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NOTICE.

It has always been our aim to place before the Engineering profession, through

the pages of this Handbook and Catalogue, a detailed description and illustration

of the latest styles and the more important improvements made in our instruments

from time to time. Our object in doing this is —

First, to acquaint our customers with the progress made in the manufacture of

different kinds of instruments, so that, in ordering from a distance, they may oe

able to select the style of instrument best adapted to their special wants ;

Second, to establish our claim to these improvements as our own, and, by giving

them a wide publicity, to prevent unscrupulous makers from adopting them, as we

do not deem it necessary to cover all of them by letters patent. We are glad to

say that our confidence in the integrity of reputable makers has been fully justified.

Nevertheless it is a fact which should be mentioned, that some makers are ever on

the qui vive to adopt new features in instruments without giving tne inventor any

credit for them. So close is the resemblance of some of these imitations, that it

would seem as though their manufacturers had simply made moulds in sand of the

various part0, to procure patterns for duplication.

This practice is to be regretted, as there is ample room for every one, and abun

dant opportunity for development in the manufacture of precision instruments ; and

it cannot be denounced in terms too severe, as tending to retard the real Drogress

in that direction which the engineering profession has a right to expect or them.

BUFF & BERGER.



ANSWERS TO CORRESPONDENTS.

We do not exchange new, or keep second-hand instruments of any kind.

We do not sell instruments on the installment plan.

Styles and sizes of the many kinds of instruments enumerated M this catalogue

cannot be varied from, since all the standard patterns from which the different parts

are cast are made of brass to insure best and uniform results. Any change from

them often would entail only extra expense, and lead to the sacrifice of other and

equally important advantages, without securing to the customer any material

benefit.

The combinations possible with each particular type of instrument are printed on

the page opposite its cut, and as a rule are so complete as to meet special and general

requirements. .

Our patrons will confer a great favor by placing their orders with us direct, to

avoid mistakes often made by men intrusted with it, but for which we cannot hold

ourselves responsible.

Our correspondence is oftentimes so voluminous as to beeone burdensome, when it

is remembered that a good deal of it is of a character requiring the personal and mi

nutest attention of the persons whose duties, in a business of this kind, should wholly

lie in the designing, superintending and adjusting, instruments while in process of

making. Our friends will pardon us if, in order to lessen this correspondence,

we refer them for information to the pages of our Handbook and Catalogue, and beg

them to address to us questions of importance, only when they cannot find the

desired information. Our Handbook and Catalogue has been written and illustrated in

great detail and at great expense, in order to afford the fullest information for our

patrons. A careful perusal of the parts giving directions how to clean the lenses of a

telescope, and how to take, care of and to adjust instruments, is especially invited, inasmuch

as a correct understanding of them will result in a more permanent efficiency of an

instrument, not to speak of the correspondence that will be saved thereby, and save

much valuable time.



Testimonials

Engineers and Surveyors living at a distance, who do not know the quality oi

our work, we wish to refer to the following, which speak for themselves:

Office of City Surveyor, City Malt,

Boston, Oct. Mk, 187<L

The Surveying Instruments, manufactured by Messrs Buff & Berger, have been used in this department
for several years past, and have given excellent satisfaction, both for accuracy and thoroughness in their

manufacture.
THOMAS W. DAVIS, City Surveyor.

Boston Water Works, {additional supply?) Engineer*s Office,

South, Framingham, Mass., Oct. 19, 187fi,

Messrs. Buff & Berger, Boston.

Gentlemen : — Four transits and five levels made by you are in use in this department, and they have always
ijiven good satisfaction. For their general working qualities they compare favorably with other good instruments,

.ind they can be particularly recommended as being very stiff and steady, although light in weight.

Yours truly,
A. FTELEY, Resident Engineer,

City ofCambridge, Office of City Engineer, City Halt,

Cambridgeport, Oct. 24, 1S76.

Messrs. Buff & Berger,

Gentlemen : —The four instruments made by you for the Engineering Department of Cambridge, viz : two
Transits and two Levels, have been in constant use and have given perfect satisfaction. With the eighteen
inch Y Level, very close results have been obtained. The Dumpy Level has proved a very useful as well as a
1eliable instrument.

The Transits with the Gradienter screw attachment are in all respects equal to your guarantee, and have
proved to be valuable and reliable in all respects.

Very truly yours, W. S. BARBOUR, City Engineer.

Canada Central Railway Extension*

Renfrew, Ontario, May 22, 187$.

Messrs, Buff & Berger, Boston, Mass.

Gentlemen : — In April of 1875, this Company purchased of you one of your transits, and it has been in use
ever since. It is but justice to you to state that f prefer it for Railway work to any other that has come under
my notice of late years. The material is good; your "improvements" are rightly named, and the workmanship
js excellent We have found that its work is accurate. In regard to stability of tripod, reliability of instrument
in its adjustments, and strength combined with lightness, it gives thorough satisfaction. Both myself and
assistants consider it a first.class instrument.

Wishing you the success that the merit of your work deserves, I am,

Yours, etc., ROBERT L. HARRIS, Engineer Can. Cent R'y Ext

Office ofU. S. Lake Survey,

Detroit, Mick.t Sept. 27, 1876.

Messrs. Buff & Berger, Boston, Mass.

Gentlemen : — In reply to your question of the 23d inst, I would say, that a more complete examination of
your Astronomical Transit. No. 2, has been made, and I find that the difference of the diameters of the pivots
is O'°■00002l, a mean of 96 determinations. The greatest difference in elevation of top or pivot at circle of con

tact in wyes, is in east pivot "Telescope direct." This difference amounts to 0'°'000026, a mean of 39 determi
nations. The greatest difference in the value of one division of level, between limits 41 A end and 89 B end,
is (/' 1. The cast iron frame is steady and seems to have sufficient strength. No deflection (flexion) has been
noticed in the telescope. The collimation has been very steady, indicating stable object-glass and wires. The
object.glas* is very good. The instrument keeps its adjustment well. As a whole the instrument if very good.

Respectfully yours,

C. B. COMSTOCK,

Maj. of Engineers and Bvt Brig. Gen'l, U. S. A



Letter of J. B. Davis, Prof, of Civil Engineering, University of Michigan.

University of Michigan, Eng. Dept.,

Ann A rbor, Sept. 15M, 187ft,
Messrs. Buff & Berger.

Gentlemen : — Your letter of the 10th is before me. In reply I say, that I intended long since to have
given you some account of the engineers' transit No. 177, furnished by you for this department of the university.
As a recompense for the delay, however, I can now say more about this transit than I could when first received.
It has been in use now a year, and the following points are apparent.

General Designs and Details. Good. Many of the details are well worked out in a manner only to
be fully appreciated by actual field service. I particularly like the ptate camp.

Tripod. Exce'lent. * * * *
Bearings and Connections. All work very smooth and uniformally. This shows excellent shop-work.
Plates and Verniers. Verniers very perfect This instrument is designed to read to 30''. The gradu

ations are so perfect that I can read the plate to 10". #*»*###
Telescope Very satisfactory.
Adjustments. These were found correct as far as tested, when the instrument arrived after 700 mil

travel by express, and numerous observations in the field show that they have remained so till now. Th"
adjustments are, the plate levels, the line of sight at right angles to transit axis, the telescope level and verti
circle

Result of a year's trial. This is the best instrument of its grade I ever used, and I have had experience
with those of a half dozen or more different makers.

Respectfully yours,

J. B. DAVIS.

Extract of Report on Triangulation cqnnected with the Re-Survey of Boston Upper Harbor

for the Massachusetts Board of Harbor Commissioners, 1877.78.

By FRANCIS BLAKE, Jun., Assistant U.S. Coast Survey.

Boston, Mass., March, 1878.
Mr. C. P. Patterson, Superintendent United States Coast Survey.

Sir: — By an Act of the Massachusetts Legislature of 1877, an appropriation for the re.survey of Boston
Upper Harbor was made, to be expended under the direction of the honorable Board of Harbor Commissioners
of the Commonwealth.

In September last, in response to a request of the Board, you were pleased to instruct me to execute the
triangulation connected with this re-survey ; and I now have the honor of making a final report on its execution,
and of transmitting to you its records, computations, and final results.

* #####«#*#**#*#

At the beginning of the work the Coast Survey theodolite No. 12 was used. It is a repeating instru
ment, made by Gambey of Paris: its horizontal circle is six inches in diameter, and is graduated to be read to
ten seconds oi arc by two equidistant verniers. The superior construction of this instrument is well known;
but, owing to its low telescopic power, it was not suitable for use on the longer lines of our work. Most of the
angular measurements were made with a new theodolite, constructed for the Board, with special reference to
the work, by Messrs. Buff & Berger of Boston. It is a repeating instrument, with a horixontal circle eight
inches in diameter, graduated to be read to ten seconds of arc by two equidistant verniers ; but is easily read to
five seconds by estimation. The object.glass has a clear aperture of an inch and a half, and a focal length of
about eleven inches, which allows the telescope to be revolved in its bearings without making the wye standards
of an unusual height.

There are two achromatic eye-pieces, the magnifying powers of which are twenty-two and thirty diameters.
The one of lower power was used throughout the work. The intersection of the spider.lines is such that the
vertical angles are of sixty degrees.

The angles of the main triangle, Blue Hill, Prospect Waltham, and Powderhorn,* were measured with this
instrument; and, when corrected for spherical excess, they " close " that triangle within forty-nine hundredths
of a second of arc. Their probable errors, as computed by the method of least squares, are 0".32 at Blue Hill,
0",23 at Prospect Waltham ; and 0".46at Powderhorn. These results have been given elsewhere in this report;
but I repeat them here, as perhaps the best proof that can be given of the superio1 construction of the Buff &

Berger theodolite.

*Distance from Blue Hill to Prospect Waltham=22722. 78 meters.

Distance from Powderhorn to Blue Hill=22100,29 meters.

Distance from Powderhorn to Prospect Waltham=18426.69 meters.



SILVER MEDAL.
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GOLD MEDAL.

Beport of Judges of the Thirteenth Exhibition of the Mass. Charitable Mechanic

Association, Boston, 1S7S.

Buff & Berger, Boston, Mass.— Engineering and Surveying Instruments.—These contributors are
Justly classed among the best manufacturers in this country. They made a very full exhibition of their instru
ments, with the exception of astronomical instruments, which they manufacture only to order, and therefore do
not keep a supply on hand. The following were the principal instruments of their own manufacture exhibited :
Transit for tnangulation, engineers' large transit, engineers small transit, transit for mining and reconnoissance,
Y-level, dumpy level, reading level, engineers, ordinary spirit level, plummet lamps. There were also many
other smaller articles and instruments with the above for exhibition only, and not invoiced for award. These
mechanicians show great skill in the manufacture of their instruments, uniting high accuracy and finish with
lightness, combined with stiffness and strength. They have, within a few years, made many inportant and
valuable improvements; and, by seeking advice and suggestions from engineers and scientific men, keep in
advance of many other manufacturers in this respect. A full description of alt the improvements made by them
cannot be given, but among the more recent ones maybe mentioned the following: 3, The gradienter screw.
This attachment is said to nave been first introduced by Prof. Stampfer of the Vienna Polytechnic School. It
is attached to the clamp of the telescope, and is used for establishing grades with great rapidity, and for deter
mining horizontal distances, thus dispensing with stadia wires for the last-mentioned purpose. Also a new
attachment of a horizontal gradienter to the vernier plate of the instrument, to be used with a horizontal rod for
determining distances. These micrometer screws can also be used in the reading of angles where closer results
than are ordinarily obtained with verniers are desirable. 2. New form of standard to mount telescope on,
securing greater lateral stiffness without increasing the weight. 3. New manner of mounting the telescope
axis and its bearings, to obtain a high degree of accuracy in ordinary instruments. 4. New method of completely
protecting from dust the telescope axis, by placing covers over the bearings. The covers can be readily removed
when it is necessary to reverse the telescope by taking it out of theY-s and turning it end for end, as in a
theodolite; Ordinarily the telescope reverses between the standards. Their telescopes are achromatic, of high
power, with large object-glasses and improved eye-pieces. The graduations of their instruments are made
with great care and accuracy, and in the best class of instruments are on solid silver. Award a Gold Medal.

Prof. JOHN TROWBRIDGE, of Harvard University.

THOMAS W. DAVIS, City Surveyor, of Boston.

J. AVERY RICHARDS, Bay State Iron Company.

WILLIAM C. HIBBARD, Mechanical Engineer.

OSCAR GASSETT, Practical Electrician.

Prof. CHARLES R. CROSS, of Institute of Technolt

JAMES H. STEVENS, Practical Electrician.

Beport of Judges of the Twelfth Exhibition of the Mass. Charitable Mechanic

Association, Boston, 1874.

In the construction of all their instruments, Messrs. Buff & Berger use a harder composition than is
ordinarily used, and they use but one metal for all portions of an instrument, except centers, which are of a still
harder metal. Many of the pieces usually attached by screws are cast and finished as a whole, reducing the
liability of becoming loose or detached. By means of ribs they also are enabled to combine strength with less
weight in the instrument. The clamp and tangent screws with spiral springs, the larger aperture for the object-
glass of the telescope, the split-leg tripod and shifting center attached to the instrument, and the attachment to
the transit of ** Spofford's Equal Arc-Meter," together for the excellent workmanship and nicety of adjust
ments, are all commendable improvements; Award a Silver Medal.





One of the most interesting and most carefully arranged exhibits shown at the recent exposition of railway
Appliances was that made by Messrs. Buff & Bcrgcr, of Boston, the well-known manufacturers of surveying,
engineering, and astronomical instruments. The articles shown by them were all of the very best material and
manufacture, and showed all the latest improvements. One of the best evidences of the appreciation of this
exhibit by the railway puplic could have been seen in the active and general interest shown in it by the great
number of people who visited the exposition. There were in the exhibit twenty-one surveying instruments,
each different from the other, and each representative of its kind, embodying all the latest improvements; besides
a dozen or more instruments of a kindred class, including various appurtenances used in civil and mining en
gineering. The value of this exhibit is stated by the firm named to be over $4,000. That the results of the
expenditure of money and time which this firm represented at the exposition will be satisfactory in increased
business we have no question. — Railway Age, July 1883.

Office of ChiefEngineer, Aqueduct Commissioners,

Sing Sing, N. V., May 13, 1885.

Messrs. Buff & Bergek.
Gentlemen: — Shortly after the commencement of the preliminary surveys relative to the new Aqueduct

under the regime of the Commissioners, attention was drawn to the accuracy and reliability of the two instru

ments (transit and level) of your make in use on the works.
The transit was used by the topographical party under Mr. Chas. S. Gowen (now in charge of the first

Division of this work), in their surveys about the site of the old, or Croton, Dam and the initial point of the

new Aqueduct.
Mr. Gowen desires me to say he has never obtained such satisfactory results with any instrument in his

previous experience.
About the first of October last, the instrument came to my party, and was used in the measurement of the

line of the Aqueduct from Croton Dam to High Bridge. As I had your level from the first, and found it by far
the best instrument I had ever seen, the transit was a welcome substitute for the one previously in use.

In February, I commenced the surveys preliminary to the construction of the proposed Quaker Bridge
Dam, and selected these instruments in preference to any others owned by the Commission

Recently, a traverse line of over fourteen miles, on which nearly two hundred angles were read and two
iriangulations of the Croton River made, showed 359° 59' 50" as the difference between the Right and Left
angles. The angles were doubled in each instance. I regard this as proof positive that the .r^dua'^on of the
plate is practically perfect; the result is all the more remarkable when you consider that tr*c was done
during a portion of the bitterly cold weather of February, and when the frost starting from the ground, in March,
made it almost impossible to keep the instrument in place long enough to double an angle- The only adjust
ment which has been necessary is that of one of the plate levels, the instrument otherwise having remained in
perfect condition. The level also seems to be equally well made, as it has scarcely required a touch. M r. Robert
Ridgeway, formerly of the Northern Pacific Railway, used it from the time he joined my party till recently, and
his verdict is that he has never seen its equal. It was used by Mr. J. M. Wolbrecht — now Division Engineer,
3d Div. Aqueduct Commissio 1 — early last season, who ran thirty-two miles, and checked witLin three hun
dredths. Mr. Wolbrecht told me he had also used the transit, and was not surprised that I should have obtained

5uch favorable results as above stated.
Mr. H. R. Wheeler, formerly of the West Shore R. R., and Mr. W. S. Page, of the class of '80 Columbia

School of Mines, did this work mainly, and are convinced of the merit of the instrument. 1 take pleasure in in
forming you of the appreciation of your instruments, and am perfectly willing you should use the information

if you desire. Yours very truly,
E. B. ROBERTS.



Specimen of Results

With

Latitude Observations

Astronomical Transit*

Made by BUFF & BEE6EB,

No. of
Dates (1874).

.STARs September Means September Means

B.A.C.
20 21 22 20 21 22

6495

58?48
V

57*98

7103 ft It

59*406520 57.50 7120 58.46 60.61 59.13

6556 7166

6566 58.24 58.43 58.34 7194 59.57 60.14 59.30 59.67

6603 7233

6651 55.09 57.21 58.02 56.77 7260 58.26 57.61 57.94

6687 7301

6698 57.33 58.47 56.54 57.45 7313 58.63 56.92 57.52 57.70

6731 7345

6769 59.64 59.04 60.06 59.58 7398 57.97 58.56 60.16 58.90

6799 7431

6813 59.42 60.24 59.58 59.75 7462 57.63 60.80 61.02 59.82

6851 7496

59?06881 59.43 58.84 58.23 58.83 7505 59.60 59.89 59.66

6962 7566

6986 58.27 58.69 58.80 58.59 7598 57.89 57.76 58.92 58.19

7029

7055 61.11 59.17 58.55 59.01 means 58.53 39.02 58.76

.Resulting Latitude 42° 59' 58" 76

Probable error of a single result

% 0".12.

J0".83.

The observations were made by Talcott's method; see p. 180.

E. V. AUSTIN, Observer.

Messrs. Buff & Berger, Boston, Mass. Plymouth, Mass., Oct. lb, r888.
Gentlemen: — It gives me pleasure to call your attention to some unexpected results obtained Aug. 29,

1888 with the4.inch transit* lately made by you for the Massachusetts Topographical Survey Commission. A
triangle lying across Herring Pond— on the line of Plymouth and Barnstable Cos.— was selected, all the angles
were measured under nearly the same conditions of light and temperature. The instrument was protected from
sun with a large white carriage umbrella.

The method followed in observing, was to set the instrument at 0° and then repeat the angle 6 times—
repeating from left to right. Then the outside angle was measured in the same direction with same number of
repetitions — thus filling the circle. The inside angle was then corrected by one.half the error of the filling of
the circle— giving the weight to the angle of 12 pointings. I then set at 900 and repeated the operation — see
accompanying sketch. The other two angles of the triangle were treated in the same manner.

AT NOTICE.

Setting at 0° Parker and Old Board (6 Reps.) 33° 23' 22".9 + 0".4 = 23''
Old Board and Parker ( " ) 326 36 36 .7

Parker and Old Board (
Old Board and Parker (

59".6

' 23' 22".l + 1".4 = 23".l
36 35 .8

AT PARKER

Setting at 0 0 Old Board and Notice (6 Reps.)
Notice and Old Board ( " )

67 ".9

90° Old Board and Notice (
Notice and Old Board (

68° 27' 37".5 — 0".4 = 37''
291 32 23 .3

uu".8

68° 27' 37".l — 0'.4"=36"
291 32 23 .8

00".9

AT OLD BOARD.

Setting at 0° Notice and Parker (6 Reps,j '
Parker and Notice ( 281

-1*

" 90°

Setting at 0°

90

Notice and Parker
Parker aud Notice

( )

Notice
Parker
Old Board .

Triangle.

00".5
51 01 .2

3".3 ni
78 0 09' 00".8 — 0".8 = 00".0

00 .7

01".5

33 0 23' 23". 1

68 27 36 .9
78 09 00 .2

180°00'00".2

The mean difference of the two sets at each station was o".3o— the greatest difference being o".so. The
mean corr. for the three circles was —o".s$. The triangle filled 1S00 00' oo".2. 1 had no difficulty in reading
the limb to 20". Heretofore, I have looked for such results from a 10.inch Gambey. This is the only triangle
I have examined, but we have repeatedly obtained results of combined angles equally gratifying

Very respectfully, C. H. VAN ORDEN.

*The instrument referred to is the No. 4, Transit, described on pp. 117 and 118.



Auhurndai.e, Mass., Jan. !), 1889.
MES8KS. Ill rr &. Berger.

Dear Sirs : — For many years I have been of the opinion, reasoning a priori, that

tho limit of precision attainable in the ordinary field operations of the civil en

gineer might be attained, other things equal, as well with a small as with a largo

instrument. .

This opinion is confirmed by the results of some recent experiments with in

struments of your make, to which I shall now call your attention.

For several weeks I have been engaged in the design and construction of an ap

paratus for determining the exact equivalent foci of lenses. This apparatus in

cludes a collimating telescope, in tho principal focus of which are two vortical lines ;

and the accuracy of the results obtained with it depends upon the accuracy of the

measurement of the angular distance between these lines as viewed through the

collimator objective.

The first series of measurements of this angle was mado with my 4-in. theodolite

built by you several years ago. This instrument, described in your catalogue as

" No. 4a,'' has a horizontal circle graduated to be read to 1' of arc by two equidis

tant verniers; but it is easily read to 30" by estimation. As to its general design

and workmanship, there are no changes I should wish to have made.

The first series of measurements of the "collimator angle" were made in the

following manner: vernier A was set at the 0° graduation of tho limb, and twenty

sets of twelv#repetitions each (six direct and six reversed) wero taken in the direc

tion of increasing readings. This covered the limb up to 298°, and tho resulting

mean angle was 1° 14' 27.49"

By the second series, the collimator angle was again determined by precisely

similar measurements using the 8-in. theodolite built by you for the Massachusetts

Board of Harbor Commissioners in 1877.

The horizontal circle of this instrument is graduated to be read to 10" of arc by

two equidistant verniers; but it is easily read to 5" by estimation. The resulting

mean angle is 1° 14' 27.66", differing only 0.17" from the mean angle obtained with

the 4-in. theodolite.

The angles resulting from each set with both instruments are arranged side by

side in the following table :

Sect.

I ,
II .

III .
IV .

v .
YI
VII .
VIII
IX

X
XI
XII
XIII
XIV
XV .
XVI .
XVII .
XVIII .
XIX ,
XX

RESULTS FOR COLLIMATOR ANGLE.

4-in. instrument.

No. 244
8-in

' 26.3"
27.5
27.5
27.5
25.0
27.5
28.7
27.5
27.5
25.0
30.0
25.0
28.7
28.7
27.5
27.5
27.5
30.0
27.5
27.5

instrument.

Xo. 154.

1° 14' 28.3"
27.7
273
28.5
27.7
2G.0
27.9
26.7
26.5
28.5
28.6
25.4
28.3
27.1
28.1
27.7
29.4
27.1
28.7
27.7

Mean : 1° 14' 27.49" 1° 14' 27.66"

The probable error of the mean angle with No. 154, as computed by the method

of least squares, is ± 0.15". After the observations were finished as above, Sect.'

VI. was repeated with No. 154, the resulting angle being exactly the same. I am

inclined to think that the small variations between the angular values resulting

from each set are due to the graduation rather than to errors in pointing. In any

case, they are certainly well inside of what might reasonably be looked for in the

best instrument of its size. Very truly,

Fbancis Blake, J

Late Assistant U. S. Coast Survey.



23 Court Street, Boston, Mass.,

Sept. 11, 1891.

Messrs. Buff & Berger. — It lately became necessary for me to bisect the angle at

Powderhorn 20 between Boston State House and Governor's Island 3©. I had the six-

inch transit, No. 1655, lately constructed by your firm. I give you the resultant

figures : —

A.p. M. B. Mean of
Verniers.

Governor's Island s0 i. oo 360 00 00 00 00 00

R
Ames O L> i 42 12 45

6 253 XI 30 11 3° 11—

6 146 22 30 22 30 22—

6 39 33 30 33 30 33
Ames O

—

6 292 44 3° 44 35-

State House 0 i 296 52 30—

6 3"7 33 3° 33 30 33—

6 342 21 30 21 30 21—

O? 08 086 7 45 45
State House ©

—

56 56 566 3i 30 3°—

Governor's Island 30 I 345 36 30—

6 II3 57 00 57 00 57—

6 >95 57 30 57 30 57—.

58 58 586 277 00 00—

58 58 586 379 30 30—

Angle

30 42 11 55.0I
50.0 I
50.0 ,r

5°.4 J

30
30

4 - 09.6 1
00.0 I

10.0 I
07 57.5 J

00 313 40 05 1
30 05 !
00 05 '
30 05 r

05 J

Mean of Correction
Seconds, to fill Circle.

Angle, 42* n' 5i''.i4

04.28 — 21

Angle, 4° 08' 04".07

05.00 — .21

Angle, 313° 4o'o4".79

The apparent discrepancy was found to be caused by the fact that the pole at Gover

nor's Island 3© was three inches off the centre in a line towards Kamey O, and the true

angle was computed. This result was produced by careful manipulation of the transit,

shading It with an umbrella, and protecting its adjustments from all jars by the most

delicate handling after it left your shop.

Yours truly,

John N. McClintock, A. M.

Noth. — Read from left to right. Subtract down. The reading of the first set of six angles, viz., 253° 1 i' 30'',

6)253 11 30,
divide by six: 42 ^ continue this method. The single angle is recorded to give the number of de

grees and minutes, and is called the rough angle.

Office of County Surveyor

of Ouray County, Colorado.

Ouray, Colo., Aug. 28, 1891.

Messrs. Buff & Berger, Boston, Mass.

Gentlemen : — At the time you sent solar transit you asked me to inform you of its

merits. It is without doubt the best I have ever used. I have used it constantly for

the past six months and tested it repeatedly on a stellar meridian, and always checked

within less than one minute of arc, and have never spent one minute adjusting it.

Yours truly,

F. L. Biddlbcom.





ASTRONOMICAL INSTRUMENTS.
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PREFACE.

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

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

p 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

Jj. 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

a 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
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DESCRIPTION

OP THB

Essential Features of Our 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 markedAand B . The

figures are large and distinct, 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 glass,

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 gradu

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 formulas. 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 eye-piece is focussed by simply 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 moans of inner rings, which time and

experience has proven to wear loose 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, telescopes intend-
ed_ for close work, as in stadia measurement, 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 by
saving two lenses in the e"a.piece is vary marked as compared with one of the same power anH focal length

showing 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.

Buff & Berber's Auxiliary Apparatus,

Used during th>> construction of their 1«strwuents Of Precision.
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The telescope of the transit reverses at both the eye and object ends, and is

thorough^ 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 engineering work 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

arc causes a displacement of the bubble through about 55 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 ofan instrument. Persons

ordering instruments of us will confer a favor by stating 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 transit is one of the most useful introductions in practical engineering,

t is so universal in its application to railroad and general work, that when once

used it will afterwardsform 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 placing fixed, or non-adjustable stadia wires so accurately upon the diaphragms

of our telescopes that their distance apart will read 1' : 100' t 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 83.00, 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.

* Stampfers Gradienter attachment for leveling instruments, as introduced by him in the year 1838 (see
Bauernfeind's Vermessungskunde) , is, however, mechanically more complicated as compared with our own.
As to simplicity of design and manipulation, we believe, our Gradienter Attachment, as applied to our transits,

is unequalled.

t In all stadia work, the constant, which is the distance from the center of the instrument to a point in front

„f the object glass equal to its focal length, must be added to every measurement. Thus the constant 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 i8-inch Wye level, telescope erecting, this constant is 1.78 feet
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Tangent Screws.

These are made of Aluminum 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.

They are less liable to get out of order, by blows or accidents, than any of the ex

isting tangent screws, and require little or no attention on the part of the engineer.

There is 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 instruments, as the best possible ; super

seding the usual methods by means of two opposing screws, or ball tangent screw,

greatly 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

so 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 of our earth. At a

cost of 910.00 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 colliinaiion of the

telescope. By means of a milled-headed nut, also at the South end of compass,

serving both 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 grained white ash, taking particular pains that the

grain of the wood runs in the direction of the leg. They are still further guarded

against all possible accidents by having wooden tongs inserted at their top. When

folded, our tripod is better adapted than the ordinary form, for carrying 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

justed over the ground at any height, with hardly any effort on the part of the

engineer.
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Illumination 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 prevent dust entering the tele

scope. In the center ofthe telescope is placed a small adjustable reflector, Dy 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 is the best known to astronomers ; it is the easiest to operate without

assistance, or a change of lamp or position of the telescope. It can be applied to

all our transits.

[See Wood Cut Astronomical Instruments.]

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, onsets 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 graduation of the horizontal circle,

the centers and such other important parts that are liable to injury by the action

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 finishing

the smaller pieces of an instrument separately and then joining them with small

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 as 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 exceptionally 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, etc. It is more difficult 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

instrument, 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

uated bar and measuring with it through the objective the wire interval of the collimator A.

Buff & Berber'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

deranges its adj ustments. We therefore consider it necessary to finish certai n 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 and 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 arc.

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 elegant 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 ofthcin 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—

1. Simplicity in manipulation.

2. Lightness, combined with strength.

3. Accuracy of division.

4. Achromatic telescope, with high pmncr.

5. Steadiness of adjustments under varying temperatures.

6. Stiffness ; to avoid any tremor even in a 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

ensure 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 & Berber's Auxiliary Apparatus.

Used during the construction 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 carefully

by means of lifter. Never permit playing with the needle, especially not with

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 reading

lens if one is used, after cleaning. Examine the buttons of your coat with regard

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 few 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 finn seat ; all straining of such screws beyond this simply

impairs the accuracy of instrument and reliability of adjustment.

When in the Held 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 treatment.

Upon finding 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 :

Unscrew the milled-head nut at the extreme end ofthe cylindrical tube containing

a spiral spring, which is opposite the upper tangent screw. Do it somewhat cau

tiously, or the spring will fly out. Then unscrew a small cylindrical case, which

also has a milled edge, and which is at the bottom ofthe centers. This case contains

a small triangular spring to balance the upper weight of the instrument within a

* For additional suggestions see p. 13.
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few lbs. Be careful to keep the face of this spring up in 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 gradua

tion, the verniers and the inner part ofthe 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 line 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 particle of dust or other foreign matter is left in the sockets, on the centers,

or on the graduation. This cautionnaving 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 drv, 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 graduation, 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. Kemember, 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 and flint glass of

which the object-glass is composed. If such is the case expose the instrument to

the sun for a few hours, but if in the winter, leave it in a warm room some distance

from the stove, the moisture will then generally evaporate. However, if not 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 ^glasses 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 theiai or the

cell will affect the adjustment of line of collimation. — Of course, if at any vime the

object>glass has been unscrewed from the telescope, this latter adjustmei-it must

again be verified before the instrument is used.
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Additional Instructions 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 field 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 use of 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 fine levelling, as obtained with

the more powerful telescope, are compared with those obtained by a lower power,

it will be found that, though less brilliant, 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 fine 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 defining

power accordingly. A little extra care, as consequent upon the use of high-powered

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-

glass that 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 use 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 films 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 lens only. 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 of an object is slightly distorted ; only in this case the temperature

in which it is kept over night should be raised to about 75° or 80° F. This treat

ment applies only to normally mounted objectives. If they are too tightly fitted

the lenses cannot be restored to their original efficacy 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, so 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 there tore 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 ill 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 object-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 improper place as a basement or cellar. Such film being noticed, it will then

be well to send the object-glass, or much better, the telescope, 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 adjustments 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 the lenses were cemented, it indicates that the object-

glass is not tightly 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 as 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 in Field Use.

In field 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., without a

covering or shelter of some sort, may often lead to a permanent injury to its most vital

parts. To preserve the finer qualities of an instrument, viz., the telescope slide, the

lenses, 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 is 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 flnely-powdered pumice

stone moistened with oil. Keplace 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 to a

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

grit and 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 so

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

imperative in our latitudes.

Many parte 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 from grit, etc., 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 circumstances,

may prove an excellent substitute for marrow, and may often be applied to level-

centers, where watch-oil would not give the necessary rigidity in the use of tho more
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ordinary instruments, but it must be renewed quite often. In the finer class oi

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-wires^ 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 rwidered 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, containing 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 symmetricallv 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 field instruments requires only from five 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 field-work a spirit-level has been improperly

exposed, it is best to cover it with a cloth for from five to fifteen 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 field 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 spiric level in an even temperature is not as stable as desirable, the level

fastenings, tube, screws, etc. 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 ot 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

his 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 fide 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 ;

put it on a sheet of white paper with the cuts on its surface uppermost. Prepare a

little 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 end of these webs to a bit of paper or wood to act as weights, and immerse

them in water for five or ten minutes. Kemove 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

fall gently from a bit of pointed wood or the blade of a penknife. Wait a 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 formerly 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 Michigan. These threads are
almost opaque, and not apt to relax their tightness if properly placed on the diaphragm, and as they retain their
elasticity, they are preferable to platinum wires, which have a tendency to break, owing to their great brittle*
ness. The best spider-threads are those of which the spider 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 this is not done, the young spiders, when hatched,will eat the threads. The fibers next to the
eggs are to be preferred on account of their fineness and darker color. As it is important to get the proper kind
of spider-web, we subjoin an extract from a letter addressed to us on the subject by Prof. J. B. Davis, Unit

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 find in Ann Arbor— Lat. 420 26' N.
— as far as my experience goes, and is numerous on Beaver Island, out in Lake Michigan — about 460 N.— at
St. James. I have also always succeeded in hunting 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 especially partial to painted
woodwork. It roosts high, — the higher the gable the more numerous the cocoons ; but it is also 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 all
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, if

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 permanency 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 a sudden exchange of air within the hollow

spaces, and carry with it dust and other substances through the minutest openings.

The vapor, also, that will thus condense on the metal surfaces, if it were not pro

tected, 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 clearness 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 aro 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, according 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, etc., 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-box is to be recommended where there is damp

ness; and if 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.

During the progress of field work the more ordinary and portable transits and

levelling instruments, etc., can generally be carried on their tripods for ease and

dispatch. Nothing in 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 finer and finest classes of field 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 it 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 centers. When carding on its tripod,

, . , (in tbansit, when placed on a line with its centers ;
clamp telescope j 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, a3 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 Arm

bearing by the leveling screws. The instrument 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 position, 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. Wiiii 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,

so 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 inch larger 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 lbs., 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 CARS.

Scientific Instrument.

Mr. George Brown,

36 West Street,

Value $ Cleveland,

Ohio.

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 precautions 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

only 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 readily 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, as the 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 work. 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 condition.

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
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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 perpendicular to 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 £ 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 aioay1 from which the wire

must be moved, and tightening the opposite screw the same amount, and repeating

this process until the adjustment is gradually perfected. If during this operation either

or both of these wires have become so 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

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

for 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.1 Unequal exposure of the instrument to the

sun, or exposure to sudden changes of temperature, may for a time expand some

parts 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
shoulders of the capstan-headed screws 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 instruments of Continenta^
Europe, the capstan-headed screws are made to butt against the wire reticule, the capstan-headed^ screws
towards which the wire must be moved, must first be loosened. In the latter case this action is identical
with that of opposing nuts used for the adjustment of most telescope levels on American instruments.

* See foot-note on page 2Q.
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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 is 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 confined 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 so 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 arranged 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

complicated features of different instruments, upon which the line of collimation also

depends.

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,

so 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 telescope

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 a 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 principles 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 sight 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 truly fitted, in order that the

optical axis of the objectglass 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 is 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 sharply 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

asprisms* lenses, or shade-glassesjiitToduced between the object sighted at and the

object-glass, will deflect the line of sight from its true course, unless such parts can

be made 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 objectglass 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 useful
ness, since the slightest change of the prism 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 field-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

give good results, being more rigid 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 uso 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 (90 per cent, copper and 10 per cent, aluminum). The

parts of instruments made of the latter metal might be easily reduced somewhat

in thickness on account of its greater rigidity as compared with copper alloys ; yet

to lessen the tendency to vibration, and also in order to withstand the wear and

tear of the field use of an instrument, such parts need a little more mass, or dead

weight as It may be called. It is then found that the weight of an Instrument re

mains materially 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 micrometer 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 so 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 tho 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 held 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 aie particularly chosen for the part they are to perform.

» Commercial Aluminum, unless obtained from reliable sources, often contains a small amount 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 smaller size as made by

the best makers.

There are other reasons why makers should be somewhat conservative in the

adoption of aluminum as a material for the finer class of surveying instruments,

but as they relate principally to the treatment of 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 correcting new and repairing old instruments made by other

makers. We will here remark, that as workmanship, 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. We 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 put 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 expensive■, 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.

Used during the construction of their Instruments of Precision.
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General Remarks.

THE 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 eye-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 Held, with the least distortion.

Of the many forms of eye-pieces known, Messrs. Buff & Berger, after careful

experiments with the formulas suggested 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-

The magnifying 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 single lens : Thus—

It is readily seen that the magnifying power may 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 Bhe hands of the practical engineer by which he may rigidly test it.

TJie following suggestions may be found convenient.

The telescope should come sharply into focus, and a very little movement of the

focussing screw, either way, should cause the image to blur. When it is sharply

focussed, covering any part of the object-glass without altering the focus, should

not alter the sharpness of definition but merely cut oft" 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 just 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 conceal the faults in making. In this

F = focal length of the object-glass,

£ = *. " " eye-piece,

F
.3- = magnifying power of telescope.Then



case the real aperture ofthe 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 ofthe telescope. The clear aperture, 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 magnifying power ofthe telescope. Thus the clear aperture of a tele
scope, measured Dy 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".. O6. In this case, the magnify

ing power of the telescope was -jr- = 22.5 diameters.

Another way to determine the magnifying power, is to measure the angular

distance between two points with a transit, and then measure the same distance

with the telescope of which the power is to be ascertained, placed so 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 — j""' ^ — . 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". When a Y level, previously focussed

on a distant object, w»8 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,

/1°5S'50"\
tan. I ^ I fan o°59'25"

the magnifying power ofY level= )r3V\ tan. CP r45"=34.° diameters.-

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 ofthe white card seen through the

telescope by the other kiye, 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 andthe 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 ofan instrument. The last stages in its making must depend upon the personal

skill of some mechanic, 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 the lacquer and polish of the outside, that the market is full of instruments

sold at a pnee 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 wrong thread ; a wabbling

of the ouject-slide or eye-piece ; a slight space between the edge of the vernier and

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 influence in guiding the selection of

an instrument, in the absence of a test by work in the field.

The Engineer's Transit.

In the first part of this catalogue, Messrs. Burr & 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 tnay 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, that is, 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 film 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 formulaa, 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 1^ 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

used in the telescope with which the image formed at the focus of the object-glass

is 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 Joss 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 fleld-

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 power 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 field of view possessed by these eye-pieces.

Moreover, the compound lenses are liable to be affected after a while by opacities

caused by a crystallization, as it were, of the cement uniting the parts composing

them.

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 other advantages 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 a perfectly flat field 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 field 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

called a negative eye-piece, because the image is formed at a point between the

lenses.

The magnifying power 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 field 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 verniers 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 <2=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.

n= the number of spaces of the vernier which correspond to (n— 1) spaces of

the circle.

We then have the three formulas ;

(10

(2.)

d

d—d'

!i — 1

(3.) a—<r= ,

Thus, for example, suppose the circle was divided to 15', and it was desired to

read to 20". Here, d= 1 5'

d—d\ or, the least count =20"

Then, by formula (1)

15' 15 X 60"

20* 20"
= 45

Therefore, 45 spaces of the vernier must correspond to 44 or(n-l) spaces of the

circle.

Suppose again the arc to bo divided to 20', and to be read to 30". In this case

we have

20X60
" 30 _4U

Therefore, 40 spaces of the vernier must correspond to 39, or (n— 1) spaces of

the circle. These are the graduations which Messrs. Buff & Berger usually adopt

for engineers' transits.

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

inclined in the same direction as the 130, 140, and 150 of the arc, is to be used in

connection with these figures. The vernier is double,—one half to be used with

one set of graduations ofthe arc, the other halfto be used when angles are laid off

in the opposite direction, and then the lower set offigures, 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 2C spaces lying between

the last 10 degree division and the zero division ofthe 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 arc 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 hall-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

30", 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", and

since our first reading was between 20' and 40', this vernier reading is to be added

to that first reading.

Thus, 138° 20'

10' 00"

13S° 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 should find the zero

point of the vernier is beyond the 221° 20' mark, and the line of the vernier, which

is seemingly a prolongation of a line of the arc, corresponds to 10' 00". Then we

have 221o 20,

10' 00"

221° 30' 00" for the reading of the vernier, using

the 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' 00" 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 first,

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.

The engineer who has not used them will find the ground-glass shades a great

convenience in reading the vernier. Thev 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 graduations 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 instru

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,

and vernier plate in the same mould, to avoid any. difference in the composition of

the 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.

After 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 yet at the same

time have enough surface to be strongly magnetic. It should bo swung upon a.

jewelled 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, ami

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 by

the outside attraction of a piece of iron held in the hand a foot or so away, it will

settle to the same reading several times in succession.

This sensitiveness depends upon the form and sharpness ofthe pivot, the strength

of its magnetism, and its bearing on the jewelled center.

If it should be found that a needle has lost its sensitiveness, it is probably not

so much owing to its loss of magnetism, as to a dulling of the pivot. Since this

may happen when the engineer is without access to the maker, and an instrument

otherwise be in good condition, it should be remarked that the pivot 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 grindiug 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 ofthe needle should be as far below this line as possible.

The quivering of a needle so 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 determine whether the transit itself has any iron in it to disturb the needle,

it is a good plan, after setting 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 towards 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 graduations 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, differing 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 dirt

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 lev1

on the standard is used in leveling up the instrument, and to establish the

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 restoring the levels to the exact position they before occupied, by the leveling

screws alone.

Leveling Screws.

Messrs. Buff & Bergcr usually cut their leveling screws with 32 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

the left. 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 the student 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 instruments, requiring spirit-levels corresponding to the fine

ness of graduation, cannot be advantageously manipulated with four leveling

screws. The results thus obtained would be little better than those obtained with

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 a 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 setting, giving 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.

[Fur illustration 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 their tripods,

one such coupling is sufficient for an engineer's outfit. In fact one extra tripod

permanently provided with this quick-leveling attachment may be kept ready for

occasional use in an office where there are a number of their instruments.

To use this quick-leveling attachment proceed as follows:—Screw it to the

instrument, and then screw ooth 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 such 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 has a 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 screwjust 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^ 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 ^ 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 ^, 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 ofthe 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 ofthe scale, which corresponds to 1 . 11 50, and through three of the numbered

divisions, and five of the shortest ones to make up the entire reading of 1 ." 85.

For measuring distances this screw takes the place of stadia lines, and is more

convenient ; since for any approximately horizontal distance, the space on an ordi

nary leveling rod expressed in hundredths of feet, included in two revolutions of

the screw, will be the number offeet the level rod is distant from the center of the

instrument. Thus the difference between two readings of the level rod was 2" . 965

when the telescope was moved in 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—

X 100= 213.9 feet.

In case, however, the distance to be measured is not approximately in the same

level plane with the transit telescope, it is necessary to compute the distance, from

the readings ofthe 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 lines. A skilful rod-man will plumb a rod more readily than he can

incline it at the proper angle, and a reading of the plumb rod can be taken with

greater accuracy, and in less time than with the inclined rod ; but it ordinarily

involves some additional computing to reduce such vertical readings to horizontal

distances. _ With the view ofreducing 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.
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In the above figure,

TH=the transit horizontal sight line.

The angle HTB= the angle of elevation of the telescope to the foot of the rod

=E.

" " BTA= the angle subtended by any number of revolutions of the

gradienter 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.

Then, CBA=BTH=E TAH=90°— (E+ G)

_BC_ . (E + G)) cos E cos G— sin E sin G.

AB~ sin (90°.+ G) = cos G.

.-. BC=R (oos E—tan G sin E.)

tan G=-jr where h Is the height above a horizontal line, subtended by

one revolution ofthe gradienter screw at a distance a.

n is the number of revolutions made in any given case.

BT=\BC= R~ (cos E—— sin E)nh nh v a

and

.-.BT=R Qj-cosE—BinE)

HT=BTcosE

.HT=R (^-cos'E—y2 sin2E) ....... TX.

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 a = 100, for n = 2 and

h= y2, by substitution these formulas become,

BT=R (100 cos E—sin E.)

HT=R (100 cos 2E— sin2E.)

Where BT= the direct distance from the center of the horizontal axis of the

transit to the foot of the vertical rod.

HT= the horizontal distance from the center of the horizontal axis of the

transit to the plumb line dropped from the foot ofthe 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 E 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 B T in

this case is the direct distance between the center of the horizontal axis of the tele

scope and the upper reading of the vertical rod in the valley.

The distance HT 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 ofthe 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

opposite the angle of elevation, by the space included upon a vertical rod by two

rradienter screw revolutions, to obtain either the direct or horizontal distance of

the center of the horizontal axis of the telescope from the foot of the rod ; or the

tame distance from the upper reading of the vertical rod in the case of an angle of

lepression.
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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.

Angle of
Elevation

E.

Factor for the
Direct Distance
(toocosE-sin TL]

Factor for the
Horizontal Dist.
(100 cos 2 E— %

sin 2 E)

Angle of
Elevation

E.

Factor for the
Direct Distance.
(ioocosE-sinE;

Factor for the
Horizontal Dist.

(100 cos 2 F — yt
sin 2 E)

o '

O

0 '

IOO.OO IOO.OO 15 96.33 93.05

I 99.96
99.94

i5 3° 96.09 92.59

2 99.9O 99.84 16 95.85 92.14

3 99.8r 99.67 16 30 95.6o 91.66

4 99.69
99.45 '7 95.34 91.17

5 99.53 99. 1 5 17 30 95.07 90.66

6
99.34 98.80 iS 94.80 90.17

7 99.i3 9s.39 18 30 94.5i 89.63

8 98.89
97.93 l9 94.22 89.09

9 98.61 97.41 19 30
93.93 88.54

10 98.31 96.S1 20 93.63 87.98

io 30 98.15 96.51 20 30 93.32 87.41

II
97.97 96.17 21 93.00 86.83

II 30
97-79 95.82 21 30 92.67 86.22

12 97.60
95.47 22 92.34 85.62

12 30 97.41
95." 22 30 92.01 85.01

13 97.21
94.73

23 91.66 84.37

l3 3° 97.01
94.33

23 3° 9I.3I 83.75

14 96.79 93.93 24 90.94 83.08

14 30 96.56 9348 24 30
9°.5? 82.43

15 96.33
93.°5 25 00 90.21 81.76
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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

two revolutions of the gradienter screw, three readings in each position were as

follows :

I. II.

Altitude 18° 2C

ft. ft

0.625 3.380

0.627 3.376

0.625 3.378

Means, . . . 0.626 3.378

0.626

Factor for direct distance for 18° =94.80 For Horizontal Distance= 90.1 7

" " 1S°30'= 94.51 " " .. =89.03

Differences, . . . =0.29 0.54

Therefore, the factor for 18° 20' will be for the direct distance 94.S0.— 2A of 0.29

= 94.61, and for the horizontal distance, 90.17— ^3 of 0.54 =89.S1.

Then we have, 2.752 x 94.01 = 260.37 = the direct distance.

2.752 X 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 thcv are confined to

the range ot the screw.

*To insure at all times accurate results, the telescope axis should revolve free, 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 measurement with a micrometer screw, its graduated head should be set back slightly, then bring

it up to the readings in the same direction in which the measurement must be effected.

t Should the engineer desire the direct distance between the. foot of the rod, and the point over which the

fhttnb.bob is suspended, it may be found by the following formula. *

X = V d'+ f?+ tpd sin E.

or putting it in a shape adapted for logarithmic computation,

* = Wheretan,=^tL^VT.

Where x =the distance from the point under the plumb-bob to the foot of the vertical rod.

rf=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 a ready means of expressing any number of revolu

tions, and parts of a revolution, in arc ; and the converse, of degrees, minutes ani

seconds, in revolutions of the screw :

Gradienter Screw Table II.

To convert a reading of the Screw To convert Arc into a reading of

Gradienter
Screw. Arc

into Arc.

Gradienter

Screw. Arc. Arc.
Gradienter
Screw.

the Screw.

Arc.
Gradienter

Screw.

Rev. Div. 0 > it Rev. Div. 0 r n 0 ' ir Rev. Div. 0 Rev. Div.

0 0 0 0 0 2 0 0 34
25 0 0 0 0 O.O 0 8 00 O 23.5

0 1 0 20
3

0 0 5' 35 0 0 10 0 o-5 0 8 30 0 25.O

0 2 0 40
4 0 I S 45 0 0 20 0 1.0 0

9
00 0 26.O

o 3 1 0
5

0 1 25 55 0 0 30 0 '.5
0 9 3° O 27.5

o 4 1 25 6 0 1 43 10 0 0 40 0 2.0 0 10 00 0 29.0

o 5 1 45 7 O 2 0 20 0 0 50 0 2-5 0 20 00 1 8.0

o 6 2
5 3 0 2 i7 35 0 1 00 0 3-o 0

3°
00 1 37.O

o 7 2 25
9

O 2
34 45 0 1 30 0 4-5

0 40 00 2 19.0

o 8 2 45 10 0 2 53 0 0 2 00 0 6.0 0 5o 00 2 55-5

o 9 3 5
11 O 3 9

to 0 2 30 0
7-5

1 00 00 3 24.5

0 10 3 25 12 0 3
26 20 O 3 00 0 9.0 2 00 00 6 49.0

0 20 6 50 0 3 43 3° 0 3 3° 0 10.5 3 00 00 10 23.5

o 30 10 20 14 0 4 0 45 0 4 00 0 12.0
4 00 00 13 48.0

0 40 *3 45 15 O 4 i7 55 0 4 3° 0 i3-5 5 00 00 17 22.5

1 O i7 10 0 5 00 0 15.0

1 10 20 40 0 5 30 0 16.0

1 20 24 05 0 6 00 0 i7-5

1 30 27 30 0 6 30 0 19.0

1 40 30 55 0 7 00 0 20.5

2 0 34 25 0 7 30 0 22.0
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Thus, the telescope being leveled, the gradienter screw was turned through a
space of ll'"- 23d"' required the arc :

11 revolutions, = 3° 9' 10"

20 divisions, =0 6 50

3 =0 10

The whole arc, . . . =3° 17' 00"

Conversely, it was desired to turn off a vertical angle of 4° 35' 40".

Then we have—
4° 0' 0" = 13'"- 48dl'-.0

30 0 = 1 37 .0

5 0= 15 .0

40 = 2 .0

The space on the head of the screw= 16"'- 2alT- .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.

It will be seen that the vertical gradienter can be used for a variety ofpurposes ;

measuring distances, grades, differences of levels, vertical angles, and is a useful

check against 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 gradienter screw is so universal in its application and can be so readily 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 theymay alter their distance

apart ; and there is a rapidity of work with fixed lines, and a rod 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 field 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

for cleaning, thereby increasing the liability of becoming broken, or detached from

its 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

difficulty in 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 ofwhich, 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

greatest time-saving arrangement which modern makers have introduced in engin

eers' transits.

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 or any 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 lbs. to the weight of the tripod.

Shifting Center for a Transit with Three Leveling Screws.

As made by Buff & Berber.

C. Zi. B.



Arrangement for Offsetting at Sight 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& Berger have a very neat one ; it consists in simply perforating the

horizontal axis, so that by drawing the head back fifteen or twenty inches 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 ofthis 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 engineer 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 sight.

Setting Up.

In setting up a transit, push the iron shoe of one leg firmly into the ground, by

pressing on the other two legs near the tripod head. Having secured a farm found

ation for this leg, separate the other two legs, at the same time drawing the tripod

head toward you. Then 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 givento 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.

Now with the level screws not tightened up, after leveling approximately,

bring the plumb-bob exactly over thepoint on the ground, by moving the body of

the instrument on its shifting head. Then complete the leveling of the instrument,

and it is ready for work. |

The Adjustments of the Transit.

In atheoreticallyperfect 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.

3. 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 bearings 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 plate lies in the axis ofthe 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 owing

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. It is to these adjustments

only that the following remarks are confined.

Adjusting'.

Ifthe 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

ofthe 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 instrument 180° in azimuth. If the small levels still hare their

bubbles in the center of their tubes, these levels are adjusted, and the circles are

respectively as nearly horizontal and vertical as the maker intended them to be.

If the bubbles, however, are not in the center of their tubes, then bring them

half way back by means or the leveling screws, and the remaining half by means

of the adjusting screw at the end ofeach of the level tubes.

It may be necessary to repeat this adjustment several times, but when made, the

instrument once leveled will have its small levels in the center oftheir 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 Parallax.

Point the telescope to the sky, and turn the eye-piece until the cross hairs are

sharp and distinct. Since the eye itself may have 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, bringing the cross hairs and image to a

sharp focus by the rack-work alone. A 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 throughout 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 ofa 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 6 and the third c. Place the

instrument half way between the stakes a and 6 and read the staff (leveling rod) A,

placed on the stake a, and also the staff B, placed on the stake 6 ; call the two readings

A' and B' ; then, although the instrument he 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 6 and c. 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 three 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, 6, c, call these three readings A", B", C". Now, if

the stake b be half way between a and c, then ought

C"— C— (A"— A') = 2 [B'' — B'— (A" — A')]

but if not, alter the screws which adjust the diaphragm, and consequently the horizontal

line, until such be the case, then the instrument will be 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 Bw.

" 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 xuVuth of a foot."

Example. — The instrument being placed half way between two stakes a and b (at one chain from each),
the staff on a or A' read 6.53, and staff on b or B' read 3.34, placing the instrument half way between the
stakes b and c, (three chains from each) the staff on b read 4.01, and the staff on c read 5.31.

Hence, taking stake a as the datum, we have
Stake. Above Datum. Stake. Above Datum. Stake. Above Datum,
a or A' = 0.00 b or B' — 3.19 c of C' = 1.89

This instrument being now placed at d (say five feet from a, but the closer the better,) the staff on a or A"
read 4.01, on b or B", 1.03, and on c or C", 3.07. Now had the instrument been in complete adjustment (under
which term curvature and refraction are included), when the reading on staff a was 4.01, the readings on b and
c should have been respectively 0.82 and 2.12.

The instrument therefore points upwards, the error at b being 0.21, and the error at c, 0.95 : now were the
bubble only in error, (as is supposed in all other methods of adjustment) the error at c ought to be four times as
great as at b, but 4 X 0,21 =s 0.84 only, there is an error therefore of 0.95 — 0.84 = 0.11 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 neglecting the actual
error of level we are only to make the error at b one-fourth that of c.

After a few trials, whilst the reading at a continued 4.01, the reading on b became o. 75, and that on c, 1.84.
Now 0.82 — 0.75 = 0.07, and 2.12 — 1.84 — 0.28.
And as 4 X °-°7 = 0.28, the telescope is now adjusted for collimation.
All that remains to be done, is to raise the object-end of the telescope by means of the parallel plate-

screws (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 transit 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 not 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 elegant method of adjusting for collimation, and one which recommends itself because
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 intersection of the cross-lines in the level, which had better be turned in its wyes so that its
cross-lines make an X 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 again sharply focussed on its cross-
lines, the intersection of the transit cross-lines will no longer exactly cover the intersection of the level cross-
lines. If the level has been carefully adjusted by the methods given further on, then the displacement is
wholly due to error of collimation in the transit. This must be corrected by the adjusting screws. When the

• To adjust the line of collimation in a telescope shaming 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 show
ing objects inverted, the wires must be moved in the direction lessening the error observed. — To move the
vertcal wire, slightly 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
capstan-headed screws on the telescope in the manner described. — C. L. B.



The Collimator Apparatus.*

For adjusting the Line of Colllmation, 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 !>e 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 distance. 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.

* For a more detailed description, see article in Zeitschri/t fur InstrumenUnkunde.
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adjustment is made, the two sets of cross-lines should coincide throughout the entire focussing motion of both
telescopes. It must be borne in mind, however, that this method is only applicable to instruments like Buff
and Bergers, in which the method of construction precludes the idea of sensible change in the telescope axis,

when the focussing screw is turned from one end of its rack-work to the other.
_ _ It should be remarked here that whenever the engineer has a level and transit with him at the same time,
l. is a great convenience to use either one for adjusting the other. It requires a little patience at the outset to
Kint one into the other, so that the cross-tines in both instruments may be black and sharp against a dead-white

ckground j but once accustomed to using these methods, the cross-lines are so sharp, and their motions so
easily controlled by the screws of the instruments, the engineer 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. Take 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 object-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. Two 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 tb«

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 transit and 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 telescopes are approximately 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 means of 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 modifications to the telescope of this level.

It has a clear aperture of 1% inches focus, and is 17 or 18 inches long over all,

the sun-shade excluded.

The bell-metal collars which rest in the wyes are about 10J£ inches apart and

\Yx inches in 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 eye-piece is

focussed by turning a milled ring at the eye-end. The level attached to the tele

scope is about 8 inches long, with about 5 54 inches exposed, over which is placed

the metal scale for reading the position of its bubble. The level-tube is suspended
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fromthe telescope-tube in such a 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

trwo sides, and they are numbered from 5 to 0 to 5 at each end of the bubble.

Since it 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 13 inches long over all, and at its two extremities sup

ports the two wyes which rise about Z% inches from its upper surface. One of

these wyes is adjustable in altitude. The level-bar is attached to a long conical

center ofthe hardest bell-metal, which may be clamped 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 clamping bar against a stiff spiral spring. With the sun

shade on the telescope, the weight is equaly distributed from the center, each way.

This is necessary, 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 with a fine thread. These two

points add to the ease with which the instrument may be accurately leveled.

A stop is so arranged that the telescope may be readily set with its horizontal

cross-line level, when the instrument is in adjustment.

The instrument 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 ofthe wyes is movable in a vertical line by a mUled-head screw. This

enables pointing to 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.

3. 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 similarly placed with reference to the line

of collimation of the telescope.

7. The level bubble moves over equal spaces for equal displacements of the

telescope in altitude.

8. 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,

but being liable to derangement from rough usage, they are made adjustable in the

field.

Adjusting.

After the engineer has set up the instrument and adjusted the eye-piece for

parallax, as described under the engineer's transit, the horizontal cross-line had

better be made to lie in the plane of the azimuthal rotation of the instrument. This

may be accomplished by rotating the reticule, after loosening the capstan-headed

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 is 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 projecting

pin from the telescope against it, the cross-lines will be respectively parallel ana

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 tangent

to any such profile, and then turn the telescope half-way round in its wyes. If 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 telescope 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 adjusted 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 way

round in its wyes. If the point Is still bi-sected, the telescope is collimated. A

very excellent mark to use is the intersection ofthe cross-lines ofa transit instrument.

Center 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 telescope

upon some object about 300 feet distant, and put on the sun-shade. These precau

tions are necessary to a nice atjustment 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 not, correct half the

deviation by the two leveling screws and the remainder by moving the level tube

vertically by means of the two cylinder nuts which secure the level tube to the

telescope tube at its eye-piece end. Loosen the upper nut with an adjusting pin,

and then raise or lower the lower nut as the case requires, and finally clamp that

end ofthelevel 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. Eotate 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. If it

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

object-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 completed

this adjustment, the level bar itself must now be made parallel to the axis of the

level.

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 azimuth,

and if the levefindicates the same inclination, the level bar is adjusted. If the level

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 ofthe 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 level bubble in the middle of its tube at

each sight by means of the levelling screws alone, rather than to give any consid

eration to this adjustment, should it require to be made.

* Sec Note p. ao.
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The Dumpy Level.

The dumpy level differs 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), and 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 considerej 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 cross-lines 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 ofthe transit telescope (see page 28) will apply to the dumpy

level. 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

rod held at one of them, and bring the level to the middle of its tube. Drive a stake

.fit 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 selected 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 two readings 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 ofcollimation may be permanently parallel to it.

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 1 —and attached level of

Transit Telescope.

Two- Peg Method.

Tlte 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,

,c and d, on the

'same line, nearly,

v making 6c = 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 c ; take readings A' and B' on a and 6 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 6.

Next set up at d, level carefully, and take readings A" and B'" on a and 6 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 + the distance from

that lens to the centre of the tripod. (See the Manual, page 63, Fig. 2.) 1 Then (B" —

A") — (B'— A') =B" = error of collimation in the distance 6a, that is the error due to

the vertical angle between the line of sight and axis of spirit-level. Now, by similar

": -1 ' W" X bd

ba

triangles, we have B„, . 6a = B,v . M ... B„

which is the error in the distance bd, and is to be applied to the reading B". Set the
rod to read (B"— B'v). Then :

For Adjustment of » 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 6, with target set to
read (B"— BIV). 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 a, with index
reading (B"— Blv) — (B'— A'), and see if the target is still bisected.

Adjustment of Attached Level of Transit Telescope.

The rod being held plumb at 6, with target set to read (B"— Blv), 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 angle subtended by Bvl 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'), B'» 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, positive or negative ; but in all cases it is added algebraically to (B'— A') to

obtain B"\

As in all other methods of adjustment, we assume that the maksr has done his part

so well that the line of collimation will not be disturbed in any movement of the ob

jective for focusing. Let us suppose that the line of 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 6, 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

appear to 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 6 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.
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With the plane-table such a map is constructed on the ground by at once drawing

upon the paper, which is spread upon the table, the angles subtended by different

objects, and determining by intersections their relative positions, instead ofreading

oil the angles on graduated instruments and afterwards plotting the lines by means

of a protractor, as is done in other methods of surveying. 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 accordingto established conventional signs.

"Adjustments.—Trom the nature of the service in some sections of the coun

try the plane-table is often necessarily subjected to rough 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 perceptibly affected. One should not fail, however, to make occa

sional examinations,andwhile at work, ifany difficulty be encountered which cannot

otherwise be accounted for, it should lead directly 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 opposite 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 straight line, which, by a very rare possibility,

the edge of the ruler might assume, and yet not be shown by the above test ; it is

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.

"2. The level attached to the rule.—Place the instrument in the middle of the

table and bring the bubble to the center by means ofthe leveling screws ofthe table ;

draw lilies 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 ofthe 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.—Parallax,.—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 eye is 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 cross-hairs 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 parallax.

The Striding Level, its Use and Adjustments.

In transits reading to minutes and half-minutes, the plate-level in front of the telescope is generally
sufficiently sensitive to insure good work. However, an instrument of the class as shown and described under
Ns. 1 d, should always be provided with a striding level, to insure a degree of accuracy in keeping with its
greater capability. The sensitiveness of this striding level is equal to that of the long level on the telescope.
Thus it will be seen that in a transit of this description the plate-levels serve only the purpose of leveling up
generally, and that in all cases where the objects vary considerably in height, the striding level only should be
depended on at every sight. The striding level of this instrument rests on two cylinders of equal diameters,
at points between the standards on the cross-axis of the telescope; and, unlike the method described on page 30,
serves also the purpose of adjusting the telescope to revolve in a vertical plane. As shown in the cut, the
striding level can be left on the cross-axis when the telescope is revolved in altitude. — To verify the
adjustment of the striding level (in 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
the 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 verify the side adjustment of the level, revolve the telescope 20 cr 300.
and note whether the reading of the bubble remains the same, if not, correct the error by the capstan-headed
screws at the side. To verify the adjustment of the cross-axis of the telescope for right angles to the vertical
"'-ji° ,e transit, revolve the instrument 180 0 in azimuth, and assuming that both cylinders, on which the
ftriding level rests, are equal in diameter, a change in the reading of the bubble will indicate double the amount
°lCTTO' , To correct remove half the error by the leveling screws, the other half by the Wye adjustment of
the standard. — Remember, that the pressing of the capstan-headed screws against the level tube acts similar
to that of the Wye adjustment of the standard. — C. L. B.

• For more information 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 Peaison's Solar Transit.

With the view of reducing the weight and cost ofthis attachment, the declination

arc is dispensed with, using, in its stead, the latitude arc for setting off the dec

lination.

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, a portable Equatorial, and an Alt.-

Azimuth instrument combined, — hence a few astronomical definitions seem to

be requisite.

In the accompanying 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.

(1.) 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 of 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.



36

(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 Triangle. 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 the

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

the sun to the observer's meridian, in time or arc, and is usually represented by the

letter 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 bv the letter Z.

This 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.

, „ /cosS cos (S — p)\4 . .
C0SiZ = ( cosL cosh ) <».>

siniZ = (sln (S-^Bin(B-h)U

2 \ cos L cos h / K 1

in which

L = Latitude. Z = the required Azimuth

d = Declination. p = Polar Distance = 90°— d.

h = Height of the sun's center, corrected for refraction and parallax.

S =|(L + h+p).

Note. — The correction for parallax, which is usually about 6", and never exceeds 9", may be neglected
except in work of great precision.

To solve these equations numerically requires much computation, but the Solar

Transit solves them forZ, 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 between 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; i.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 transit (sup

posed to bo 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 opposing 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 neeessary.
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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 condition

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 other&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 of

the plate levels on the transit, mil all be in the centre of their tubes, and the vertical arc will

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

field 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 adjustment 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, the optical

axes of the two telescopes will lie in parallel planes, and the instrument is ready

for 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

€J hours of time, and as this longitude is W., 12 o'clock, or noon, at Greenwich will

correspond to 5i 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.

April 25, 1885.

Hourly difference Dec. + *9

Dec. 5J a. M. N. . . . 13° 20' 04" -f-

6

7

8

9

10

11

M.

+

+

+

+

+

13 25 22 -f

13

13

13

13

13

13

20 28

21 17

22 06

22 55

23 44

24 33

1 P. M. N.

2 "

8 "

4 "

6 "

6 "

7 "

Hourly difference + 49"

Dec. = 13° 26' 11" +

" =13 27 00 +

" = 13 27 49 +

" = 13 28 38 +

" = 13 29 27 +

" =13 30 16 +

" =13 31 05 4-

The above table must be corrected for the effects of refraction, before it is set off

on the vertical arc of the transit. Kefraction increases the apparent altitude of an

increasing I dpclinl.
diminishing f tne aecllna-object, and thereby affects the declination of the object -

j. name with the latitude.tionwhenoftheoX^.

From the + 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 + 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 ^ 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.

These points being attained, set the main telescope, pointing south. Then for a

south | decunation> elevate \ the 80utn end of the telescope, t!11 the vertical arc 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

image will appear on the diagonal eye-piece.

Having "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-latiiude 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 the corrected declination.

(d.) Point the telescope to the south, elevatnig | the 80utn end for south [ decli"

nation, till the vertical arc reads the corrected declination, and clamp the vertical

arc.

(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.

(f.) Elevate the south end of the main telescope to the co-latitude, by means of

the vertical arc, and turn the telescope approximately into tho 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 optical

axis of the main telescope should be in the astronomical meridian. Befer to an azimuth

mark, and repeat the operation. The above is called a direct observation.

(h.) To make areverse 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 tho 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.

(3.) The latitude level is used to facilitate the resetting of the instrument to the

co-latitude— the telescope being adjusted to its position, with more facility and pre

cision with the level, than by reading the vertical arc.

Note.—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 one ofthem being adjusted to the up, 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 dispensed

with, by utilizing the level of the main telescope, in the same manner 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 zero. 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 V 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

ian, so that the azimuth or bearing of lines can be referred directly to that line.

(8.) If, for any cause, we are obliged to work with an uncertain 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 precisely in the pole of the meridian, meridian is determi

nate independantly of latitude.

(9.) In making the several adjustments, or rather in verifyingthem, 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 worits on sur

veying. He should compare the results of his observati6ns with this meridian at

difrerent times in the day, and under different states of the atmosphere, till he has

learned any peculiarity ofthe 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

IT. 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, is required to make his objective point within 3 chains. Charging the half

of this error to lineal measurement, we find the error ofcoursing m:ist be within Iff

of the true course.

(11.) In Manitoba, the authorities, having fallen in love with our system ofPub

lic Land Surveys, have adopted it ; but they require 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 point within one chain, in order to save reviewing his work,

charging, 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 "iVeio 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 workfar 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 importancethat the surveyorbe able to tell the inclination ofthe meridians for

any latitude, and for any distance of eastings or westings.

As this problem is not treated in elementary works on

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° oflongitude

apart. Let AB = the arc of one degree of longitude on

the equator = 69.16 miles.

Let D E be an arc of longitude on any parallel of

latitude. Also, let E H and D H be the tangents of those

meridians meeting in the earth's axis produced, and cor

responding to the parallel of latitude D E.

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

Also, the angle D F E=l°,and the angle D H B=tho ,

inclination of the meridians, which is the angle we wish ,J

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

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°cotL= l° cos L, or

X° = cos L -f- cot L = sin L, (a)

That is to say,

The inclination 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

Latitude 43° .

Multiply by 3600"

log. sine = 9.833783

= 3.556303

Divide by 50 "66, = 1° long, on that L, log.

48".46 = Inclination for one mile of long.

3.3900SO

1.704682

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 o2 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.

Remembering that in an isosceles triangle, the angle at the base is less than a

right angle by half the angle at the vertex, I deflect my line towards thepole by the

inclination due to three miles,— or in this case 48".46 X 3= 2' .25", i. e., Deflection=

Y2 Inclination.

(16.) Table No. Ill, 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 latitude ;

also the Convergence/ 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 atownshlp,=36, and we have the

convergency for a township = 67.68 links. In this manner were the convergences

of table III computed.

(18.) Deflection of Range-Lines from meridian. The second column of table III

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 to law.

Thus, say between 45° and 55° of latitude, the inclination is practically 1' fot-

every mile of easting or westing. Then, bearing in mind that in the U.S., "»e sur

veys are regarded as projected from the East andSouth to the West and North ; the

surveyor must project thefirst 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 5' 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 sixth, or

westerly range 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

"standard parallels" and two "guide meridians" into townships. Thus, starting a

meridian from a standard parallel on latitude 43° N, for the western boundary ol

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, etc.

(19.) The Variation of the Needle. This is easily determined by noting the

reading of the needle when the solar transit telescope has been brought into th«

meridian.



Table I.

Mean Refraction of Celestial Objects for Temperature 50°,

and Pressure 29*6 inches.

, AH. Refr, Alt. Refr. Alt. Refr. Alt. Refr. Alt. Refr.

o ' ' ll 0 ' ll 0 ' 0 i ' 11 0 ' ll

0 0 33 0 5 30 9 8 12 0 4 23 23 0 2 H 46 0 0 55

10 31 22 40 8 54 20
4

16 20 2 12
47

0 0 53

20 29 50 50 8 41 40
4 9

40 2 10 48 0 0 5i

3° 28 23 6 0 8 28 13 0
4 3

24 0 2 8 49
0 0 49

40 27 0 10 8 15 20 3 57 20 2 6 5° 0 0 48

50 25 42 20 S 3 40 3 5i 40 2
4 51 0 0 46

1 0 24 29
3° 7 5i 14 0 3 45 25 0 2 2 52 0 0 44

10 23 20 40 7 40 20
3 4°

20 2 0 53 0 0 43

20 22 15
5°

7 30 40
3 35 40 58

54
0 0 4i

30 21 15
7

0 7 20 15 0 3 30 26 0 56 56 0 0 38

40 20 18 10 7 11 20
3

26 20 55 58 0 0 35

50 19 25 20 7 2 40
3 21 40 53 60 0 0 33

2 0 18 35
3°

6 53 l6 0 3 17 27 0 51 62 0 0 30

1O 17 48 40 6 45 20
3

12 30 49 64 0 0 28

20 i7 4 So 6 37 40
3 8 28 0 47 66 0 0 25

3° 16 24 3 0 6 29 17 0
3 4 30 45 68 0 0 23

40 l5 45 to 6 22 20
3 1 29 0 42 70 0 0 21

5°
i5 9 20 6 15 40 2 57

30 0 38 72 0 0 18

3 0
H 36 30 6 8 18 0 2 54

31 0 35 74
0 0 16

10 14 4 40 6 1 20 2 5i 32 0 3i 76 0 0 H

20 i3 ?A 5o 5 55 40 2 47 33 0 28 78 0 0 12

30 13 6
9

0 5 48 T9 0 2 44 34 0 24 80 0 0 10

40 12 40 10 5 42 20 2 41 35 0 21 82 0 0 8

5° 12 15 20 5 36 40 2 38 36 0 18 84 0 0 0

4 0 " 51
3° 5 3i 20 0 2 35 37 0 16 86 0 0 6

10 11 29 40 5 25 20 2 32 38 0 13 38 0 0 2

20 11 8
5° 5 20 40 2 29

39
0 10 90 0 0 0

3o 10 48 10 0 5 15 21 0 2 27 40 0 8

40 10 29 20 5 5 20 2 25 41 0 6

5o 10 11 40 4 56 40 2 23 42 0 3

* 0 9 54 11 0 4 47 22 0 2 20 43 0 1

I0 9 38 20 4 39 20 2 18 44 0 O 59

20 9 23 40 4 3i 40 2 16 45 0 0 57
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Correction to the Mean Refraction given in the

preceding Table.

Height of the Thermometer.

8o°20° 24°
280

32° 36° 40°
44° 48° 52° 56° 6o° 64° 6S° 72; 76°

' // ' // ' //o '
'4-" '+"

'
+

" '
+

" '
+

"
4-" +" +

" // ' lf ' //

2 18 1 55 5i 48 1 7 r43 2 190 0 2 40 1 33 I 1I 31 IO I0 29 1 25 2 1

2 5 1 4 46 28 26 1 17 205O 20 2 25 1 44 1 24 9 9 44 1 1 1 33 1 49

1 16 58 8 8 138o ,I" 2 1 1 1 53 1 34 42 25 24
39 55

1 10 1 24 153

I 0 1 59 1 25 53
38 23 8

7 36 1 17 1 431 43 r 9 21
5°

1 3 1 30

I 20 1 48 1 17 48 34
21

7 6
57

r331 33 1 3 l9 32
45

1 9 1 21

1 40 ' 25 57
18 6 6 18 52 1 15 1 251 39 1 1 1

44 31
3° 41 1 4

1 18?. 0 1 3i 1 18 1 5
53 39

29 17 6
5 16 27

37
48 58 1 8

3 38 46 54
0 in 1 1 5i 41 32 22 *3 4 4 *3 21

3°
1 1

4
0 58 26 18

4 i7 5o
49

4i 33
1 1

4
10 24 31

37 44

5 48 28 16 26 360 41 35
22 9 3 3 9 20 31 40

6 l9 !3 8 3 2
7 26 35

<j 41 35 3°
24 12 i7 22 31

7 36 26 16
7

6 270 31 21 12 2 2 10
H

l9 23 3i

8 27 23 19 15 10 6 2 2 5 9
16 270 32 i3 20 24

28 20 16 13 9 S 2 2 5
8 18 249 0 24 1 1 H 21

IO 0 26 22 18 15 12 8
5

2 1 4 7 IO '3 16 22

18 6 18r 2 21 15 !3 10 7 4
1 1 4 9

1 1 r3 16

[4 18 16 !3
1 1 8 6

4
1 1 3 5 7 9

161 1
M

16 16 12
9 7 5 3

1 3 5 6 8 H1 10 12

18 10 8 6 5 3 1 1 2
4 6 7

1214 12
9

10

7 6 2 1 2 6 8 1120 i3 1 1 9 4 1
4 5 9

25 10 8 7 6
5 3 2 1 1 2

3 4 5 6 7 8

30 8 h
1

6 5 4 3 2 1 0 1 2 3 4 5
6 7

35 7
6 5 4 3 2 1 0 0 1 2 3 3 4 5

6

40 6 5 4 3 3
2 1 0 0 1 2 2 3 3 4 5

45 5 4 3 3 2 2 1 0 0 1 1 2 2
3 3 4

5o 4 3 3
2 2 1 1 0 0 1 1 2 2 2 3 3

55 3 3
2 2 2 1 1 0 0 1 r 1 2 2 2 3

60 3
2 2 2 1 1 1 0 0 0 1 1 1 2 2 2

65 2 2 2 1 1 1 0 0 0 0 1 1 1 1 2 2

70 2 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1

80 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1

90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Height of
— — — — —

+ + + + 4-

Barometer.

28'26 28 56 28-85 29-15 2°'45 29'7S 30.05

jinches

30.3530-64 3093 *

inches. inches. inches inches inches inches Inches inches. inches.
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Example I.

.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) 6' 25" :

and therefore,

Apparent altitude . . . . = 8° 5'

Refraction = — 6 25"

True altitude 7 58 35

Example II.

What is the correction for refraction for the same altitude, the thermometer

standing at 44° and the barometer at 29-45 inches?

Thermometer correction for altitude S° 5'

Barometer ditto

Correction for both is

Mean Refraction

. . . True refraction

Apparent Altitude

True refraction

True altitude

= +06

= — 0 2

= +04

= — 6 25

= — 6 21

o ' ll

= 8 5 0

= — 6 21

7 58 39
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Table II.

Coefficients showing the per cent, of Refraction to l>e applied

to the Sun's Declination.

Hours from the Meridian. Hours from the Meridian.

Lat. 1 H. 2 H. 3 H. 4 H. 5 H. 6 H. Lat. 1 H. 2 H. 3 H. i H. 6 H. 6 H.

o 0

IO 56 33 24 20 IS 17 36 94
82 71 64 60

59

12 63 39 28 24 22 21 38 95 85 74 67 63 62

H % 45 33 27 25 24 40 95 87 77 70 65 64

16 74
50 38 31 29 2S 42 96 88 79 72 68 67

iS 78 55 42 35
32 31

44
96 89 81

74
7i 69

20 81 60 46 39 35 34 46 97 90 83
77 74 72

22 84 64
5°

42 38 37 48 98 91 85
79

76
74

24 87 68
54

46 42 41
5°

98 92 86 Si 78 76

26 89 70
57 49 45 44 52 98 93

S8 83 81
79

28 90 72 60 5i 48
47 54 99 94 90 85 S3 81

30 91
74

63 54
51 50 56 99 95 91 87 85 83

32 92
77

66 57 54 53 58
99

96 92 S8 86 85

34 93
80 69 61

57
56 60

99 97 93 90 88 87

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



47

Table m.

Inclination and Convergency of the Meridians.

Convergency Convergency Convergency

Lat.
Inclina
tion ior
one mile.

Inclina
tion for
six miles

forone

townshipof
36mile■.

Lat,
Inclina*
tion for
one mile.

Inclina-
tion for
six miles

forone

townshipof
36mile■.

Lat.
Inclination

for one mile.

Inclina
tion for
six miles

forone

townshipof

36miles.

o II ' II Links. 0 II ' it Links. 0 ' /' Links.

10 9.18
55 13.0 27 26.52 239 36.9 44 50.19 501 70.I

II IO.13 1 01 14.2 28 27.66 2 46 38.6 45 52.00 5 12 72.6

12 II.07 1 06 i5.5 29 28.85 253 40.2 46 53.83 5 33 75.2

*3
I2.02 1 12 16.S 3° 3°.°3 3 00 41.9 47 55.67

5 34 77.8

H I2.98 1 18 18.1 31 31.26 307 43.6 48 57.67 5 46 80.6

15 13.96 1 24 19.4 32 32.49 3 i5 45.4 49 59.83 5 59 83.5

16
H.93 1 30 20.7 33 33.83 3 23 47.2 5° 1 02.00 6 12 86.5

15.92 1 36 22.0 34 35.i7 3 31 49.1 51 1 04.17 6 25 89.7

18 16.91 1 41 23.4 35 36.5°
3 39 5o.9 52 1 06.67 6 40 93.o

l9
>7.93 1 47 24.9 36 37.83 3 46 52.7 53 1 09.17 6 55 96.4

20 18.94 1 54 26:5 37 39. 1 7 3 55 54.7 54 1 16.67 7 10 100.0

21 19.98 2 00 27.8 3S 40.67 404 56.8 55 1 H-33
7 26 103.7

22 21.02 2 06 29.3 39 42.17 4 i3 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 1 1 1.8

24 23.!7 2 19 32-3 41
45.'7

43i 63.1 58 1 22.00 8 19 116.2

25 24.30 2 26 33.8 42 46.85 441 65.4 59 1 26.66 8 40 120.9

26 25.38 2 32 35.4 43 48.52 451 67.7 60 1 30.00 9 00
"5.7

For the construction and use of the above table, see articles (13,) (14,) (15,)

(170 (18.)

For details of instruction in IT. S. Government Surveying, see 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 be 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 Polar Distance
Sin Z = T ... .—

cosme 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 ^^j. | of the pole, Polaris is

at his greatest elongation \

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 J or J an inch in

thickness, 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 ,rif?lt \ of the mark for

western | , le" >

eastern [ Ration.

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 distances thus calculated are needed, but do not amount to more than 30" in
all; see a Nautical Almanac.



18 a

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 fp«lt [ for ^t^-11 [ elongation, 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 Decembei, 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.

To an observer, in north latitude, when the sun is going } in declination,

the meridian, as deduced, from the bi-section of the angle between two consecutive

equal altitudes, would be to the j^1* \ 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 be 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

rooming, 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, before finding the angle between the bearings of forenoon and

afternoon observations.

(5.) If the sun is going go^li11 declination, this correction must be |^e^°te^

to [ Plate"rea(iin8 °' tne 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 frcm 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).

" " " second " 148" 13'.

Time between observed altitudes, 9| hours.

Hourly rate of change of declination (see table), 56".

Total change of declination north 9J X 56" = 8' 52".

Multiplied by secant of latitude = 8' 52" X 1.367 = 12' 12".

This, 12' 12", 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,

148° 13 + 12 12 —13 26 _ 67<> 1Jt ^, _^ between the bearing of the

2

first altitude and the meridian. Or, from the assumed azimuth mark, the angle

would be 64° 17' 24" + 13° 26' = 80° 43' 24". It is best to use the double sign 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 one-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.

Day
of

Uonth.
Jan. Feb. March . April. May. June. July. Aug. Sept. Oct. Nov. Dec.

'' tr '' „ tt '' „ „ '' t' //

I + 12 43 57 58 45 21 IO 38 54 58 48 23

s 17 46 58 56 43 17 14 41 56 58 46 19

IO 22 49 59 54 39 12 19 44 57 57 42 14

i5 28 52 59 52 36 7 24 47 58 56 38 8

20 32 54 59 49 3i + 21 28 49 58 54 34 — 21

25 37 56 59 47 27 -4} 32 52 59 52 30 + 4.

30 41 . . 58 46 23 9 36 54 59 49
■*5

10
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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 enabling one

to make an observation directly upon the sun's centre. 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 to the writer to see if an image

of the sun could be formed behind the eye-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

are not to be used. With this complete outfit one may work whichever way seems

best.



Davis' Patent Solar Attachment*



51

These devices being perfected 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 observe^ 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

chosen before 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 upon 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,

trusting the next step to the next statement. They have been prepared with this

view.

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. Kun 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 image of the sun on the

screen. Bepeat 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 be obtained that

the telescope will give. Mark the slide on the arm of the screen and the eye-piece,

so 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. It is not adapted to be used with invert
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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 so as

to quarter it.

■6. Remarks. 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.

«. Directions. Screw on the prism, as shown in fig. 3, to the end of the

common eye-piece. Look directly through the shade-glass, if 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-glass and proceed.

6. 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 shown in fig. 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 by the light in passing through the prism, the high magnifying power

used in Butt & 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.

6. Remarks. For observing 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 enable 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 ofthe cross-wires to exactly quarter the sun's image.

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.

6. 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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c. Directions. Forfinding 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, -f-

when N., — when S., 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 Washington, as near as one-half hour, or

seven and one-half degrees. This is + when W. and — when E. of Washington.

Add 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 hourljr

change by this result, in hours, noting all the signs. Apply this product, regarding

its sign, to the sun's apparent declination as taken, from the table, for the sun's

apparent declination at the time of the observation.

d. Example. Date, 1881—6— 14. Hour, 9h— 26">— 24», a.m. Longitude

about 40 minutes East of Washington, considered in time.

Q's apparent declination, 1881— 6 — 14.

Washington mean noon, 4- 23° 18' 15"

Hourly motion, -j- 7"

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

Longitude East of Washington, — 40 minutes.

Total time of correction, —3 hours 10 minutes. =3>/6 hours.

Amount of correction = -3/6X7"=- 22H"

Q's apparent declination from table, + 23° 18' 15"

0's apparent declination at time of observation, + 23° 17' 53" nearly.

12. Reducing Observations.

a. Conditions. Let /(' = the sun's altitude, as observed.

Let ^ = the latitude of the place of observation.

Let 6 = the sun's apparent declination at the time of obser

vation, found as above directed.

Let z!= the sun's observed zenith distance.

Let z = the sun's true zenith distance, always -f.

Let k and k" 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 K. point of the horizon, either E. or W. as the sun

is E. or W. of the meridian.

Let t = the sun's apparent hour angle at the time of the observation, that is the

local apparent time from apparent noon plus the change in the sun's right ascension

between apparent noon and the time of the observation. This is -f- when W. and

— when E. of the meridian, or + for p.m , and — for a.m. times. The mean or

watch time is sufficient for use in 2.

Letp = an auxiliary angle used in some of the reductions.

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

6- Directions. Forfinding z from z'. Use the following equations.

z' =90°— h' (1)

z — 2' -f- 55" tan z' (2)

C. Directions. For finding A when $,6 and z are given.

Find tan */2 {k— hf) = cot }4 (?+ <r) tan (£—<5) cot *4 z . (3)

When <p < <5 and of the same name find k= y2 z+y? (k— k') . . (4)

When 0><5 and of the same name find &'=i^ z— y2 (k— k') . . (5)

When 4>and<5 have different names findf=J^ z— y2 (Jc— K) . . (6)

Then find A from Cos A= tan k tan <p or tan kf tan $ ./ . . . (7)

Checks.

.... , Sin d> cos k
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When (5) or (6) Is used |^= (10)v ' w Sin o cos k *- '

Sin« Sin f
or f,= j- = cosp . nilcos* cos A; r K

Find Sin p = sin A cos <p (12)

Sin p and cos p are at the same place in the table.

d. Example. <f> = 42° 16' 30" N. z = 52° 43' 30"

ft = 18° 13' 20" N. y2 z = 26° 21' 45*

p -f d = 00° 29 50"

0 — <5 = 24° 3' 10"

^r>+ <5)=30°14'55"

#(0—<J)=12° 1'35"

Checks.

Cot^(0+fi) = 0.2342195 Tan 0 = 9.9586273. Sin 0= 9.8278148 Cos 6= 9.8691875

Tan^4(0— 6) = 9.3284570—Tan fc = 9.2477939. Cos t'= 9.9933068 SinA=9.9943079

Cot l/2 z =0.3048785 — CosA= 9.2064212. Cos p=9.8345080 Sin p=9.8634954

TanJ4(fc—if)= 9.8675550 3894. «— , .

346 318. At same place in table.

204 A = 99° 15' 22"5

y2(Jc— k') =36° 23' 45" Sin <t> = 9.8278148 008^ = 9.9933068

y2 z =26° 21' 45" Sin t! = 9.4951325 Cos A = 9.1

*=— 10° 2' 00" 0.3326823 0.3326836

k= 62° 45' 30"

e. Remarks. Look out tan <p, cos <j., and sin 0, at one search. Use either check

as may be preferred. This operation need not be performed oftener than the

9emands of the work require, the plate being used mean time.

13. Remarks.

The observations and reductions can be always 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, by measurement, or an observation made to

determine it with the instrument. If it becomes necessary to find the latitude it

may be done as follows :

14. Finding the Latitude by the Sun.

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.

6. Directions. For Reductions. Find z, as in 12, 6. Find the sun's appar

ent declination, <!, as in 11, c. Then

z + <5 = <p, the required latitude (13)

Be sure to observe the Algebraic signs, as <5 may be + or —.

c. 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 by the dis

tance traversed north or south of the point of the last observation for latitude. 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 +, 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 ofcourses

be run in any direction.
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6. Directions. For reducing the north or south distances. Multiply the

length of each course by the cosine of its bearing, the results being given signs

as above indicated, + for northerly courses, and — for southerly courses. Sum

these results regarding the signs.

c. 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.

« = 6076.36(1+^*=^) .... (14)

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 o^

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 be 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. Having

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 so 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 halfway between these two noted times for the time

of the meridian passage of the sun's center, or the time of apparant noon, by the

watch.

6. 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.

c. Remarks. The watch may also be corrected directly from an observation,1

reduced as at first directed in lO and 12. Here it will be necessary to take the

watch time of the observation, as directed in lO. 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 z, and knowing <S, find t by the following equation.

„. . sin A sin z
Sinf= t— (15)

cos o '

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

degree of arc. ,

e. Remarks. This result 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

watch 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

t in time may be found from the value of t 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 t will give its value for the last observation. Thus the

value of t may be carried forward as long as the watch runs 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 oversight 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 ays

tern 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 t 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 ol the meridian, and — when it is east.

This found is the required value of t.

20. Reducing Observations.

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 + when W. and— when E. of the

meridian, or + for p.m., and — for a.m. times.

Let the value off be found by 18 or 19, and reduced to arc at the rate of one

degree of arc to each four minutes of time, the work being carried out to seconds

of arc.

O. Directions. For finding A when <5. t, and z are given. Find A from the

following equations.

. cos H sin t _„
SmA= Sin* (13)

Check. c3T3 =iinA <14>

c. Example. <5 = 18° 30' 20" N. « = 52° 43' 30" t = 55° 46' 32'/5

Cos <5 = 9.9776554]

Sin {=9.9174225 M

Sin z = 9.9007700 J

SinA= 9.9943079 J

A= 99° 15'22?5

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 t 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 processes of lO, 12, and 14 or 15.

The processes of lO, 12, and 14 or 15, and thence

16, 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 be seen 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 conveniences 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 this invention 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. Spo*■ford,

of Haverhill, Mass., is designed to facilitate the operation of laying out railroad

curves, or 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 by

equal chords, it requires considerable time and no little care on the part of the

transit man to set oft' 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. E, the

vernier tangent screw in section. B, spring bolt. D, the vertical portion of the

radial arm. F, clamp screw. These are the ordinary parts of the vernier clamp

and tangent device as usually constructed for all surveying instruments ; but by

the simple addition ofclamp-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

gent screw B, until space K, equals the arc measure of the angle to be repeated.

This being very carefully done by the vernier reading, our meter is 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 F, and move arm J> 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

spring bolt B. comes in contact with tangent arm D; set 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.
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The Planimeter.

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. 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. j 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 very

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 to give 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 planimeter, as sold by us, ready for

use. The total length of the instrument is about nine inches. The graduated

bar g h can be slid in and out in a socket formed at the top of the frame, the thumb

screw/being used for fine movements of this sort; by this means, and by the

sensible form of graduation adopted, 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 k, at

thejunction of the two arms g h and i j, and the main axis a 6, upon which turns

the measuring and counter wheel c 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 a b, adjustable. Each

reading of the instrument consists of a record of the number of revolutions of the

counter-wheel c read to three places of decimals ; the whole revolutions are read

on the wheel I, 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 ofwork done by this instrument is one ofthe 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. Ty
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
means of the two adjusting screws by which the tracer can be moved to right or left of the graduated bar, as
the case may be.



The following demonstration op the working

OF THE PlAN1METER 1S FROM THE PEN OF Wh.

D. Gelette, Civil Engineer, formerly of

Boston, now engaged in the construction of

the Southern Pacific R.R.

Case I. When the anchor point is outside of the

figure to be measured. Let X he the figure to be

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

radius of polar co-ordinates of the point t in Fig. 1.

And let R, be the radius of a second point tt on the out

line of the figure X, and let 0 be the angle t a tt—then

the area of the triangle { a (,=— . But if 9 be

taken so small, that for the small distance t t, the

Let a be the anchor point, t the tracing point, and xo the point of contact of the

flange of the wheel of a polar planimeter, and call t p= y, ap = z, andpw=f, and

the angle apw = at\\en after the motion of the tracing point t to t% the point p

comes to pv w to io1 and the angle a changes to at. But when, as in this case, it is

supposed that during the small motion t tt the radius R is constant, then for the

same length of motion, a will be constant and p apt will = 0.

Expressing R in terms of y, z, and a, we have R2= (t in) 2-f- (ap-\- pm) '—

{z+ y cos a) 2+ (y sin a)2=«2+ 2 zy cos a + y* cos2 a + if sin2 a But sin2 a -f cos«

the summation, owing to the fact that the instrument returns to the same position

from which it started, the 2 sin $ 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 a will remain, hence,

It will be seen by reference to Fig. 1 that z sin 0=ppt when 6 is very small, . . .

z sin 0 cos a=p jjj cos a=p, q which is the component of the motion of the wheel

which is at right angles to its axis, and is therefore the part which represents the rota

tion of the wheel for a small motion { J, of the tracing point. And this component

multiplied by the arm y gives z y sin 6 cos a which by equation (2) expresses the area

of X after summation. But 2 z sin 6 cos a 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 c, and the number of resultant number of revolutions made during

the measurement n, wc have X=jc» (3)

And if the instrument is graduated so as to record y c n, and we call the record of

the instrument r, we shall have, X=r.

X= 2 z y cos a sin S (2)



60

Case II. When the anchor point is in.-

side 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 z, which,

while the point t describes a circle around

a as a center, (see fig. 2) will produce no

rotation of the wheel. The condition

underwhich thiswilloccur willbe fulfilled

when the angle twa = 90°. in which case

R'= (!/+/)'== *"+ 2 y f+ y\

and the area of the circle described under

these conditions = 7rR'=irz,-f-27r)//-|-

«■ y* (4)

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

the area of t a f,= the area of the

whole figure X= S»rR!j^; as before

E'=z'+2z y cos a+ y* and hence X=

0 9
2 7r + 2 2 it z y cos a + 2 ir y*

(5)

But in the summation the instrument makes a complete revolution around o.

the sum of 2 JL^= 1, and when combined with constants only, will not appear in

the result as a factor. Hence we have

X= 7rz2+2 (2 7r«ycos«y!(j) +jry' .... (6)

Now follow out on the diagram in Fig. 3., the motion

of the wheel, wiich corresponds to a motion of the

tracing point from t to tt first dividing that motion into

two parts ts and s swinging the arm y around the

pointp until it becomes parallel to while z remains

fixed, produces the first motion and causes the wheel

^N 10 to roll backward to s, and as the path of its motion
V/* vis everywhere perpendicular to its axis, s, w will repre

sent rotation or distance rolled during that motion, but

as 8 p t= 9 the distance s, v> = 2 ir /ggQ which is the

backward or minus rotation of the wheel.

The second part of the motion is by moving the aim

y from s s, to p, during which the wheel moves from sl to wl and this motion is part

sliding and part rolling, the rolling component is p q, and causes forward or plus

rotation of the wheel, the value of p q is 2 it z cos «, and the resultant rotation

of the wheel is on completing the circuit =2 ^2 rr z cos a —2 2 irf ; and the area

expressed by the wheel as by Case I is

2 (^Kzyco&a^^ — S2iry/ .... (7)

Comparing the area expressed by the wheel which we will call r with the true

area of the figure as given by Eq. 6, we have

X = it z' -f 2 (%irzy cos a + tr y'

r— 2 (iirzycosa^^ —2iry/
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X—r =ffs'+2jr/y + 7ry" which 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 II

X—r=C; andX=C+ r (8)

It will be seen from the above equation that when z cos a —f, the forward rota

tion of the wheel just balances the backward rotation, and the result is 0 for a read

ing. This occurs when the tracing point moves on the arc of the corrective circle

and the area passed around is X= C. When z cos 0 is less than /, then the back

ward rotation preponderates over the forward rotation, and the result is a minus

reading ; this is Case III.

Case III. When the anchor point is inside the figure 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= r, Case H, 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-

1 o
olution will give a reading of 100, make X=l sq. in., and n =— thenbyEq. 3,yj^

= 1, and y = — : 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 sq. in. passed around, we have

100 y r ... 1000
_= from which y = .

~c~

The range of the arm renders it impossible to set it so that for one sq. in. of area

it shall read more than 250, or less than 60, so the value of v 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 z and / 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 days 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,

ofBoston, who make it according to two general designs; the one with special

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 connecting the outer ends of the vanes among themselves, and

thejournal in which runs the main axis is made ofan 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

string is shown, by means of which the dial wheels are thrown in and out of gear.

One short 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 outer rim of the wheel can be provided with

an air-chamber, and the size of this is so nicely adjusted that the wheel and its axis

would float in the water if detached from the instrument proper.

The electric form of meter shown in Figs. Ill 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 a river, 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 ofthese 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 field notes so taken requiring only about five

minutes more without leaving the place of gauging ; thus finding the quantity flow

ing in the streamwithin ten minutes from the time ofcommencing to gauge—a speed

ofwork accomplishedwhich has beenequalled byno 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 cm-rent. Also, to get less friction upon

the axis so 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

Eobinson'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 hub, so 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 carrying 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

screws, so 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 Riven
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On Stadia Measurement.

Written especially for this Catalogue by Geo. J. Specht, C. E.f 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.

* Supposing the eye to be in the point O (Fig. 1) ,

the lines O e and O k represent the lines of sight

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

which stands consecutively at k e, i d, h c, g 6 and

/ a. According to a simple geometrical theorem

we have the following proportion :

0 a: O 6: O c: 0 d: O e =af: b g: ch: di: ek,

which means that the reading of the rod placed

on the different points a, 6, c, d and e is propor-

o * « a < tional to the distances O o, O 6, O c, O d and O e.

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

from a point in front of the object glass at a distance equal to the focal length of

that lens.

0 ) ' f o

j

A-

Fig. '2 represents the section of a common telescope with but two lenses, be

tween which the diaphragm with the stadia-wires is placed.

We assume :

/= the focal distance of the object glass.

p — the distance of the stadia-wires a and 6 from each other.

d = the horizontal distance of the object glass to the stadia.

a — 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 two triangles, a' b' F and FAB the proportion :

(d-/):a=/:p.

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

we will designate by the letter k ; hence we have :

(i-/) =FC= ia.
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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.

c = OF + ON.

O N is mostly equal to half the focal length of the objectic, hence we have

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 :

(1) D= Jfc.a + e.

When the line of sight is not level, but the stadia held at right angle to it, the

formula for the horizontal distance is :

(2) D= *.a.cos n + c+om.

a - .
The member om =- sin n ; for a— 24', n = 45° the value of om is but 8.4', and for

2 '

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 attached

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

Impossible, 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 + Jfc.C.D.

CD must be expressed by AB.

AB= a. AGB= 2m.

CD= 2GF tan.m.

And finally, after many transformations :

D=c.cos n-\-a.k.eoa'n — a.fc.sin'n tan»m.

The third member of this equation may safely be neglected, as it is very small

even for long 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.co&'n.

The value of ccos 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 0.50% .

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.

ft =FE = stadia reading of the center wire.

Q = height of stadia point above datum ; it is

Q= q-\- T> tan n —h.

The snbstraction of ft 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') ; q 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 -f- a.k. cos n. sin n.

or Q = csinn + a.t. gin2 n

2

The first term of the equation can be neglected, when the vertical angle is not too

large ; hence the final formula for the height is

(5; ri_a.k. sin2n

2

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

only double.

It 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 500" ; 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 (o) and middle

(m) wire; between middle (m) and lower (a) 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 -(- c,

with the different average values, and you find the value of k and c. 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

so that the constant k= 100, or k — 200, which he accomplishes by actual trial along

a carefully measured straight and level line.

The constant c, 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 added to every

stadia sight ; it may be neglected for longer distances.

Stadia Measurements.

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

In view of the great and growing interest in the subject of ' ' Stadia Measurements, "

the lollowing 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.

vi = 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 c, at the distance of unity from the centre of instrument,

draw the vertical cb. Then the rodAB, being also vertical, the triangles aob

and AqB are similar, as are also the triangles cob and CoB. But the read
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ing, R, of the rod AB is the difference of the tangents of the angles of elevation,

m and n. Also, the distance a 6 is the difference of the tangents of these angles,

m and re, 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 Hod " by the difference of the tangents of the angles of elevation. Or, by

formula,—

D = 5 .
Tan. re — 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

D= R

Tan. n + Tan. m

Example.—It n = 12° 16', nat. Tan = .217426

"m = 10°10', " " = .179328

The difference of the tangents = .038098

Then, if R = 12.26 feet,

1 2 26
oC = D = .o58095 = 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, c 6 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,

when we fahall have the distance, D, in terms of the distance of the auxiliary rod from

the transit.

Example. — Suppose the intercept a 6 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 -r- .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 = ± D. Tan. m,

In which the + sign must be used for angles of elevation, and the — sign for those

of depression.

Or if 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 Une oi signt to the ioot oi the Stadia

rod, and

Multiply Ihis intercept by the ratio of D eo oc.

Example — In ,he last case, if oa = 1.06 SC., oc being 100 feet, and O = K20 It.,

then

D 1420
CA - H = a a - - = 1.06 ~= 15.05 leet.

oc 100



The Portable Collimator.

For use with Collimator A or B, for testing theodolites, by measuring and repeating angles in the
manner these instruments are manipulated in the field. It can be set at any angle or height.
It is a valuable aid In adjusting instruments with fixed angles, etc.; and also serves a variety
of purposes where distant and fixed sights are a necessity in the shop.

Note : — The above procedure of measuring and repeating angles, by sighting at two collimator objects
placed at any desired angle with the instrument, might be profitably adopted in the primary instruction of
students at polytechnic schools 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 simply 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 improvised in any well lighted basement where it is not apt to become disturbed by sudden
jars and vibration of the building. Where 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 adjustments 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 make) in order to
adjust the line of collimation in a transit telescope. By employing a cheap collimator of the above kind, so that
the telescope can be reversed on the collimator object, this assumption 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 distances.

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 large engineering department ought to be in possession of
an improvised apparatus of this kind. Much valuable time, which must otherwise be spent in the field, can
then be saved.

Buff & Berger's Auxiliary Apparatus,

Used during the construction of their Instruments of Precision.



APPENDIX.

GIVING SOME METHODS, NOT ALREADY EXPLAINED, FOB ADJUSTING THE INSTRU

MENTS ENUMERATED IN THIS CATALOGUE.

We feel that we owe an apology to our readers for the imperfect arrangement of our hand-book and
illustrated catalogue. This has been caused by its gradual enlargement as our business has increased. It is
our intention, should other pressing duties permit, to rearrange the 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

plane surface 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

previously marked upon the surface, and bring the bubble to the center of the graduated

lines or marks ruled on the glass tube, by raising or depressing the plane surface. Next

reverse the level end for end, taking care to replace it precisely in the place that it

previously occupied, and notice whether the bubble returns to the center of the gradua

tions ; if so, 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

a sheet of water with an unobstructed view of not less than 200 feet, and sight through

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. (6) If an adjusted wye.level is at hand, set it on its tripod at a

height 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 500 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 points 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 adjusting

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

or 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

I.); 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 field of view of the eye-piece.

The cross-wires of inverting telescopes, however, being stretched on a diaphragm

which itself limits the field of view, they will appear in 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 practice, and sufficiently accurate for all practical purposes, is thatfollowed

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 obj ect-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 a firm 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 collimation 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 a 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 bo done by means

zl 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 saiae 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 that the line 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 or;e side, the bubble will still indicate a horizontal plane.

The vertical plane which bisects the bubble longitudinally maybe called the vertical

axial plane of the bubble. The line tangent 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.

The adjustment of the striding-level consists of two separate operations, as

follows : —

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 instrument. 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 readings 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 perfect 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

tion. This will also indicate that the ground portion of the tube is. truly barrel-

shaped.

If 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 is 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 verify

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 ol the transverse axis by the process described on page 28.

The striding-level is then placed 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 undamped. 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 oxide.

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, after 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 Eemarks 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 distanoe 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 I., " 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 a level are adjusted to the line of sight for long 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 its 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 flexure 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. This is the case to a certain

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 eights 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 inequality 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 as a correction in fine leveling.

If this error is 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

the line of collimation to be horizontal when the bubble is in the center of its

tube.

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 oj 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 is 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. lib, 12, 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

reversing 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. If 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. Eepeat 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 transverse 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,
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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

plane, as neither of them can be made at once correctly independently of the

other.

The adjustment of the vertical wire of telescopes whose transverse axis is pro

vided with cylindrical bearings resting in wyes, as in Transit-Theodolites Nob. 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

plates ; set the vertical wire in a vertical position by the method described on page

28. 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

page 29, by means of the capstan.headed screws, one-half of the distance between

its 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 Transit, 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 atthe 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 a 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 and 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 ripple in the water and make observations more difficult.

To 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 proof that the line of collimation lies in a truly vertical plane ;

but if not, remove half the difference by the wye adjustment and repeat until cor

rect. Now make a 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 ofhorizontal axis ofrevolution 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 remains in 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, so that 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. 116. 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 aa 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 Transverse 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 spirnVlevels 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 tne 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 raining

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 sensitiveness 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 Jive 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. lc, Style 0, page 109a, or as in Tachymeter No. lg, the adjustment

of the vernier zeros for a normal position should be made by the two opposing

capstan-headed screws 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. 11a and No. lib,

then the adjustment of the vernier zeros for position must be made by the vernier

frame's tangent screw. See " Instructions for Using our Universal Mining Transit,"

page 120g.

If 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 lib, 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 be 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.



80

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 telescope is horizontal. A counterpoise is attached to the other

end of the transverse axis of the main telescope, so 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 sufficient 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, so 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 I2g. 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

a 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

on a metal base, similar to those described on page 99, is at hand. Then proceed

thus :

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 ol 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 29.

To verity 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 completed, 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 defined 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 bisected 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 5 or 6 miles. The

„istrument 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

advantage, 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 adjustments 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 so 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

up 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, so 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 objectend of the toptelescope 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

lines of collimation are now in the same vertical plane.

The two standards of the auxiliary telescope are so constructed as to be of

precisely 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 toptelescope, 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 toptelescope 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), i

or whether mounted on top of the main telescope, can hardly be seriously considered

as a fit auxiliary for good work in sighting in mines. 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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BUFF & mm, No. 9 Province Court, Boston, lass.

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, andpreservation 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 is 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, ono division of level about 1 min. of arc; mounted on 34

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

Note.— This consists of a brass tube 6 inches long, with a small level mounted on its 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 opposing screws placed at the ends
of the level mounting. In the tube directly below the level is placed a totally reflecting prism, acting as a mirror
set at an angel of 45° to line of sight. The 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 prevent 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.

.Abney Level and Clinometer.* Price $15.00.

* fc" Note. —This instrument is similar to the Locke's hand-level, but the small spirit level mounted on top
can be 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&Berber'sQuickLevelingAttachment.

Showna.appli-dtoL-v-l.andTran.i'.

(Se-page20ofManual.)

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

greater simplicity, and is less liable to derangement of all parts. As regards size,

it has all the advantages of the larger engineers' levels, but as it consists of a lesser

number of pieces andscrews, is superiorto 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 accuracy 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 10 lbs., weight of tripod from 7 to 7% lbs.

Gross weight of instrument, packed securely for shipment, in 2 boxes,..about 45

lbs.

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 bj Buff & Berger.

Note.—The cut represents this instrument with a telescope, showing objects inverted. If ordered
with an erecting telescope its length will be 17^ inches. Unlike the round nuts, shown in the cut, the
tripod is provided with thumb-nuts with which to fasten the legs against the tripod head, and the instru
ment has a leveling head similar to those represented in the cuts of our Engineers' Transits and Levels.

t
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ENGINEERS' WYE LEVEL.

Leveling Instrument of Precision.

Eighteen or seventeen-inch powerful telescope; aperture of object-glass 1%

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 a mean distance with sunshade 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

leveling 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 lbs., weight of tripod from 7 to iyx lbs.

Gross weight of instrument, packed securely for shipment in two boxes, about

48 lbs.

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 85.00 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, 3.00

Metal-mirror with universal joint. (This is readily attachable to the instru

ment and facilitates the reading of the bubble on soft ground without

stepping aside.) 10.00

Extra 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,* 18.00

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

*See page 104 a. 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, consists in the greater 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 page 104 a, is designed to supply 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 rigidity 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 ordinary Wye 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 by means of a strong spiral spring in the central socket,
which permits the use of the leveling screws for their entire length. The 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 instrument, to prevent a change of height above ground, it
is advisable to clamp one of the leveling screws by its clamp screw at the side, and to level up by the other two
screws alone. This should be done in Tike 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 the same as that of the Engineers'

18-inch Wye Level.

Four leveling 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.



Engineers'18-inchWyeLevel.

(Power35diameter..)

AsmadebyBuff&Berger.
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Metal-MirrorwithUnir

versalJoint.

SeeExtrastoEngineer'■WyeLevel,

Page103.

QuickLevelingAttachment.

Forparticularsseepage20.

Engineers'18-inchWyeLevel,

WiththreeLevelingScrew■.AsmadebyBuff&Berger.

(Forsize,powerandparticularsofthisin■trument,■eepage103.)

Price,asabove,withcloth.finishedtelescopeandleveltube,butwithoutmirrorandquicklevelingattach't,$158.00

ofMirrorExtra,lO.OO

"ofQuickLevelingAttachment"8.00

ForotherExtrastoEng'eer'sWyeLevel,■eepage103,
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Plane Table.

As made by Buff & Berger*

This instrument is made by us in two sizes.

Size 1 has a larger base for the table to rest on than is usual in plane tables, and

therefore is particularly adapted for the more accurate work in topographical sur

veying. For work of a more general character, where greater portability is re

quired, we make this base of the ordinary size, like those used in the U. S. Coast

Survey, but with all the improvements of the larger base. One tangent screw is

attached to the lower part, and this, as well as the alidade, is built on the skeleton

plan, so as to make them light and stiff. The alidade is provided with a powerful

telescope, striding level, vertical arc, small round level and stadia wires, and is so

arranged that lines can be ruled in the vertical plane of the line of collimation of

the telescope.

Price of Plane Table No. 1, including table, detached compass, 2 cases,

screw drivers, clamps, etc., $320.00

Price of Plane Table, No. 2 (size usually made) 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 building, 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

fatigue to the eye. The telescope is of the best definition, and has a large aperture

with perfectly flat field. The eye-piece is achromatic, and gives a large field with

plenty of light. We advise our customers to order solid silver graduations for this

instrument, also ground glass shades over the verniers for reasons given on page 6.

Transits No. 1—No.l C— Horizontal circle G# 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 4% inches ; adjustment for vertical plane of telescope ;

improved spring tangent screw; improved lower tangent screw; shifting center to set

the instrument exactly over a given point; improved telescope 11 J£ inches long;

objects erect ; aperture \% inches; power of the telescope 24 dia., which qualifies

it especially for telemeter work ; eye-piece is provided with an improved screw ar

rangement for the accurate focussing of cross-wires ; telescope is perfectly 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, etc. It contains a sun-shade, a

wrench, a screw driver, an adjustable plumb-bob, a magnifying glass, and several

adjusting pins, and weighs from 9)4 to 10 lbs.

Weight of Plain Transit. (No. 1), . . . 13% lbs. "| Wei„ht of triDod

" " Transit with Level Attachment, (No. 1 a) 14 " [ L 7lZ
" " Complete Transit, (No. 1 b and No. 1 c) 14j£ " J lrom ' IO iyz 1DS'

Gross weight of instrument, complete, packed securely for shipment in % boxes,

about 50 lbs.

Extras to Transits No. 1— No. lc inclusive.

Verniers provided with ground glass shades, (see page 6), .... $3.00

Graduations on horizontal circle, on solid silver, 10.00

" " " reading to 30" 10.00

» " " '. 20" 20.00

Graduation on vertical arc or vert'fB1 circle, on solid silver, . . . 5.00

Gradienter attachment, (see page 20) , 5.00

Stadia wires, fixed, 3.00

" " adjustable 10.00

Arrangement for offsetting at right angles, 6.00

Spofford's Patent Equal Arc Meter, 20.00

Variation plate, 10-00
Gossamer water-proofbag, to cover transit incase of rain or dust, . • 1.00

Bottle of fine watch-oil to lubricate the centers, etc., of transit, . . 0.25

Note.—Sometimes we are asked by those not intimately acquainted 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 very good results in stadia measurement
can be obtained, and that while the power could be 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. t In some cases, how
ever, where the instrument is principally intended for use in stadia measurements, we can increase the aperture
of our inverting' telescope for Transits No. 1 from 1J£ to 1% inches diameter. This increase in aperture will
permit of a higher power. Thus two eye-pieces, magnifying respectively 2? and 33 diameters, can be supplied
with such a telescope ; but the danger 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 to
the cost of the instrument, and where both eye-pieces are ordered an extra charge of $5.00 will betmade.
This change in aperture will add about 10 oz. to the weight of the instrument, and about 1 lb. to the weight of

the box.
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Plain Transit.

Price, as above, $185.00.

Standards Cloth-finished, (see cloth.finish) §5.00 less.

For size and description of this instrument, as well as for Extras, see preceding

page.
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Transit with Level Attachment to Telescope.

Price, as above, without gradienter, $215.OO.

Standards, cloth-finished, $5.00 less.

For size and particulars of this instrument, as well as for Extras, see page 105.

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 cloth-finish) .... . $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 yradienter, $235.OO

Standards cloth-finished, (see cloth-finish, page 10) \ $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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Buff & Berber's Double Opposite Vernier Attachment to transits

provided with a 5-inch full vertical circle.

Price, extra, $20.00

Note, — 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 in altitude. This device can be attached to transits provided with a 5-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 c Style fa
to transit No. 1 h 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 "transit" 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 Tachymeter, or rapid measurer, has been applied for many years, in Europe, to instruments of this de
scription. The characteristic of tachymetry 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 tachymetric 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
convenient phrases now employed to describe these instruments and methods.
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■No. 1 c, 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 ; etc. 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, " $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 p(atey it becomes
necessary either to shorten the front plate-level, which is the principal level in the Engineer'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 place
the front plate level entirely outside of the plates, where itis also in an exposed position, and is liable to de
rangement though protected from breakage by a guard. Athird arrangement, to place the level inside, but below
the compass bottom, would require that the space between the plates be increased, thereby raising the height of
the whole instrument about % inch, and increasing the weight, besides 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, this device can

be carried out to perfection. A striding level should always accompany this instrument.
Reading glasses cannot be attached to the horizontal circle of this instrument.
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.



Tachymeter.

For size and particulars of this instrument see pages 105-108.

Uo. 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 ;

11J inch telescope showing objects inverted, power 27 diameters: 3i 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.

' " with a 5-inch full vertical circle in place of the arc, . extra 5.00.

Note. — For a description of the striding level, its use and adjustment, see page 34. The striding level and
the detachable reading glasses, as shown above, can be attached only to our transits of the above description;
we cannot attach them to instruments already made.
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Taeliymeter.

With three Leveling Screws and Shifting Center.

No. 1 f, as in cut. Graduation of horizontal circle on solid silver, opposite ver

niers reading to 20'' ; graduation of 5 inch vertical arc on solid silver, verniers reading

to minutes ; glass shades over verniers ; detachable reading glasses for horizontal

circle ; llj-inch telescope showing objects inverted, power 27 diameters ; 6-inch spirit

level parallel to telescope ; 3| inch striding level ; gradienter attachment ; fixed stadia
■wires, etc. Standards cloth" finished. Price, as above, $322.0O

For size and particulars of this instrument, as well as for Extras see pages 105 to 108,
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Tachymeter.

No. 1 g, as in cut. Same as in No. 1 f, but having a 5-inch full vertical circle

with two double opposite verniers reading to minutes, and two reading-glasses to

t he vertical circle. Price, as above, $352.OO.

For size and particulars of the above instruments, as well as for extras, see pp. 105-108.
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Note.— This level has a reversible tube which acts as a reflector, as well as a guard to protect from

breakage the exposed side of the level when not in use. „ , g
*The adjustment of this level and the horizontal cross-wire has to be made in the manner described for

the fixed level attached to the transit telescope, see pages 28 and 33.

Small Engineers' and Surveyors' Transit.

No. 2. Plain Transit.* The essential features of this instrument are like

those enumerated under JVo. 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 5 inches; magnetic needle 3% 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 screw driver, an adjustable plumb-bob, a magnifying glass, an adjusting

pin, and weighs 7 lbs.

Weight of instrument 10 lbs. ; weight of tripod from 6j4 to 7 lbs.

Gross weight of instrument, packed securely for shipment in 2 boxes, about 40

lbs Price, as above, $185.0O.

Standards cloth-finished, $5.00 les^.

Extras to Plain Transit.

Spirit-level 5% inches, with clamp and tangent screw to telescope, . . $30.00

Gradienter attachment, 5.00

Offsetting arrangement, 5.00

Graduation ofhorizontal circle on solid silver, ... . . 10.00

5 inch vertical arc. double verniers reading to minutes, 15.00

" " " graduation on solidsilver 20.00

5 " " circle double verniers reading to minutes, .... 20.00

5 " " " graduation on solid silver, 25.00

Glass shades over verniers (to faciliate the reading,) 3.00

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, etc., of transit, . . 0.25

*A Plain 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 larger 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 measurements, as obtained 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 No. 2. It should be borne in mind
that all parts of an instrument are so closely related to each other that the preponderance of anyone part
would simply impair the efficiency of other parts. A telescope of the size given above, but showing

objects inverted, will generally give the desired result.



Complete Engineers' and Surveyors' Transit.

No. 2.

as made by Suff & Berber.
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Buff & Berber'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 single

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

of 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 made nearly as fast as a needle can be read of the surveyor's compass.

A concise description of both 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 arc, spirit level, clamp and tangent>screw

to the telescope.

The weight of the solar attachment is 1 lb., that of the latitude level about J 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.

" " latitude level, as above ..... 15.00.

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-leve! for the accurate setting of the polar axis, belongs to Mr. C. L. Herger 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 Pearsons' 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, even without the solar attachment. 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. An instrument of this class was furnished to Princeton
College, and one to Sapporo Agricultural College, Tokio, Japan, 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 of setting off the declination and re
fraction 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 ofthe place ofobservation, 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, decided us to retain it, although it added
to the weight and expense of the instrument. — Moreover, in case the polar level should become broken, 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 & Berber's Transit Solar Attachment.

Buff & Berber's Latitude Level Attachment.

Shown as applied to a Transit with Solar Attachment.

Note.— 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 ftolar 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 engineers' 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

solar work.

However, as its manipulation involves a few mathematical calculations, differing

somewhat from ordinary solar attachments, we advice our patrons to carefully

read pages 50 and 51, etc., of manual, where a full description will be found. The

screen as shown in fig. 2, can be applied only to the ordinary erecting telescope.

Telescopes, with objects inverted, require attachment as in figs. 3 and 4 only, as

no screen can be used with them. These latter attachments are now made by us

in a 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. To bring

the colored glasses or the prism before the peep-hole of the eye-piece, it is only

necessary to revolve 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

sure better results than heretofore obtainable with mechanical devices of any other

kind.

Price of Solar Screen as in figs. 1 and 2, $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 in fig. 1, 18.00

If we attach it to instruments which are ssnt to us for that purpose, we must

make an extra charge of $4.00.



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 lbs., with an ordinary

tripod complete 16^ lbs., but when provided with an extension tripod three pounds

are added to this weight. The graduations are on solid silver verniers reading to

minutes; ground glass shades ; S 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.

Gross weight of instrument, packed securely for shipment in 2 boxes, about 45

lbs.

Price, complete as above, $260.00.

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.

5 inch full vertical circle, instead of arc, ....... $5.00

Offsetting arrangement, 5.00

Stadia wires, fixed, 3.00

adjustable, 10.00

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. Ill 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 2 lbs heavier than our regular tripod, its
superiority for mountain work is very apparent on account of its adaptation to sudden changes in grades, vtill,
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
it 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 dependent
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
tit a striding level to the telescope axis, as described on p. 34, and illustrated on page too a. The price of this
striding level is $15.00 extra. In all cases where this change in the position of the verniers is not deemed of
sufficient importance, we advise to order our Transit 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 prism, 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 hj Buff & Berger.

*.fbr illustrations and full description of this Solar Attachment, see pages 49 and 50

of the manual. For Price, etc., seepage 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 sacrificed, 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 till 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 2^ inches long. Sometimes we make this instrument

as in No. 4 a ; it is 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, out the needle is only 1% 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 ordered in 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. We therefore advise our

friends to-order No. 4. 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 arc 4 inches; telescope

7i 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, 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 4 lbs.

Teight of instrument 5 lbs., weight of tripod 3% 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 observations, (improved mounting). . 12.00

Extra extension tripod, (weight 4 lbs. ; see note to No. 3 mountain transit), 16.00

Leather cover over case, 8.50

Silk bag to cover transit in case of rain or dust, 0.80

Bottle of fine watch oil, 0.25

Note.—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 this
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 6, 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 consequences upon themselves. — Our solar
attachment cannot be placed upon this instrument.
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No. 4. No. 4 a.

Mountain, Mining1 and Reconnoissance 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 oftheir

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 sighting 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 tip or down a shaft. This detachable side telescope 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 is equal to the

radius of the horizontal circle. It will be seen that vertical sights, up or down a

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 reflector in 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

$ilver,* verniers reading to minutes are provided icith ground glass shades; 5 inch full

vertical circle; spirit-level, clamp and tangent screws to telescope; extension tripod, etc.

Price, $253.00.

No. 6. Mining Transit.— Dimensions as in No. 2 ; graduations on solid

silver.* verniers reading to minutes are provided xcith 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$ 1 5.00 will be made ifthe graduations are not on solid silver.

Extras to Mining Transits Xos. 5, 6 and 7.

Striding level (for description and illustration see pp. 34, 109b and 123) $20.00
Five.inch vertical circle provided with double Qpposite verniers, see page 10i)a .... 20.00
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) 8.00
Lamp of brass with ground lens for illuminating cross-wires through transverse axis of telescope ■ . 7.00

Small table, to attach lamp to standard of transit to illuminate wires ....... .3.00
Small reflector in the centre of telescope, holes drilled through the telescope axis for the illumina

tion of wires 8.00

Reflector for illuminating the cross.wires ............. 4.00
Diagonal eye.piece 16.00
Prism, attachable to eye.piece 8.00
Detachable side telescope ............... 35.00

" auxiliary telescope (as explained above), including standards and counterpoise, etc. . . 70.00
Arrangement for offsetting at right angles to telescope .......... 5.00
Quick leveling arrangement 8.00

Half-length tripod 13.00
Extra extension tripod 16.00

" split.leg tripod (see note to No. 3) , 16.00

Plummet lamp (large size) 10.00
" (small size) 8.00

Stadia wires, adjustable 10.00
" " fixed 3.00

Gradienter attachment for Nos. 5 and 6 5.00
Large plumb bob, weight 4 lbs., for use in shafts ........... 5.00

Bottle of fine watch oil 0.25
Silk bag, to cover Transit .... ........... 1.00

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
telescope is not enumerated here for reasons stated on page 12 k.



Complete Mining Transit,

.With Extension Tripod,* Detachable Side Telescope, Prism, etc.,

as made by Buff & Berger.

in Nos. 5, 6 and 7. For price of instrument and attachments, see preceding page. y

• See note to Mountain Transit, page 115.
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Complete Mining Transit,

With detachable Side Telescope 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 customary attachment to mining transits. It can 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 i lb. for each.

It will be seen that in the mining transit illustrated above the horizontal verniers are placed at an angle of 350
to line of sight of telescope, to enable one to read the verniers in cramped places without stepping aside. The front

plate level in this instrument is of standard length and character, and in form is much improved on former styles.
Its 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 watched conveniently. For price of this
arrangement see Extras to 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 mining transits, as it would shorten the
range of the main telescope for steep sighting.
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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.

Note. —The attachment of a top telescope to a transit makes the latter very top.heavy, in so far as both
wye-bearings 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 (5 or 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 top telescope'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 :i to 3 lbs.
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Mining Transit.

Interchangeable with Lamp Targets* above Leveling Screws.

'The loading features possessed by this instrument, as made by us, are, that it can

be interchanged with the lamp targets above the leveling screws (see 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 transfeired from one tripod to another. It is 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 disc 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.

£ 9 ( Weight of Mining Transit No. 7, about 1 1 lbs.
I g p, I " one lamp, " 6i "
gjjSJ " Mahogany box containing instrument and one lamp, target, etc., about 32 "

^ - ' ' " one Extension Tripod, about 9} lbs. ; two Tripods, " 19 "
m [ Gross weight of this instrument, complete, packed securely for shipment in two boxes, about 70 lbs.

£ £ . f Weight of Mahogany box, containing instrument only, about 22 lbs.
S*3 8. j " " " 2 lamps, targets, etc., " 26 "

" three Tripods, " " 28* "
L Gross weight of instrument, complete, packed securely for shipment in 3 boxes, . . about 120 lbs.

No, 7. Mining* Transit, size as in No. 6,t 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. 7a. Mining■ Transit, as above, but with 2 lamp targets, both packed in

separate box, three extension tripods, 3 plumb-bobs, etc.

Price, $460.00

Instruments No. 7 and 7a, without Striding Level, less .... $20.00

" " " " Gradienter, " . . . . 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 clamp 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 shown on the opposite page, either long or short sights can be taken with rapidity and accuracy.

X Customary size of instrument on account of its lightness, as compared with NO. 5, 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 lbs. more for the instrument and about 1 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 consiruet 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 de-trees

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 and tu mel in a mine, the

length of which may aggregate a number of miles, a: id necessarily the instrument

must be so constructed, that it may be portable, as light in weight 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, etc., but

also all the detached parts are made of aluminum (see article " Aluminum for Instru

ments of Precision," page 12g). No attempt at elaborate ilnish of the exterior sur

faces of these parts has been made, as it would require a different design at the

expense of simplicity, lightness, 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 beating 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 maybe 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 n lbs.
" counterpoises ..... " 4 "
" compass, . frame of aluminum, " ii "
" striding level, " " " " 2 "
" one lamp target ..... " 4 "
" 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 MiningTransit,as in cuts.—Horizontal and vertical circles,

5 inches ; graduations on solid silver, double opposite verniers reading to minutes,

etc. ; 5-inch level to telescope ; 3-inch level to vertical circle ; 5-inch striding level ;

two plate levels. Telescope 9 inches, aperture 1^ inches if erecting, andli inches if

inverting; power 18 diameters ; fixed stadia wires ; illuminator shade; pristti. Mag

netic needle 3f inches. One lamp target, packed in separate box. Two extension

tripods, two plumb bobs, etc. price> complete as above> $62O.00

Price of this instrument, without lamp target, tripod, and plumb-bob, S90.00 less.

" " " " detachable compass, . . . 40.00 "

" " " " protection clasps to excentric bearings, 10.00 "

". " " with striding level resting on special collars between

; l the standards, see page lOg^, . . . 20.00 "

No. 8a. 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



Instrument with Compass attached.

Note.—Inasmuch as the above compass is intended
only for occasional use, we decided to place one of
circular pattern, mounted on legs similar to those of a
striding level, above the telescope. To use the compass
it is necessary to turn the clasps of the normal bearings
aside and place its legs on the telescope's axis of
revolution. To guard against mistakes in placing the
compass in the proper position on the instrument, so
that the cardinal points cannot be changed 1800, one of
the legs only is provided with a slot for the projecting
stud, by which it is held in position free from rocking.
When in use the compass must be removed from the
instrument before the telescope can be reversed. This
latter feature renders its use inconvenient and liable to
derangement. — There are two sets of figures engraved
on the graduated ring, as is usual in our mining transits.
One set running from o to 900 and back, the other set
from o to 3600.—To place an oblong compass directly
above the telescope's axis of revolution and parallel
with the telescope (the only place where one could be
put) would increase the weight of the telescope and its
counterpoise a great deal, besides being objectionable
on account of the constant striking of the needle against
the sides, before the instrument is approximately put in
the meridian, thereby dulling the pivot.

The style of compass shown above will be supplied
only with this instrument. It will be packed in the
instrument box, — the size and weight of the latter are
considerably increased thereby.
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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 26.1. 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 leveling screw and the 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 le*>s of both instrument and lamp in the circular shaped receptacle provided for
them in the sliding piece 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 explained under Mining Transit'No. 7.

A concentric groove is provided near the bottom of the center part of 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 telescope and its attachments 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 plane of the telescope, in measuring horizontal angles, is controlled
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 circle^ i twas
deemed best, not to add unnecessarily to the weight of the instrument. A true equipoise of the instrument
can be obtained, however, by simply lengthening out the milled headed screws by which the counterpoises are
secured to the instrument.

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 may be. 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=io" 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 longer and approach a vertical line, it is of
great importance to pay the strictest attention to the adjustments of the striding level and wye bearings of the
telescope.

To lift the telescope out of its bearings, the spring bolts situated on top of the protection clasps must first
be withdrawn, when the latter can be turned aside. Next withdraw about one-tenth inch the spring bolt of
the 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
insert it 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 fact that the bubble of this level must be placed in the center of its tube before 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 nowraise 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 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 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 readings. The vertical circle is graduated from o° to oo° and back, and the verniers are double, so that
angles of e'svation and depression can be read with ease and dispatch. For further information see page ioaa
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Tunnel Transit.

Under this heading we .wish to say that the general form of the transit-theodolites,

described under No<?. 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 : —

inch sensitive striding level, $20.00

Diagonal eye-piece, 12.00

Prism, 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.OO

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.

The}' 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 bearings

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. Aperture of object-glass, 1 3/s inches in diameter ; focal length 1S inches ;

objects erect or inverted, etc.

Price $190.

No 10. Aperture of object-glass, 2 inches ; focal length 18 inches ; etc.

Price $270.

With the addition of a glass or spider line micrometer, lamp and reflector for the

illumination 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
parallel to line of collimation of the telescope, thus making a leveling instrument of great power and precision
for long sights. This attachment will cost $35.00.



No. 1O.

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 ofaccuracy is required. The

instrument as shown in the accompanying illustration has no compass, and therefore,

the upperframemounting the telescope is in one piece, which is provided with ribs,

and which rests directly on the top-flange of the inner center. The result of this is

that great lateral strength is obtained, whichjpermits ofmountingthetelescope 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

sary friction for the revolving telescope isobtained, and these caps are also provided

with two milled-headed screws, which ean be removed readily when the telescope

is to be reversed for straight line measurements over the bearings. These caps are

so arranged as to completely exclude dust from the axis. In tliis new arrangement

the telescope can be reversed as in ordinary instruments through the standards, aa

W"U as over the bearings, as is usual in triangulation and for aligning straight lines,

and last, but not least, the movement of the telescope in the vertical plane is the most

accurate known. Ordinary transits cannot fulfil these functions owing to the pecu

liar form ofthe bearings wherein the telescope axis revolves, which bearings are so

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 th*

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, etc., are :—

Horizontal plate 6^ inches, graduation on solid silver piotected as in 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) ; \% inches clear aperture ; power 24 diameter ; protection to object-

slide; single spring tangent screws for the upper and lower plates; 4 leveling

screws; shifting center, split-leg tripod, ease, etc.

Weight of instrument with a 7 inch Circle, and all complete, 14 lbs. ; weight of

tripod 1*A lbs.

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 G% inches in diameter, verniers reading to 20"* . . $10.00

" " 7 » " " 10"* . . . 35.00
Vertical arc 5 " " li minutes, . . 20.00

Full 5 inch vertical cirle, " " " 25.00

" " " " " double opposite " " " 50.00

Two reading glasses, with ground glass shades to verniers, . . . 15.00

Instrument provided with 3 leveling screws, as in cut, 10.00

(Shifting center for instrument with 3 leveling screws (improved) . . 5.00

Stadia wires, fixed, 3.00

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.) .... 20.00

*These graduations should always be ordered with reading glasses and ground glass shades attached to the

instrument.
**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 telescope 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.
—For increase of aperture in inverting telescopes see note to Transit No. 1, page 106.

tNoTB. — For description, use, etc., ot our shifting center for a transit with three leveling screws, see manual.
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No. 11.

Complete Transit-Theodolite.

For use in cities, in tunnels, and for triangulatlon.

As made by Buff * Berber*



No. 11a. Complete Tran

sit-Theodolite, with striding

level attachment and vertical circle

as in cut. (Lower half of instrument

as shown in cut of Complete Tran

sit-Theodolite No. 11.)

Instrument lias three levelling

screws with shifting center ; 6^-incli

horizontal circle, graduation on solid

silver reading to 20 " ; two rows of

figures from 0 to 360° in opposite

directions ; 6-inch vertical circle :

double opposite verniers reading to

minutes ; two reading glasses and

glass shades for each circle; two

plate levels; 11^-inch inverting

telescope, aperture 1% inches, power

27 diameter; 4^-inch striding level

to telescope with reversible clamp

and gradienter to telescope ; 4^-in.

transverse striding level as in No.

lib; fixed stadia wires.

Weight of instrument about 15

lbs. ; weight of tripod 10 to 12 lbs.

AsmadebyBuff&Berger. Price, as above, $445.00

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 greater
compactness, simplicity and readiness /or use, and ivhen froperly adjusted it is quite 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 greater liability to injury.

No. lib,

As made by Buff & Berger.

No. lib. Com

plete Transit-The

odolite, transverse

striding level resting

on top of pivots at circle of

contact in wyes, vertical cir

cle, as in cut. Size and par

ticulars, as in No. 11a.

Telescope has no level and in con

sequence the vernier frame of the

vertical circle carries a 3.inch

level by which a complete control

of the position of its verniers is

assured when vertical angles are

measured. (See instructions for

using Universal Mining Transit, page 120 g.) Price, as above, $420.00

No. 11a and No. lib, 7.inch horizontal limb graduated to read to 10", Price, extra,

No. lib, provided with a 4%.inch striding level to telescope, ** "
No. lib, provided with a 6.inch fixed level to telescope, "
No. 11 a, 3-inch level to vertical circle, as in No. 11 b, " "
No. 11a and No. lib, without reading glasses to vertical circle, 1*08
No. 11a and No. lib, without a striding level for the telescope axis, "

Note.— If desired, a striding level as in \o. 11 a, with reversible clamp and gradienter to telescope
can be attached to our Plain Transit-Theodolite, So. 11, in place of a fixed level. Price, 860.00

12.-..00

40.00
20.00
lO. 0

10.00
35.00



126

No. 13.

8-inch Transit for Triangulation.

At made l>j Buff A Berger.

No. 12. The form offrame 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 inverting telescope has a clear aperture oi\% inches, and is of 11 inches

local length, and has a power of 20, 25 or 30 diameters as ordered. It is provided

with a 5 inch vertical arc, graduated to read to minutes, a 4% 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". Its graduation is open, but it is

protected by a rim which is raised above the limb. This instrument has three

leveling 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 lbs. ; weight of tripod 12 lbs.

Price, as above, $450.

This instrument without nrc and clamp to telescope, $50.00 less.
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Transit - Theodolite.

As made for the V. 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 as" 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

larger classes of instruments.

Horizontal limb is 8 inches in diameter, opposite verniers reading to 10" ; vertical

circle 5 inches in diameter, opposite verniers reading to 20" ; object-glass 1% 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 leveling

screws ; split-leg tripod ; low standards are cast on vernier-plate ; two extra stand

ards for astronomical observations ; 3% 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 14% lbs. ; weight of tripod 8% lbs.

Price $650.

Theodolite.

No. 14. Price of instrument, same in size as that ahove, arranged for

criangulation only, without extra standards, diagonal eye-piece, etc. . 425.





As made by Buff & Berber.

Repeating horizontal circle eight , non-repeating vertical circle 6 inches in di-

cmeter. The former can be provided with 2, 3 or 4 verniers reading to 10", the lat

ter is provided with 2 verniers reading to 20". The telescope has a clear aperture

of \yt and a focus of 11 inches. Striding level and filar micrometer read to seconds

of arc. Mahogany box, etc.

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 10", 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 islO inches long, has an aperture

of 1M 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

vrith 5 vertical wires for star observation . The telescope must be reversed in its

bearings hy 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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1

Alt.-Azimutli, as in cut. Circles inches diameter, micrometer-microscopes

reading to 5 seconds direct, and by estimation to single seconds. Telescope, 1.6 in.

aperture; focal length, 16\ inches; power, 32 and 48. Telescope axis is of hardened

steel and balanced by friction rollers. Reversing apparatus. Complete in one box.

Price, as above, $920.00

This instrument without reversing apparatus, . less, $100.00

No. 15 C,* Alt.-Azimuth, as in ait above. Circles 10J inches diameter, mic

rometer-microscopes reading to single seconds direct. Every single degree figured.

Telescope, lf-inch aperture ; focal length, 204 inches ; power, 40 and 60. Telescope

axis is of hardened steel and balanced by friction rollers. Complete in two boxes.Price, as above, $1300.00

* See Preface.



Portable Transit Instrument for Latitude Observations.

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.

in dia. ; bell-metal pivots, two lamps and arms, adjustable reflector ; reversing

apparatus ; two cases, etc.

Price $980.
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Portable Astronomical Transit Instrument.

2To. 17. Aperture of object-glass 3 in.; focus 39 in. ; spider-line or glass mi

crometer ; diagonal eye-piece magnifies from 90 to 120 dia. ; 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, withfull description, in Johnson's New Universal Cyclopedia, under

article " Transit")
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No. 17

Astronomical Transit Instrument.

As made for U. 8. Lake Survey.
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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-piece 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. Oast 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.

Price, as above, $2150.00

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 mirttrf

and prism ; circle graduated from 0° to 288°, two opposite verniers reading to 10" ;

Telescope has an aperture of J 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 20". Complete in box .... « 105.00

Lamp for night observations " 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. " 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.

AU complete, packed in a box. Best quality, imported. . . Price, $50.00

Sextant.*

Sextant. Eadius, 7 inches, 145° ; four sun-glasses between the large and the

email reflecting mirror, and three sun-glasses behind the small reflecting mirror, all

of which can be turned on their axis 180°; graduation on solid silver, reading to 10";

telescope J 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, best quality « 43.00

Optical Square " 5.00

• See Preface
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Current Meters.

For description see manual.

Price complete, in mahogany case, as in Fig. I $125.

" "II 150.

" " in 3 mahogany oases, " " III, with electric register

and one battery 185.

Nos. I, II, III, with the addition of the floating wheel extra, $15.00.

Price complete, as in Figure IV, with electric register and one battery

etc., packed iu 3 cases, $195.

Price of this instrument without electric register and battery . . 135.

The instruments as represented in Figs. Ill 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.*

A n illustration ofthis instrument will befound on page 137.

This form of Current Mater is specially adapted for observations upon smaller

rivers, streams, conduits, Humes, 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. Ill 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 f n page 137. Complete

in four cases, $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.)



Current Meters.

As made by Buff & Berger.
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Current Meters No. V and VI

As made by Buff & Berger.

For price, etc., see page 135.
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For the convenience of our customers we append a list of miscellaneous articles kept In stock,
bnt most of them are not of our manufacture. Those not made bjr us are of the best quality obtain

able, and the prices quoted are identical with those in the market.

Gauges.

No. 101. Hook Gauges, according to size and construction, from

105. Rain Gauge, Smithsonian Institute Pattern,

$15 to $60.00

6.00

Portable Anemometer.

No.106. An instrument used for measuring

the velocityofair currents passing at any point

on the surface of the earth, orif used in mines,

etc., the velocity of the air can be gauged

at any defined point in the cross-section of a

shaft. The instrument is capable of regis

tering from 1 foot to 10,000.000 cubic feet of

air. Full instructions for its use and regula

tion accompany each instrument.

Price, $30.00.

No. 106.

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. 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 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 maybe used to very

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 Journal 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-sections. 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 square

mch of area.

No. 107. Price of instrument, when rated as above indicated, . . 32.OO.

" 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

No. 112. Pocket Compass, with folding sights, 2j£ inch needle, . . $10.00 k

" 113. " " 2% inch needle, Jacob Staff mountings, . . 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, 4£ inch needle, Staff mountings, and 21evels 23.00

" 117. Prismatic Compass, complete, with azimuth glasses, and divided

aluminium ring, 3 inch Leather Sling Case. Best kind, . . 35.00

" 118. Pocket Compass, watch pattern, brass, \y2 inches in diameter with

hinged cover and. stop to needle, . . . . . . . 2.50

" 119. Pocket Compass, gilt, watch pattern, with stop, enamelled dial and

agate centre ; 1 or 2 inches in diametei , in morocco case, . 6.50

' 120. Ritchie's Patent Liquid Compasses, of all sizes, from $33.00 to $35.00,

$45.00 and $55.00. ■

Miners' Compasses.

Ko.125.

No. 125. Miners' Compass, provided with stop and glass covers, for tracing

iron ore, 3 inch Norwegian needle, $12.00

" 126. Miners' Compass, provided with stop and glass covers, 4 in. Nor

wegian needle 15.00



No. 145. No. 146. No. 147. Nos. 152 & 153. No. 154.

No. 145. New York Rod, with improved mountings, . . . , $16.00

Extra Target for New York Rod, for use with gradienter, or sta

dia measurements, 5.50

Extra Clamp for New York Rod, 2.50

" 146. Philadelphia Rod 16.00

Extra Target for Philadelphia Rod, 5.50

" 147. Boston Rod 15.00

" 148. Mining Rod and Target, 5 feet long, Philadelphia pattern, . . 13.50

*" 149. Flexible Self-reading Level Rod, 4.00

This rod is prepared on canvas and can be rolled up. When used it is 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 feet long, of steel, $3.00

" 153. Six feet long, of iron tube eleven-sixteenth of an inch in diam,,

with steel shoe and divided off in feet, which are painted white

and red alternately, 3.00

14 154. Eight feet long, of wood, with steel shoe and divided off in feet,

which are painted white and red alternately, , . . . 2.50
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Paine's Steel Tape Measures.

% inch wide. In Leather Cases, with Hush handles.

No. 160. 100 feet Paine's Steel Tape, divided in lOths $12.00

" 161. 50 " » » » " » 6.50

*' 162. 100 " .' " " " " on one side, on the other

in centimeters, 18.00

Chesterman's Steel Tape Measures.

% inch wide. In Leather Boxes.

Ho. 163. 100 feet Chesterman's Steel Tape, divided in lOths, . . . $12.00
il 164. 66 " " " " "... 9.00

" 165. 50 " " " " " 6.50

" 166. 33 " " " " " . 5.20

Chesterman's Pocket Steel Tape Measures.

1n German Silver Cases, with spring and stop.

No. 167. 3 feet long, divided in lOths $1.75

" 168. 5 " " " " 2.25

41 169.5 " " " " on one side, and in centimeters and mil

limeters on the other side, 2.50
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Excelsior Steel Tape Measures.

ii Inch wide. Patent Brass Frame with Handle.

No. 170. 100 feet Excelsior Steel Tape, divided in lOths, $12.00

" 171. 50 " « " 6.75

Excelsior Steel Tape Measures.

V, inch wide. In Leather Boxes.

So. 172. 100 feet Excelsior Steel Tape, divided in lOths, .... $12.00
" 173. 66 " " " li " 8.50

" 174. 50 " " " " "... 6.75

Excelsior Metallic Tape Measures.

In Leather Boxes.

N 0.175. 100 feet Metallic Tape Measure, divided in lOths, . * ■' $3.55

" 176. 66 " " " .' 2.60

" 177. 50 " " " " " 2.20

.. 178. 33 " " " " " 1.80
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Standard Steel Tape Measures.

For clij and bridge engineering, in lengths from 100 to 1000 feet.

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 feet, and the last foot into lOths. 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 graduated

in single feet, the last foot in lOths $6.00

Price of tape 200 feet, graduated as above $11.50

" " " 300 " " " " 17.00

" " " 400 " " .« " 22.50

' 500 " " " " 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

Clamping handles, each, 1.80

Small brass clamp to fasten on tape, .75

Standards of Liengfths.

We can supply the IT. S. Engineer Corps and others with the standard centi

meters and inches made by Prof. William A. ltogers. The centimeter is divided

into 100 equal parts, and is guaranteed to be one one-hundredth part of the U. S.

Coast Survey meter marked Y and M No. 2. The inch is one thirty-sixth of the

U. S. Coast Survey yard, engraved on the same bar. Graduations made on glass,

polished tempered steel, silver, &c.

Price from $6.00 to §20.00, including a tabularstatement ofthe errors ofgraduations.

Metric Steel and Metallic Tape Measures.

In Leather Boxes.

No. 191 20 Meter Steel Tape, divided in meters and centimeters, 9 mm. wide $13.00

" 192 10 " " " " >. " 9 " 7.00

" 193 20 " Metallic Tape, divided in meters and centimeters, 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. 13 best steel wire, brazed

links and rings $5.50

" 196. Surveyors' Chain, 4 poles, 100 links, No. 12 best steel wire, brazed

links and rings, 10.00

" 197. Engineers' Cham, 50 feet, 50 links, No. 12 best steel wire, brazed

links and rings, 6.25

" 198. Engineers' Chain, 100 feet, 100 links, No. 12 best steel wire, brazed

links and rings, . . 11.50

Metric Chains.

No. 199. 20 Meter Chain. 100 links.No. 12 best steel wire, brazed links and rings. $9.00

" 200. 10 " " 50 " - " " " " '. 6.00

Extras to Tapes and Chains.

No. 201. Pocket Thermometer $1.50

" 202- Spring Balance and Level 5.00

No. 203. Set of Marking Pins, eleven in a set, steel wire, No. 6, . . $2.00

Odometer.

No. 204. An instrument for measuring distances traveled by carriage, . $20.00

Pedometer.

No. 205. An instrument for measuring distances walked, in german silver

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 in underground work, of brass and nickel-plated, with
ground lens, $7.00

" 210. Small Plummet .Lamp, of brass, steel point, 16 oz., . 8.00
11 211. Large Plummet Lamp, of brass, steel point, 24 oz., . 10.00

Box with shoulder straps, for pair of Plummet Lamps, 4.00

Plumb Bobs.

No. 212. No. 214. No.

No. 212. Plumb Bob of Brass, steel point, shape as in cut, 8 oz.,

u 213. " '. " " No. 212, 11 OZ.,

" " in cut. 6 oz.,214.

" 215.

« 216.

;» 217.

*> 218.

No. 214, 10 oz., .

patent reel adjustment, 8 oz.,

" » " 14 oz.,

for use in shafts. 36 oz.,

No. 218.

$2.25

2.50

2.00

2.50

2.50

2.80

5.00
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Pocket Magnifiers.

No. 221. No. 224.

No. 221. Rubber Case, as in cut, size of lens 1 inch diameter, . . . $0.50
" 222. " " " 221, " " \% .■ '. ... .75

" 22?. " .' 221, " " 1% ' .. ... 1.00

" 224. " .. cut '. of lenses, 1% and 1'/ in diameter, . 1.25

" 225. Shell Case, as in 221, size of lens \% inch diameter, . . . 1.30

" 226. " " " 224. " lenses 1% and \% iuch diameter. . 1.80

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 lubricating Level Centers, Leveling and Tangent Screws,

etc .30

Utensils for Cleaning Instruments.

Camel's Hair Brush 80.40

Stiff Brush for cleaning screw.threads ........ .40

Chamois.skin for cleaning lenses, centers, etc. ....... .50

Stick for cleaning centers .£0

. Spirit Levels.

Engineers' Spirit Levels, of all sizes and grades of sensitiveness, accurately

ground and tested by us.

l'er 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
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Binocular Field and Marine Glasses.

We keep in stC 'k such of these glasses only as are required by Engineers,

Surveyors, Mariners, and Tourists. They are from the manufactory of G. Fischer,

of Munich, Germany. The optical parts are of rare excellence, and in design, work

manship, and durabili ty they justly rank very high among the best produced abroad.

All these glasses are furnished with sun or spray shades, to extend over the object-

lenses. The body parts are covered with black morocco, and the tubes and branches

are finished in black. Every glass is put up in a strong leather case, which is

provided with a shoul der-strap.

No. 240.—With 6 lenses; object-lenses 24 lines = 2J inch, in diam. PRICE, $20.00

" 241.- " 6 " " 26 i. =2A " " 22.00

" 242.— " 12 " " 24 " =21 " " 24.00

" 243.— " 12 .' " 26 2,'.. " " 26.00

NOTE. — To render the lenses of a Field or Marine Glass achromatic, 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 everv instrument. With the customary powers and a fine
quality of lenses, good results are obtained with such a combination. In cases where a somewhat higher
power is desired, a binocular field glass composed of twelve lenses will give the best satisfaction, as each ohject-
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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