a handle. Level adjustable. In case.

Price $13.00
Hand-Level.

Locke’s Hand-Level, of brass or nickel-plated. In case.
Price $10.00

Notr.— This consists of a brass tube 6 inches long, with a small level mounted onits top to the left of its
center near the object end. Underneath the level is a horizontal wire stretched upon a frame. This frame is
made adjustable by a screw and a spring working against each other, or by two o}g)osing screws placed at the ends
of the level mounting. In the tube directly below the level is placed a totally reflecting prism, acting asa mirror

. set at an angel of 45° to line of sight. 'he images of the bubble and wire are thus reflected to the eye.
The prism divides the aperture in two halves, in one of which is seen the bubble and wire focussed sharply by
a convex lens placed in the draw tube, while the other permits of an open view. Putting the instrument to
the eye and raising and lowering the object-end until the bubble is bisected, natural objects can be seen through
the open half at the same time, and approximate levels can then be taken. To mvent dust and dampness
from entering the main tube, both the object and the eye ends are closed up with plain glasses. In preliminary
work this is a very useful instrument.

Hand-Level and Clinometer.

' b:lg.:bney Level and Clinometer.* Price $15.00.

“+" Nore. — This instrument is similar to the Locke’s hand-level, but the small spirit level mounted on top
canbe moved in the vertical plane and clamped to a dial graduated in single degrees, thus the angles of slopes
etc., can be measured also.

* Not of our manufacture.




Buff & Berger’s Quick Leveling Attachmen
Shown as applied to Levels and Transits.

(See page 20 of Manual.)
Price $8.00,
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ENGINEERS’ DUMPY LEVEL.

On account of the greater compactness, our dumpy level is best adapted for

railroads, water works and reconnoissance, etc., permitting of high accuracy by
Teater simplicity, and is less liable to derangement of all parts. As regards size,

ﬁ‘. has all the advantages of the larger engineers’ levels, but as it consists of alesser
number of pieces and screws, is superior to these in point of durability and perma~
nency of adjustments. With a properly adjusted dumpy level of our make, (see
adjustment of dumpy level,) an engineer can perform as high a class of work as he
is generally enabled to do with a good wye level., depending, as he does, not so much
on mechanical perfections, as on his own superior skill and sense of accuracK in
making adjustments. The upper part of this instrument is entirely cloth-finished.

The instrument is packed in a mahogany box, containing a sun-shade, a wrench,
a screw driver and adjusting pin.

Weight of instrument 101bs., weight of tripod from 7 to 734 lbs.

Gross weight of instrument, packed securely for shipment, in 2 boxes,about 45

o Price $100.00.

Extras to Engineers’ Dumpy Level.

Center of instrument made of steel, and hardened, . . . . .. $10.00
Stadia Wires, fixed, . . . . . . . . . . . 3.00
Gossamer water-proof bag, to protect the instrument in case of rain or dust, 1.00
Bottle of Vaseline, to lubricate the level center, . . . . . . 0.25
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15-inch Dumpy Level.
As made by Buff & Berger.

Note.—The cut represents this instrument with a telescope, showing objects inverted. If ordered
‘with an erecting telescope its length will be 174 inches, Unlike the round nuts, shown in the cut, the
tripod is provided with thumb-nuts with which to fasten the legs against the triponi head, and the instru.
ment has a leveling head similar to those represented in the cuts of our Engineers’ Transits and Levels.
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ENGINEERS’ WYE LEVEL.

Leveling Instrument of Precision.

Eighteen or seventeen-inch powerful telescope; aperture of object-glass 134
inches in diameter; eye-piece provided with an improved screw arrangement for the
accurate focussing of cross-wires; field of view large and flat; telescope provided
with an adjustable stop to readily set cross-wires horizontal and perpendicular ; line
of collimation true on all distances; objects erect; telescope balanced each way from
the center when focussed to @ mean distance with sun-shade attached to it to secure the
highest accuracy attainable; telescope rings and the center are very stout, long
and of the hardest bell-metal; cross-bar is cast hollow and provided with ribs;
8-inch very sensitive spirit level; instrument does not detach from tripod above
level_mg SCrews ; it packs whole and stands in the case erect. Mahogany case,
provided with straps and hooks, contains sun-shade, wrench, screw driver, and
two adjusting pins.

Weight of instrument 11 Ibs., weight of tripod from 7 to 7% 1bs.

l(l?.)ro:sys weight of instrument, packed securely for shipment in two boxes, about

8.

Price, including a protection to the object-slide, . . . . $140.00.

Telescope and level tube will be cloth-finished, unless ordered to the contrary
when an extra charge of $5.00 will be made. However, we strongly advise the
cloth-finish. (See cloth-finish.)

Extras to Engineers’ Wye Level.

Center of instrument made of steel, and hardened, . . . . . $10.00
Stadia Wires, fixed, . . . . . . . . . . . 3.
Metal-mirror with universal joint. (This is readil{ attachable to the instru-
ment and facilitates the reading of the bubble on soft ground without
stepping aside.) . . . . . . . . . . . 10.00
xtra Sun-shade with smaller aperture, for use with the telescope when
the sun’s rays are too bright for accurate work, . . . . . 1.50
Instrument provided with three leveling screws,* . N . . .
Gossamer water-proof bag. to protect the instrument in case of rain or dust, 1.00
Bottle of Vaseline, to lubricate the level center, . . . . . . 0.25

#See page 1042, The advantage derived from the use of three leveling screws ** in the Engineer’s
Wye Level, when mounted on a base or circle of larger diameter, ists in the g ease and precision
with which the bubble of a most sensitive spirit-level, and thereby the line of sight, can be controlled, in bench
leveling and in work of a very close character. This will be more readily understood when we mention that
these levels are frequently made to read to single seconds of arc for every one hundredth part of an inch on
the bubble scale.

The instrument, on e 104 a, is designed to supplty a want in this direction. Owing to the peculiar
mounting of the new type of level on the tripod by means of the intermediate base-plate, which is adopted to
retain some of the features of the ordinary Wye-level with four leveling screws such as the tripod, and the
greater compactness of the latter instrument, the rigidity of the former on the tripod is not quite equal to that
of Tachymeters No. 1 f and No. 1 g, which are secured to the tripod by means of a strong spiral spring from
below, and which can be made to bear against the leveling screws with greater or less force to secure the
necessary rigidity. The r‘iigidity of the new style of level with three leveling screws is, however, sufficient
to meet all ordinary demands upon it in this direction.

The three leveling screws rest in grooves provided for them in the base, or lower leveling plate. The
instrument is attached to the tripod by means of a similar screw in the same manner as the ordina 'ye Level,
and the base-plate is a part of the instrument proper and is not detachable. The upper part of the instrument
is held firmly in the grooves of the lower base-plate bl)\, means of a strong spiral sprin§ in the central socket,
which permits the use of the leveling screws for their entire length. e ordinary level or transit tripod is
used with this instrument, as also may be our Quick Leveling Attachment (see page 20). The leveling screws of
this instrument should be kept, as far as possible, in the middle of their run to secure the best action of the
spiral spring.  After an approximate leveling of the instr t, to prevent a change of heightabove ground, it
is advisable to clamp one of the levelinf screws by its clamp screw at the side, and to level up by the other two
screws alone. This should be done in like manner, also, to correct for slight changes in the level caused by
the settling of the tripod-legs. — The weight of this instrument, etc., is 51
x8-inch Wye Level,

** Fourleveling screws commend themselves in the more ordinary class of instruments for the greater rapidity with which
an instrument can be leveled up approximately and that (no matter how much the levelling screws may be worn) when
brought to a true bearing on the lower leveling plate, all such looseness is taken up.

e same as that of the Engineers’
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Engineers’ 18-inch Wye Level.
(Power 35 diameters.)
As made by Buff & Berger.
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rree oI riane ‘rable No. 1, Including table, detached compass, % cases,
screw drivers, clamps, etc., .. . $320.00
Price of Plane Table, No. 2 (sxze usually ma,de), e e . 300.00
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Engineers’ and Surveyors’ Transit.

This instrument is designed for engineering work of a high class, such as is
required in bridge buil(lin,ofr, water works, and for city and land surveying. The
size of the circle is such that it may be graduated to read to 30” or 20” without
fatiﬁue to the eye. The telescope is of the best definition, and has a large aperture
with perfectly flat field. 'T'he eye-piece is achromatic, and gives a large field with
})]enty of light. We advise our customers to order solid silver graduations for this
nstrument, also ground glass shades over the verniers for reasons given on page 6.

Transits No. 1— No.1 ¢.— Horizontal circle 6}{ in. (edge of graduation), two
double verniers reading to minutes ; two rows of figures in opposite directions from
0° to 360°; figures on limb and verniers are inclined in the direction they should be
read; verniers and graduations are protected with fine plate glass; graduations
are silvered ; magnetic needle 44 inches; adjustment for vertical plane of telescope;
improved spring tangent screw ; improved lower tangent screw ; shifting center to set
the instrnment exactly over a given point; improved telescope 1114 inches long;
objects erect ; aperture 1} inches; power of the telescope 24 dia., which qualifies
it especially for telemeter work ; eye-piece is provided with animproved screw ar-
rangement for the accurate focussing of cross-wires ; telescope is perfecily balanced
and reverses at both ends; spirit-levels ground and extra sensitive ; line of collima-
tion correct on all distances without adjustable object-slide ; protection to object-
slide ; long compound centers with heavy flanges; improved split-leg tripod provided
with thumb-nuts.

The mahogany case has a leather strap, hooks, ete. It contains a sun-shade, a
wrench, a screw driver, an adjustable plumb-bob, a magnifying glass, and seversal
ad'us;ingfpli)llls, a'l}‘d weighs Nfrom) 934 to 10 lbs.

eight of Plain Transit, (No. 1), . . . 1314 lbs. . .

b ¢t Transit with Level Attachment, (No. 1a) 14% [ twelg,?t'to(}f tﬁl)DOd

¢ ¢ Complete Transit, (No.1band No.1e) 1434 ¢ rom % Ibs.

b Grossos l\l\)'eight of instrument, complete, packed securely for shipment in 2 boxes,
'bout 8.

Extras to Transits No. 1—No. 1¢ inclusive.

Verniers provided with ground glass shades, (see page 6), . . . . $3.
Graduations on horizontal circle, on solid silver, . . . . . « 10.00
[y (X3

¢ reading to 30”. T [ X

s ¢ o ¢ 20", . .« « . . 20.00

Graduation on vertical arc or vertiea! circle, on solid silver, o s e 5.00

Gradienter attachment, (see page 20), . . . . . . e o 50O
Stadia wires, fixed, . . . . . . . . . . . 3.

o ¢ adjustable, . . . . . . . <« . . 1000

Arrangement for offsetting at right angles, . . . . . . . 5.00

Spofford’s Patent Equal Arc Meter, e« e s« e e« e e 2000

ariation plate, . . . . . P T S {1 X ]
Gossamer water-proofbag, to cover transit in case of rainordust, . ¢ 1.00
Bottle of fine watch-oil to lubricate the centers, etc., of transit, o . 0.25

NoTe.—Sometimes we are asked by those not inti ly acq d with the principles governing a tele-
scope to place a higher power than is customary with the best makers upon a telescope of the size described
above. In answer we wish to say that with the power mentioned above veri' good results in stadia measurement
can be obtained, and that while the power couf:iobe easily increased, the light and definition of the telescope
would become so diminished that it would render the instrument less efficient in more than one respect. In this
connection we refer to the various articles written on the telescope in part I. of catalogue. In some cases, how-
ever, where the instrument is principally intended for use in stadia , we can i the aperture
of our inverting telescope for Transits No. 1 from 134 to 13 inches diameter. This increase in aperture will
permit of a higher power. Thus two eye-pieces, magnifying respectively 27 and 33 d ters, can polied
with sucha pe; but the dang of the wires getting broken, or dust blowing into the telescope, etc., in
changing the eye-pieces, is so great, that in instruments of the above class the use of two eye-pieces should
be as little resorted to as possible. To increase the aperture of the object-glass to 1% inches adds $10.00 te
the cost of the instrument, and where both eye-pieces are ordered an extra charge of $5.00 will be made.
'l;lhi%o change in aperture will add about 10 oz. to the weight of the instrument, and about 1 b, to the weight of
the box.
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Plain Transit.

Price, as above, $185.00.
Standards Cloth-finished, (see cloth-finish) . . . . . $5.001ess.
For size and description of this instrument, as well as for Extras, see preceding
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Transit with Level Attachment to Telescope.
Price, as above, without gradienter, $215.00.
Standards, cloth-finished, . .. . .« . $5.00]less.

For size and particulars of this instiument, as well as for Eztras, see page 106.

NoTe. — The character of this level attachment combined with the features of the transit, is that of a pivot-
level. Its manipulation and use is similar to that described under our Hydrographic-level. The adjustment of
the level to the telescope, however, must be made in the manner described on pages 28 and 33, or by means of
a collimator. — With a level attachment of the above kind, good leveling can be done, as the power of the
telescope and the sensitiveness of the spirit-level are equal to that of most Wye-levels.
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~ Complete Engineers’ and Surveyors’ Transit.
The 5-inch vertical arc is provided with double verniers reading to minutes.
Price, as above, without gradienter, $230.00.
Standards cloth-finished, (see clothfinish) . . . v $5.00 less.
" For size and particulars of this instrument, as well as for Extras see page 105. ’
' NoTe. — When stadia wires are added, this instrument becomes a Tachymeter.
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Complete Engineers’ and Surveyors’ Transit.
The 5-inch vertical circle is provided with double verniers reading to minutes.
Price, as above, without vernier shades and gradienter, 8235.00
Standards cloth-finished, (see clothfinish, page 10) . . . . $5.00 less.
For size and particulars of this instrument, as well as for £ztras, see page 105.
NoTEe. — When stadia wires are added, this instrument becomes a Tachymeter.

N
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Buff & Berger’s Double Opposite Vernier Attachment to transits
provided with a 5-inch full vertical circle.
Price, extra, $20.00

NortE. — For most work with the Engineer’s transit it is not important to read the vertical angles closer
than minutes, and by estimation to 30/, and the ordinary vertical arcs and circles of our construction, as illus-
trated in the preceding instruments, give the fullest satisfaction in this respect. There are, however, some
few cases where it may be desirable to eliminate errors and excentricities in the graduation and verniers of the
vertical circle in the same manner as in the horizontal graduation by reading two opposite verniers, and the
construction illustrated above has been designed to meet this want. As the vertical circle cannot be turned inde-
pendently on its axis, as in repeating circles, the telescope must be reversed, when a repetition of the angle is
desired. ~ The mean of the two readings is then accepted as the true result.

In the above illustration the frame in front of the vertical circle carries two opposite verniers reading to
minutes. The verniers are double, so that angles of elevation and depression can be read with ease and dis-
patch, For ordinary work the vertical angles may be read only from one vernier. The frame is fitted to the hori-
zontal axis of revolution, and is circular in order to protect the graduation of the vertical circle from injury.

Two opposing capstan-headed screws, working against a projecting stud on the standard, are provided, to
adjust the zero-points of the verniers to coincide with those of the vertical circle, after the instrument has been
leveled up and the telescope placed in a truly horziontal position, and when adjusted so that there is no looseness
between the stud and the capstan-headed screws the vernier frame maintains ‘a fixed position, while the tele. -
scope and circle are moved 1n altitude. This device can be attached to transits provided with a s-inch full
vertical circle in new instruments only when so ordered.

The Tachymeter, or Universal Surveying Instrument.

On the following pages, descriptive of the Complete Engineer’s and Surveyor’s Transits, No. 1 ¢ Style g,
to transit No. 1 % inclusive, the name Tachymeter has been used. The want of a specific name for the complete
form of the engineer’s and surveyor’s transit has long been felt. The term ‘“‘#4ranss,” originally borrowed from
astronomy to designate an instrument whose telescope can traverse the vertical plane, is not sufficiently com-
prehensive to describe an instrument in which the vertical motion of the telescope is no longer its most important
characteristic. An instrument having a level on its telescope, a vertical arc or circle, and stadia wires, is
adapted to the rapid location of points in a survey, since it is capable of measuring the three co-ordinates of a
point in space, namely, the angular co-ordinates of azimuth and altitude, and the radius vector, or distance. The
name Zackymeter, or rapid er, has been applied for many years, in Europe, to instruments of this de-
scription. The characteristic of fackymetry is, that all the data required for the location of points are rapidly
determined by the instrument, by means of horizontal and vertical angles, and stadia measurements of distance.
The compass and gradienter are auxiliaries in the measurement of angles, and an instrument having them, in
addition to the essential features mentioned above, is more perfectly adapted for fackymetric work. We feel
that we need make no apology for introducing these brief but expressive terms into our catalogue, and we ven«
ture to hope that they may come into as general use in this country as they have in Europe, and replace the in-
< nient ph now employed to describe these instruments and methods.
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No. 1 ¢, Style p. Graduations of horizontal and vertical circles on solid
silver, reading to minutes; 5-inch full vertical circle with two double opposite
verniers reading to minutes; glass shades over verniers; 3} inch striding level;
gradienter attachment ; fixed stadia wires; ete. Standards cloth finished.

Price, as above, $316.00.
For size and particulars, as well as for extras see pp. 105-108.

This instrument without a striding level, . . . . . . less, $20.00
« “ « double opposite verniers for vertical circle, s« $20.00

NoTe. — In this instrument the verniers of the horizontal circle are placed in the direction of the line of sight
of the telescope, so that angles can be read from the position of the observer, without stepping aside. Unfor-
tunately, in order to carry this out in instruments provided with a compass upon the upper it becomes
necessary either to shorten the front plate-level, which is the principal level in the Engmeer”s transit, and
therefore should always be of standard length and character; or to raise it above the vernier,in an exposed
position, where it will so shade the vernier, as to make the latter almost worthless; or, as in the cut above, to piace:
the front plate level entireelay outside of the plates, where itis also in an exposed position, and is liable to de-
rangement though protected from breaka }l))y aguard. Athird arrangement, to place the level inside, but below
the comrass bottom, would require that the space between the plates increaseg, thereby raising the height of
the whole instrument about J4 inch, and increasing the weight, Eesides weakening the plates. None of these
devices can therefore be regarded as a real improvement, except for the more ordinary instruments, where
sometimes under certain conditions greater accuracy may be considered of less importance than greater con-
venience. In instruments without a circular compass upon the upper plate, as shown on page 124, thisdevice can
be carried out to perfection. A striding level should always aocomtganv this instrument.

Reading glasses cannot be attached to the horizontal circle of this instrument. X

The glass shades on this instrument will often prove an obstacle in making solar observations, when &
prism attachment must be used.

* See remark on page 109 a.




No. 1 d, as in cut, graduation of horizontal circle on solid silver, opposite ver-
niers reading to 20”; graduation of vertical arc on solid silver, verniers reading to
minutes; glass shades over verniers; detachable reading glasses for both circles;
11} inch telescope showing objects inverted, power 27 diameters; 3% inch striding
level; gradienter attachment; fixed stadia wires; etc. Standards cloth finished.

Price, as above, $312.00.
This instrument without a detachable reading glass to the vertical arc, = less $5.00.

o with a 5-inch full vertical circle in place of the are, . extra 5.00.
Nore.—For a d;scription of the striding level, its use and adjustment, see page 34. The striding level and
the detachabl, d , as shown above, can be attached only to our transits of the above description;

we cannot attach them to instruments already made.



109d

€1 a%vd 208 yup0d sy o wopPnLIogur ar0ut 20 4

*939 ‘1T *ON 3jISuer) 13pun paje
-sdumus sadf) 908 sudmmnsuy soug 04 - APuy os pIpA uoym Surpess Lses pue emdoe Joy [[ews 003 Sureq AP YU %49 94 4,01 0} peas 03
3[43s pue 3zs sTy) Jo SUBWNISUL jenpeId Jou Op 3| ‘PP ,,0Z 03 [uo S0P 3t sE Surpeas ‘pury sIY} JO JUIWNYSUL Ue SULILPIO 210§3q PAIIPIS
-U0D A[[ny 3¢ p[noys saSejueApesip sy, °'Pa3ed[duIod 3I0W OS[e SIX0Q S3 U SM3IIS SUIPAI] 931y} YIIM Judwnysui ue Jo Supped sy -pesy
~podu1) a3 Je ST AY} JO IDUIIIJWNIIL JI3) 343 JO JuNOdIL UO Jap[noys aY3 uo a[qepod ssaowmy Jures Ay Je 3} S19pua1 Inq ‘podLy oy3 Jo JySom
Y3 03 'sq[ € Jnoqe SPpPE A[UO 10U IZIS JO ISLAIDUISIYJ, "JUSWNNSU] UE YOS Wolj Pajdadxa AdeIndde poseasdul oy yim puodssuiod podin )
JO SSSUIPEA)S Sy} deuX O} IIpIO UYL ‘SSE SIY} Jo judwinnsur ue ur 1a3ref aq omu_a 1SN pesy podLy Y, °SMOLS Sul[a43] Jnoj M papraoid
O[S SWES Y3 Jo I8OYY M [ENsN ST URYY I8q SULIAJ JoSue[ B $aINbas sMALS SUIPAS] U YA SZ|S STYI JO IUSWANSU} UY — ‘ELON

Tachymeter.
With three Leveling Screws and Shifting Center.
No. 1 {, as in cut. Graduation of horizontal circle on solid silver, opposite ver

niers reading to 20”

6-inch spirit

'; fixed stadia
Price, as above, $322.00

dienter attachment
For size and particulars of this instrument, as well as for Extras see pages 105 to 108,

gra

.
’

.

} inch striding level

3
Standards cloth finished

.
’

graduation of 5inch vertical arc on solid silver, verniers reading

to minutes; glass shades over verniers; detachable reading glasses for horizontal

circle; 11

.
3

nch telescope showing objects inverted, power 27 diameters

i
el to telescope

7

level paral
‘wires, etc.
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Tachymeter.
No. 1 g, as in cut. Same as in No. 1 £, but having a 5-inch full vertical circle

with two double opposite verniers reading to minutes, and two reading-glasses to
the vertical circle. Price, as above, $352.00.

For size and particulars of the above instruments, as well as for extras, see pp. 105-108.
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Small Engineers’ and Surveyors’ Transit.

No. 2. Plain Transit.* The essential features of this instrument are like
those enumerated under No. 1, with the exception of size and weight. It is designed
to be used in cases where a lighter instrument is desirable. All the parts, the gradu-
ations, the telescope, etc., are made with as great care as in the larger instruments
made by us. We can recommend it as being a very reliable and superior instru-
ment for railroad work, for general land surveying and for mining purposes.

The dimensions are as follows :—

Horizontal limb b inches ; magnetic needle 334 inches; telescope 9 inches; clear
aperture 1 inch; power 18 diameter.

The mahogany case has a leather strap, hooks, etc. It contains a sun-shade, a
wrench, a serew driver, an adjustable plumb-bob, a magnifying glass, an adjusting
pin, and weighs 7 1bs.

Weight of instrument 10 1bs. ; weight of tripod from 634 to 7 lbs.

Gross weight of instrument, packed securely for shipment in 2 'boxes, about 40

1bs. Price, as above, $185.00.
Standards cloth-finished, . . . .. . . ., .  $5.00les:.

Extras to Plain Transit.

Spirit-level 574 inches, with clamp and tangent screw to telescope, . . $30.00
Gradienter attachment, . . . . . . . . . . 5.00
Offsetting arrangement, . . . . . . . . . . . b.00
Graduation of horizontal circle on solid silver, . . . . . 10.00
b inch vertical arc, double verniers reading to minutes, . . . o+ . 15.00

o ¢« graduation on solid silver, . e e« e . 2000
5 ¢ circle double verniers reading to minutes, . . . . 20.00

¢ e ‘¢ graduation on solid silver, . . . . . . 25.00
Glass shades over verniers (to faciliate the reading,) . .« « . 8.00
Stadia wires, fixed, . . . . . . . . . . 3.00

“ ‘ adjustable, . . . . . . . . . » . 10.00
Variation plate, . . . . . . . . . . . . 10.00
Gossamer water-proof, to protect the instrument in case of rain or dust, . 1.00
Bottle of fine watch oil, to lubricate the center, ete., of transit, . . 0.25

*A Phin Transit is one without spirit-level, clamp and arc to telescope, see No. 1, page 106.

NoTe.—If a transit is intended for very close stadia work, Transit No. 1, with its Iarger telescope and
higher power will be best suited for that’ purpose. But in all cases where greater lightness and porta-
bility is a factor and where only general good results in stadia ts, as obt: d with a smaller
and less powerful telescope, will be deemed satisfactory, size No. 2 should be chosen. We cannot put a
telescope of the size as described in Transit No. 1 upon a Transit Na. 2. It should be borne in mind
that all parts of an instrument are so closely related to each other that the preponderance of any one part
would simply impair the efficiency of other parts. A telescope of the size given above, but showing
objects inverted, will generally give the desir=d result.




Complete Engineers’ and Surveyors’ Transit,
No. 2.
As made by Ruff & Berger.



111

- Buff & Berger’s Solar Attachment,

Our new solar attachment or meridian finder is in principle like Pearsons’ (made by
us heretofore), not requiring computation, but instead of the lens-bar it has a small
telescope* with } inch aperture and 6 inches focal length. This consists of a slpgle
lens-objective, a diagonal eye-piece, a colored glass, and the customary cross-wires.

This solar attachment fastens by means of a screw to the end of the cross-axis of
the transit telescope on the side of the clamp and tangent-screw, as shown in the
cut. This solar attachment has no declination arc. The declination of the sun,
and the latitude of the place of observation are both set by the vertical arc of the
transit. All settings for position, viz., that of the polar axis for coincidence with the
zero marks of the vertical arc and verniers, and the setting of the declination, are
secured by two spirit levels. These levels are placed upon the polar axis and upon
the solar telescope, as will be seen in the cut. The degree of precision and simplicity
of manipulation attained thereby is commensurate with that of our engineers’ transit.

To determine true meridian at any hour of a day, it is only necessary that the
declination and refraction of the sun of that particular day and hour be known to the
observer, and that the polar axis be raised precisely to the co-latitude of the place
of observation.

By the use of our Latitude level** (also fastening to the cross-axis at the side
ot the vertical arc, as shown in the second cut), not requiring a reading of the vertical
arc for every setting of the polar axis for latitude except once in a day, observations
can be made repeatedly with speed and accuracy. Indeed, with the declination
and refraction of the sun previously worked out for the various hours of a day, ob-
servations can be madenearly as fast as a needle can he read of the surveyor’s compass.

A concise description of hoth attachments will be found in our manual. The
accompanying illustrations represent them as applied to transits No.1 and No. 2.
Of all the different kinds in use, we believe ours to be the most efficient. Owing
to their position on the transit, they can be easily manipulated. The adjustments
are few and simple, and need to be verified only from time to time; besides, they

can be readily proven and perfected, being similar to those in the transit.

The solar attachment can be readily attached or detached from the transit with-
out altering its adjustments. When detached, the transit is then simply an ordinary
complete engineers’ transit, with vertical are, spirit level, clamp and tangent-screw
to the telescope.

The weight of the solar attachment is 1 1b., that of the latitude level about § lb.
Both are packed in a separate box of mahogany provided with a shoulder strap;
and can also be packed in the box with the instrument.

It is not necessary to counterpoise the solar attachment in order to obtain good
work, the latitude level acting in part as counterpoise. Good results will be obtained
by simply watching the latitude level and the plate levels of the transit.

Price of solar attachment, as above - - = £68.00.
¢« « Jatitude level, asabove - - - - 1.5.00.

Extras to Solar Attachment.

Colored glass to apply to the telescope of the transit to observe the sun’s altitude, in
order to apply the correction for refraction in solar transit work, $2.00.

* The honor of first conceiving the idea of applying a small telescope in place of the lens-bar, and that of
using a spirit-level for the accurate setting of the polar axis, belongs toﬁ'r. Cp L. Berger of this firm, — see on
this point his article on pages 4-6 of our catalogue, published in the year 1878. The idea of setting the dec-
lination by means of the vertical arc of the transit, instead of from a separate arc, has also been anticipated
by the model underlying the principle of Dearsons’ solar attachment made at that time.

** This latitude level can also be used for grades and distance measurements, etc. It will be found to form
a very useful acquisition to the engineers’ transit, ever without the solar attackment. In this connection we
wish to say that we claim priority in attaching this device to geodetic transits for the purpose set forth, and sub-
stantially in the form as illustrated on the opposite page. Aninstrument of this class was furnished to Princeton
College, and one to Sapporo Agricultural College, Tokio, d]a an, in the year 1877. For astronomical instru-
ments, we have furnished them in the manner described and illustrated on pages 130 and 132, of our catalogue.

NoTe. — The level attached to the solar telescope, for the purpose o? setting off the declination andgu re-
fracticn of the sun, could be dispensed with.— Assuming that the normal position of the polar axis to the
transit has been assured by its level, bi-sect a distant object by the main telescope, in the horizontal plane,
incline the latter to the amount of declination and refraction, as explained in the manual. Pointing the solar
telescope until its wires bi-sect the same object, its line of sight is at an angle with the polar axis, equal to the
amount of declination and refraction. Raising the polar axis to the co-latitude of the place of observation, the solar
attachment is ready for work. (It is really not necessary that the object be in a horizontal plane, any distant
object, conviently found, is available. In'this latter case the division mark of the vertical arc, found in coin-
cidence with the zero mark of its vernier, becomes the zero from which to set off the declination, etc.) How-
ever, the greater convenience derived from_the use of this level, reducing the operation to a mere mechanical
performance, as compared with that of having to find distant objects, decidad us to retain it, although it added
to the weight and expense of the instrument. — Moreover, in case the polar level should becomeiroken, the
polar axis can be leveled up to its normal position on the transit by the solar telescope level alone.
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Buff & Berger’s Transit Solar Attachment.

Buff & Berger’s Latitude Level Attachment.
Shown as applied to a Transit with Solar Attachment.

NoTte. — Our solar attachment and our latitude level can be placed only upon Transits No. 1, No. 2, and
No. 8, and then only when ordered with the instrument.
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Davis’ Patent Solar Attachment.

This invention is destined to supersede all other solar attachments, being by
far the most accurate, the most simple, and the cheapest Solar Attachment in use. It
can be attached to any enftueers’ and surveyors’ transit which has a good vertical
arc, or a good full vertical circle. We frequently attach it to our transits Nos. 1 b
and 2, for the use of U.S. Deputy Surveyors, and others having occasion to do
golar work.

However, as1ts manipulation involves a few mathematical calculations, differing
gomewhat from ordinary selar attachments, we advice our patrons to carefully
read pages 50and 51, etc., of manual, where a full description will be found. The
screen as shown in fig. 2, can be applied ouly to the ordinary erecting telescope.
Trelescopes, with objects inverted, require attachment as in figs. 3 and 4 only, as
no screen ean be used with them. These latter attachments are now made by us
fn & manner superior to that shown in the accompanying figures. They are
mounted upon a frame, readily attachable to the eye-piece by means of a clamp,
which can be clamped in any position most convenient for the observer. 'T'o bring
the colored glasses or the prism before the peep-hole of the eye-piece, it is only
necessary torevolve them, hence they can be used in rapid succession. It will be
seen that these solar attachments, requiring no other adjustments than those
common in a Surveyors’ Transit, are easy to manipulate, and therefore must in-
;1;1‘3 better results than heretofore obtainable with mechanical devices of any other

nd.

Price of Solar Screen asinfigs.1and2, . . . . . . . $6.00
¢ ¢ Prism and Colored Glasses, as in figs. 3 and 4, . . . . 12.00

‘¢ ¢ Solar Screen with prism and colored glasses combined, for use with
an erecting telescope, as explained in manual and shown infig. 1, 18.00

If we attach it to instruments which are s#nt to us for that purpose, we must
make an extra charge of $4.00.




Fig4.

Davis’ Patent Solar Attachment,



Mountain Transit.

No. 3. Mountain Transit.—Size as in No. 2, Provided with an extension
tripod. 'This instrument is well adapted for use in mountainous regions, chiefly on
account of its smaller size, lightness and great portability. Its work is as accurate
as that of larger instruments of its class. Its weight is 10 1bs., with an ordinary
tripod complete 1614 lbs., but when provided with an extension tripod three pcunds
are added to this weight. The graduations are on solid silver verniers reading to
minutes ; ground glass shades ; 5 inch vertical arc ; spirit-level clamp and gradienter to
telescope ; protection to object slide ; extension tripod provided with thumb-nuts, etc.

The mahogany case has a leather strap hooks, etc. It contains a sun-shade. a
wrench. a screw driver, an adjustable plumb bob, a magnifying glass, an adjusting
pin, and weighs 7 lbs.

b Gross weight of instrument, packed securely for shipment in 2 boxes, about 45
S,
Price, complete as above, $260.00.
n A reduction of $15.00 from this price is made if the graduations are not on solid
silver.
Standards cloth-finished, (see cloth-finish,) . . . . $5.00 less

Extras to Mountain Transit.

6 inch full vertical circle, instead of are, . . + . ., . ., $5.00
Offsetting arrangement, . . . . . . . . . . . 5.00
Stadia wires, fixed, . . . . . . . . . . . 3.00

.- *  adjustable, . . D (X))
Variation Plate, . . . . . . . . . . . . 10.00
Quick leveling arrangement, (see manual), . . . . . . . 8.00
Extra regular tripod, for use with instrument in ordinary practice, . 16.00
Davis’ Solar Attachments, all complete, . . . . . . . . 18:00
Buff & Berger’s Solar Attachment (pp. 111 and 112), . . . . . 68.00

‘ “ Latitude Level ‘“ “ . . . . . . 15.00
*Prism, with colored glasses, for observing the sun’s altitude, . . - 12.00
Leather cover over case, to be strapped to the saddle of a horse. . . 10.00
Gossamer water-proof bag, to protect the instrument in case of rain or dust, 1.00

Bottle of fine watch oil, for the centers of transit. . . . . . 0.25

NoTe.— Although the extension tripod is very slender and about 2lbs heavier than our regular tripod, its
superiority for mountain work is very apparent on account of its adaptation to sudden changes in grades. 3till,
for general practice, it is desirable to have the regular tripod, insuring, as it does, greater steadiness, and con-
sequently giving increased accuracy. The surveyor will therefore find it to his advantage to order both kinds.
—It will be observed that in the cut the verniers of the horizontal circle are placed at an angle of 35° to the line
of sight, thus adapting the instrument to the work in a mountainous country. On the other hand this change
in the position of the verniers shortens the level in front of the telescope so much that for very accurate work
1t cannot be as much relied on as when the level is of standard length and character. To avoid this we place
an extra level permanently upon the telescope-axis, as shown in the cut. Its adjustment, however, is dependert
on that of the telescope in the vertical plane. This latter must be verified, as explained on page 30, before this
ievel can be adjusted by reversing, as in case of the plate levels. In place of this permanent level, we generally
fit a striding level to the telescope axis, as described on p. 34, and illustrated on page 109 a. The price of this
striding level is $15.00 extra. In all cases where tl}ls change in the position of the verniers is not deemed of
sufficient importance, we advise to order our I'ransit No. 2, involving a saving in the cost of the instrument.

* In a mountainous country, it frequently happens that a transit must be set up in places where it is ex-
tremely difficult to get standing room to take both back and fore-sights. With the aid of a prisms attachable to
the eye-piece, all this can be done from the side of the instrument.
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Mountain Transit.

Shown with Patent Solar Screen Attachment.*
As made by Buff & Berger.

€For illustrations and full description of this Solar Attachment, see pages 49 and 50
of the manual. For Price, etc., see page 113.
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Mountain, Mining and Reconnoissance Transit.

The annexed cuts represent two complete transits of this class.

No. 4 is in every respect similar to our large engineers’ and surveyors’ transit,
with the exception of size and weight. In the cut the verniers are placed at an
angle of 35° but ordinarily we place them at right angles to the line of sight,
which permits of a longer spirit-level in front of the plate. If made in the
other way the level will be quite short. This is quite an important feature in so
small an instrument, and the longer level should not be sacriticed, unless there are
vital reasons to the contrary. 'The instrument is as carefully made as the larger
ones, and, we believe, with careful use capable of very accurate results. For pre-
liminary work of all kinds, as well as to fill in details, it is especially adapted.
Owing to the smaller size of the telescope and its high power, we supply the in-
verting kind. The needle is 23{ inches long. Sometimes we make this Instrument
as in No. 4 a; itis then a transit theodolite. The standards are cast in a single U-
shaped piece to gain as much lateral stiffness as possible. The telescope can be re-
versed over the bearings by removing the upper covers, and also in the usual way
through the standards. In this instrument the graduation is covered too, and the
verniers are protected by glass. as in No. 4, but the needle is only 13{ inches
long. Its cost of manufacture, however, is so high, as compared with No. 4, that
we are compelled to make an extra charge of $10.00 when orderedin that style.—
However, we believe that No. 4, having the advantage of a longer needle and con-
taining all the latest improvements possessed by the Engineers’ and Surveyors’
Transits, will give equal satisfaction in every respect. e therefore advise our
friends to.order No. 1. These instruments can be supplied with leather covers
over the case, to be strapped to the saddle of a horse.

No. 4 Mountain, Mining and Reconnoissance Transit.— The dimen-
sions, etc., are as follows :(—

Horizontal limb 4 inches; double opposite verniers reading to minutes; gradua-
tions on solid silver; glass-shades over verniers; vertical arc4inches; telescope
74 inches; aperture.from 1 to 1} inch; power from 15 to 18 diameters; 4 inch
spirit-level, with clamp and tangent screw to telescope; vertical adjustment for
the telescope axis; shifting tripod; double centers; two rows of figures from 0°
to 360°; split-leg tripod, ete.

The mahogany case has a leather strap, hooks, etc. It contains a sun-shade, a
wrench, a screw driver, an adjustable plumb bob, a magnifying glass, an adjusting
pin, and weighs 4 lbs.

“Weight of instrument 5 1bs., weight of tripod 334 lbs.

Gross weight of complete instrument. packed securely for shipment in 2 boxes,

29 lbs.
Price, $228.00.
Extras.
Adjustable stadia wires, . . . . . . . . . . $10.00
Fixed stadia wires, . . 3.00

Prism and colored glasses for solar (;bser{ratio;ns, (i.mpn;ved ;nom;tingi. . 12.00
Extra extension tripod, (weight 4 1bs. ; see note to No. 3 mountain transit), 16.00

Leather cover over case, . . . . . .
8ilk bag to cover transit in case of rain or dust, . . . . . . 0.80
Bottle of fine watch oil, . . . . . . . . . . . 0.25

. Nore.—We are often asked to place a side telescope upon transit No. 4, so as to bring it more
within the range of the larger mining_transits mentioned later on. To this we must reply that, while
instrument is of strong and durable build and fully capable of withstanding the ordinary strain put upon
field instruments, we believe that its important parts, such as centers and the transverse axis of the telescope,
are likely to suffer by the extra weight attendant upon the use of a side telescope and its counterpoise,
and by their exposed position, projecting as they do when attached to the instrument. Not infrequently
we are asked, also, to make the telescope of this instrument to show objects erect. This cannot be done
to satisfaction, since it is impossible to make so small an erecting telescope that will have the necessary
power for good work and be at the same time of good quality. It seems that in all such cases the interest of
our friends will be best guarded if they will order Transit' No. 2 or B, as coming nearest to the desired
end. Having thus acquainted our friends with these facts, we would add that we are prepared to carry out
their wishes in this respect, if they are willing to take the q upon th Ives. — Our ‘solar
attachment cannot be placed upon this instrument.

. . . . .
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No. 4. No. 4 a.

Mountain, Mining and Reeonnoissance Transit.
As made by Buff & Berger.
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Mining Transits.

All of the foregoing instruments, particularly No. 2 and No.4 we recommend
for general underground work. (The latter instruments chiefly on account of their
greater portability and lightness.) The telescope may be either inverting or erect,
and may have a diagonal eye-piece (if inverting,) or a prism attached to the ordi-
nary erecting eye-piece to facilitate si%'hting in'a shaft. We frequently attach to
the cross-axis of the telescope a side telescope, which swings free of the plates and
permits of vertical sighting up or down a shaft. This detachable side teleseope is
placed opposite to the full vertical circle and is parallel with the regular telescope.
The horizontal wires of both these telescopes are adjusted to read the same level
line. Sometimes we also place directly above and parallel with the line of sight
of the main telescope, another one of smaller size, mounted upon standards, firmly
attached to the main tube. This second telescope can be reversed in its Wyes end
for end, and the distance between the lines of sight of both telescopes isequal to the
radius of the horizontal circle. It will be geen that vertical sights, up or downa
shaft, can be taken with perfect accuracy and ease. This arrangement, as explained
above, has all the advantages of a telescope mounted upon inclined standards, with-
out the faults common in such instruments, as the auxiliary telescope can be taken
out of its Wyes when not in use. To avoid errors in reading cardinal points, the
compass ring is figured from 0° to 360°, the same as the horizontal circle. Mining
instruments should have large vernier openings to admit of as much light as pos-
sible, and all graduations should be on solid silver. For the illumination of the
cross-wires we place a small reflectorin the centre of the cross-axis of the teles-
cope of our larger instruments, but for the smaller kind we attach a reflector in
front of the object-glass. The tripod is provided with three adjustable legs te per-
mit of raising or lowering the instrument in unfavorable localities.

No.5. Mining Transit — Dimensions as in No. 1; graduations on solid
silver,* verniers reading to minutes are provided with ground glass shades; 5 inch full
vertical circle; spirit-level, clamp and tangent screws to telescope; extension tripod, etc.

rice, $253.00.

No. 6. Mining Transit.— Dimensions as in No. 23 graduations on solid
silver,* verniers reading to minutes are provided with ground glass shades; 5 inch full
vertical circle; spirit-level, clamp and tangent screw to telescope ; extention tripod, etc.

Price, $253.00.

* A reduction of $15.00 will be made if the graduations are not on solid silver.

Extras to Mining Transits Nos. 5, 6 and 7

Striding level (for description and illustration see pp. 34, 109b and 123) . . . e .
Five-inch vertical circle provided with double qpposite verniers, see page 109a . . . .
Horizontal verniers for No. 6, placed at 35° to line of sight, as shown on page 120a (not applicable

to Transit No. 7, on account of the exposed position of the level) . .. . . . .
Lamp of brass with ground lens for illuminating cross-wires through transverse axis of telescope
Small table, to attach lamp to standard of transit to illuminate wires P T
Small reflector in the centre of telescope, holes drilled through the telescope axis for the illumina-

tion of wires . . . . . . . . . . . . . . . .
Reflector for illuminating the cross-wires . . . . . . . . . . . . .
Diagonal eye-piece . . . . . . . . . . . . . . . .
Prism, attachable to eye-piece . . .o . . .
Detachable side telescope e e .. PR Ve e e .

«“ auxiliary telescope (as explained above), including standards and counterpoise, etc.
Arrangement for offsetting at right angles to telescope . . . . . . .
Quick leveling arrangement . . . .
Half-length tripod . .
Extra extension tripod . . . . .
““  split-leg tripod (see note to No. 3) .
Plummet lamp (large size) . . .
‘“ ¢ (small size)
Stadia wires, adjustable
[ “ ﬁxed

s

[ - — .
HOUNWE RS OGRENSROBP®

Gradienter attachment for Nos. § and 6 . . .. .. . . e
Large plumb bob, weith 4 Ibs., for use in shafts . . . . . .. . . . .
Bottle of fine watch oi . . . . . . . . . . . . . . . .
Silk bag, to cover Transit )

MINING TRANSITS CONSTRUCTED WITH ECCENTRIC TELESCOPE TO ORDER.

Note: — The object prism as sometimes used to enable steep sighting in mines with the ordinary transit
1 pe is not ated here for reasons stated on page sz k.
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Complete Mining Transit,
_With Extension Tripod,* Detachable Side Telescope, Prism, etc.,
as made by Buff & Berger.
Size 485 in Nos. 5, 6 and 7, For price of instrument and attachments, see preceding page.
* See note to Mountain Transit, page 115,
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Complete Mining Transit,

With detachable Side Tel pe and Reflector for illuminating cross wires,
as made by Buff & Berger.

Size as in Nos. 5, 6 and 7. For price and attachments see page 119.

Note. —The side telescope is the more y t to mining transits. Itcan be readily
attached or detached from the instrument proper. It can be of the same length as the main telescope when so
ordered, but it is usual with us to make it an inch or so shorter, to keep it as light as possible, and to save weight in
the counterpoise. When the side telescope and its counterpoise are attached to the transverse axis, they balance
each other, and therefore the adjustment of the line of collimation of the main telescope is not disturbed in he
vertical plane. The weight of the side telescope and its counterpoise is about 1 lb. for each.

It will be seen that in the mining transit illustrated above the horizontal verniers are placed at an an%l: of 35°
to line of sight of telescope, to enable one to read the verniers in cramped places without stepping aside. e front

late level in this instrument is of standard length and character, and in form is_much improved on former styles.
Yts exposed position on the instrument, however, renders it particularly liable to derangement, and being
partially hidden from view by one of the standards, the bubble cannot be watcned conveniently. For price of this
arrangement see Extrasto Mining Transits, page 119. An instrument having its front level placed as shown
above should always be accompanied by a striding level. To place this level outside of the plates and in .
front of the telescope, as shown on page 109b, is not permissible in miningtransits,as;it would shorten the
range of the main telescope for steep sighting. }’

h
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ALDINE ENG.CU. BUSTON,

Complete Mining Transit,
With auxiliary Top Telescope, etc., as made by Buff & Berger.
Size as in Nos. 5, 6 and 7. For price and attachments see page 119,

Notg. —The attachment of a top telescope to a transit makes the latter very top-heavy, in so far as_both
wye-beam;is of the top telescope and their counterpoise are inseparable from the main telescope. This latter
feature makes the instrument troublesome and unwieldy for the more ordinary class of work.. To make the
adjustment of the top telescope so that its line of sight be truly parallel with that of the main telescope requires
some patience and skill on the part of the operator. The top telescope, in order to allow of a complete revo-
lution of the telescope through the standards, must be very short (5or 6 inches over all), and in consequence
the power is very low. An instrument of this class should, therefore, have both of its telescopes inverting,
as with telescopes showing objects erect, the focal length of the togotelescope‘s objective_would have to be so
short that it would be of very inferior quality. To avoid confusion, both telescopes. must' be of ‘the same kind.
An attachment of this kind will add a permanent weight of 1 lb. to the main telescope,-and when the top
telescope is used the extra weight will amount to from :: to 3 lbs.
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Mining Transit.
Interchangeable with Lamp Targets * above Leveling Screws.

The leading features possessed by this instrument, as made by us, are, that it can
be interchanged with the lamp targets above the leveling screuws (sce opposite page) so
that after they have been set up their relative position as to height and location will
remain exactly the same upon being transferred from one tripod to another. Itis an
instrument especially adapted to the work of an engineer in mines, and as such
involves a great deal of apparatus not possessed by instruments intended for surface
work. Viewed in its entirety, as a surveying instrument, it is more complicated to
handle than the more customary styles, and with the attachment of a side or top
telescope it grows still more so, and is then difficult to manage in cramped places.
The advantages derived from its use may, however, compensate for the more cumber-
some features of this instrument. Two lamp targets are commonly supplied with an
instrument of this kind, but frequently one only is ordered, according to the character
of the work for which it is intended. The vertical centers of the lamp targets have to
be well fitted into the sockets of the leveling heads, and in consequence they cannot
be furnished separately. The engineer will therefore decide whether one or two lamp
targets are necessary for this work. The lamp targets are of the same height as the
transit measured from the base above the leveling screws to the line of sight, and each
is provided with two spirit levels. The targets can be revolved in the vertical and
horizontal planes. By means of a tubular sight, situated on top of the target, the
latter can be readily set in the direction of the instrument so that its face will lie at
right angles to the line of sight. The lamps can be raised or lowered at will, and can
be detached whenever necessary. It is of the bull’s-eye pattern; and the best lard-oil
only should be burned in it. A dise of milk glass placed between it and the target
furnishes an illuminated background, against which the intersection and outlines
of the target are seen sharply defined.

] Weight of Mining Transit No. z,about . . . . . . . . . . . . . . 11lbs.
§p', i one lamp, “ e e e e e e e e e e e e “
53 “ Mahogany box containing instrument and one lamp, target, etc., about 32 *
H “ one Extension Tripod, about ¢4 Ibs. ; two Tripods,. . . . . “ 19
] Gross weight of this instrument, complete, packed securely for shipment in two boxes, about 70 lbs.
3’§ . [ Weight of Mahogany box, containing instrument only, about . . . . . 221bs.
E - « “ A 2 lamps, targets, etc., “ . . .. . 26 ¢
55 “  three Tripods, - R
,E‘E Gross weight of instrument, complete, packed securely for shipment in 3 boxes, . . about 120 lbs.

No. 7. Mining Transit, size as in No. 6, with one lamp target as shown on
opposite page ; graduations on solid silver, verniers reading to minutes, are provided
with ground glass shades; 5 inch full vertical circle; spirit level, clamp and
gradienter screw to telescope; illuminator shade ; striding level and fixed stadia wires,
2 extension tripods, two plumb-bobs, etc. Lamp target packed in instrument-box.

Price, $380.00

No. '¢a. Mining Transit, as above, but with 2 lamp targets, both packed in
separate box, three extension tripods, 3 plumb-bobs, etc.

Price, $46g2.000(3

Instruments No. 7 and Ta, without Striding Level, less . .
““ “ “ ¢ Gradienter, o . . . . 5.00
¢ ‘“ “ ¢ Fixed Stadia Wires, less . . . 3.00

For price of extra attachments, see Extras to Mining Transits, page 119.

NoTe. — To interchange the instrument and the lamp target proceed as follows : — First withdraw the spring
bolt of the lower dani‘% for the outer center by means of the small milled-headed nut at the end of the clamp opposite
the tangent-screw. ‘Then loosen the clamp screw immediately above the leveling head. Now upon pulling back
the spring bolt, situated at the side of the clamp, the instrument or the lamp can be detached by lifting it out of the
socket in the leveling head. These sockets as well as the clamps, which serve to fasten the instrument or lamp
target to the leveling head, should be kept free from dirt or grit. After clamping the instrument to the leveling
head, to prevent any motion in its socket, and then releasing the small milled-headed nut from its fastening on the
spring bolt of the lower tangent-screw, the transit is ready for work and can be manipulated the same as other
instruments of our construction.

#* The difference existing between the lamp target and the lamp formerly furnished with our Mining Transit
No. 7, consists in, that in the latter the flame of a paraffine candle, kept at the same height as the instrument,
was to be sighted at, which of course was a source of inaccuracy, particularly for short sights. By using the
lamp target sgown on the opposite page, either long or short sights can be taken with rapidity and accuracy.

1 Customary size of instrument on account of its lightness, as compared with NO. 6, but for exceptional uses
we are prepared to furnish this style of instrument of size No. 5 whenever desired, but its size and greater weight
— about 4 Ibs. more for the instrument and about r lb. more for each lamp target and tripod, etc. — makes it,
however, very unwieldy in cramped places.
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Buff and Berger’s Universal Mining Transit with Duplex

Telescope Bearings.

This instrument, represented by the annexed cuts, was designed by us June 10,
1889, in response to an urgent demand upon us to consiruct an instrument which
could be depended upon to give the closest results under the most trying circum-
stances. It was designed to do accurate work in measuring horizontal angles
between points, one of which may be depressed as much as eighty or ninety dezrees
below the horizon, while the other may be as much elevated above the horizon ; and
also to measure with equal accuracy angles of elevation or depression above or
below the horizon. It was planned to meet the requirements of the Mining Engi-
neer, who must have the exact location of every shaft aud tunel in a mine, the
length of which may aggregate a number of miles, a:d necessarily the instrument
must be so constructed, that it may be portable, as light in weixzht as consist nt
with the end to be accomplished, adjustable by the engineer at the bottom of a
mine, and its delicate parts so protected from the dripping of water from roof of
tunnel or from the shafts, that they may not be injured. The in trument having
but one telescope, is as simple in construction as one with a universal adaptation
can be made. It is necessarily a little crowded in order to be as strong, as com-
pact, and as light as possible. To produce the last result, lightness, not only the
frame of the standards, the vertical circle, its verniers and vernier frame, ete., but
also all the detached parts are made of aluminum (see article ‘* Aluminum for Instru-
ments of Precision,” page 12g). No attempt at elaborate finish of the exterior sur-
faces of these parts has been made, as it would require a different design at the
expense of simplicity, lightuess, strength and general efficiency. For the most
part they are treated with our cloth finish, or they will be bronzed in black or green.
The form of standard is of a unique design : two arms reach out from its base and
from the usual bearings, and offer an excentric bearing for the support of the tele-
scope when it may become necessary for the engineer to direct the line of sight
down or up a shaft, thus affording two bearings for the horizontal axis of revolution.
One of these may be called the normal, the other the excentric bearings. To accom-
plish the best results in stiffness and solidity these standards are cast in one piece.
There are protection clasps over the bearings of both the normal and excentric stand-
ard. Those over the excentric bearings may be omitted if so desired. A counterpoise
is to be used when the telescope is in the excentric bearings. The striding level
furnished with this instrument is of a most sensitive character. In cases, however,
where this instrument is intended for ordinary good work only, such as could be ac-
complished with Mining Transits Nos. 5 or 6 when provided with a side telescope,
a striding level as described on page 34, resting on special collars between the
standards, can be supplied.

In order to afford increased steadiness, the extension tripod furnished with this
instrument is larger than usual for its size, and the vertical centers are of the
same length and diameter as those in our transits No. 1. The lamp targets (if any
are ordered) are of the pattern shown in the cut. They are interchangeable with
the transit on the tripods. The telescope should be inverting for best results.

Weight of instrument, standard frame of aluminum, about 1r lbs.
‘  counterpoises . . . . . ‘“ ‘“
compass, . frame of aluminum, * 1 i «
striding level, “oou “ “ “
one lamp target . . . . . “og
one tripod about 12 lbs.; two tripods 24 ¢
mahogany box, containing instrument and its attachments, etc., . - about 30 lbs.
“ « “ one lamp target and one plumb .. “ 8. ¢
Gross weight of instrument, complete, packed securely for shipment in three boxes ‘100
No. 8. Universal Mining Transit,as in cuts. —Horizontal and vertical circles,
5inches; graduations on solid silver, double opposite verniers reading to minutes,
ete. ; 5-inch level to telescope; 3-inch level to vertical circle; 5-inch striding level;
two plate levels. Telescope 9 inches, aperture 1} inches iferecting, and 1} inches if
inverting ; power18 diameters ; fixed stadia wires; illuminatorshade; prism. Mag-
netic needle 3% inches. One lamp target, packed in separate box. Two extension

tripods, two plumb bobs, ete. Price, complete as above, $620.00

Price of this instrument, without lamp target, tripod, and plumb-bob, $90.00 less.
“ “ “ “  detachable compass, ... 40.00 ¢
“ “ «“ “  protection clasps to excentric bearings, 10.00 ¢
« with striding level resting on special collars between
the standards, see page 109>, . . 20.00 ¢

“«

free

0

No. S8a. Universal Mining Transit as in No. 8, but with 2 lamp
targets (packed in one box), 3 extension tripods, and 3 plumb bobs, Price $710.00
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Instructions for using our Universal Mining Transit,

Instrument and lamp target attach to their tripods in the manner described on page 26a. To secure an
equal height of lamp target and instrument above tripods a slotted disk, provided with the instrument, must be
placed and tightly screwed between the head of the Feoveling screw and tEa leg of the instrument’s stand on the
side where the lower tangent screw is situated. This is done to afford a fixed leg, so that when the instrument is
leveled up, it be always of the same height. The lamp also has a fixed leg and two leveling screws and when
leveled up is of the same height as the transit. When interchanging, care must be taken not to disturb the
tripods, and to place the fixed legs of both instrument and lamp in the circular shaped receptacle provided for
them in the sliding Eiece of each tripod. Instrument and lamp will then be leveled up, each with 2 leveling
screws, after which their relative height and position above ground will be again the same as before they were
interchanged on their tripods. Lamps and targets must be manipulated as expfained under Mining Transit No. 7.

A concentric groove is provided near the bottom of the center partof the trivet of the instrument and lamp,
around which a fine wire may be fastened whenever their distance apart must be measured.

All horizontal angles measure from the center of the instrument, whether the telescope is in the normal
or in the excentric bearings. All vertical angles measure from the center of the telescope’s axis of revolution
respectively. The distance between the centers of both bearings must be determined and correction must be
applied whenever, in measuring vertical angles, the telescope is in the excentric bearings. A small hole drilled
in center on top of the transverse axis serves for centering the instrument under a given point by means of a
plumb bob suspended from the roof when the telescope is placed horizontal.

The brass counterpoise permanently fastened to the instrument in front of the main vernier serves to
balance the weight of the excentric bearings.

The large counterpoise of lead is to be fastened against the brass counterpoise by means of the milled
headed screws, whenever the tel and its attach are used in the excentric bearings. The small
counterpoise of lead is to be placed on the instrument when the striding level is to be used over the excentric
bearings. Both weights are slotted to facilitate this operation.

The large counterpoise shown in the cut is not quite sufficient to balance the weight of the telescope in
the excentric bearings, but as the vertical rlane of the telescope, in measuring horizontal angles, is coutrolled
by the front plate level or by the striding level, which are not affected by this deficiency in the weight of the
counterpoise, and inasmuch as vertical angles are controlled by the Level attached to the vertical circley i twas
deemed best, not to add unnecessarily to the weight of the instrument. A true equipoise of the instrument
can be obta:‘ned, however, by simply lengthening out the milled headed screws by w%ich the counterpoises are

d to the instr

As a rule for the more ordinary purposes the plate levels alone can be depended on, but for very close
work in running lines down or up ‘a deep shaft, etc., or when horizontal angles must be measured with the
telescope in the excentric bearings, the striding level should be depended on only, and then, in order to elimi-
nate all errors of collimation and inequality, if any, in the pivots of the horizontal axis of revolution, the tele-
scope should also be reversed over its bearings. The telescope can be reversed through the standards in both
bearings, or it may be reversed over the bearings, as the case maybe. Ordinarily, when in the normal bearings,
it should be reversed only through the standards as being more convenient and more accurate.

Both, the normal and the excentric wye adjustment of the telescope should be made with the striding
level alone. The latter being very sensitive (1 div. of level=10" of arc), there need be no uneasiness on
the part of the engineer should the adjustment under ordinary circumstances be not completed within one or
two divisions of its graduated tube, but, of course, as the sights are lonﬁer and approach a vertical line, it is of
gr]eat importance to pay the strictest attention to the adjustments of the striding level and wye bearings of the
telescope.

'I‘oplift the telescope out of its bearings, the spring bolts situated on top of the protection clasps must first
be withdrawn, when tﬂe latter can be turned aside. Next withdraw about one-tenth inch the spring bolt of
thie telescope’s clamp and also that of the vernier frame’s tangent screw by means of the milled headed nut at
the end of each spring box. Now lift the telescope out of its bearings and either reverse over the bearings or
insertit in the excentric bearings, as the case may be, and again release to the fullest extent the spring bolts of
the tangent screws under operation. This being accomplished, all settings of the telescope in the vertical
plane must be made by its clamp and tangent screw alone, and no attention need be paid to the clamp of the
vernier frame. It is only when vertical angles must be measured that the bubble of the level situated on the
vernier frame must be brought to the center of the tube by means of its tangent screw. Good results for verti-
cal angles may be obtained with this instrument, although the plates may not be leveled up accurately, if due
regard is paid only to the factthat the bubble of this level must be placed in the center of its tube {efore a
reading can be made. .

To make the adjustment of this level proceed thus:—Place the telescope in the horizontal plane by
means of its tangent screw, then move the vernier frames’ tangent screw until the zero line of the double
verniers, marked A, is in coincidence with the zero line of the vertical circle, and now raise or lower the adjusting
screw of this level, as the case may be, until the bubble is in the center of its tube.

It is now supposed that the zero line of the double opposite verniers, marked B, are also in coincidence
with that of the vertical circle. If not, the verniers marked B can be moved after releasinilthe capstan-
headed screws, until both zero lines on that side of the vertical circle are also in coincidence. owever, this
isa very laborious proceeding for those uninitiated in this work, and as it cannot always be made quite
exact, owing to the mode of mounting the telescope on its axis, it will be found easiest to eliminate errors of
excentricity in the graduation of the vertical circle and verniers by reversing the telescope and taking the mean
of the read’i'ngs. The vertical circle is graduated from o° to go® and back, and the verniers are dougle, so that
angles of elgvation and depression can be read with ease and dispatch. For further information see page 1092,
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Tunnel Transit.

Under this heading we wish to say that the general form of the transit-theodolites,
described under Nos. 8, 11 and 12, is best adapted for tunnel engineer-
ing. The telescope should be inverting and be provided with a diagonal eye-piece,
or a prism. A sensitive striding level should be added to rest on top of the telescope
axis to establish the vertical plane correctly.

The EXTRAS in addition to those enumerated under No. 11, are as follows: —

414 inch sensitive stridinglevel, . . . . . . . . . $20.00
Diagonal eye-piece, . . . . . . . . . . . 12.00
Prisi, attachable to eye-piece, . . . . . . . . . 8.00

Lamp, of brass or copper, with ground lens, . . . . . . 7.00
Small table to attach lamp to standard of transit to illuminate wires, . 3.00
Small reflector in the center oftelescope, holes drilled through the telescope

axis for the illumination of wires, . . . . . . . . 10.00
Plummet lamps, . . . . . . . . . $15.00, 10.00, S.00

TUNNEL TRANSITS CONSTRUCTED WITH ECCENTRIC TELESCOPE TO ORDER.

Straight Line Instruments.
For running Straight Lines on the Surface of the Earth and in Tunnels,

No. 9 and No. 10, These Instruments are without circles and graduations.
They rest either on three or four leveling screws, and are so arranged as to readily
adjust exactly over a given center, after an approximate setting with tripod legs.
The telescope axis is of hard bell metal, and reverses in its bearings; the bea.riugs
are adjustable in vertical plane; striding level is provided with a handle in the
center and is highly sensitive. We make two sizes, viz.:—

No. 9. Apertureof object-glass, 134 inches in diameter ; focal length 18 inches;
objects erect or inverted, etc.

Price $190.

No. 10. Aperture of object-glass, 2 inches ; focal length 18 inches; ete.
Price $270.

With the addition of a glass or spider line micrometer, lamp and reflector for the
fllumination of the micrometer. both these instruments may be used for taking time.

Note.~— If desired, an extra striding level can be placed upon two concentric rings of equal diameters
lel to line of collimation of the telescope, thus making a leveling instrument of great power and precision
or long sights. This attachment will cost $35.00.



No. 10.

Straight Line Instrument.
With Gradienter Attachment.
As made by Buff & Berger.
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Transit - Theodolite.
For use in cities, in tunnels, and for triangulation,

No.11. Of late years it has been found desirable by us to design a transit for
use where Instruments of ordinary construction would fail to give satisfaction, or
do not permit of rapid work where the highest degree of accuracy isrequired. The
instrument as shown in the accompanying illustration has no compass, and therefore,
the upper frame mounting the telescope isin one piece, which is provided with ribs,
and which rests directly on the top-flange of the inner center. T'he result of this is
that great lateral strength is obtained, which permits of mounting the telescope axis
by means of cylinders at each end in wyes. On top of each bearing of the telescope
axis is mounted a cap provided with an adjusting screw, with which the neces-
a;ar{rl friction for the revolving telescope is obtained, and these caps are also provided
with two milled-headed screws, which esu be removed readily when the telescope
18 to be reversed for straight line measurensents over the bearings. These caps are
80 arranged as to completely exclude dust from the axis. In this new arrangement
the telescope can be reversed as in ordinary instruments through the standards, as
w-ll as over the bearings, as i usualin triangulation and for aligning straight lines,
aud last, but not least, the movement of the te escope in the vertical plane is the most
accurate known. Qrdmar{ transits cannot fultil these functions owing to the pecu=
liar form of the beanngg Wherein the telescope axis revolves, which bearings are sc
made to give lateral stiffness to the telescope, on account of the slenderness of the
standards resting on the upper plate. Many of these instruments are in use in thé
survey and triangulation of our largest cities and have given great satisfaction.
The instrument is provided with three or four leveling screws. The verniers can
be placed at right angles to the line of sight, or as shown in the cut. The dimen-
sions, etec., are:—

Horizontal plate 6} inckes, graduation on solid silver protected asin our regular
engineers’ instrument; two double opposite verniers, reading to 30”; two rows of
figures in opposite directions; long compound centers; 11 inch telescope (invert-
ing or erect) ; 13 inches clear anerture 5 power 24 diameter; protection to object-
slide; single spring tangent serews for the upper and lower plates; 4 leveling
screws; shifting center, split-leg trigad, case, ete.

Weight of instrument with a7 insh circle, and all complete, 14 1bs.; weight of

tripod 7% 1bs.
Price, for Plain Transit-Theodolite, $240.00.

Extras to Plain Transit-Theodolite.

For Extras to Tunnel Transits, see Extras to Mining Transits page 119.

Horizontal limb 6} inches in diameter, verniers reading to 207* . . $10.00
(1 .. 7 [ " K

“ 107 . . 36.00

Vertical arc 5 L ¢ ¢ minutes, . . 20.00
Full 5 inch vertical cirle, o L “ 25.00
66 66 ¢ ‘“ 6 double Opposltﬁ [ (3 (13 m.m
‘I'wo reading glasses, with ground glass shades to verniers, . . . 15.00
Instrument provided with 3'leveling screws, as in cut, . . . .. 10.00
tShifting center for instrument with 3 leveling screws (improved) . . 5.00
Stadia wires, fixed, . . . . . . . . . . . 3.00
o *¢ adjustable, . . . . . . . . . . . 10.00
Striding level,** . . . . . . . . . . . 20.00
6 inch spirit-level with reversible clamp, tangent and gradienter to telescope,  40.00

Oblong compass, with motion for setting off the variation. (Three-inch
needle reads only a few degrees each way from zero.) . .. 2000

*These graduations should always be ordered with reading glasses and ground glass shades affacked to the
instrument. . L. . . A

**Unless ordered to the contrary the striding level of this instrument will not rest directly over the points
of contact in wyes as represented in Transit No. 12. For greater convenience it rests on the teleu;ope axis at
points between the standards, which has the advantage that the striding level can be left on the axis while the
telescope is revolved in the vertical plane. A striding level should always be ordered with an instrument of the
class described above. . ..

Note.—A Plain Transit-Theodolite is without a level, clamp and arc to telescope,

—Forincrease of aperture in inverting telescopes see note to Transit No. 1, page 105.

t Note. — For description, use, etc., of our shifting center for a transit with three eveling screws, see manual.
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No. 11.
Complete Transit-Theodolite.

For use in cities, in tunnels, and for triangulation.
As made by Buff & Berer.
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As made by Buff & Berger. L LICTy a3 avuve, PREDUYV

Note.—In place of a fixed level the above instrument has a striding level parallel to line of collimation,
which can be mounted on the telescope whether it is in a direct or in a reversed position. This attachment
renders the adjustment of the telescope for leveling nearly as simple in the Transit as in the Wye level. On
the other hand a fixed level to the telescope commends itself for this class of instruments on account of greates
compactness, u;»:{lkity and readiness for use, and when froperly adjusted it is gquite as accurate and more
apt to stay in adjustment than the striding level with its greater number of pieces and adjustments, not to
speak of its preater liability to injurv.
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using Universal Mining Transit, page 120 g.) Price, as above, $420.00
No. 11 a and No. 11 b, 7-inch horizontal limb graduated to read to 10”, Price, extra, 825.00
No. 11 b, provided with a 4}4-inch striding level to telescope, “ I 40.00
No. 11 b, provided with a 6-inch fixed level to telescope, “ o 20.00
No. 11 a, 3-inch level to vertical circle, asin No. 11 b, ) ‘“ 10. 0

No. 11 a and No. 11 b, without reading glasses to vertical circle, Less 10.00
No. 11 a and No. 11 b, without a striding level for the telescope axis, L 385.00

Note.—If desired, a striding level as in No. 11 a, with reversible clamp and gradienter to telescope
can be attached tc our Plain Transit-Theodolite, No. 11, in place of a fixed level. Price, $60.00
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No. 12.

8-inch Transit for Triangulation.

As made by Buff & Berger.

No. 12, The form of frame chosen for mounting the telescope is as in the cut,
which permits the reversal of the telescope through the standards, as well as over
the bearings.

The invertin%] telescope has a clear aperture of 174 inches, and is of 11 inches
tocal length, and has a power of 20, 25 or 30 diameters as ordered. It is provided
with a 6 Inch vertical arc, graduated to read to minutes, a 41 inch striding level
to rest on the pivots of its axis,a 6 inch spirit-level (parallel to line of collimation)
together with a reversible clamp and tangent screw. The horizontal circle is 8 in.
in diameter, opposite verniers reading to 10”. Tts graduation is open, but it is
rrotected by a rim which is raised above the limb. This instrument has three

eveling screws which have a larger base than is usual, and the tripod-head being
proportionately large the instrument has great stability.

Weight of instrument 16 1bs. ; weight of tripod 12 Ibs.

Price, as above, $450.

‘This instrument. without arc and clamp to telescope, $50.00 less.



Transit - Theodolite.
As made for the U. 8. Corps of Engineers.

Two of these instruments, shown in the accompanying engraving, were designed
and constructed for use in the Geographical Exploration and Survey West of the
one-hundredth meridian, and exhibited at the Centennial, in the United States
Government Building, by Lieut. George M. Wheeler.

No. 13 and No. 14 represent this instrument ag used in the field for triangu-
lation, and as used for astronomical observations. It is designed to combine in a
portable form of construction, the efficiency for field use usually obtained with the
Jarger classes of instruments.

Horizontal limb is 8 inches in diameter, opposite verniers reading to 10" ; vertical
circle 5 inches in diameter, opposite verniers readil:F to 20”; object-glass 175 inches
clear aperture; focus 11 inches; powers of two direct eye-pieces respectively 30
and 40 diameters ; power of diagonal eye-piece 40 diameters; spirit-level attached
to telescope and striding level capable of reading to seconds of arc; three levelin
screws; split-leg tripod; low standards are cast on vernier-plate; two extre stand-
ards for astronomical observations ; 814 inch needle; round level for vernier-plate ;
spider-line micrometer; instrument is ribbed throughout; lamp, arm and adjustable
plane reflector; sunshade; adjusting pins; case and strap.

The weight of whole instrument is 1414 1bs.; weight of tripod 81{%}?5.

CO

Theodolite.

No. 14. Price of instrument, samec in size as that above, arranged for
triangulation only, without extra standards. diagonal eye-piece, etc. . 4285.
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Alle=AZIINULIL.
As made hy Buff & Berger.

Repeating horizontal circle eight, non-repeating vertical circle 6 inches in di-
emeter. The former can be provided with 2, 3 or4 verniers reading to 10”, the lat-
ter is provided with 2 verniers reading to 20”. The telescope has a clear aperture
of 134 and a focus of 11 inches. Striding level and filar micrometer read to s~conds

of arc. Mahogany box, ete.
Price, all complete as in cut, $680.00.
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No. 15 a.*
Alt.-Azimuth.

Alt.-Azimuth, as in cut. Graduations of 5)%inch circles on solid silver, two
opposite micrometer-microscopes for each circle reading to 107, and by estimation
to 2. Botn circles can be shifted, so as to bring different parts of the graduation
under the micrometer-microscopes. The telescope is10 inches long, has an aperture
of 14 inch and a power of 24 diameters. Telescope is provided with a level on top
and with 3 horizontal wires for leveling and for stadia measurements, and if desired
with 5 vertical wires for star observation. The telescope must be reversed in its
bearings by hand. Telescope axis is of hardened steel. The striding and microscope
levels read to 5 of arc. Two ordinary small levels attached to the instrument
serve to place it in an approximate horizontal position. Complete in box.
Price, as above, $580.00

* See Preface.
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Alt.-Azimuth, as in cut. Circles 8} inches diameter, micrometer-microscopes
reading to 5 seconds direct, and by estimation to single seconds. Telescope, 1.6 in.
aperture; focal length, 16} inches; powIeir, 32 and 48. Te{clescolée a.xils :: ci»f hardl()aned
steel and balanced by friction rollers. eversing apparatus. Complete in one box.

v Price, as above, $920.00

This instrument without reversing apparatus, less, $100.00

No. 15 ¢,* Alt.-Azimuth, as in cut above. Circles 10} inches diameter, mic-
rometer-microscopes reading to single seconds direct. Every single degree figured.
Telescope, 13-inch aperture ; focal length, 20} inches; power, 40 and 60. Telescope
axis is of hardened steel and balanced by friotion rollers. Complete in two boxes.

Price, as above, $1300.00

* See Preface.



As made by Buff & Berger.

No. 16. Aperture of object-glass 3 in.; focus 28 in.; spider-line or glass
micrometer ; micrometer screw reads to seconds of arc; spirit-levels read to seconds
of arc; diagonal eye-piece 80 dia.; Ramsden eye-piece 40 dia.; vertical circle 8 in.
mn dia.; bell-metal pivots, two lamps and arms. adjustable reflector; reversing

apparatus ; two cases, etc.
Price $980.



Portable Astronomical Transit Instrument.

No. 17. Aperture of object-glass 3 in.; focus 39 in.; spider-line or glass mi-
crometer; diagonal eye-piece magnifies from 90 to 120 &ia.; Ramsden eye-piece
magnifies 75 dia. ; striding level reads to seconds of arc; adjustable mirror to read
the level from below: reserve level; pivots of hardened steel; small adjustable
plane reflector; two lamps and arms; reversing apparatus; two finding circles
each provided with double verniers; cast-iron frame rests on three leveling screws
of steel, which are provided with foot-plates —one of them is adjustable to set
instrument in the meridian; two cases, etc.

Price $1300.

(Notice of this Instrument, with jfull descrighbn. in Fohnson's New Universal Cyclopedia, under
article * Transit.”’)
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No. 17
Astronomical Transit Instrument.

As made for U, 8, Lake Survey.



Equatorials.*

No. 1. Portable Equatorial Telescope, as in cut. Cast iron pillar;
clock ; prismatic illuminating arrangement; tangent screw motion brought down
to the eye-end. The telescope rests in a cradle-piece to which it is firmly attached
by two brass clasps. The telescope-tube is of brass, polished, and provided with
rack and pinion adjustment to focus; finder; five astronomical eye-pieces 60, 120,
200, 300 and 400; one solar eye-piecce and one terrestrial pancratic eye-piece, The
declination circle is graduated on silver, two opposite verniers reading to minutes.
The hour circle is graduated on silver and has two sets of graduations and verniers.

Price, as above, $1350.00

No. 2. Fixed Equatorial Telescope. Aperture, 5 inches. Cast iron
pillar. Telescope is made of brass, tapering towards both ends. Rack and pinion
motion to eye-end; finder; five astronomical eye-pieces 60, 120, 200, 300 and 400;
first surface reflecting prism for viewing the sun; diagonal eye-piece; transit eye-
piece ; position micrometer at eye-end of telescope, graduated on silver and reading
to minutes, with quick and slow motion clamp and tangent screws; large declina-
tion circle graduated on solid silver and read by microscope from eye-end, with
coarse graduation on edge for rough setting ; hour-circle graduated on silver with
two sets of graduations; driving clock, which can be changed from sidereal to
lunar rate, and additional slow motion in right ascension and declination by means
of rods and handles brought down to the eye-end ; striding level to determine the
horizontal position of the declinatior-axis in order to use the instrument as a
transit; prismatic illumination arrangement for micrometer, declination and posi-

tion circles. Best qualiiy. Pri b $2150.00
rice, as above, X

No. 3. Fixed Equatorial Telescope, as in No. 2, best quality, but with
6-inch aperture and 6 eye-pieces 35, 85, 155, 240, 360 and 490.
Price, $3150.00

* See Preface,
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No. 1.

Portable Equatorial Telescope.
Aperture, 5 inches.
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Reflecting Circle.*

Reflecting Circle after Pistor and Martins, 10 inches diameter, with mirtur
and prism; circle graduated from 0° to 288° two opposite verniers reading to 10”;
Telescope has an aperture of § inch, and is provided with astronomical eye-pieces
of 6, 12 and 3 dia. magnifying power ; diagonal eye-piece for use with 180°; 3 pairs
cf sun-glasses between telescope and prism. Complete in box. Best quality, im-
ported. .+« « .« .. . . . . |Price $170.00

Reflecting Circle, as above, but with a 6-inch circle, ver- ’
niers reading to 0. Complete in box . . . . o 105.00

Lamp for night cbeervations . . . . . . . “ 8.00

Stand of brass, as in cut, permitting of mounting the instru-
ment in any desired position; legs can be folded up.
Packed in box . e e e e e e e o 41.00

* See Preface.
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Artificial Horizon.*
Mercury Horizon of boxwood, with silver-plated copper bowl ; bottle of box*
wood for mercury ; brass rectangular roof with glass covers made of parallel glass.
all complete, packed in a box. Best quality, imported. . . Price, $50.00

Sextant.*

Sextant. Radius, 7 inches, 145°; four sun-glasses between the large and the
small reflecting mirror, and three sun-glasses behind the small reflegting mirror, all
of which can be turned on their axis 180°; graduation on solid silver, reading to 10
telescope 4 inch aperture; two astronomical eye-pieces with powers of 6 and 10 dia.
One Galilean telescope with extra large objective, power 3 dia. ; one fixed reading
glass; two sights for examination and correction of the large reflecting mirror. All
complete in box. Best quality, imported. . . Price, as above, $130.00
Sextant, as above, Radius 10 inches, all complete in box. . Price, 150.00
Pocket Sextant, bestquality . . . . . . o 43.00
Optical Square . . . . . . . . o 5.00

* See Preface
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Current Meters.
For description see manual.

Pflce complete, in mahogany case, as in Fig. I. . . . . . $125.
. (X . 3 - I’ . . . . .

¢ s in 3 mahogany cases, ¢ ‘ III, with electric register
and one battery . . . . . . . . . . . 185.
Nos. I, IT, IIIL, with the addition of the floating wheel extra, $15.00.

Price complete, as in Figure IV, with electric register and one battery
etc., packed in 3cases, . . . . . . . . . ", $195.

Price of this instrument without electric register and battery . . 135.

The instruments as represented in Figs. IIT and IV are those made by us for
the U. S. Engineer Corps. For speed, as well as for accuracy of work, we believe
they are not excelled.

The electric current meters are sometimes provided by us with an arrangement
for sounding depths, as well as to signal above when the meter touches the
bottom of the river. This arrangement is connected with an electric bell, which is

attached to the register.
Price extra, $15.00.

* - *

Current Meter No. V.*

An illustration of this instrument will be found on page 137,

This form of Current Mater is specially adapted for observations upon smaller
rivers, streams, conduits, flumes, etc. It is provided with a registering apparatus
similar to that described under No. II., page 62 of catalogue. For more extended
observation upon rivers, etc., an electric register and battery similar to those used
with Nos. IIT and IV can be supplied with this instrument.

Price of Current Meter No. V, supplied only with the ordinary
registering apparatus, as shown in the main cut on page 137, and
with 12 feet of brass tubing, made in sections of four feet, and
graduated in feet and tenths.  Complete in two cases, . . . $160.00.

Price of Current Meter No. VI, in all respects similar to that
above, but in addition to the ordinary registering apparatus this
instrument is provided with an electric register, one battery and
copper wire, as shown in the smaller cuts rn page 137. Complete
in four cases,. . . . . .o e e e . . 8$220.00.

*For further information on this Current Meter read ‘“ Description of some experiments on the Flow
of Water, made during the Construction of Works for Conveying the Water of Sudbury River to
Boston;” by A. Fteley and F, P. Stearns (Transactions of the Society of Civil Engineers, Jan.-March,
1883) Also, *“ On the Current Meter, together with a Reason why the Maximum Velocity of Water
Flowing in Open Channels is Below the Surface;” by F. P. Stearns; a paper read at the Annual Con.
vention of the American Society of Civil Engineers, St. Paul, Minn., June 21st, 1883. (Transactions,
etc., Vol, XII., August, 1883.)
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Current Meters No. V and VJ
As made by Buff & Berger.

For price, etc., see page 135.
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For the conveni of our cust s we append a list of miscellaneous articles ke‘gt in stock,
but most of them are uot of our manufacture. Those not made by us are of the best quality obtain.
sble, and the prices quoted are identical with those in the market,

Gauges.

No. 101. Hook Gauges, according to size and construction, from . $15 to $60.00
*¢ 105. Rain Gauge, Smithsonian Institute Pattern, . . . . . 6.00

Planimeter.
For description see elsewhere.

An instrument for measuring the areas of plane surfaces, by passing a pointer
around their periphery. It is of great convenience to all classes of engineers, and
practically applicable to a great variety of purposes. I'o measure the areas of
figures that are bounded by irregular lines, such as :—drainage areas; lots bounded
by rivers or creeks; contour lines of ponds, ete.; to get the true average of obser-
vations taken at irregular intervals; to measure indicator and other diagrams, and
for many other portions of engineering work. As these instruments will not only
give the area of any figure, but also any multiple of such area, and the sum of any
number, or series of such multiples, at one operation, they may be used to ver:
great advantage in the calculation of the cubical contents of solids; as in the cal-
culation of earth-work,etc. See on this point an article by Clemens Herschel, Esq.,
Civil Engineer, of Boston, in the Jourral of the Franklin Institute for April, 1874,
and the directions for use which we furnish with each rated instrument. Earth-
work measurements, made in the manner indicated, do NOT require the plotting of
cross-gections. The planimeters graduated by us are rated to read square inches of
area, square centimeters of area, any multiple of these areas, and so as to give the
cubic yards in any cut or fill, if used according to the directions that will accompany
each rated instrument. Two consecutive measurements of the same area need
never differ by more than 0.02 of a square inch; and by repeating the measurement
in the same manner that angles are repeated with a transit instrument, the error
of observation may be reduced to but a small fraction of one hundreth of a sqifare
jnch of area.

No. 107. Price of instrument, when rated as above indicated, . . 32.00.
¢ 108. [ ¢ not ‘“  but with all our improvements, 28.00.
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Surveyors’ Pocket and Marine Compasses.

No. 111. Burt’s Solar Compass, with adjusting socket and leveling tripod, $220.00

. 112. Pocket Compass, with folding sights, 24 inch needle, . . 810.00
113. s 21 inch needle, J acob Staff mountmgs, .« 12,00
114, « “ 3% . 14.00

115,  « “ with level, folding sights, 4 inch needle, ‘with ball
and socket joint, . . 17.00

116. Vernier Pocket Compass, 41]; inch needle, Staff mountmgs, and 2 levels 23.00
117. Prismatic Compass, complete, with azimuth glasses, and divided
aluminium ring, 8 inch Leather Sling Case. Best kind, . . 35.00
118. Pocket Compass, watch pattern, brass, 134 inches i in diameter with
hm ed cover and.stop to needle, .
119. Pocket Compass, gilt, watch pattern, w1th stop, enamelled dial and
agate centre ; 1 or 2 inches in diameter, in morocco case,
120. Ritchie’s Patent Liquid Compasses, of all sizes, from $33.00 to 83&00,
$45.00 and $55.00. _—
Miners’ Compasses.

No. 125. Miners’ Compass, provided with stop and glass covers, for tracing

"

iron ore, 3 inch Norwegian needle, . 12.40
126. Miners’ Compass, provu?1 d w1th stop and glass covers, 1 in. Nor
wegian needle, . . . . . 15.00

.
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I Leveling Rods.
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No. 145. No. 146. No. 147. Nos. 162 & 153. No. 154.
No. 145. New York Rod, with improved mountings, s $16.00
Extra Target for New York Rod, for use w1th gradlenter, or sta-
dia measurements, . . . 5.50
Extra Clamp for New York Rod . . . . . . . 2.50
¢ 146. Philadelphia Rod, . . . . . . 16.00
Extra Target for Phllade]phla Rod . . . . . . . 5.50
¢ 147. Boston Rod, . . 15.00
‘¢ 148. Mining Rod and Target 5 feet long, Phlladelphla pattern, . . 13.50
‘¢ 149. Flexible Self-reading Level Rod, . 4.00
This rod is prepared on canvas and can be rolled up When used itis fastened upon a
board with thumb tacks.
¢ 150. Met"ic Level Rod, Philadelphia Pattern. . . . . . 18.00
¢ 151, . *  New York Pattern, . . . . . 18.00
Ranging Poles.
No. 152. Six feetlong, of steel, . $3.00
¢ 153. Six feet long, of iron tube eleven—sn:teenth of an inch in dlam,,
with steel shoe and divided off in feet, which are painted white
and red alternately, . 3.00
¢ 164. Eight feet long, of wood, with steel shoe and divided off in feet

“which are painted whlt;e and red alternately, , . 2.50
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Paine’s Steel Tape Measures.
1§ inch wide. In Leather Cases, with flush handles,

No. 160. 100 feet Paine’s Steel Tape, divided in 10ths, e« .+« $1200
‘e 161' 50 3 .. 3 (X3 . . .

“ 162. 100 ¢ ¢ ‘e e * on one side, on the other
in centimeters, . . . . .

. . . .

Chesterman’s Steel Tape Measures.
3 inch wide. In Leather Boxes.

No. 163. 100 feet Chesterman’s Steel Tape, divided in 10ths, . . . $12.00
“ 164. 66 “ 3 “ “o . . . 9.00
% 165. 50 ¢ ‘e (L “ ¢ . . . 6.50
13 166. 33 ¢ " i 13 “ . 5.20

Chesterman’s Pocket Steel Tape Measures.
In German Silver Cases, with spring and stop. '

No. 167. 3 feet long, divided in10ths, . . . . . . . . $L75

s 168. 5 ¢ ¢ - o . . . . . . . .
¢ 169. 5 ¢« s “  on one side, and in centimeters and mil-
limeters on the other side, . . . . . . . . 2.50
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Exeelsior Steel Tape Measures,
13 inch wide. Patent Brase Erame with Handle,

No. 170. 100 feet Excelsior Stee‘! Tape, dwxded in 10ths, . . e W $12.00
¢ 171. 50 . . o f 6.75

Excelsior Steel Tape Measures.
1% inch wide. In Leather Boxes.

No. 172. 100 feet . . $12.00
¢ 173. 66 ‘¢ . . . e« o 850
¢ 174, B0 ¢ o e ¢ “ . . . . 6.75

Excelsior Metallic Tape Measures.
In Leather Boxes.

N0.175. 100 feel sucvary LGPC IUTADULTy ULYIUTU 1LL un.ua, . . L] $3.55
'+ 176. 66 ¢ ‘e s . . e 2+ 260
s 177. 50 ¢ ‘e b o o . . D . 2.20

1.80

" 178. 33 (13 (13 13 13 13 . . . .
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Standard Steel Tape Measures.

For city and bridge engineering, in lengths from 100 to 1000 feet.

No. 180.

These tapes are of exact United States Standard and have no joints. They are
generally made in lengths of 300 feet with graduations at every 10 feet, the last 10
feet graduated in single fcet, and the last foot into 10ths. For railroad and under-
ground work we frequently furnish them in lengths of 400 and 500 feet. A clamping
handle can be furnished to attach to the tape at any desired length, if shorter
measures than the whole length are intended to be made. We also can furnish a
small brass clamp to fasten on the tape in order to mark lengths that are used re-
peatedly.

Price of tape 100 feet, graduated at every 10 feet the last 10 feet graduabed

in single feet, the last foot in 10ths, . $6.00
Price of tape 200 !eet graduatcd as above, . . . . . . . $11.50
¢ s« 300 Co . e . 17.00

“ g 400 ¢ “ ot . . . . . . . . 22.50

““ € « 500 ¢« € 1 € . . . . 28.00

Extras to Standard Steel Tape Measures.

Each additional graduation and figuring, . . . . . . . $0.20
Reel, handle and stop to wind up tape, . . . . . . . 3.50
2 large brass handles to unship, . . . . . . . . . 3.00
Clampmg handles, each, . o e e e e e 1.80
Small brass clamp to fasten on tape, . . . . . . . . 75

Standards of Lengths.

We can supply the U. S. Engincer Corps and others with the standard centi-
meters and inches made by Prof. William A. Rogers.  The centimeter is divided
into 100 equal parts, and is guaranteed to be one > one-hundredth part of the U. S.
Coast vaey meter marked Y and M No.2. The inch is one thirty-sixth of the
U. 8. Coast Survey yard, engraved on the same bar. Graduations made on glass,
polished tempered steel, “silve er, &e. .

Price from $6.00 to $20.00, including a tabular statement of the errors of graduations.

Metric Steel and Metallic Tape Measures.

. In Leather Boxes.

No. 191 20 Meter Steel Tape, div1ded in meters and centlmeters, 9mm. w1de $13.00
“ 192 10 ¢ 9 7.00
%193 20 Metallic Tape, dmded inmeters and centlmeters, 17 mm. wide 4.00
* 194 10 ¢ Metallic Tape,divided in meters and centimeters, 17 mm. wide 3.00
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Chains.

No. 195. Surveyors’ Chain, 2 poles, 50 links, No. 12 best steel wxre, brazed

links and nngs, . . $5.50
¢ 198. Surveyors’ Chain, 4 poles, 10011nks, No. 12 best steel w1re, ‘brazed

links and rings, . 10.00
‘ 197. Engineers’ Chain, 50 feet, 50 ]mks, No. 12 best steel wu'e, bra7ed

links and rings, 6.25
¢ 198. Engineers’ Chain, 100 feet, 100 lmks, No. 12 bcst steel wu‘e ‘brazed

Iinks and rings, . . . . . . 11.50

Metric Chains.
No. 199. 20 Meter Chain, 100 hnks,No 12 best steel w1re braled lmks and rings, $9.00
¢ 200, 10 ¢ 50 6.00
Extras to Tapes and Chalns.

No. 201. Pocket Thermometer, . . . . . . $1.50
¢ 202 Spring Balance and Level, . . « e« . . boOO

Marking Pins.

No. 203. Set of Marking Pins, eleven in a set, steel wire,No. 68, . .  $2.00

Odometer.
No. 204. Aninstrumentfor measuring distances traveled by carriage, .  $20.00

Pedometer.

No. 205. An instrument for measuring dlstances walked, in german sllver
case, of the size of a watch, . . . . $5.00
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Plummet Lamp. Lamp for Mining Engineering

No. 209, Lamp for illuminating graduations, cross wires, etc., for
use l::dullr;l‘es’rground work, of brass and nickel-plated, with

« 210, Small Plummet Lamp, of brass, steel pointy 16 0z o 8.
¢ 211, Large Plummet Lamp: of brass, steel &‘:int, 24 oz.: . 10,
Box with shoulder straps, for pair of Plummet Lamps, 4.

Plumb Bobs.

N No. 214, .-

No. 212. Plumb Bob of Brass, steel point, shape as in cut, 8 0z.,, . . $2.25
s 213. o - - ‘¢« No. 212,11 0Z,y . . 250
214, “_ b ‘e ¢ ¢ in cut. 6 0z., . . 2.00
s 215. ¢ “ . ¢« ¢ No. 214, 10 0z., . . 260
o 216. ‘ ‘¢ s patent reel adjustment, 8 oz., 2.50
% 9217, 0 . ‘e 13 o . 14 0Z., 2.80
¢ 218, ¢ ¢ e for use in shafts, 36 0z., . o 5.00
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Pocket Magnifiers.

N o. 221. Rubber Caso. as in cut, size of lens 1 mch dlameter, . . . $0.50

222, e 221 o1y . . . 75
Y3 22’ .o 3 . 221' 0 .. 1% . 3 . 1 00
224, © i *» cut * oflenses, 14 and 14 in dlameter. . 125
¢ 225. bhell (‘ase, as m 221, size of lens 1} inch diameter, . . . 1.30
¢ 226, 224 ¢ lenses’] 1% and 1Y% inch dlo.metel s . 180

Gossamer and Silk Bags.

Gossamer or Water-proof Bag, to cover.Transit or Level in case of rain or dust, $1.00
Silk Bag, to cover Transit, with solid silver graduations . . . . . 1.00

Lubricants.

Bottle of Fine Watch Oil, for lubricating Transit Centers, etc. . $0.30
“ % Vaseline for lubricatmv Level Centers Levelmg and Ta.ngent. Screws 30
ete. . . . . . . . . e
Utensils for Cleaning Instruments.
Camel’s Hair Brush . . . . . . . . . . %0.40
Stiff Brush for cleaning screw-threads . . . . . . . . .40
Chamois-skin for cleamng lenses, centers, etc. . . . . . . . .50
Stick for cleaning centers . . . . . . . .60

. Spirit Levels,

Engineers’ Spirit Levels, of all sizes and grades of sensitiveness, accurately
ground and tested by us.

Per inch, according to length and diameter . from $0.80 to %1.00

Level-Triers.

18-inch iron base, with fine micrometer screw, one div. = 1’ of arc . . §32.00



148

Binocular Field and Marine Glasses.

No. 240.—With @ lenses; objeci-lenses 24 lines — 24 inch. in diam. PRICE, $20.00
“ 24l— <« @ « « 26 A e u 29.00
“ 242 — <« 12 « « 24 ¢ =9 e M 24.00
o243 — « 12 - “ 26 ¢ -2 “ “ 26.00

NOTE. — To render the lenses of a Field or Marine Glass ack»omatic, it is necessary that each object-
lens be composed of 2 lenses, of crown and flint glass, both cemented together so as to make one. Including
the two eye-lenses, there are thus six lenses in every instrument. With the customary powers and a fine
quality of lenses, good results are obtained with such a combination. In cases where a somewhat hnghel
power is desired, a binocular field glass composed of twelve lenses will give the best satisfaction, as each object-
and eve-lens is then composed of three lenses, thereby insuring a degree of achromatism which is in keeping
with the higher power.
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NoTr. — The above cut represents the 6§ inch Transits with solid silver bevel limb, as made Ly
us many vears ago for city engineering.  The high cost of manufacture and consequently high price of th's
insttument has led us to discontinue entirely its manufacture.

' We confi‘ertly recommend our Dransit
No. 11 as being of greater 1ange, and as being better adapted to work of this charac
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