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{Mctrasls THE ENGINEERING PROFESSION.

JUN

WARD

OFFICE OF HELLER & BRIGHTLY,
PHILADELPHIA, February, 1874,

When we some three years since first introduced our “ Improved Transit " to the
Eagineering profession, we had no idea that it would meet with 8o immediate
favor as it has, especially as we made no particular efforts to spread the knowledge
of the improvement. The first public knowledge was conveyed through the

aper rea(r before the American Philosophical %ociety by J. PETER LESLEY,
., Dean of the Faculty of the new Dgfartment of Science of the University of
Pennsylvania, as well as Professor of Mining and Geology in that institution ;
than whom no person is better qualified by extensive practice in the field to judge
of the quality of Surveying instruments. On the publication of this paper, we
resolved to submit our instruments to a committee of experts to be appointed by
the Franklin Institute of Philadelphia. This committee was composed of the
following gentlemen : JNO. C. TRAUTWINE, Civ. Eng., author of the “ Engineers’
Pocket-Book,” works on “Excavations,” “ Curves,” etc., and whose knowledge
regarding all matters connected with Civil Engineering is too well known to need
recapitulation, was Chairman; SaML. L. SMEDLEY, Chief Engineer and Sur-
veyor of the city of Philadelphia; Cuas. 8. CLosE, Esq., of the Philadelphia
Burvey Department; L. M. HAUPT, Civ. Eng., Prof. of Civil Engineering in the
University of Pennsylvania; and ELLwoop Morris, Civ. Eng., author of
“ Earthworks,” formerly Chief Engineer of the Ohio and Chesapeake Canal, and
of other works, being the remaining members. After a thorough examination
in whole and in detail of the instruments and the principles of their construc.
tion, they unanimously made the report that will be found in the body of the
pamphlet. In proof of the sincerity of the opinions of each individual member
of the committee, we may state that since the report was submitted, the Survey
Department of the city have procured from us a/ the new instruments required
since that date, amounting to eight in all; also that the University of Pennsyl-
vania have purchased from us all the Engineering instruments required by thav
institution ; and, moreover, we have sold instruments either to every member of
the committee directly, or to other Engineers at their recommendation.

As we have in the last three years made two improvements in Telescopes, &
word of explanation may be necessary to distinguish them apart. - In 1870 we
improved the formula in general use for Telescopes in such a manner as to prac-
tically annihilate the chromatic and spherical aberration. This Telescope is the
one referred to in the Philosophical Rociety paper, and in the report of the
Franklin Institute Committee of Civil Engineers; and this Telescope is on a]l of
our instruments from No. 4100 to No. 4592 inclusive. (All of our instrumerts
are numbered on the face.) S

Early in 1873 we commeuced experimenting in order to increase the power of
our Telescopes, and we only brought our experiments to a perfectly satisfactory
conclusion in the latter part of December of the same year. We have made but
comparatively few instruments with this new Telescope attached (from No. 4593
to 4645 inclusive). This latter Telescope is, however, the one which we are now
placing on a/l'of our new instruments; and it was with a Telescope of this kind
ona T%'ausit that we made for the City of Philadelphia Survey Department, that
the comparisons as to power, range and definition, as compared with an ordinary
Transit Telescope, were made by Mr. Stauffer. '

The articles extracted from the editorial columns of the United States Railroad
and Mining Register will give the full details concerning the “Improved Tele-
scope;” and the “ Franklin Institute Report” first sees the light in these pages.
Having within a short time doubled our force of skilled workmen and tools, and
haviug also called in the aid of steam, we hope in the future to sui)p]y any
veasonable demand on us for instruwnents, and to avoid the vexatious delays that
we heretofore frequently have had to subject our friends.
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PREFACE TO THE FOURTH EDITION.

OFFICE OF HELLER & BRIGHTLY,}
PHILADELPHIA, June, 1875, .|

To the Engineering profession we herewith present the fourth edition of our pamphlet,
materially enlarged and, we hope, improved. Through the kindness of Mr. Trautwine
we are enabled to give all the errors that have been detected in his “Civil Engineers
Pocket Book.” For the privilege of inserting the valuable sheet of *“Topographical
€onventional Signs” we are indebted to Prof. Haupt, of the University of Pennsylva-

nia, the following letter from whom we insert.
1807 CHRISTIAN St., PHILADELPHIA, Nov. 30, 1874.

Mgssrs. HELLER & BRIGHTLY :
: GENTLEMEN.—Having for many years felt the necessity for a set of Conven-

‘tional Signs for Topographical Engineers which should be condensed and accurate, 1
have compiled the accompanying chart for use in the University of Pennsylvania and
* the Engineering profession in general, believing that it will supply a long-existing
- want in this class of information.
They are compiled from the best American and English authorities and carefully

elassified, making any explanations superfluous.
Yours, very respectfully,
Lewis M. HAUPT, |

Professor Civil Engineertng.

PREFACE TO THE SIXTH EDITION.

January 1, 1876.

’ Thtough the kindness of Prof. Haupt and of the Civil Engineering section of the
Class of 76 of the University of Pennsylvania, we are enabled to give in the present
edition the valuable plate, “ Study in Contours,” and its explanatory description.

PREFACE TO THE FOURTEENTH EDITION.

In this our fourteenth edition we hope our friends will find fresh matter of interest.
We:have endeavored to make this pamphlet of more value than merely as a price-
list, and we think our efforts have not been in vain, from the fact of its having been
(oncaccount of its Table of Topographical Signs, Topographical Contours, etc.)
adapted as an auxiliary class-book in eight colleges. The table of exg)rees charges on
engineering instruments to or from any part of the United States, and the method of
sending parts of instruments by mail, will also be found of value.

«~ We must apologize for the typography, binding, etc., of the seventh, eighth, ninth,
tenth, and eleventh editions, as the demand for it from visiting Surveyors and Engie
e.neers during and after the Centennia(lx{ear required us to furnish the pamphlet rather
T:icker than was consistent with good printing (four editions were called for during
the Centennial year, we having distributed an average of one hundred copies daily at

nur exhibit in the Main Building).
" .. As we have made several changes in our prices, the present Price List (to be found
HELLER & BRIGHTLYX.

_atthe end of the book) will supersede all others.
PriLADELPHIA, May, 1878,



TOPOGRAPHY BY MEANS OF CONTOURS.

UNIVEESITY OF PENNSYLVANIA,
Philadelphia, Nov. 20, 1875.
Mgrssrs. HELLFR & BRIGHTLY.

GENTLEMEN : In compliance with your request I have prepared a reducea
plot to show the method of representing topograpbhy by means of contours.

As such information can only be intended for amateurs, I will explain
the method in detail and show some of its applications to location.

If a series of horizontal planes be assumed at equal distances apart, they
will intersect an irregular or inclined surface in lines; or if a water level be
supposed to be raised or lowered by equal stages, the successive water-lines
or edges thus formed will represent the contour lines of the surface. These
contours or horizontal sections are shown by projecting them upon a hori-
zontal plane.

In the case in question, the lowest point of the field was found, and the
horizontal plane passing through it assumed as the zero or datum plane,
upon which all the other céntours were projected. The interval between the
planes was assumed to be three feet, and the points on the surface at these
various elevations, having been first determined by the level and rod, were
located by the plane table.

This method of representing topography is vastly superior to any other,
a8 it exhibits exactly the slope at any portion of the ground; gives the eleva-
tion of the base of any object within the tract; enables one to make vertical
sections in any direction with accuracy from the plot, and to locate roads,
paths or other features upon a given grade or at any desired elevation, and
furnishes the means of calculating the contents of irregular solids with great
precision.

To locate a road upon a given grade, say —y35: take with the dividers
from the scale one hundred feet, and starting from a given point—say P—
describe an arc from it as a centre, cutting the next lower contour (27) from
this intersection as a centre; with the same radius describe an arc cutting
(24), and so on. The line joining these centres will be a surface-line on the
given grade, and will be the cheapest road that can be built upon the given
conditions. Crossing the stream at (T T’), upon a level 6’ above the water, to
reach the top of the hill at V the grade must be increased to 15 or 45; and
the centre line is located in the same manner, but with a radius of 60/, as
that will be the base for a rise of three feet. Descending from V to W, the
grade is the same; but from W to X it is reduced to 585 or £, to prevent
cutting at X. From Z back to P two routes are shown, which are the shortest
for the given grade 1§y, although a third might be located following the
stream to a point M, where it must be diverted to N, and thence zigzag up
the hill, but it would be longer than the others. The two distances ZxyzSR
and Zx’y’z’ R are equal; but the first gives a more graceful curve and will
require less construction, the part SR being supposed to have been already
built for the descending grade.

These are a few of the applications of this system of projections. It is
also of great use in dividing up land, computing areas, locating a system of
drainage, etc. :
Yours very truly,

LEWIS M. HAUPT,

Pror. or CiviL ENGINEERING.
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(Engineer, November, 18786.)

AMONG the least appreciated exhibits at the Centennial by the general visitor were
those of the Surveying Instrament Makers; but seldom has there been seen ‘together
in one place (certainly never before in this country) so many specimens.of different
makes, and to one so inclined a fine opportunity was offered to study the different
constructions ; but very bad judgment was displayed in distributing this class of in.
struments over 80 many buildings, as the majority of surveyors and engineers sup-
posed, after examining the principal exhibits in the Main Buildin&that they had seen
all in this line, not knowing that in the Coast Survey and War ent exhibits
in the U.S. Government Building, in the separate Spanish and French buildi
(Travaux Publics, Ponts et Chaussées, etc.), and in the room of the Society of Civil
Engineers were numerous other instruments. Among the instruments to be seen
from makers in the United States were those from Heller & Brightly, Wurdemann,
Stackpole, Gurley, Prentice, Alfred Young; Knox & Shain, Fauth & Co., Kuebler &
Seelhorst and others; while Troughton & Simms, Dallmeyer, Cassela, Negretti &
Zambra, of London, Pistor & Martin, Ertel & Sohn, of Germany, Gambey, Brunuer,
Rigaud and Secretan, of France, Lgunstrom and Rose, of Sweden, besides others from
Spain, Portugal and Russia, etc., made a full European representation. .

The judges who had been selected to examine these instruments were all ex%rht,
the members from this country being Prof. Hilgard, of the U.8. Coast Survey, Prof

- Henry, of the Smithsonian Institute, Prof. Watson, Michigan State University, Prof,
Barnard, of Columbia College, together with Prof. Kupka, of Austria, Prof. Levase
seur, of France, Favre Peret, of Switzerland, and three others. The decision and
awards that these gentlemen have made have just been given to the public. HELLER &
BRIGHTLY are lucky ones, the especial point made by the judges being their late im-
provements (these improvements being their improved tn head, tripod telescope
and tangent screws—the reducing the weight of instrument and making it more com-
pact, etc.). It seems like poetic justice, however, that this firm, whose instruments we
understand were exclusively used to lay out the buildings and grounds of the Cen-

" teonial Exhibition, should receive the highest award in its gift. Two foreign members -
of the commission, Kupka, of Austria, and Levasseur, of France, were especially
searching in their examination of the American styles of instruments. There was,
however, a reason for this, as Mr. Kupka, besides his duties as judge, has also to make
a full report to the Austrian government on his return home on the present state of
science in this country; and as one result of his examination, he requested Mesars.
Heller & Brightly to prepare for him drawings, showing in deteil the various seetions
of their instruments, as he wished to incorporate them in his report as specimens of
wepresentative American instruments, .

i
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(From the Chicago Engineering News, September 2, 1876.)

FroM ArTICLE ON “ THE ENGINEERING INSTRUMENTS AT PHILADELPHIA,” BY
THEIR SPECIAL CORRESPONDERT, PROF. J. B. DAvIs, UNIVERSITY OF MICHIGAN,
ANN ARBOR, MICHIGAN.

Among the most prominent exhibits of this class is that of Mesrs. Heller &
Brightly, of 33 N. Seventh street, Philadelphia. This is the firm that have done more
than any other in this countr{ of late years to increase competition in the trade,-and
to wake up the different makers to a sense of the many improvements that may be

.made in the instrumentsin common use. Indeed, it was said of them by one of théir
- powerful rivals that they had made more progress in the manufacture and improve-
ment of their instruments than any one else. The gentleman really went further than
1 am ready to accompary him when he said that they were the only ones who had
advanced much, if any, from previous practice. Whilst I regard this as far from an
exact statement, it illusirates the respect in which they are held by those who compete
zﬁainst them. . They have on, exhibition a fine collection of their vgrious products,
ere is a list of what may be seen: Two engineer’s Y-levels, complete transit for
mining use, plain engineer’s transit, geological transit, 4-inch limb; tunnel tranmt,

used at the Musconetcong and Nerquehoning tunnels; surveyor’s compass ; solar tran- -

" sit, Benj. Smith Lyman’s patent solar apparatus beneath the plate ; mining and recon-
noissance level ; combined transit and leveling instrument ; two mining and reconnois-
sance transits, 5-inch-limb; large mining transit, 7-inch limb; and .a plane table. Now,
there is not one of thiese instraments that does not show in some one or more ways the
inventive genius of the firm. There are numerous details worked out and devised to
imprave upon old ohes. It gives great pleasure to be able to say that in almost every
instance the change is an improvement. * * * * Tt can be said with great force that
in the work of this firm is the place to hopefullﬂ Jook for real improvements. Who-
ever i3 to invest in instruments should give them an examination. It is of course

nite impossible to mention all of the devices shown here, but a few will be given.
he large mining transit has an adjustable lJamp-stand provided with it. This stand
may be easily fastened upon one of the legs of the tripod, and may be quickly set 8o as
to support a lamp at the proper place for illominating the cross-wires or for reading
the verniers. The same transit is provided with an extra detachable telescope on the
end of the traneit axis for righting in a vertical direction. The device for attachin,
this telescope is neat and efficient. There is also shown a large 15-second transit vttE
three leveling screws. This instrument is provided with an arrangement of parts in
the tripod cap that operates in a manner to accomplish the same result as is accom-
plished by the ordinary shifting tripod cap, or “shifting tripod,” as it is called. I
» think this arrangement for a three-screw instrument is new, * * * ¥
In closing my remarks about the exhibits of this firm, I wish to say that I think
their most valuable contribution to the advancement of their business is the spirit of
invention and adaptation which they have awakened amongst their competitors.
Bince T believe we have not seen the full development of good principles of construc-
tion in our common instruments, I look for particularly valuable results from the spirit
above -alluded to. Whilst I regard with satisfaction the disposition .of engineers-to

. adhere to well-tried and valuable types of construction in any department, fam fure
this conservatism may be carried too far and much be lost thereby. I think this has
been the case with tgose who have had to use engineers’ instruments. I am of the
opinion that much hae yet to be done to induce men to be ready and willing to try any
new device applied to these constructions. The practice in this regard seems to have
improved much within a few years, but there is mueh to be done. It isin the hope
that these remarks may lead some to consider this matter that they are written.

1 cannot close my account of this firm without mention of the excellent plummet-

lamp shown by them. One is provided with a “ compensating ring,” which is simply -

# ring upon the sides of which rest two trunnions, from the plummet and from oppo-
site rides of 90° ; from the other points proceed two light chains, which meet some ways
rabove the plummet where the string is attached’; the lines of the attachment of the
chains and the bearings of the trunnions are consequently at right angles with each
other. Anocther has, in addition to this ring, in the place of an ordinary burnel;‘ a
safety-lamp. Both arrangements are the invention of Professor Eckley B. Coxe, * * * %
The transits shown by Kern of Aarau, Switzerland, have three leveling screws and

- epen spoke-wheel plates. Of course they are very light. Wyeas start out from centre
of upper plate ; there are levels on top of the telescopes; the telescopes are not
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mounted near their centre of gravity, and are therefore balanced by great pieces of
brass of irregular shape, fastened to their lighter ends, giving this part of the work a
decidedly clumsy appearance. This is esgecially true after one has recently seen and
tried the movement of the five Heller & Brightly telescopes. One is surprised at
every point, in examining the work of this Philadelphia firm, to see the extreme care
and judgment with which every detail is worked out. One cannot well help referring
the work of other mukers to theirs as a kind of standard with which to compare it.

"RANGE OF AN ORDINARY TRANSIT TELESCOPE.

Mrssrs. HELLER & BmieHTLY, 8r. PauL, MiNsEsoTA, Nov. 8, 1876. ,
% % # % With the Transit you furnished me last spring year (July, 1875) I

- have made 2 triangulation extending over an area of about 12 square miles; it is a

success. The angles are only repeated three times; and if a difference of 10’/ (tea

seconds) between least and greatest is shown, the set 18 rejected and a new one taken on

a different part of the limb, but this is never ‘required. As for the teleacope, I have

seen the ordinary wooden support of a lightning-rod (probably 1}-inch diameter)
uite distinct at 10 miles distauce, and not very clear air at that. As to adjustment,

&e instrument is yet in perfect adjustment. * * * ¥

Yours, etc., JoEN T. HALSTEAD.

(From the Philadelphia Commercial Times, Nov. 2, 1876.)
A PLEASANT INCIDENT OF THE CENTENNIAL YEAR.

On the evening of September 14 a number of the former students and members of
the Alumni of the Polytechnic College of this city, temporarily residing here, * doi
the Centennial,” met to compare notes and exchange greetings. During the course o
conversation it was suggested that a set of engineers’ field instruments (transit, level,
etc.) be purchased by those present and presented by them to the college, as a mark
of regard. The idea immediately took root, the money subscribed, and a committee
appointed the same evening to procure the best and most modern instruments. The
fact may not be generally known that the instrument makers are always anxious (with
an eye to future business with the budding students) to supply colleges and institutes
of learning, and are willing to reduce their prices considerably to accomplish this end.
The present was no exception to this rule; and guite a contest arose among the makers
of this citfy and other cities for the honor of supplying these instruments, and large
discounts from regular prices (from 30 to 50 per cent.) would have been allowed by all
the makers. After examining all the makes, the committee unanimously gave the
order to Heller & Brightly of this city. This result was the more complimentag to
these makers as they were the only ones that refused to make any reduction from, their

regular prices. .
(Edueational News, Oct. 18, 1876.)
"COLLEGES AND THE CENTENNIAL.

- Our foreign visitors who have visited the principal colleges that make a specialty
of teaching civil engineering have found them in an_exceptional good condition. _In
expectation of these visits, the majority of thém have the last few years been settinlg
their houses in order, purchasing new instruments, and furbishing up the old ones. It
is “an ill wind that blows nobody good,” and this nniversal renovating has proved

' profitable to the instrament makers. Messrs. Heller & Brightly have in the last four

Kears furnished fifteen of these institutions. with new full sets of field instruments, and
ave now in hand orders from eight others, the Michigan Btate College at Lansing,
Michigan, being the last to fall in line.

(Engineering Times, Nov. 4, 1876.)
SURVEYORS AT THE CENTENNIAL.

The records kept in the room of the Society of Civil Engineers in the Main Buila-
ing, and in the Franklin Institute room in Machinery Hall, show that the number of
European sclentists and civil engineers who have crossed the Atlantic has exceeded
the expectations ot the most sanguine. As to the number of home civil engineers-and
surveyors who are visiting the Centennial, some idea may be formed from the fact that
Mersrs ' Heller & Brightly have at present a daily averageof 150 visitors of this clasa
at their exhibit in the Main Building, and have distributed over 1500 copies of their
pamphlet, “ Remurks on Engineers’ Surveying-Instruments,” at the same place.
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Kensington Loan Collection of Scientiflc Instraments and fhe Contemnial.

The special loan collection of scientific instraments now on exhibition at the South
Kensington Museum, London, is especinlly burren in Ametican exhibits. This is due,
however, to the Centennial Exhibition abeorbing all the attention of those interested.
The Coast Survey, Meteorological and War Departments could have fornished some
interesting specimens had this not intervened. In the *“ Handbook to the Loan Col-
Tection” (article on Scientific Apparatus, etc.) special mention is made by Prof. W.
Warington Smyth of the instrnments of Messrs. Heller & Brightly of Philadelphia.
Messrs, Heller & Brightly were specially requested by those in charge to send speci-
mens of their instruments as samples of American engineering instraments, but could
not accept the invitation from causes above mentioned.—Railroad World, Nov. 12, 1876.

BASE LINE MEASUREMENTS WITH STEEL TAPES.

ENGINEERING DEPARTMENT,

ScrooL oF MiNEs, CoLuMBIA COLLEGE,
FORTY-NINTH 8T., COR. FOURTH AV.,
New Yorxk, Nov. 6, 1877.

Messrs. HeLLER & BRIGHTLY: * * #* * The Senior class are triangulating the
1awer half of the Park. * * * * One of the first triangles (measured with 18 repeti-
tions of each angle) closed within 07.02’/.

"Our base line was measured with a HELLER & BrIGHTLY 500 feet tape, hung clear
of the ground, the depth of the catenary and level of end measured, and corrections
made g;.o inclination, temperature, catenary, stretch of tape, etc. The results as
corrected were as follows:

Corrected Length. Error.
760.0267 0.0088
760.0484 0.0131
760.0310 0.0043
Average 760.0853 0.0036 probable error.
L 2 * * * » »* » * * * * * * * L 4
Respectfully, HeNrY S. MUNROE,
Adjunct Professor of SBarveying.
TESTS AT LONG RANGE OF FIRST-CLASS TELESCOPES.
UNrrED STATES ENGINEER'S OFFICE, }
85 WASHINGTON AV.,
DErrOIT, MICH., Nov. 28, 1877.

HeLrer & BriguTLY, Philada.,, Pa.: * * * * The instrument (purchased last
summer by Gen. Weitzel) has been used during the summer for the purpose intended
—to establish bench arks—and it answered the purpose perfectly. I generally took
three sets of bench marks, the three almost invariably agreeing within 0.001 feet.
- The adjustment kept well, * * * *

I made a few tests with the power of the telescope on the 19th inst., the results of
which are given below. Your telescope was compared with a Gurley level telescope,
and with a telescope belonging to a Wiirdemann level. The target inclosed (paper
-with three one-quarter inch stripes—two black and centre one of white—stripes one

tach long) could be seen with about equal distinctness at the following distances:

Heller & Brightly telescop 1904 feet.
Wirdemann telescop 1864 “
Gurley tel ] - S, 1287 ¢
The dimensions of the three telescopes were as follows:
: Length over all.
Heller & Brightly 18 inches.
w‘_x ]s “
Gurley 19 “
* * * * * * * * » * » * * » »
Very respectfully yours, ALFRED NoOBLE,

Assustant Enginess
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*THE FINEST MINING TRANSIT ON THE PACIFIC COAST.?

8Ax Fraxcisco, CAL., Feb. 27, 1877,

HELLER & BRIGHTY: * * # * The complete Engineer’s Transit, full size, I or-
dered of you a year ago, for the New Almaden Quicksilver Mine, I have often re-
ferred to as the finest instrument that ever came to thé Pacific Coast. It was a
pleasure to use it. I have dela{ed acknowledging the receipt of the small Mining
and Beconnaisance Transit until I should be able, after testing in the field, to report
fully upon its merits. I will now say that it gives the most entire ratisfaction in every
respect. The telescope is remarkabl{ clear and perfect, and, emall as it is, gives better

results at long ranges than one of * * * * ¥ * fyy] gize, The graduations and centerin
ere also very exact. I am using it upon rome very long township and ranche bound-
ary lines, depending entirely upon the graduated lorizontal limb, and find no troubls
Ao closing circuits of fifteen or twenty miles. * * * * * *

CHaARLEs T. HEALEY, C. E,,
Engineer New Alinaden Quicksilvey Mine,

Acting Engi of the Guadalupe Quieksilver ﬁlne.

THE LARGEST ORDER FOR SURVEYING INSTRUMENTS
EVER GIVEN IN THE UNITED STATES.
' (Engineer, December 1, 1877.)

The new couree of studies in the School of Mines of Columbia College (New York
City), as mapped out by the authorities, will require a decided increase in the number
of field instruments as compared with those heretofore used by Professor Vinton.
When fully organized, thirty-eight transiis, levels and plane-tables will be required,
the cost for these three items alone amounting to over eighty-three hundred doliars,
Messrs. HELLER & BrigHTLY, of Philadelphia, who turnished the field instru-
ments for the University of Pennsylvania, Princeton College, Dartmcuth College and
the University of California, have also received the contract for furnishing these in-
struments to Columbia College. ' ’

(Engineering and Mining Journal, New York, December 8, 1877.)

One of the largest orders which has beeh given in this country for surveying in-
struments was recently given by Columbia College, of this city, to the well-known
manufacturers, MEssrs. HELLER & BrIGHTLY, of Philadelphia. The first instaliment
of this order, consisting of eight combined transit and leveling instruments, four
Y-levels and four plane-tables, has just been delivered. The requirements of the
8choal of Mines, under the “new departure” inaugurated by Professors Trowbridge
and Munroe, will call for over three dozen transits, levels'and plane-tables. L

-

{ From the Enginecring and Mining Journal, New York, Jan. 26, 1878.]

AN UNSUSPECTED SOURCE OF ERROR IN MAGNETIC
NEEDLE READINGS OF SURVEYING INSTRUMENTS.

‘While en; ‘e taking some delicate bearings with a surveyor’s compass, the writer
was puzzledg?gegle magl:g.ic needle not giving the bearing of the same object twice
alike; this sudden vagary of the needle was the more unaccountable from the fact that -
the compass was an exceptionally ﬂmd one, with extra sensitive needle, and had hereto-
fore always given very good results. An investigation was had as to the cause of the
inaccuracies, and from the nature of them it was thought that “ magnetic attraction,” in
the shape of iron in the metal of the instrument itself, might be the cause; hit an
examination with a “test needle” proved this not to be the fact. The clothes of the
observer were then carefully searched for anything that might have a tendency to draw
the needle from its proper settling-place; but no pen-knife, steel watch-chain, nickel-
plated sleeve-buttons, ete. could be t%und. It was, however, noticed while reading the
needle that it never quite settled, but was in a constant tremor and vibration, and an
examination of the magnifying glass used in reading the needle was made. The mag-
nifier was similar to those now 80 universally used to read the verniers and needle-
hearings of field instruments, having a black hard rubber or vulcanite frame, and this
frame polished to a high glos«: and the whole cause of the trouble lay in this case or frame,
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It was found that this frame was peculiarly liable to become electrified ; that the slightest -
friction, even the mere carrying in the pocket, was sufficient to ¢ it ; and that when
thus electrified, if brought near the needle of a compass, it had almost the effect of a -
loadstone in drawing it (sometimes as much as half a degree of arc) from its true
settling-place. On discarding this magnifier, and using an ordinary glass lens without
a frame, no further trouble was found 1n the field-work done with the compass. Asall
the instrument-makers of this country furnish these hard rubber frame magnifiers with
their field instruments, the liability of these frames to become thus electrified shounld be
made known. Any surve{or having one of this class of magnifiers can convince him-
#elf of this fact in the following manner: Tear tissue paper or newspaper into small
shreds; rub the frame of his magnifier briskly on the coat sleeve for a few moments;
this friction will so charge the frame with electricity that, if held above the paper, the
paper will fly up and attach itself tightly to the frame, or if held near to the “test
magnetic needle” (which all instrument-makers use to prove their metal’s freedom
from iron) the needle will instantly be drawn to the frame, and stick there as if it were
made of iron. This electrical trouble was found to be at its greatest in clear cold
weather, and when the rubber cases were new and highly polished ; greasing the cases
was found to somewhat diminish the evil, and touching with the damp finger also dis-
charged the electricity somewhat. Examination was also made of other magnifiers,
thiose with brass, German silver and horn frames, such as are sold in tet:}:tieal stores, and
on testing with the “ test needle,” the majority were found to be afflicted with “ magnetic
attraction,” arising from impure metal in their cases, rivets, etc.

In consequence of these examinations one firm (Heller & Brightly of Philadelphia*)
have ceam furnishing these rubber magnifiers with their instruments, and have sub-
stituted other frames that will stand the test of the “test needle.” In connection with
this subject the following remarks, while not new, may not be out of place: “Be sure
that nothing to attract the needle is carried by the surveyor in the shape of penknives,
watch-chains, buttons, or iron rivets in the magnifier used to read the uations. Of
late years new causes of error from this have risen. The new watches in which the
mpovements are made of nickel are almost as powerful in attracting the needle as if those
movements were made of iron. The felt-hat makers’ modern fashion of stiffening the
rims of their hats by inserting around the edge a small iron wire (the extra broad-
brimmed, termed the ‘ military,” should especially be tabooed) should make the surveyor
examine both his hat and his watch.”

There is, however, a general ignorance (especially among land surveyors) on this
important subject, and one case that lately ecame under the writer's notice will be given
it point: A land surveyor, not fancying the brassy look of his compass, had the entire
#hstrument, with its ball and socket and sights, nickel plated, not knowing that as far as
its effect on the needle was concerned he might as well have coated his instrument with
iron. Aluminum has also been used instead of brass for instruments, but on account
of the metal having “ magnetic attraction” it is not suitable for needle instruments;
this attraction is especially noticeable after the hammering process that is necessary to
condense the aluminum after casting; this hammering “ polarizing it,” as it were.

* These “ non-magnetic attraction frame magnifiers ” furnished n{ us are precisely similar in appear-
ance to the hard-rubber frames mentioned above (the glass itself is, however, sharper defining than
the ordinary store glasses), but with the important exception, that these horn frames canpot be ex-
cited electrically, as is the case with the rubber. Care is also taken that no magnetic attraction enters
into the composition of the various pins and rivets, and that, when fully completed, they shall stand
the severe test of the “ test needle.” If'any surveyor who has been troubled with this electricity in
his magnifier will send us in a letter one dollar and sixty cents, we will, lger return mail, forward to
his address one of these magnifiers, post-paid. ELLER & BRIGHTLY.

(From the Polytechnic Journal, April 27, 1878.)

BRONZING SURVEYORS’ COMPASSES AND TRANSITS WITH
A THIN COAT OF IRON.

- An old engineer friend in writing to ussays: “It is the almost universal practice of
American instrument-makers to produce the beautiful dark color with which the
fnstruments are darkened before lacquering by means of a dip consisting of iron dis.
v¥olved in muriatic acid.”” Onr correspondent is correct as to the-evil effects of cover
ihg an instrument with a thin scale of iron, which is the practical result of using a
#ip of this class, but the present status of this dip is as follows: Some seven yeura
sica Heller & Brightly, instrument-makers of Philadelphia, substituted for this iron
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the more costly platinum dip (a gallon of the iron dip costs twenty cents to manufac-
ture; a gallon of the platinum $5.00). Since then almost all the other makers have
also adopted this platinum. We regret, however, to say that we have seen within
the last six months field-instruments that had been made in New York city, New
York State, Boaton and Chicago which were darkened or bronzed in this manner;
those makers who still adhere to this reprehensible practice do so on account of its
cheapness, and-also probably frem ignorance of its bad effects. _This “iron_dip”
bronzing can readily be detected by the stove-blacking lustre that it imparts to~the
article bronged, but the surveyor, on purchasing an instrument from any maker, should
Ingist (and make it part of his contract) that this iron dip shall not be used in the
bronzing of it.

THE PRECISE MEASUREMENTS OF THE CENTENNIAL BUILDINGS AND
OF THE NEW YORK ELEVATED RAILWAY.—Engineering Review, May 18,1878,

The completion of the Elevated Railway in this city will. we hope, solve the ques-
tion of “rapid tranait.”” * * At the very outset one of the perplexing questions was to so
atrange that all the material, that was being made hundreds of miles from its final
resting-place, ehould fit preceisely together after being brought to the grounds and
place(f on the piers that were alnea‘}.zy in place. After considgriniand rejecting the

e chief engineer,
after consulting with Messrs. Heller & Biightly (who furnished the Tranvits,
Levels, and other field-instruments for the railway), decided upon wooden rods 25 feet
long, such as had been designed by Messrs. H. & B. for the Centennial Buildings.
The above trouble is not an uncommon one in steuctgres of large extent and having a
multiplicitfyof details, and the more especially since the introduction of the modern
practice of having all the material mamt places distant from the structure, and of,
siich refractory materials as iron and steel, as these cannot easily be altered. “The
engineers (Pettit & Schwarzmann) in charge of the large Centennial Buildings, ruch,
as the Main Exhibition, Horticultural, Agricultural and Machinery Halls, also found
that chains, tapes, etc., could not be absolutely relied on for their close measurements,
and a subetitute had to be found. Messrs. Heller & Brightly (the makers of all the,
field-instruments for the Centennial engineers) designed a rko of rafted white pine 25
feet long, trussed and braced in such u manner that, even if supported only at the
ends, no sag of any amount, either vertical or horizontal, should be perceptible.
Levels were placed at each end, and the whole rod was easily carried by one man.
This rod proved «o satisfactory in the construction of the Centennial Buildings that all
the principal measures were given by it. As mentioned above, this same pattern of
rod was ured on the Elevated Railway of this city, and, in the words of the chief
engincer, “ gave entire satisfaction in every respect.”. .

TESTS OF FIELD INSTRUMENTS AT THE CENTENNIAL GROUNDS—
SEVERE TESTS FOR TELESCOPES.—Railway Journol, January 3,.1878.

A severe test of Engineers’ Transit instruments was made a few days since at the
Centennial grounds, * * * * * Op the following test, out of twenty new Transits of
different makes that were tried, all failed, with one exception. The test was this:
The Transit was carefully leveled and plumbed over a point, and from this point, with-
out moving any part of the instrument (except the object-glass slide of the telescope:
for focnssing), new puints (stations) were established at every 50 feet up to 800 feet.
This was done by measuring off ,50 feet continuously, and carefully marking at these
places where the intersection of thie cross-wires cut. These points were supposed to be
all in one straight line. The Transit was then carried the 800 feet to the opposite end
of thid line, carefully 'pllumbed over the last point (station), and the telescope cross-
wires made tp cut the first point. The telescope object-glass slide was.then moved so
that each of the thirty-nine points previonsly established' was focussed; -and if the
:nstrument was correctly made, the cross-wires of the telescope should have cut these
thirty-nine points, but in only one make of instrument (Heller & Brightly) was thia
the case, a8 the cross-wires of all the other instruments struck to the right or left.

. This is a most revere test of a telescope—in fact, so severe that one manufacturer

present as<erted that no instrument could perform it. There were some grounds for
this assertior ; for if the slides of a telescope be made so that they are not projected
in an absolutely straight line (or, in other words, that the *line of collimation” for
lor:f and short distances is not absolutely the tame), the object-glass perfectly centred, -
and the instrnment in perfect adjustment, it is not possible to perform the above feat.
In some of the telescopes tested, the telescope-slides slid in and out in such a curve
that the feat of ““shooting around a corner ”’ did not seem to be an impossibility to then.
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»EXHIBITIUN,((
PHILADA,,

_ 1876.

PHILADELPHIA, November 7, 1876.

REPORT ON AWARDS.

Produet.—SURVEYING AND ENGINEERING INSTRUMENTS.
Name and Address of Ezhibitor—HELLER & BRIGHTLY, Philadelphia,

The undersigned (judges on instruments of precision), having ex-
amined the products herein described, respectfully recom-
mend the same to the United States Centennial Commission

for Award —.

This firm has lately become distinguished by

improvements on the customary methods of constructing Swur-
veying Instruments * * * improved details—and by the con-
struction of Plare Tables of superior quality.

Pror. J. E. HILGARD,
Supt. U. 8. Coast Survey, Washington, D. C,

Pror. F. A. P. BArNARD, LL.D.,
Columbia College, N. Y.

Pror. P. F. Kupka,
Austris,

GeN. HENrRY K. OLIVER,
Salem, Massachusetts.

Geo. F. Brisrow,
New York.

Pror. Joserpr HENRY, LL.D.,
Smithsonian Institute, Washington, D. C.

Pror. JaMEs C. WATSON,
Univ. of Michigan, Ann Arbor, Mich.

ProF. JUL. SCHIEDMAYER,

Germany,
Pror. E. LEVASSEUR,
France,
Pror. Epw. FAVRE PERRET,
Switzerland,

Given by authority of the U. 8. Centennial Commission.
A. T. GOSHORN, Director-General.

J. L. CAMBPELL,
Secretary.

J. R. HAWLEY,
President
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Entered aocording to Act of Congress, in the year 1878, by HELLER & BRIGHTLY, in the Ofice of the
- Librarian of Congress, at Washington. :

A TABLE FOR THE USE OF LAND SURVEYORS,

GIVING THE VARIATION OF THE MAGNETIC NHEDLE (BAST
OR WEST FROM THE TRUE NORTH), IN ALL PARTS OF
THE UNITED STATES, OANADAS, MEXICO AND SOUTH
AMERICA, FOR THE NEXT TEN YHARS.

This table gives the magnetic variations in deirees and hundredths of a degree for 104 different localities
in the Uni States, Canadas, Mexico and South America for the ten years from January 1, 1879, to 1889,
aeeomtlnied by & map giving lines of equal netic variation, the tables and maj compu(.ed from data
furnished by the United States Coast Bm'veg: e hundreth of & degree being thirty-six seconds of arc
(.‘}6’ , the first example (that of Halifax, N, 8.) would be, if given in full in degrees, minutes and seconds
of arc—

1879, 1880. 1881. 1882, 1888, 1884, 1883, 1886. 1887,
20° 15’ 36”7 | 20° 16’ 48” | 20° 17’ 24~ | 20° 18’ 0”7 | 20° 18’ 36” | 20° 19 127 | 20° 19’ 48” | 20° 20" 24" | 20° 21’ 0¥
Thoee numbers having the w sign are west variation ; those having the E sign are east.

Published by HELLER & BRIGHTLY, Philada.

1880, | 1881, | 1888, | 1888, | 1884. | 1885, | 1896. | 1887. | 1888
W 20°.28'w 20°.29|w 20°.30w 20°.31, w 20°.82'w 20°.33;w 20°.34| W 20°.85 W 20°.36

W 16°.50'w 16°.49| W 16°.49/w 16°.47/w 160.44'W 16°.421w 16°.40/w 16°.38|w 16°.35

'w 13°.11}w 13°.14/w 13°.16|w 13°.19/w 13°.21|W 18°.28'w 18°.25|w 13°.27|w 13°.28

t W 110.49 W 11°.97|w 12°.15,w 12°.27|w 12°.27|w 12°.38W'12°.46/w 12°.56|w 12°.65/w 12°.78

Rutland, Vt........
Vergennes, Vt.....cee

Middiobury, Vi L w 119 39w 110.49w 11°.58/w 110.61(w 11°.72]w 11°.82/w 11°.89|w 11°.97/w 120.00w 12°.11

Stan!
‘Wolfsboro’, N.
Great Falls, N. H..
%)ove.r. N. ﬁ‘ .
ow u;po
Derby, tnn’
Exeter, N.H .
Salem, Mass..... -
Marblehead, Mass..... W 12°.71|w 12°.80|w 12°.91/w 12°,99|w 13°.06/w 18°.15|w 13V.22(w 13°.29|w 13°.39, w 13°.4&'
Barnstable, Mass......
Nantucket.
ondwich

W 12°.11(w 12°.20|w 12°.25/ w 12°.21|w 12°.28|w 12°.27|W 12°.30;w 12°.39| w 12°.37|w 12°.40

-+  w 11°.75]w 11°.76|w 110.78|w 11°.88|w 11°.86|w 11°.90|w 11°.93}w 11°.96/w 11°.98|w 12°.01

W 10°,89|w 10°.98(w 10°.96/w 10°.99|w 11°.02w 11°,05|w 11°.08/w 11°.11jw 11°.14/w 11°.1L

g(t. J«:hnl’.s, C:{;L.
on er, Vt.
lhnog:r N.H

W 11°.36/w 11°.41|w 11°.45'w 11°.50/w 11°.54|w 11°.59| W 11°.63|w 11°.67/W 11°.68|w 11°.%

4

, Mass... . } w 11°.60/w 11°.63{w 11°.70 W 11°.74/w 11°,79|w 11°,83/w 11°.88/w 11°.91/w 11°.95/w 12°.02
Nashua, N. H....
Providence, R. I.

w 11°.37(w 11°.44|w 11°.49|w 11°.55|w 11°.58|w 11°.61/w ll°.66‘w 119.71jw 119.7>
w 8990w 9°.00w 8°.07/w 9°.14'w 9°.21lw 9°.28|w s°.35|w °.42\w ¥4y
8031w 89.36.w 8°42\w 8047w 80.52iw 8058w 8°.63 W 89.68)w 89.7L

w

W 9°.90/w 9°.96/w 10°.02|w 10°.08/w 10°,14/w 10°. .lmlw 10°.32/w 10P.8¢
w 7038w 7045w 79.52lw 70.59\w 7°.85w 7°.72(w TO.79 W 7°.83w 70.9.
W

4L.49w (°m{w 464w 4°.72'w 1080w 4°.87\w. 4°.95w 5°.02(w B5°.0L

Schenectady, N. Y.
ford, N. ¥.... .
N. Y X
Charlel}
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| 1879, | 1880. | 1881, | 1882, | 1888. | 1884. | 1885. | 1886. “1887. 1868,

Erile, Pa.......... eesesene
Woodstock, Va.
1 etersbhurg, Va,
Cape Hatteraa.
C .veland........
‘Wilmington, N.
Rﬂelgh,llf. C..

eston, Pa......
?etrolt, Mich..

E 0016/ 0°.

New York,N. Y
Kingston, Cau.
Backett’s Har

7°.00(w 7°.08\w

w 667w 6°.76,w 6°.84W
26(w

G 6°.92
W . e

Washington, D. C.......w 3%.24lw 8°. 8029w 8032
Cape Henry........ ..W 8°.43/w 3°.50w 3°.59 w 3°.68
Charleston .

30.77\w 3°.84|w

1°83E 10778 1971 194

3955’ 89.50,

8°.18|R 8°.11

7°40E T7°34E T7°.26E T7°.19E 7°.13|n 7°.06

w 2097w 2031w 2085w 240w Pdelw 2248w 2084w PS5iw 2058w 2064

W 1901w l°.jw 1907w 1°.09)w l°.!2r 1°15\w 1°.16lw 1°20|w 1°21w 1°27

w 617w 022w (°2Tw (°.32lw 0°.36\w 0°Aliw 046w 0°.50
w 7°8llw 7984w 7089w 8°.04 w 8°.12(w 8°.17jw 8°%5(w 8°.29w 8°.34w 8°.39

16w 7°.24/w 7°.35\w 7°.89

w 7°.
w 8°.835\w 3038w 8°4llw 344w 3°.46’w 3°48
w 3°.90lw 3°.97w 4°.05\w 4°.12

woe S Csx C2E aomL: IPABL ®aolz 004a

E 1°60x 1°55k 1°50(kx 1046

89.60.x E 3°45k 8040k 3034z 8°28m 8°.21
©77e 474 ©71r 4068k €64x 4°61E 458k 4°.55
E 3°09E 8°.08E 3°.03E 8°01E 2099k 2°.98

8°.56i¢ 6°49E 6°43(k 6°38E 6°.33E 6 26 6°.20) 6°.18

6038 6O.28E 60.18)E 60.08(E KC9IE 5O8I|E 5O.T6/R 5°.68
E 6008k 6091

E E
E E
E E 79458 7°38E 7931k 7°25E T7O°.18E 7°.10(E 7°.02R 6°.96
. E 72|E B°.70/E 5°.66'E 5°62E 6°59E 5°.56/E B5°.53/E 5C.50E 5°.47R 5044
las... ..E 8050/ 8°47E 84|k 8°41k s°.as|n 8085\ 8931 8°.27/k 8°.23|r 8°.19
San Diego.. ..E 13°47|E ls°.5olr. 189.53|E 13°.55| 13°‘57!n 139.59|E 13°.62E 18°.65E 18°.68/k 18°.71
MNonterey, Cal.... -~E 169.05|E 162.08k 162.10/2 1613 16°.15E 16°.17/k 16°.18/E 16°.19'E 16°.21/r 16928

San Francisco, Cal......E 16950 160.52/E 16°.53|E 16°54/E 16°.55

E 16°.56/E 16°.57 E 16°.58;E 16°.58/k 16°.59

Cn& Disappointment.® 21994k 22°.00/E 22°.06|E 220.13|r 220.19|r 22°.23|E 22° 26/E 220.29,E 22°.34|r 22-.38
Bitka, Alas|

Beveecrneennen E 2855k 28°.50/E 28°.45|E 28°.40/E 28°.35

E 28°.29|E 28°.23|E 28°.17E 28P.11x 28-.0b

* The best practical method of determining ?mhely the true meridian of a place s by observin,
the North Star (Polaris); when this star is at its greatest distance from the meridian east or wesf
it is said to be at its greatest eastern or western elongation. The following Tables show the times
of its eastern and western elongations, The eastern elongations are rut down from the beginnin
olf A;;'rll to the end of September, and the western from the beginning of October to the end of

- March. * .o .

The western elongations in the first case, and the eastern in the second, occurring in the day-
time, cannot be used, Some of the others put down in the table are also invisible, occurring in the
evening before it is dark, or after daylight in the morning. In such case (if it be necessary to-de-
-\ermine the meridian at that particular season of the year) let 5 hours 59 minutes be added to or

subtracted from the time of greatest eastern or western elongation, and the observation made at

_ night when the star is on the meridian.

- TIME OF ELONGATION OF THE NORTH STAR (Polaris, A Urse Min.).
o April 1, 1888, to April 1, 1884, -
oraputed for North Latitude 88°, and which.will: serve. for all Latitudes
. .from 26° to §0° North, and for all Dates from Apryu, 1878, to April, 1888,
~ with an Error. of less than five minutes. = - A
"* The times are reckoned from noon, astronomical time \Ah‘mmmhlt'dpy commences at

uoon, aud is feckoned from oge to twepty-four; hours spccessivgly ; the tlvll day ¢ommences a4 the :

Pl
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ing midnight, and is reckoned from twelve hours twise in a single day ; therefore the lass
welve hours of the civil day correspond to the first twelve hours of the astronomical day. ‘

(Table presned (1878) at the United States Coast Survey Office by direction of Hon. C. P. Pats
terson, Supt. U. 8. C. 8.) .
EASTERN ELONGATIONS.

i
Py
: ) ]
Day, ._E - $ 5 g g.
3 A A 3 < g,
A, A m. A m. A m. A. m. h. m.
1 18 37 16 39 14 37 12 39 10 37 8 38
4 183 14 16 16 14 14 12 16 10 14 8 12
18 ueeereenreeesanssnsanssrassssansansess sessranse 17 50 15 52 13 50 11 52 9 50 7 48
19 < 17 26 15 28 13 26 1 29 9 21.| 7 25
25 wewe | 17 03 15 05 13 03 1 05 9 03 7 01
WESTERN ELONGATIONS. .
= o o
: 2 2 \ 2
13 .
Day. 2 5 a8 E g o
8 £ § H ] £
& 2 2 & 2
h. m. A m. A m. A m. A m. A m.
1. 18 27 18 25 14 28 12 26 10 24 8 30
18 04 16 02 14 04 12 02 10 00 8 08
13...... 17 15 38 13 40 11 39 9 35 7 43
19...... 17 17 15 15 13 17 1 1 9 13 7 19 -
BB eecicersioecccsncccanesnss sastsnracasans weeeel 16 53 14, 51 12 53 10 51 8 49 6 &6

THE DAILY VARIATION OF THE MAGNETIO NEEDLE.

It has been found that at about the time of sunrise the north end of the needle has s slow mation.
toward the east which soou ceases. The needle is then said to he at its eastern elongation: its
north end then begins a retrograde motion toward the west, and at about one o’clock in the afters;
mnoon reaches the point at which it is said to be at its western elongation, after which it again’
turns back toward the east. . . D

The tiines at which the needle reaches its eastern and western elongations vary with the seasons
of the year (with the sun’s declination), happening a little earlier in summer than in winter. )i

The angular range between the eastern and western elongations varies also with the season of\
the year. . : b3

The average position of the needle for the day is called the mean magnetic meridian. - ‘3

At about six o’'clock in the evenin? (and for about an hour before and after), thronghout .the_
year, the position of the needle coincides very nearly with the mean magnetic meridian, and this,’
therefore, is the time most favorable for making ohservations to obtain at once the mean varition..,

For reducing the direction of the needle ohserved at other hours to the mean magnetic meridian;
the following Table is furnished. It gives to the nearest minuto tbe variations of the needle from;
its average position during the day, for each hour in tho day for tue four seasons of the year.

.TABLE FOR REDUCING THE OBSERVED DAILY VARIATION TO THE MEAN VARIA-’:
TION OF THE DAY. : !

(Table preB.red (1878) at the United States Coast Survey Office by direction of Hon. C. P. Pat
terson, Supt. U. 8. C. 8.) = : P. Pate:

The needle points east of the| The needle points west of the mean magneti'o";

mean magnetic meridian— meridian— Ly

AM.|A.M.|A.M.|A,M.|A.M.|A.M.| Noon. |P.M.|P.M.|P.M.|P. M.|P. M.|P. M

| | e | — | ——— | —— — —— | s | e | e _.r

B | b | b | A | h|nh P S I N A W Y WO A O B W

HOUT ccccesssnemmrecses| 8 | 7 [ 8 | 9 | 20 | 11 |Noon.| 1| 2 | 8 [ 4 | 5 | 8.

—_'—T",_TTT_,"',_l , ’ _,'",_"7‘7‘

8pring..... 8 ' 4 [ 4|81 |1 4 | s8] 4|.8[ 2|1

Summer 4 5 5 4 1 2 4 6 5 4 |'8 2 1
utumn 2 3 8 | 2 Q 2|8 4 3 2 1 1 0
Winter. 1|1 2]72|1].0 2.8 |8 ]|2(.1]|1]aq
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16 VARIATION TABLES.

The following Table exhihita the angle which the meridian plane makes with the vertical plane
passing through the North Star (Polaris) when at its greatest eastern or wesfern elongation. Such
l?gle :: called the azimuth——the mean angle only is put down, being calculated for the first of July
of each year.

AZIMUTH OF NORTH STAR (Polaris, A Urse Min.) AT ELONGATION,
1878 to 1888, (Latitude, 26° to 60° North.)

(Table prepared (1878) at the United States Coast Survey Office by directi . .
terson, Siul),t. 8..8. C.8) ) 7 v on of Hon. C. F. Pat

26° | 280 | 80° | 320 | 840 | 86° | 88° | 400 | 420 | 440 | 460 | 480 | 50°
o 7 (- o 7 o 7 o ¢ o o 7 (- o ¢ o s o o o
1878...cunnns| 1294 | 1813 (183 | 185 {1872 (1394|1422 (1458 |1484(152 [156 |2 004|205}
20} | sof | s2p| a344| 362 33 a1} | a4d| 48 | 514| 534[200 | 042
29 | 30f| 84 %: 36} arf| as3| 473| 51| 55 11894 o4
28| s0}| 82 3 | 84| 41 | 44 | 47 | 503| b44| 59 | o3
28§ | 208| 313| 83| 350| 88 43| 463| bs0i| b54i| B8 .
28 | 29f g{l}i 33 | 853 87 402 a3 a93| s3i| 88 | @@
74| 29 328| 85| s7i| sob| 4n a0} | 53| 574 o
213 | 28%| s0p| 824| 344 39| 42i| 454| 49| 23| 67 {1 @
268 284| 80 | 82 | 84 | 364| 89 | 418| 45 | 484| 524 s6i| o
284 | 28°| o88| 31} ::';332 86 | 88F| 414| 444 48 | b513] 56| o
2 | 274| 29| s8ud 850 | 384| a1 | a4 | 474| b1i| 53| oop

The following Table of the present (1878) yearly change in the magnetic variation gives a close
.{proxir.r_ tion of the of change along our immediate sea-coast. For the interior States
the information is very scanty, and therefore less trustworthy. The yearly chun?e is expressed in
minutes of arc. A -+ sign indicates éncrease of westerly or decrease of easterly variation. A — sign
indicates an éncrease of eusterly variation. .

YEARLY (Secular) OHANGE IN THE MAGNETIC VARIATION OF
THE OOMPASS NEEDLE.

(Table preBnred (1878) at the United States Coast Survey Office by direction of Hon. C. P. Pat
terson, Supt. U. 8. C.8.)

\

Loca Yearly
lity. change.
’
Maine, coast of. +2
Maine, interfor....ccvcieeuieeeencnnnniiaies v ; +3
New ﬁampshirn +
Ver Beeeecesencsssoncs sosnssressansassssssnesssssssssssesassrassssassenssssassonersssssesasass sensss -+
Massachusetts, @SN PAIt....ccciiccieeerieerisieneiesseeenese essssatssanassonssssosssssssssnsss sessns +2
Massachusetts, western part +3 to 4
Rhode Island and Connecticut. +3%
New York, Long Island............ +3
New York, northern and western part +44
New Jersey +3
Pennsylvania. +3%
113 (s OO RRURR RN +2
Tennessee, eastern part. +2;
Tennessee, western part +2

MiSBOUT . cseeeieiirsienosinrrensusssenissaessnsnnesssssnes cnannes +2
Delaware, Maryland and Virginia o R +

West Virginia . +3%
North Carolina, South Carolina and Georgia. +33
Florida, northern part +3%
Florida, hern gar' +38
Alabama and Mississippi, Gulf coast of. +3
Louisiana, eastern part +2¢
Louisiana, western coast +2
;:xas, co«:'tl.I o!...':; .......... sessesessmessssermrsss s e Breseerseeesisneeseanssessnesessnsaasanene +1

xas, southwestern par :
New Mexico and SOnEl‘swutern Ari } 0 (probably.)
California, coast of......... cavennen . —1}
Oreﬁt;n. coast _of. —2 to 2
!:a ington Territory, coast of. —2} to 8




REMARKS
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ENGINEERS' SURVEYING INSTRUMENTS.

We are often l.ﬁplied to by Engineers respecting the methods to be em
ployed in testing the accuracy of the various parts of Engineers’ Instruments,
the errors to which they are liable, and the means of correction. (These queries
are, however, mostly from those just commencing practice, their elder brethren,
as a general rule, knowing how to make an instrument “ prove itself.”)

In the following articles we have endeavored to comply with these requests,
It would surprise those who think “one instrument as goal as another” to be
informed that in perhaps no other branch of mechanism are palpable *errors
of omission and commission’ more common than in ours—surveys extendin
over months of time have been rendered almost useless from * instrumenta
error,” and a considerable portion of the business of our courts of law is caused
directly and indirectly by imperfections of instruments.

The recent case of the City of Burlington, N. J,, is in point.* Here the
courts were 80 frequently annoyed by land suits from defective surveys that the
Legislacure of the State was compelled to pass a law that an entire re-sucvey, by
a competent person and first-class instruments, should be made. A law re-
quiring every instrument to be tested and proved by a competent person (not
necessarily a manufacturer) would have a tendency to weed out instruments
which, like “ Peter Pindar’s” razors, are made, *“ not to use, but to sell.”

We will not stop to speak of the ordinary adjustments of instruments, as they
are found in every elementary work pertaining to Civil Engineerinz—if a know-
ledge of these, however, be required, ““ Trautwine’s Engineers’ Pocket-book "’ will
give them in detail. We will mention in their order, the Transit, Level, Tele-
scope, Compass, Solar Compass and Plane Table.

THE TRANSIT.

A first-class Transit Instrument should possess the following qualities. 1n
the first place, X its graduations should be on silver plate (instead of on the
plain brass and silver washed, as is usual)—all astronomical instruments are done
in this way, as a smoother, truer graduation can be had.  The divisions of the
horizontal limb should be truly graduated and centred (:. e., the gradua-
tions should be precisely the same distance from each other—the centre of the
graduauions and the centre of revolution should be precisely at the same point).
The instrument should always have two opposite verniers to the horizontal
limb (and these verniers should be equally spaced). In astronomical instru-
ments more than two verniers are absolutely necessary, but we are now speaking
of Engineering Instruments.

The interior of the glass level tubes should be ground, in order that their
bubbles may act correctly. - The needle should be sensitive enough to co-
incide with the verniers of the horizontal limb without disagreeing more than
8. The centre upon which the vernier plate turns, and the common centre
upon which the entire instrument revolves (we are now having one of the best
class of Transits under consideration —i. e.. one with iong compound centres), should
be concentric with each other, and the levels, if adjusted to one centre, shounld
roverse upon either one at will.  Both of the centres should be always covered, and
not detachuble from the main plates.

The tripod and tripod head should be firm and steady, the centre of gravity
of the instrument brought as near to the tripod head as possiblé, and the in-
strumeont not top-heavy. The tripod should be furnished with an adjustable
tripod head for precise centring of the instrument (the adjustable tripod head.

#8ee H. S. Haines’ letter, accompanying Franklin [nstitute Report of Civil Engineers,



4 THE TRANSIT.

[}
is intended for precisely centring the instrument, after approximately setting
hy the legs in the following manner). First approximate by the legs to within an
inch or less, loosen two of the leveling screws, then move the entire instrument
until the plummet is precisely centred. While placing the instrument level by
means of the leveling screws it is again clamped‘.)

The leveling screws should have decp threads, good milled finger-heads, and
be well fitted to their nuts.—-The openinFs and windows in the upper plate for
reading the verniers of the horizontal limb shouid be as wide as possible, to
admit light freely upon the verniers and plate, thus facilitating an accurate
reading (this single point as a general rule being overlooked). The vertical are
or circle {if one is used) should have a diameter of not less than 4% inches, to
allow single minutes (at least) to be read easily.

The plates and centres should move smoothly in all temperatures.

The spindle of a turning lathe can never be made precisely round, and of
course any article turned in a lathe can only be as true as its spindle. Any
work that is required to be precisely round and true, such as the journals of the
axes of an Astronomical Transit or its centres, is turned on a lathe in which the
spindle remains stationary, and the work revolves between centres.—In order to
insure the actual truth of the centres of allof our instruments, they are made by
this method (termed turning between “ dead centres”), although it has hereto-
fore only been used for astronomers’ instruments.

The mechanical construction-should be so arranged that all the parts shall
as far as possible brace each other. The tangent screws should move smoothly
and have no “back lash.”

The Telescope should be balanced in its axis. Itslength from 10 to 12 inches
to allow of its reversing in its standards, both at eye and object ends; it should
have glower enough to set an ordinary flagpole at 1000 feet; its object glass
slide should move in and out in a perfectly straight line, in order that the line of
collimation, when adjusted for a long distance, shall be correct for a short one.
(This precaution does not always receive the attention it should, and young En-
gineers are frequently at a loss to account for discrepancies in their observations
which are due to this cause.) '

The slide of the object glass should be long enough to be able to focus an
ebject five feet from the instrument. The adjustments of the telescope (and
in fact of the whole instrument) should be as few as possible, every part admit-
ting of it to be made as permanent as practicable. Bne end of the axis of the
telescope should be adjustable, so as to make the *line of collimation” revolve
truly in a vertical plane; and this adjustment should be provided with a jam
nut, in order to fasten it securely after adjustment. The best method of testin
this adjustment is by a star as near vertical as the telescope will allow of; if,
after careful leveling of the instrument, the telescope cuts this star and its re-
flection in a basin of quicksilver, it is equivalent to cutting the two ends of a
plumb line at least 50' million million miles long.

Having mentioned the traits a good transit should possess, we will pass in
review some of the more common defects ; and in this connection will take the
orportunity of remarking that all the defects we will enumerate are matters of
almost every-day observation in establisbhments that have a large amount of out-
side regairing to do.

As the Telescope has been termed * the brain ; and the graduations the sou!
of a Transit,” we will first take imperfect graduation, as this is the most serious
and damaging imperfection, and one of the most diflicult to avoid in practice, as
any of the following causes may defeat it during the process of construction.
Namely—an imperfect graduating engine, defective centring, unstable cutting
arrangement; and even if all these be correct, in the very act of graduating the
plate may shift on the engine, from change of temnperature; or the clamps, metal
of the plate, or engine, may expand unequally from the same cause; in fact, the
manufacturer, with all the care he may take, is not sure himself whether the
process of graduating a plate has proceeded correctly until the graduations them-
selves are proved by means of its own opposite verniers, and until “tostin{eree-
versions,” for the purpose of proving tﬁe centre and graduations, have been
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LATE IMPROVEMENTS

PEOULIAR TO THE HELLER & BRIGHTLY TRANSIT.
(See IUustration for explanatory letters.)

a.—Dust- and rain-guard to object-slide of telescope.
The object-slides of all tel Are ily exposed to flying dust, grit, etc. ; this settlea
on the slide and is carried into the main tube of the telescope, rapidly wearing the tube and the slide, de=
atroying both the aceurate projection of the objeet-glass in s straight line and the trutin
of the line of collimation. Dampuess and rain were also itted inside the tel dimmi

N g the
glasses and settling on the cross-wires. This arrangement a i8 a perfect safeguard against all these evils, The

parts lettered f and g are also dust-guards to the leveling-screws K.
b.—The vernier-plate tangent-screw. This tangent-screw has also a dust= and rain-

uard,
‘(Both the tangent-screw b and the one moving the axis of the telescope (seen just below n) are provided with
A}l (a;nxigemem for taking up *‘lost motion,"’ or wear iu the screw, pamphlet, page %, Report of Comm.
of Civ, Eng. _—

c—Ivory reflectors over the glass windows of the two verniers p. (The second vernier
p and its ivory reflector ¢ are on the opposite side of the horizontal plate P, &tween the standard V,
and of course cannot be shown in the eng¢raving.)

All engineers must have noticed the difficulty of reading the verniers p on a bright day,
this ditliculty being caused by the glare of the silver surface, which renders necessary the shading of the ver-
niers by the hand or a hat. The ivory reflectors ¢ remove this annoying glare; they are also inclined at such
an angle as to throw a soft white light on the divisions. In mine-surveying or night-observations light
from & lamp or lantern falling on these retlectors ullows tne divisions of the horizontal plate and its verniers to
be easily seen and read.) —_—

J—Dust-caps for protecting upper ports of leveling-screws K from dust, rain, ete.

g—Stufling-boxes for protecting lower paris of leveling-screws K from dust, rain, etc.

k.~—The lower end of these leveling-screws K are so made as to be perfect balls, which work and
are concealed in a socket k.

By this means, while using the leveling-screws K, a smooth, equable motion is had without indenting
thle lt‘):c;r samllel plate 8, on which they rest, and also facilitating the use of the * plummet shifting-
pla 5 —_—

d.—Shifting-plate to tripod=head, for precisely setting the plummet of the transit over a
point on the ﬁound after a!pproxlmntely setting the pluinmet by means of the tripod legs,
the pl t being ded from the centre of the instrument at J.

.—New form of tripod=-leg, in which the wooden leg Q incloses the brass cheeks of the tri-
-head, the leg being tightened or loosened by merely turning the threaded wing-nut J.
A screw on the end of the t rough-bolt prevents the wing-nut being screwed too far out and lost.

Nore.—In the old form of tripod-leg, in which the wood is inelosed by the brass cheeks of
the tripod-head, trouble constantly arose, pleces of paper or leather being resorted to to take up the shake
occasioned by the wood of the legs contracting in dry weather or by wear, and im damp weather the
swelling of the wood also creating ditticulty. In the above new form of tripod-leg all these annoyances
are overcome. —_—_— —— —

It will be noticed that there is a ¢ sl gflhtlng-nllt,” similar to those in the sights of a Survey-
or's Compass, in the vernier=clamp of the vertical arc; there is also a similar ‘ sighting=slit”’
in the opposite clamp 2. (This slit, however, can be oulr partially seen in the cut.) The use of
this is as follows: When the 0° (or zero) of the vernier clainp cuts 30° on the vertical arc and the
index on the:‘gposite clamp made to cut a line that will be found on the brace of the standard V,a
ri hl-a.lllgl sight is Kul through the sighting-slits. This is convenient fur offsetting,
right-angles, ete.

D.—Long-bubble tube under the telescope, for leveling, ete.

The graduated vertical arc s has two rows of figures—one for angles of elevation, the
other for depression. The telescope can be set perfectly level by means of the long-level bub-
ble D D and the tangent-screw (at ) on the standard of the telescope. If am .n#l'e of depres-
sion is required to be read, the vernier-arm is made to touch the screw ¢ at the left-hand end of
the vertical arc s; the zero lines (or 0°) of the vertical arc and the vernier-arm will then agree.
Then clamp the vernier-arm to the azis of telescope by means of its milled-head screw. On depressing
the telescope the vernier-arm will show the angle passed over. If, after reaching the end of the arc,
a greater angle than 60° be required, proceed as follows: Clamp the axis of the telescope by means
of the clamp z; unclamp the vernier-clamp and move it back until it again touches the
screw ¢; loosen the clamp z and again move the tel pe. By thus repeating the angle the ent. .
circle can be read. It will be observed that by merely unclamping the vernier-clamf and the clamp
z from the axis of the telescope the telescope can be revolved in any direction, as if it were merely a
“ plain ” Transit. -_

.—A ring surrounding the telescope, and carrying four capstan-headed screws, two of them,rf ﬁ‘
being at top and bottom, while the other two (of which ¢ is one) are at the side and at right
angles tog P; these capstan-headed screws are to be used in adjusting the cross-wires of the tele-
scope to the “ line of collimation.” The small holes around the heads of p p admit the end of a small
steel pin or lever to turn them in case adjustment is necessary. Besides these four capstan-headed
screws, there are at the top and bottom of the telescope two other capstan-headed screws
(one of which is seen beside p); these latter are for mffi-un the two slides carrying the stadia
wires. It may be as well to state that, as the slides to which these wires are attached are moved
independently of thediaphragm carrying the ordinary horizontal and vertical cross-wires,
the stadia=wires can be at any time adjusted without fear of disturbing in the least any
of the adjustments of the ordinary cross-wires.

n—Capstan-headed nuts for adjusting the long-level bubble-tube D,

One end of this tube can be raised or lowered by means of these nuts n n, one of which must be
loosened before the other is tightened. - - - - — -

E. O.—Telescope.—X.—Axis of telescope. One end of the axis (at z) is armnﬁed with an
ad)ust-able block moved by a screw; this is for the adjustment of the cross=wires to the tracing
of a vertical line.——D.—Brass tube inclosing a sensitive glass level bubble.——L.—Screw
for raising or lowering compass-needle.——C.—Compass=box.—z.—Clamp for holding tele-
scope in any required position.——p.—Verniexr for reading horizontal limb or circle.
[his vernier is covered with a glass window. There is a second vernier opposite to this, but it
8 not shown.——e.—Clamp=screw for binding the two plates together. After such binding the
upper or vernier-plate can be moved very slowly by means of the tangent-screw b.—
y.—Clamp to lower socket.——H.—Clamp=screw to clamp y.—G.—Tangent-screws, or set
screws to clamp y.—S.—Large screw=cap to secure instrument to tripod.——r.—Capstan=
headed screws for rallhug or lowering the two levels M in adjusting. The curved piece
seen projecting over the level M at the front of the compass-plate is inteaded as a guard to protect
the glass level-bubble in M from accident.

1For explanation of other parts of the telescope, tripod, and instrument, see explan-
atory remarks under head of Leveling Instrument.
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taken on all parts of the circle; the * fertile principic of reversion” and its peculiar
merit of “ doubling the real error, thus making it twice as easy to perceive ” here,
. &8 in every other adjustment of the instrument, making each Eart prove itself.

It was mentioned among the points of a good transit that the horizontal limb
should have two oppogite verniers. Without these even the manufacturer himself
cannot (as explained above) be sure of the accuracy of his graduations; how-
ever, by taking a mean of two opposite readings, reversing and repeating, an
accurate angle can be taken even though there be an imperfect graduation.

One very rare cause of error of observation may be mentioned in speaking
of the reading and testing of graduations. We refer to those persons who, prob-
ably from some defect of the humors of the eye (not from advancing age), are
unable to read a vernier correctly. Extreme cases of this  personal aberra-
tion” are fortunately rarely met with ; the writer in fifteen yeary’ intercourse with
hundreds of Engineers has only met with two; in both of these, if a reading
was taken and noted by them, the vernier might be shifted two minutes to the
right or left, and these parties could ‘perceive no chan(fe in the reading,—and in
their field operations close readings of graduations had to be taken by assistants.
We do not here refer to the “difference of reading” of two persons, which under
the term of ‘‘personal equation” is calculated and allowed for in refined as-
tronomical ohservations.*

If the Engineer is satisfied that his graduations are correct, he need read but
one of his verniers, rendering the wirdow of the opposite one opaque (to_pre-
vent mistake by reading the wrong vernier) by dulling it with o1l, or pasting a
wafer on it. It is a good method, where two verniers are used, to have some
mode of designating them apart; our own mods is to engrave the letter A
upon one, B upon the other. The numbering of the degrees may be done
in several ways; our own method is to place on both the horizontal limb and
needle ring two rows, one behind the other, and each row of a different sized
figure, to prevent mistakes; one row in quadrants (0° to 90° each way), and the
other a continuous one or from 0° to 360°. What are known in the trade as
Surveyors’ Transits (a form which we never make), and sold cheaper than the
regular Engineers’ instruments, have but one vernier. The centres, etc., of this class
of instrument are not of a construction to admit of, or made as a general rule
accurate enough to allow of double verniers, and of course great accuracy cannot
be attained with such instruments. Those who purchase an instrument will find
it the best policy to procure one accurate enough for the best work they may
ever be called ugon to do, but only to work up to the full accuracy of their in-
strament when the character of the work may require it. As to the amount of
error of graduation found in the erdinary run of instruments, it ranges from one
to five minutes ;t some exceptional cases going even beyond this ; but these latter
were evidently caused br some disarrangement of the graduating engine, and

- could not have been overlooked had the instruments had opposite verniers.

As a minute of are causes an error of over 18 inches in a distance of a mile,
in no cass should the error of graduation be allowed to reach a minute. It ia
best in reading the graduations to hold the magnifier as near parallel over the
graduations as possible, move the heed slightly and notice whether the gradua-
tions seem to move; if they do, parallax is the cause; raise or lower the magnifier
until no movenient is seen. It is best not to use a magnifier with too high a
power; opne from two to three inches focal length is sufficiently powerful for gen-
eral use.  The spacing of the verniers should also be exact—that is, in a
minute vernier (reading a half degree plate) they should be precisely 29’ apart,—

® To show that this ¢ personal equation” is inborn and not the resnlt of inexperience,
we may nention the cases ot the two celebrated astronomionl observers Bessel and Stru
between whowm at one period of their lives it amounted to .8 of a secund, and at a later peri
to » full second.

T Much dissatisfaction with these instruments (Engineers’ Transits) was expressed by the
assistants ; their objections were these,—first, an eccentrioity or imperfeotion of graduation
of two minutes, more rarely three minutes, was frequently found in the reading of the ver-
niers of tha horizontal limbs, etc.—Extract from Report of Chief of Engineers, C. 8. A., te
the Sec. of War, House of Rep., pub. doo., 1873,
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one common error in verniers is the not spacing all the lines equal (i. ¢, some
being 28” 307/, others 28” 45’/ apart). One of the easiest methods to prove their
freedom from this defect is by setting the halfway line (15/) to-cut a line on the -
horizontal limb, and the other three 15 must cut (presuming that the vernierz
are double, and opposite, properly adjusted, and a truly graduated horizontal
limb).  Our own practice in adjusting Transits is to test our horizontal
limb with powerful microscopes, by opposite readings and * repeating rever-
gions ”’ on every part of the circle.

It also serves to keep the instrument in better order if the tripod head, with
its levelling screws, can be detached and packed away with the instrument proper.
In trave the tripod should have a cap to its head, and a ring to conl?ne the
legs. The adjustments will keep better if four india-rubber washers are screwed
at the corners of the bottom of the box, as these washers often absorb shocks
and prevent their reaching the instrument with so much force. Remember
also that the necessarily experienced frequent adjustment of an instrument,
more especially of the cross wires, is due not sb much to use as to the common
error of supposing that the tighter screws are forced, the firmer and more lasting
will be the adjustment. On the contrary, something must be strained, and every
change of temperature is then more liable to alter the adjustment.

The adjusting levers should be rather short than otherwise (say about 1%
inches) —Inasmuch as by using a long one too much force may be inadvertently
applied, and thus either snap a screw or overstrain sgome more delicate part of

e instrument; in fact, a brass wire would perhaps make the best adjusting pin,
as it would bend if undue pressure were applied. Another common error is
to place leather washers under the levelling-screws. This should never be done,
especially on a Levelling instrument, the leather being affected both by the
weather and by the pressure of the ends of the acrews. It is almost impossible
for an instrument with such leathers to retain precisely the same line of sight
even for a few moments.

The brass of which the instrument is made should not be ordinary yellow
brass, for several reasons—first, because the brass as it comes from the melting-

ot is too soft for use, and requires to be condensed with a hammer; and this-
ﬁammering can never be so equally done but that some parts will be more con-
densed than others, and unequal expansion aund contraction, and hence derange-
ments of adjustment at every change of temperature, are the results; second, the
zine which 18 a prominent part of the alloy of yellow brass will in time by mere
atmospheric exposure change the texture of the metal, so as to make it lose a
certain percentage of its cohesion.  Lockmakers and those who use thin brass
of this kind for springs well. know that if it is exposed to the weather for some
time it loses its cohesion, and breaks at the slightest pressure like pie-crust—in
their phrase becomes ‘‘rotten,” Of course this is almost an imperceptible
change, but some unaccountable variations of the adjustments of instruments
(the heavier, the more liable) can only be explained on this hypothesis. The.
proper metal for instruments is an alloy with little or no zine, and in density
at least as close as the best hammered brass ; hard *bell-metal” being the best.

A variafion plate is also sometimes added to the ordinary transit in the
manner of the variation plate of the ordinary Surveyors’ Compass, and for the
same purposc. This adds however to the weight of the instrument. Any
oontrivance for taking sights at a right angle to the telescope will be found
useful for offsetting. %Ve always add one to our complete transits.

The ordinary Plummets that are used with the transit to centre it over a stake
or point will also require examination, inasmuch as some of these, from cavities
in their interior (from defective casting), although apparently solid on the outside
will not hang plumb; and in nice operations may be an unsuspected cause of
error. The best method of testing these is while holding the string of the
plummet in the hand, to twist the string somewhat, and while the string is un-
twisting, to lower the point of the plummet into a basin of water; if the weight
j8 not truly distributed, and consequently the plummet not true, the eccentrie
wotion of the steel point will scatter the water.

As the defects ofp the telescope will be treated under that head, and those of
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the magnetic needle under “Surveyor’s Compass,” the reader is referred to those
art:cles. .

We here close the “ errors of workmanship” of the transit instrument; as to
the defects of the plan of their construction, and the methods devised for their
remedy, the reader will find this subject treated in detail in the paper from the
American Philosophical Journal, and in the exhaustive report of the Committee
of Civil Engineers, a little further on.

MINING TRANSIT.

A FULL DESCRIPTION OF OUR NEW TRANSIT, intended for mining purposes, will be
found in Prof. R. W. Raymond’s paper further on. Since that paper has been
written we have made several changes which render them more complete for
the purposes intended. Instead of a prism to the eye-piece, an extra telescope is
placed on the top of the axis of the regular telescope.. This top telescope swings
clear of the plates, and allows a vertical sight to be taken directly up or down a shait;
or any angle of elevation or depression to be taken too steep for the central telescope
to measure. This tele<cope makes the instrument similar to the * eccentric or German
Mining Transit,” with shis advantage over that form—that when a steep slope )s not
required 10 be measured it can be removed in a moment and packed away in the box,
and the central telescope used as usual. This top telescope is adjusted «o as to be
parallel with the central one. It is also so arranged that the long level and vertical
circle of the centre telescope can be used by the side one. :

As the proper reading of the graduations is one of the greatest troubles the
Mining Engineer has to encounter, we have devised two articles to facilitate
it. One is a small reflector that weighs 1} ounces;* the otheris a small attach-
ment to the transit tripod for ing a lamp on; this consists of a small table,
on which by a “ Cugnot’s joint” and double centre arrangement a lamp can be
placed in any position or angle that may be necessary.—This arrangement is
strong, compact and effective, only weighing 24 ounces, and can be packed away
in the transit box.

We also make a lamp weighing about 5 ounces, which is more compact than
the one ordinarily used; it is cresc2nt shaped on the interior to fit to the curve of
the observer’s hat, and a simple arrangement secures it there.—It can be quickly
detached and used either in the hand or on the table above mentioned.

Copper should always be the material of the Mining Engineer’s lamp, and this
copper should be tested as to its freedom from magnetic attraction. We now
furnish with our Plummet Lamps cases large enough to enclose a pair; a strap
on the outside of this case allows it to be carried over the shouider.—The ordinary
coal-oil such as is used for lamps is used ; the wick to be adjusted for use so that
the flame is about 1} inches high. . These last three (i. e., the Reflector for the
cross-wires, the Reflector for the graduations, and the Table) are also useful in
taking astronomical observations with the ordinary Transit, such as, deter-
mining the magnetic variation, the true meridian, etc.

TUNNEL TRANSITS.

The long Tunnels which have been built of late years, and the numerous
others that are contemplated or in the course of construction, have created an

#* Another invention of this firm ir a amall reflector attachment to a mine transit, to facili-
tate the reading of the angles. It is metallic, in shape the quadrant of a cylinder, and it has
8 bhase or support which doubles up with the oylinder when not in use, It is placed just be-
bind the vernier opening, and the light iz reflected down upon the vernier, thus aveiding the
soiling of the instrument with grease and smut, which occurs when holding the light over it,
end the reflector oan be removed when not in use.—Extract from the report of the committee

of visitation of the Polytechnio College to the establishment of Messrs. Heller & Brightly,
from the Polytechnic Bulletin, Nov., 1878,
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entirely new class of Transits, which to designate tbem are called Tunnel Tran
gits.—These leretofore have been nothing more than the bur and centre of an
ordinary Levelling Instrument, with standards high enough to allow of the re-
versing of the Telescope (which generally has been the ordinary 17-inch Level
Telescope) ; but our attention having been called to the detects of this mode of
construction, we have devised one that possesses all the accutacy of the As-
tronomical Transit.*—In a Tunnel Transit, the principal adjusteaent being that
of making the “line of collimation’ revolve in a truly vertical plane, the same
means employed in adjusting and testing the Astronomical Transit are also em-
ployed (i. e., the ends of the axis of the Telescope are cylindrical and resting on
small Y’s, to allow of its being taken out and reversed end for end. A sensitive
striding level is attached to the axis at right angles to the line of sight).

The Telescope should be as powerf%xl as possible, as very long sights are
necessary in this class ot woik.,

LEVELING INSTRUMENT.

A first class Leveling Instrument should possess the following qualities:
The Telescope should be J)owerful enough to read the face of a leveling rod di-
rect (i. e, without the aid of a target) at at least 800 fect—the object slide of
the Telescope (like that of the Transit) should slide in and out in a perfectly
straight line, so that the “line of collimation,” when in adjustment ior a long
distance, shall be correct for a short one.—The tests for proving the optical per-
formance of the Telescope will be treated under the head of Telescope.

The interior ox the glaes level tube should be ground to a regular curve, so
as to secure both accuracy and sensitiveness in the bubble; if the bubble, instead
of being cylindrical in bore, should be slightly funnel-chaped (which is very
apt to be the case without great care), it will be quite impossible to either adjust
or level with accuracy. is serious but common defect is no doubt the un-
suspected cause of much inaccurate leveling.

he tripod and head should be very firm, and the centre of gravity of the level
as near to the tripod head as possible.  The centre of the instrament should
be long, firm and well fitted to its socket, and not detachable from the instru-
ment proper.

Inasmuch as it iz difficult, on steep sideling ground, for either the rodman or
leveller to know whether the rod is held vertical, we always place marks on the
collar of the Telescope and inside of the Y’s; by observing if these are.in con-
tact, the leveller will be certain that when his instrument is leveled his vertical
hair is truly vertical, and this enables him to keep the rod vertical, unless the
rodman has a plummet or some contrivance similar to our “‘rod level.”

One form OP Level (one which we never use) that is liable to constantly lose
its adjustments unless great care is used is that in which the cone of the socket
enclosing the centre fits into a recess in the tripod head. If any flying dust settles
on this socket (which it is almost impossible to aveid), it will cause it to siick so
fast that to take the instrument from off the tripod requires a sudden shock up-
ward to release it from the recess; tLis shock of course cannot but be detri-
mental to the adjustmens.  The best plan, when this form of instrument is

#0n the eighth of December, Mr. Heller, of the firm of Heller & Brightly, by invitation,
brought their * Improved Tunnel Transit” to the college and exhibited it before the several
olasses. He gave a short account of the construction of an ordinary Transit and of Tunnel
Transite, and explained the adjustments requisite to prove their accuracy, after peinting out
the distinguiching featureg of their Tunnel Transit as compared with the ordinary style, the

rincipal of which Mr. Heller remarked having been suggested by J. Dutton Steele, E<q., and
Sm applied in practice to the Tunnel Transit uscd by Mr. Steele in the aligument of Nes-
quehoning Tunnel (Carbon Co. Penna.), . . . and that another one of these Transits was
now being ured by Robert H. Sayres, Esq., of the Enston and Amboy R. R. in aligning a
Tunnel on their road of over a milein length, . . . At the cloge of Mr. Heller’s remarks, the
Principal, after referring to the inorense of Tunnelling operations at the present day, and the
neceesity of all the defails connected therewith being olozely studied by the soholars, a vo'e
of thanks to Mr. Heller was moved and unanimously adopted.—~From the Polytechnic Bulletin,
Jsnuary, 1874,
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used, is to be careful before setting the instrument on the tripod to he sure that
both the outside of the socket and its recess are scrupulously clean: all the
above causes of instrumental error in levelling are well known to those who
make levelling a épecialty, especially to the “ Canal Engineer.””  The sudden
death of the late Ellwood Morris, ., prevented the completion of a work for
which he was pecuiiarly adapted, and 1or which he had been accumulating ma-
serial for many years, on ““ Leveling and Leveling Instruments.” Afterserving
as a member of the Committee of Civil Engineers appointed by the

Institute to examine our * Improved Transit,” Mr. Morris entered into a long
correspondence with us in reference to the defects of the ordinary Level, and the
removal of them, in which he alluded to all the above defects. In referring to
the above-mentioned defect of the object slide. not moving in a ltraith line,
he remarks: *“ One trouble I have frequently had—in the aberration caused by mov-
ing the tubes for short and long sights.—I once had a Level which I never could
make agree with itself in a transfer across a river, though I knew it was in
good adjustment at all points. . . . I have realized these defects from long ex-
perience and much anxiety, but am not enough of a mechanic to give the true
remedies. . . . I have said that good work has been done with modern Levels,
defective as they are, but it has been with a world of care and trouble on the
part of Assistant Engineers, who are very far from being stupid men.”

We were much struck, in our correspondence with Mr. Morris and others, to
learn what a diversity of opinion existed even among experts as tp what could
be called ‘““close leveling,”—Mr. Morris in one of his letters asserting, *I
have long ago made up my mind that no man can be considered a ¢ proficient
leveller’ who cannot run & line of levels in a circuit of 100 miles without
differing more than one-tenth of a foot upon his closing bench-mark.”  On
mentioning this test of proficiency in leveling to another practical engineer, he
retorts in this wise,—“I have just, with my new level that you furnished me. run
one line of levels about ten miles, and when I closed back on my bench to test my
work found an error of 0,07 ft.,—this is close work, but it would not be close
enough for your friend (Mr. Morris).—If any one should close on his bench
with an error 8o small as he would expect (¢ in 100 miles), I would say it was
simply an accident, and the several errors (rod errors and distant errors) had
in the aggregate balanced each other, and led him to suppose himself an expert.”

A third thinks that even Mr. Morris’s error is too large, aud that the leveling
rods that read to 755 of & foot do not read close enough, and that for his own
use he has had a rod divided so as to read by vernier to 1535 of a foot,—but as
the Leveling Instrument of this last expert, which he declared was in perfect
order and adjustment, was found, on trial by us, to be out of adjustment % of a
foot in 300 feet, perhaps his opinion may not carry much weight.

The result of four series of test levels in France, of from 45 to 140 miles
averaged a difference of {4 of a foot in 43 miles, and the greatest error was of
a foot in 56 miles; another series of test levels in Seotland of two sets of levels
of 26 miles was 0.02 of a foot.

If the instrument is a good ome, and in perfect adjustment, and used by a
competent person, the only two causes of error in leveling that can occur (ex-
eept by carelessness) are from what are called ‘““rod errors” and ‘‘distance
errors'—the “rod error” being caused by the assistant not holding the rod

recisely vertical,—the “distance error” by the curvature of the earth af-
l'ectinhg the result, when the *back” and “fore’ sights are of very unequal
ength. .

To counteract as much as possible these two causes of error, we have devised
for the first a *‘rod level "*—this * rod-level ” is also intended for seiting transit
““flag-poles " vertical, as well as “levelling rods.”

#* 4 We were alzo shown a spirit level for the use of rodmen. It is an ordinary disk-level
attached to an L-shaped piece of brass, a limb of the L extending downward, and at a right
angle with the level. By placing this limb aguninst the gide of the rod or flag-staff, and olasp-
ing it there, the rodman is enabled to know when his rod is vertical.”—Extract from
the report of the committee of visitation of the Polytechnio College to the establishment of
Messrs. Heller & Brightly, from the Polytechnic Bulletin, Nov., 1873. )
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For the distance errors, we place on the ““diaphragm,” or ring carrying the
prdinary cross-wires, two extra hairs,*—these we adjust so as to precisely take in
L foot of a rod placed at 100 feet distance from the instrument.—After taking the
level reading, the space on the rod enclosed by these hairs is also noted, and
the rod sent in the opposite direction until the hairs enclose the same space.—For
example, if the hairs inclose 3,5 feet on the rod, the rod is 850 feet away from
the instrument.—To avoid taking the wrong hair in the “level sight” the
‘“Stadia hairs” are placed vertical, and the telescope after taking the level
gight must be turned quarter around in the Y’s to read them.t

a recess on the inner edge of the ““clips” that confine the telescope in the
Y'’s, there is generally placed a piece of cork, or a spring to bind the telescope.—
When this cork, etc., fails to bind, either a new piece of cork must be substi-
tuted or paper placed between to clamp.—We have arranged our clips so that by
slightly tarning a milled head screw on their top the cork is forced out suffi-
ciently to again bind the telescope. ‘

In some level telescopes, it will be observed, while turning the telescope
in the Y’s, for the purpose of adjusting the cross-wires to the “line of collima-
tion,” that the object appears to move with the telescope.—The cause of this is
that the ohject glass is not well centred (:. e., the optical axis of the object
glass does not lie in the same line as the axis of the telescope tube); this is a
serious defect that can only be cured by substituting in whichever the defect
happens to egist a new glass or tube.} i

TELESCOPES.

A good Telesco%e should possess power, definition and light; and every
part sq%l]xld be made with the greatest care, so as to have as few adjustments
as possible.

}&s to the method by which we have doubled the power of our Telescopes
witho:lxt ‘i;ncreasing their length, the reader is referred to the articles on pages
25 and 26.

If two Telescopes are to be oom(}:uedé as to their power, definition and
light, they should be placed side by side, and looked through at the same time,3
in order that any atmospheric or local influence should affect both equally.  An
optician’s test, a watch dial, should be used ; the difference of magnifying power
between the two instruments can be seen by the apparent size of the dial; and if
in one Telescope the dial appears twice as large as in the other, this Telescope has
twice the magnifying power.—In the telescope through which the dial appears
brightest, the light is most abundant; and the sharpness of outline of the figures
and minute lines will give a good test of the definition. ‘

If the face of the dial appears sharp black and white, with no tinge of
color, and the image as sharp at the edge as at the centre of the field of view,
the chromatic and spherical aberrations are well corrected.—Besides the above
test (i. e., the brightness of image) for the amount of light passing thrcugh the
Telescope, let the two Telescopes stand side by side until twilight comes on; the
one which will show objects latest has practically the most liﬁ]lt.

Adequate magnifying power is the first requisite in a Telescope, not only
for viewing objects at a distance, but for the purpose of doing more accurate

# See article on Stadia meazurements.

1 These Stadia hairs will also be found useful as a means of measuring distances quickly
when “flying levels” are taken.

{ This “error of centring” muset not be confounded with the error of the line of collima~
tion not being the same * for long and short distances,” the first being eaused by a * defestive
object glass,” the gecond by a defective ¢ object slide or tube.”

8 The best time for telercopic observations is not when the sun is shining, as is generally
supposed ; on the contrary, a clear cloudy day, or when the sun is slightly obscured. Recollect
alao that the best right is always in a direction opposite to the sun (1. e., sighting to the west
in the morning, to the enst in the afternoon). A good background to the objeot will facilitate
the view (the sky is a very good one if it can be obtained): if none can be had naturally, im-
vrovise one of some neutral tint behind the object. This is specially needful in long ranges,
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LATE IMPROVEMENTS
PEOULIAR TO THE HELLER & BRIGHTLY LEVEL.

Agate bearings on the inside of the Y’s for telescope T to rest and turn upon.
There agate bearings do not allow the telescope to alter its adjustments so frequently as when the tele-
scope merely turns in brass. _

A ‘““gtop ” on the telescope, and a ‘¢ shifting-bar’” on the inside of each of the Y's.
When the stop and shifting-bar are brought into contact the vertical wire of the cross-wires is then
truly vertical, or will cut a ﬁumb-lim.

This avoids the necessity of setting the vertical wire vertical by means of sighting to the edge of &
building or 2 plummet-string, as is the case in the ordinary level.

K.—Attaching clamp, clump-ecrew—H. and tangent-screw b to the bar of the instrument, so that
they are carried around with the bar V F and telescope T, and therefore will always maintain the
same relative position. .

n.—At n there are two spiral springs pressing gen;I} against ivory bearings. These bearings
bind the telescope in its Y’s, thus avoiding the common use of cork, paper, etc.

The adjustment to the eye-piece (for focusing the cross-wires), dust-guard I to object-
slide of telescope, dust=guards f and g to the leveling~screws K, the ball-and-socket-motion
k to the leveling-screws, the improvements to the tripod-legs Q, are similar to those on the
Transit, and are fully described under the illustration of that instrument.

T.—Telescope.
Y.—Supports for tel pe. Called Y’s from their shape.
n.—Clips for confining telescope T in —Y )
s—Binding-pins. —
w.—Large capstan-headed nuts i;r raising Y up or down in adjusting.

b.—Tangent or slow-motion screw for movin?t:h_e bar and telescope. The tangent-screw
b has a device for overcoming all lost motion.
(8ee notes accompanying Transit illustration.)

h.—~Clamp=screw for binding the in:t}ument to its centre.

h—Finger-piece for moving the eye=piece (by means of a concealed rack ana ninion) to
the focus of the cross-wires at p.

Ordinarily, this focusing is accomplished by pushing the eye-piece out or in by hand; the rack-and-pinion
motion is, however, more simple and accurate.

For explanation of other parts of the telescope, tripod, and instrument, see explan-
atory notes under illustration of Transit.
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work at comparatively short distances, as the ease with which sights can be
taken and judged adds to the facility of the field work. = Besides the above
tests, after precise focussing of an object the slightest pushing in or dra

out of the object glass (by means of its milled Liead pinion) from the point o
distinct vision should render the image confused and indistinct, * for a Telesco!
that will admit of much motion in the sliding tube without affecting sensibly the
distinctness of vision will not define well at any point, for its object glass has
spherical aberration.”

The following test will show whether the glass is perfectl¥ achromatic (or
without color) : “focus on a bright object, such as a star, etc. ; alternately push in
and draw out the eye piece from the point of distinct vision, If in the former
case a ring of purpf; is formed around the edge, and in the latter a light green
swhich is the central color of the prismatic spectrum), the glass is acnromatic,
or these colors show that the extreme colors red and violet are corrected.” The
placing of diaphragms or stops within the object slide or body tube, so as
gractically to reduce the diameter of the object glass from § to 3, is a common

ut reprehensible practice, inasmuch as such diaphragms exclude light, so that
operations cannot be continued to as late an hour in the afternoon.

On examining the object glass head of our Telescopes, an index mark will
he found across the cell of the glass and the head of the slide.—The object of this
is, in ¢ase the object glass cell is ever taken out, that by seeing if' these marks
coincide when it is again screwed in, we may know that it is at the same place;
or that the glass has not gotten loose by transportation.

Defective centring of the object glass, and of ¢he lenses of the eye piece, and
crooked tubes are by no means uncommon.—These last defects, however, may be
‘concealed (except from experts) by screw adjustments (in the mauner of the web
diaphragm) of the eye piece and object glass.—These last, however, if the glasses
and tubes are Lrue, are unnecessary ; for if the object glass and the lenses of
the eye piece of a Telescope are pro%erly made and mounted, the tubes
pel_'fect:lg stx:.‘lght, the slides properly l:l;edﬁ the line of collimation (when
adjusted) must come in the centre of the fleld of view, and if it does not,
something must be wrong in some part of the Telescope, and any means of ad-
justment only conceals the evil.

One error of judgment is also sometimes made, and that is that the bore of
the Telescope tube itself is so small as to cut off considerable of the light from
the object glass.—Some Engineers prefer a small hole in the eye cap to sight
through, otﬁers a large one,—but they must recollect that the size of this hole,
as well as the size of the Telescope tube, is fixed by rule.

The ege-cap hole should always have a slide to cover it.—Both tbis and ths
cap on the object glassshould always be kept on when not in use. This is a point
that is almost universally neglected ; the cap as a general rule being lost within
a few weeks’ time; but if it is recollected that the fine polish of the objectglass
gives in a great measure the sharpness and brilliancy to the objcet,—which if
this polish is destroyed is also in a measure destro_ve!—more attention would be
bestowed on it. Any one who has looked through an old ship’s Telescope in which
the gi)li;l'l has been destroyed by constant wiping of the glasses may have ob~
served this.

If the object glass becomes dusty, brush it off with a fine camel’s-hair brush,
or a piece of soft, clean buckskin, linen or silk, taking care to use a fresh place on
tllxe lﬁuﬁkskin at every rub.  If the glasses become very dirty, wash them with
alcoho!

SURVEYOR'S COMPASS.

Ina iood surveyor’s compass the slits of the sights should be precisely in a
line with the two zero lines of the ring,—and these sights at right angles to
the main plate.—It should be as light as is consistent with strengti and steadi-
Dess, he magnetic needle is, however, the main point, and any one of the
following defects will prevent its free working—bad steel,—-too great heat in
forging,—~improper tempering or defective magnetism.
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‘We sometimes receive communications from parties wishing to make magnetie
needles,—the following will give them the information sought for.

The steel should be either of shear or the best cast steel, converted from
Bwedish Danemora irou (shear steel being the best, however).—If the needle is
forged into shape, care should be taken not to overheat it during that process.—
After filing and finishing into shape and length, it is to be hardened and tem-
&ered, aud it is this operation that is most liable to be improperly performed,—

e needle being so thin that it is apt to get too hot in places, and burnt steel
never magnetizes properly.

Our own method is to heat a crucible of lead to a cherry red color, and te
heat the needle therein, and when it is to the proper heat plunge it into water,—
‘the beauty of this method being that, even though the needle be allowed to re-
mailz; :}tl considerable time therein, it can never attain a greater heat than the lead
itself has,

After hardening, the needle should be tempered.—-A good rule for the degree
of hardness to which the steel is to be reduced is this: when the lengthgle:x-
ceeds thirty times the thickness, to temper to dark red, or red blue,—when
the length 1s under this, to leave them untempered.

etizing, two methods can be empluyed, first, by phssin% over each
end the opposite poles of a fixed magnet ; second, by a magnetic coil. If the
first mathod be the one employed, a thin film of oil on the needle during mag-
netizing will greatly increase the power; but the method that is most certain of
thoroughly magnetizing to ‘‘ saturation,” and with no possibility of ¢ different
polarities” being developed, is by passing the needle through a magnetic current.

To any one who wishes to make a coil for this purpose, the following hints may
be useful. A cylindrical coil of copper wire as thick as it is long,—this cylinder
to have a bore et}lual to its thickness, (the copper wire to be rather thick. Our own
coil is of ¢ inch thick wire).—The exciting power to be a voltaic apparatus
on “Groves’” principle (platina and zinc);—and the needle to be magnetized
passed up and down the interior of the copper cylinder.

fter being magnetized it is necessary to know if this has been done prop-
erly (i. e, if the latent magnetism of the needle has been fully developed, and
if this magnetism is permanent); to prove the first the needle should lift a cer-
tain amount of soft iron; (our own needles will lift ten times their weight).—-
Second, after noting the amount raised on first magnetizing, it should be tried,
after say a week’s time, and it should then have lost but little of its power.—It
must be recollected that a soft, untempered needle loses almost all its magnetism
within a comparatively short time, though at first it will develop as much, if not:
more than a tempered one.*

The pin and the cap on which the pin works, require a peculiar shape ;—the
centre of the cap to be at as obtuse an angle as possible, consistent with having a
proper centre, and this centre perfectly smooth ;—the centre pin to have a hard,
round, smooth point ; and this point with not too obtusean angle. Defects of these
two last, (cap and pin) are in eight cases out of ten the cause of the dull work-
ing of the needle.

ﬁ’o preserve the fine point of the centre pin from unnecessary wear or from
being accidentally broken off, never jolt nor carry the compass without being sure
that the needle is screwed off' the pin.—In using the needle, lower it carefully, so
that it gently rests, and does not fall upon the centre pin.

To prevent unnecessary wear of the centre pin, check the needle on first
letting it down at the mean of its swing (i.e., if the needle swings from say 0° to
80°, check it by raising it off the pin by means of its screw at 15°; gently let it
down again, and it will be within a few minutes of its proper settling place).

Never allow the needle to be played with by a knife or a piece of iron o1
steel, for two reasons ;—first, the instrument should never be made a plaything;
second, every near passing of a piece of iron or steel removes a portion of the

® If the reader wishes to investigate thoroughly the suhject of magnetism and magnetie
needles, he will find ample material in the works of Scoresby, Sabine, Brewster, or the Kacyo
Brittanioa, art. Magnetism. .
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saagnetism of the needle (almost the entire magnetism can be removed by a se-
ries of such passings). A needle should never (excepting for special purposes) be
more than six inches long, it being very difficult to magnetize properly beyond
this lengtk without developing different polarities on the same side of the nee-
dle. A five inch length is very good.

Be sure that nothing to attragt the needle is carried on the person in the
3hape of penknives, watch-chains, buttons, or iron rivets in the magnifier used
to read the graduations,  Of late years new causes of error from this have
arisen. The new watches in which the movements are made of nickel are al-
most a3 powerful in attracting the needle as if these movements were made of
iron. The felt hat-makers’ modern fashion of stiffening the rims of their
hats by inserting around the edge & small iron wire (the extra broad brimmed,
termed the military or Bucanside hat, should especially be tabooed) should
make the Surveyor examine both his hat and watch.

There is one source of error which even the manufacturer must have a special
apparatus to detect; and this apparatus is as essential a part of his equipment as
a lathe. This is a sencitive, mounted magnetic needle; and every piece of brass,
even of the smallest size, is tested by being brought near to this needle, in order
to see whether any magunetic attraction is concealed.  The brass-founder is
the one here in fault, as impure copper or the smallest piece of iron, such as a
tack, core wire, or stirring his melted crucible with an iron rod will engender thie
cause. These impurities, melting and diffusing throughout the brass, although im-

rceptible to the eye, are brought to notice by the searching influence of the

tneedle.  All the surveyors’ Compasses made before the last 80 years are
especially liable to error from this cause (those made by Rittenhouse are, how-
ever, notably free from it;)—and those who own any such should have them tried
by some maker’s “ test needle” to prove their freedom from it.

It would be a matter of surprise to some to know how many needle instra.
iralenlt.s are defective from this cause, and we will give one instance tha: occurred

tely.

An English Compass, venerable with age and the associations connected with
it, had been constantly used by a Surveyor for over 50 years, and by his father
before him. This Compass was held in such repute that all the farm lines in a
radiue of 100 miles hacf been established by it. In fact, the Surveyor and his
Compass were held in such veneration as to be called in to settle every land dis-
fmte in the neighborhood, and the judgment of the two was considered final. At

ast the old Surveyor died, and such was the desire of the surrounding land Sur-
veyors to possess this Compass that at the auction sale of his effects it was sold
for treble the price a new one could have been bought for.

The fortunate possessor brought it to us for cleaning and adjusting; and some
vagaries that took place in the adjusting induced us to give the Instrument a
thorough examination; and we found that this defect of *impure metal” was
present in such a marked degree that in turning the instrument on its centre it
was sufficient to draw the needle from its proper position from 10 minutes to
4° (in some spots 5°).* We are not surprised to hear, since the old Surveyor’s
death, that several lawsuits are in progress in this locality from land dis-
putes.

One common error of Surveyors is to choose a heavy needle; this is a mis.
take. A heavy needle soon wears out the fine point of the centre pin. The
superficial surface, and not the weight of the needle, determines the amount
of magnetism it is capable of receiving.

One simple effect has sometimes bothered the young Surveyor, His needle
will sometimes not traverse, but will persistently stick to the under side of the
glass; or one end at the lightest provocation would fly up to the glass and remain

-there. This is caused by the glass becoming charged with electrici'll:y (from rub-
bing against the clothing, or being rubbed by a silk handkerchief ). Touching the

* This unequal attraction is one of the worst features in this imperfection ; if the iron were
equally distributed throughout the metal, the attraction being equal, the needle would still
point true.
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npper part of the glass in several places with the moistened finger tip, or breathk’
ing on the glass, will remove the electricity.*

SOLAR TRANSIT AND COMPASS.

The Solar Compass, or Solar Transit, as ordinarily made, has the follow:
defeots :—first, it 18 very heavy and cumbersome; hard to get in adjustment, an
very liable to lose its adjustment; and the Solar apparatus, by occupying the
apper surface of the plates, prevents a Telescope being added in the manner of
an ordinary Transit.

The best method to prove the Solar apparatus is the following :—Two hours
before the sun culminates (10 A. M.) set up the instrument, level it carefully;
_with the latitude arc vernier set to the latitude of the place, and with the sun’s dec-
lination for that hour laid off on the declination arc, move the whole instrument
antil it is.in its mendian (. e, vntil the sun’s image comes between its lines) ; let
it stand until the sun is as much beyond its meridian as in the first observation it
was before it (2 P. M.); the 4 hours’ difference of declination are to be added or
subtracted (as the case may be) on the declination arc;—and if the sun’s image
still keeps between its silver lines, the polar axis of the instrument is parallel to
the earth’s polar axis; and the sun’s image on the silver plate will follow the sun
in its path during the day (allowance, however, being made for the refraction and
hourly difference of declination).

It 18, however, in very rare instances, that the instrument will stand the
above test, its polar axis being generally outof adjustment so much that the after-
noon’s observation will require it to be moved east or west of its meridian from
5’ to 457 (in some cases even more than this), to bring the sun’s image again be.
tween the lines on the silver plate. ~  If however, the instrument stands this test,
it only proves the truth of its Bolar a.p’g?rahu, and we must try whether the
Telescope or sights are placed by the maker on the true meridian.

The best metiod of testing this is with an ordinary Transit, and an observa-
tion of the North Star, to first establish a true meridian line; and after setting
up the Solar in the regular way, see whether the sii'hﬁs or cross hairs of Telescope
cut the same line. By this observation it can also be seen whether the magnetic
variation of the place agrees with the variation shown by the Solar Compass;
and if not, the movable arc of the needle box vernier can be shifted until it does so.

The successful addition of a Tclescope to the instrument has not heretofore
been accomplished. The inventor, Burt, after numerous attempts, contented
himself with placing a small inverting Telescope at the south end of the Compass
plate; but the necessarily small size of the Telescope, and the one-sided
weight that it added to the instrument, make this method an imperfect one.

Another method is to place a Telescope on the side, as in the “ German Min-
ing Transit;” but the side weight is also added to the instrument; the difficulty
of adjusting the line of collimation of the Telescope, and the line of right of
the telescope, and the centre of the instrument not being in the sameline, requir-
ing a constant of this “difference of centre” to be applied to every sight, pre-
vented it from becoming popular. .

The standards of the Telescope of an ordinary Transit have also been bent
outward, so as toallow the Telescope to reverse outside of theSolar apparatus—but
as long as the Solar apparatus remains on top of the plates no Telescope can be
successfully applied.

The first idea of the inventor, Burt, was to place the Solar apparatus be-
low the main plates, which would have solved all the trouble as to the Telescope ;
but as on experiment it was found that the lens, to form the sun’s image, must
have a gix inch focal length (and consequently a six inch bar), this wae
abandoned. :

We find that the Solar apparatus devised and patented by G. N. Saegmuller over-
comes all the above defects,—is more accurate, easier adjusted, and !{eeps its adjust-
ments better than any other form, and we have (1888) adopted it where a solar
apparatus is required.

* See also “‘an un ted source of error in magnetic needle readings of surveying instru
ments on page b of Centennial Engineering Facts.”"
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ON THE DEFECTS OF THE ORDINARY CHAIN AND STEEI
TAPE MEASURES, WITH AN ACCOUNT OF A NEW
MEASURING APPARATUS FOR STRAIGHT LINES.

Before mentioning a new measuring apparatus, it midght perhaps be best

to allude to those in common use, and the objections found to them in agtual
ractice. ' :

P The defeots of the ordinary chain are too well known for us to enter much

into detail—its weight, the unavoidable wearing of the points of contact of its

numerous links and rings,* the kinking and breaking of the links, etc.

The English steel ribbon tape is much more accurate, but it also has its
defects; firat, they are never precise United States standard length, it being our
practice, whenever we furnish one of these ateel tapes, to give its length as com-
pared with the true United States standard, and the state of the thermometer at
the time of trial. We have found that the 50 feet tape is generally from 134 to

, and the 100 feet from &5 to 135, of a foot too short (the 50 feet over } of an
nch, 100 feet } an inch, orin a mile more than 2 feet too short). The amounv of
error is small, and in a majority of cases would be of no consequence; but whera
accurate measurements are required would lead to error; second, the numercus
joints in their length, (every joint in a tape being a source of weakness and in-
accuracy) ;—their never being over 100 feet in length—(and in numerous cases,
such as measuring across bridge piers, rivers or marshes, in shafts of mines or
tunnels, etc., it is necessary to have a greater length than this)—their liability to
breaking, and lastly their cost. . .

Having had occasion to make a measure 500 feet long that should be light,
not easily broken, and very accurate, and not too expensive, we have devised a
tape that fulfils these conditions. We are now prepared to furnish these tapes of
any length, from 100 to 1000 feet, in one continuous ribbon—having no joint from
endtoend, and warranted precise United States standard in le Large brass
handles to unship at each end and a reel to wind the tape on are also furnished—
a8 to their weight, a 400 feet tape (without handles) weighs 2} pounds.

We are well aware that tapes of this material have been made before, but
for the following reasons have never been popular. First, no reels wera furnished
with them ; second, the steel ribbon, being of soft steel (not tempered), was liable
to alterations in length. (Our own tape stretches taut with a strain of a few
pounds, and after being taut allows of an extra strain even to breaking with-
out perceptibly altering the measure); third, the graduations and numbering
being scratched on the face of the tape itself, and the tape always breaki
at these marks in cold weather, or when the tape was kinked in the slightest.
To ﬁrevent this breaking, the graduations have been etched with acid on the face
of the tape, or the marks were placed on a thin layer of tin soldered on the tape.
But these marks were not legible enough, hard to find, and easy to eﬁ'acea—’l‘:n

#If each of the 300 points of contact of a 100 foot chain (eacﬁ link with its two ringy

having three points of contact) wears only the 3, of an inch, making 3 inchee difference ¥
the whole length.
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marking of our tape is by a device entirely our own. It is not upon the face ot
the tape itself, is very legible, and the tape is stronger at the graduations than at
ani ot.hir portion. a Bridge N liarly adapted—th

or Mining and Bridge purposes these tapes are peculiarly a —the
unshipping of the handles allowing the end handle to be taken olt)f after a
measurement, and the tape to be pulled forward with no handle to catch in
any obstruction. :

City work tapes for close measurements are not used, but what are termed
“Contact Rods” are adopted. These are rods of a certain length (10 feet being
the most commen), and are used in pairs; the two being joined together when
in use by a “clamp socket” in their centre; .or, after one is laid level, the second
is brought in contact with it: the first one is then removed, and also then broughs
in contact with the second one, and so continued.

These rods are usually made from some well-seasoned, straight-grained
wood, such as ash, cedar or pine, the wood protected from the weather by paint
or varnish, the ends shod with brass, and the whole length made very exact in
imﬁmmm. these Rods, that good ed, straigh

i ese our own experience is that , seasoned, straight-
rained white pine, of what is termed “f:ﬁed lumber?” (%. e., wood that has bgeen
oated to its place of destination in rafts), is to be preferred. The immersion in

the water for weeks washing all the sap from the timber, and thus too lessening
its liability to change.

STADIA OR MICROMETER MEASUREMENTS.

As considerable attention is now being bestowed on what are termed Stadia
or Micrometer measurements, and this method being almost the only one that can
be employed sometimes in such measurements as across rivers, inaccessible
morasses, meandering along rivers and streams, etc., we will give a brief account
of the means employed.

One method is this—first, carefully measure off say 100 feet on the ground,
place a levelling rod at this point, and note on the vertical circle of a Tran-
sit the angle passed over by the horizontal cross wire of the Telescope, in mov-
ing over one foot of the Rod; and from this as a constant, a table is made.
The second method is similar to the first, except that instead of reading on the
vertical circle, the space passed over by the Telescope is noted by observing the
number of revolutions and parts of revolutions of a tangent screw (by means
of a micrometer head), and using this as a constant.

In this last method the instrument must be very carefully used ; for if the tan-
gent screw has the least “lost motion ” or “ back lash,” or if the screw threads
wear unequally, the micrometer head will not measure correctly.

The first method is preferable to the screw; but the vertical circle should
be larger than usual, 8o as to allow of a vernier reading to less than minutes of
arc.  Both of these methods require, however, constant care in the observa-
tions, and after calculations to get the precise distance.  The United States
Coast Survey, who have given the greatest attention to Stadia measurements,
have adopt the two-hair method in their ¢ Plane Tal_)les.” This is th? one we

r, and is as follows:—beside the ordinary horizontal and vertical croes
airs, as Seen in the field of view of the Telescope, two extra horizontal hairs
are placed parallel with the central one, and equally distant on each side from it.

These two exira hairs are so placed that if a levelling rod is held 100 feet
from the telescope, they will enclose one foot of its length.
With this as a constant (1 foot in 100 feet), a table can be made,
and any distance that the Rod may be from the instrument
can be precisely measured by reading its face (i. e., if the
hairs take in 2% feet of a rod, the rod is just 250 feet away, 345,
310 feet, ete.).

Stadia measurements have not heretofore given as good re-
sults in this country as in Europe, for the simple reason that
(outside of the Coast Survey) the Telescopes have not had suffi-




4

STADIA OR MICROMETER MEASUREMENTS., 17

eiel::(rower to read the rod, with the closeness consistent with the accuracy re-
quired for this operation. Our new Telescopes, however, remedy this. ;
There is one fact in regard to Stadia measurements that is very little
known, even by those who are constantly employed in using it on Plane Tables
and other instruments; and which will account for many of the inaccuracies of
8Stadia measurements in close work. ' .

The starting point for the Stadia measurements is generally supposed to be
indiscriminately—either the centre of the instrument—the centre of the cross hairs
—or from a plumb line dropped in front of the object glass; and all three places
have their advocates. These are all wrong, however—the frecise le being &

oint as far in front of the object glass as is its focal length ;* for example,
if the focal length of the object glass is six inches,{ the starting point is a point
six inches forward of a plumb line dropped from the front of the object glass—
and if & measurement be required from one fixed point to another, place the in-
atrument back from the starting point this amount,}

A still better mode, however (where a transit is used), is to also measure from
the object glass to the centre of the axis of Telescope, and add this also to the
focal length of the glass, and all the measures will then be from the centre of the
instrument, bearing in mind, however, that this amount is a constant, and must be
added to the recorded Stadia reading at every sight or change of the instrument.
We will take, for example, one of the ordinary Transit Telescopes.—The object
;‘zrlass of six inch focal length, and the cross wires placed close up to the axis of

elescope, or about six inches from the object glass. In this case one foot must
be added to every Stadia sight (not to every 100 feet), to bring it to the centre
of instrument.  In cases where the sights are long, this small amount is of
no consequence ; but where a series of short sights are taken—for instance, in a
mine gangway-—one so tortuous that seven sights of 100 feet each are neces-
sary in that length, if the measurements are from the centre of the instrument,
and a Transit of the above description employed, if this “ constant of the focal
length of objective” is not allowed, there would be an error of 7 feet.

# [ the size of the ohjeot seen ihmugh the telescope be onlled # ; the distance from the ob-
ject to the centre of the ohjective a ; the rize of the conjugate image of the object, equal te
the distance apart of the two horizontal cross hairs, ¢; the distance of this image from the

1/‘4‘/"

eentre of the objective x ; and the focal iength of the objective /; then, e =Z; But the gen.
x ¢

eral formnula of foci of lenses gives & =1 --2. Therefore, a—f= 40; or a =-£— *+ /.
:

x
Practically, the distance a has commonly been reckoned so large that the small distance /' was
neglected, and the formula became @ = -‘:f s ; in which [ is & numerical coeflicient peculiar tc

D t

the instrument, and determined by observation once for ail. The distances, in that case, are
reckoned proportional to the space cut off on the rod, eounting from the centre of the instru-
ment, whereas they ought strictly to be counted from a point as far in front of the objective
glass ns the foral length of that lens.— Extract from paper on Telescopic Measurcments in
Surveying, by Benjamin Smith Lyman, Esq., in the Jowrnal of the Franklin Institute, April.
1868

t The focal length of any glass can be found close enough for this purpose by fecussigy .
the Telescope for an ordinary sight, and then with a foot rule measuring from the outside of
the object glass to the oapstan head adjusting sorews of the oross hairs,

3. I was much bothered at first about the difference between the results given by the instru.
ment and the tape, when the distance was small, say under 100 feet; I had assumed that the
space covered upon the rod was proportional to the distance from the centre of the instrument,
instead of a distance in front of the instrument, equal to the distance from the centre of Nae
instrament + the focal length of the object glass.— Engineering News, May, 1875.
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The diaphragm to which the slides for can'yin%’ the Stadia wires are at.
tached rettxires peculiar care in the workmanship, as the two slides to which the
two extra hairs are attached (for the two hairs ought to be adjustable, indepena-
ent of each other or of the ordinary cross hairs) must move firmly, truly ans!
smoothly, so that at any time the hairs can be adjusted with the ordinary adjusting
pin without disturbing the adjustmente of the ordinary cross wires.

In closing these remarks, it may be advisable to call attention to one cause
of instrumental error which sometimes comes under our notice. We refer te
cases where instruments injured by accident or worn by use are placed for re-
Fair in the hands of incompetent persons, or those who bave not the facilities
for properly repairing first-class work. This is not so uncommon as may be
supposed. One extreme case of it was recently brought to our own notice,
where a very costly and accurate instrument (made in Germany) was for ten years
classed as having an inaccurate graduation and an inferior Telescope ; when in
fact both faults were the result of ignorance in repairing the instrument.

The centre upon which the instrument turned I?ad originally been made in a
‘‘dead centre lathe ” (see page 4), but the repairer had replaced this centre (for
which change there was no occasion) with one turned on an inferior ordinary
lathe; and in attaching the new centre, it had drawn the horizontal limb to one
side in such a manner that the graduations were over seven minutes (7/) from
their true place; and moreover, in *‘improving ” (?) the telescope, the dia-
phragms in the eye piece had been altered from their true places, so as to cut off
over half of the light that should have passed through the Telescope. .

It is the best policy, where repairs may be needed, to put the instrumen
into competent hands; and if none such can be found in the immediate neigh-
borhood, the railroad Express system of the present day allows such to be readily
reached.* ee page 43, “ How to Send Instruments for Repairs, and Table of
Express Charges.”

#* In conclusion, we would state that if any gentleman who owns an instrument, and wishes
to compare its power, etc., with ours, will bring it to our office, we shall be happy to assist

him in doing so. We have a watch-dial placed at a sufficient distance from our room to sfford
a satisfactory test.

From the Monthly Report of Novelties in Science and the Arts, read by the Secretary
of the Franklin Institute, at the April meeting of the Institute (April 21, 1875.)

EUROPEAN DEMAND FOR AMERICAN ENGINEERING
INSTRUMENTS. .

In speaking a coni)le of meetings since of the foreign demand for Philadelphia
manufactures, the following additional iterns may be of iuterest in thia connection.
Messrs. Heller & Brightly, the Mathematical Instrument Makers of this city. have
recently received and are now filling heavy orders for Engineering Instruments (Tran-
sits and Levels) from Vienna, Germmany, and from Bristol, England. When it is re-
called to mind that up to within a comparatively recent dawe all the most accurate
instruments of this class have been imported from Europe, and that this is the first
instance known where instruments of this class have been imported into Germnn{ from
this country, this fact is deemed worthy of notice. Messrs. Heller & Brightly are
also now filling orders for Engineers’ Transits and Levels, ete., for the Imperial College
{Kaga Yashiki), Tokio, Japan, from Yokohama and Kokaido, Japan, and Hong
Kong, China. They have also recently shipped a number of their instruments to
Meigs, of South America, and have present orders for their instruments from Con-
ception, Chili, Havana, Cuba, Nacupai, Venezuela, and the Chimbote R. R., Pern.
Neither do our City Engineers go abroad for their instruments, as the Centennial
grounds and buildings (views of which were given at our last meeting), the Geological
Snrvey of the State of Pennsvlvania (now in process), the new Girard Avenue, Fair-
mount and South Street bridges, and the League Island Navy Yard, are all being laid
out by means of Instruments made by this firm.
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PAPER READ BEFORE THE AMERICAN PHILOSOPHICAL S0CL
ETY, MAY §, 1871, BY PROF. J. PETER LESLEY.
(From Journal Proceedings American Phil. Soc., Jan. to July, 1871.)

Heller and Brightly’'s New Transit.

The Engineers’ and Surveyors’ Transit, as at first constructed, commonly termed a
** flat centre,” or “Railroad Traneit,” although superior to the English Theodolite,
whick it superseded, yet in practice has been found defective in the wing mechan-
ical de}la‘.li]ls: | )

1st. The upper or vernier plate, resting, and turning upon the under or uated
1imb, was uccompanied by so much friction, caused b gth(?(l)talrge extent of thgmrﬂbbin
surfaces, that, in turning the vernier plate around the limb, the whole instrament woul
mometimes be moved upon the lower spindle. 2d. The oil that was necessarily used te
lubricate the plates, would becone so congealed in cold weather that the plates would
not move at all, and old Railroad Engineers will readily recall the thawing out of
tkeir instruments over large fires, at every fall of the thermometer, before they could
be used. 3d. The spindle upon which the entire instrument turns, being detached from
the instrament, thus violating one of the standard rules, that, by long experience in
this country and Europe, has been found necessary in the construction of any instru-
ment with any pretensions to accnracy, viz.: “any instrument having a graduated plate
and levels, should be so0 construcied that both of the centres upon which the instrument turns,
should be always covered and not detachable from the main plater.” 'To prove the utility of
this rule, it is only necessary, after adjusting the levels of one of this class of Transiis,
80 that they will reverse: on the top centre, to clamp the two plates together, and turn
the inetrument on the lower rpindle, and thc levels will invariably be found out of
adjustment, showing conclusively, that through some cause, most frequently the settling
of flying dust, etc., upon the surface and shoulder of the spindle, the spindie is not at
right angles to the surfaces of the platen. 4th. The centre around which the gradu-
ated limb revolves, can only be the thickness of the graduated limb; this centre, by
reason of its small surface, wears after comparatively short use, and does not exactly
fit the conical hole in the graduated limb: and 1wo readings of the same object taken
without any change in the position of the instrument, have been found to differ by 5/,
and from no other caure than this. )

These various defecta have cauxed this style of instrument to be entirely liscarded
in city work, and for this another construction is used, in which the two main plates do
not touch each other, thus obviating the two first evils, viz.: the friction of the two
plates rubbing one over the other, and the stiffuess of motion of the plates in cold
weather. The sockets and spindles upan which the main plates revolve, being long and
fitting one inside of the other, and neither of them being ¢xposed or detached from the
instrument, thus remedying the two Inst canses of error. These two are the only stvles
of Transit made, and are rerpectively ternied the “&hort centre Transit” and the “long
centre Transit”” The “long centre,” althongh the most perfect in its construction, has
never been a favorite among Railroad Engineers for the following reasons:

1at. The increased rize of the centres making it heavier, and this being a very serious
objection where an instrument must be carried several miles every day, as is frequent
in Railroad snurveys, 2d. The instrument not being detached from the tripod, except
at the base, compelled the Engineer in moving the instrument from one station tg
snother, to either carry the entire instrument himself, or trust it to his assistant; while
in the rhort centre, the instrument lifting off the spindle, the Engineer could take the
eomparatively light instrument, with all the important parts, and leave his assistant t¢
earry the heavier portion of the tripod, with its leveling screws, legs, etc. 3d. The
removing and replacing of the instrument on the tripod, being accomplished by meank
of a large screw thread, is a very tedious and unsafe method, and if not very carefully
performed, is liable to injure the instrument. 4th. The extra ekill, time and care
required in making the long centre, was 80 much greater than the flat centre, that the
price of the instrument was materially increased. .

Ever aince the introduction of the Transit, numerous endeavors have heen made to
reduce the weight of the instrument, but as they have all been conducted on the same
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principle—i. e., reducing the thickness of the various plates, etc.—their only effect was
to make the instrument so slight as to be unsteady, their bearing surfaces o short as to
roon wear loose, and the instrument always losing its adjustment. The manufactureas
of this instrument have had their attention drawn to the increased strength and steadi-
ness that the employment of the “ transverse section,” “ribbing or bracing,” imparted
to metals; and the amount of metal that could be removed from a solid plate of metal,
and its strength and steadiness not impaired, but even added to, if only judicious rib
bing was resorted to. In this improved Transit, which is a long centre, the weight as
compared with an ordinary Transit of the same xize, is reduced one-half, and th>
instrument is not contracted in any part,but in ~ome parts, where increased size would
be an advantage, such as the graduated plate, centre, etc., it has been done, but all the
plates, etc., are ribbed in such a way, as to be stronger than a solid plate, and all metal
that did not impart either strength or steadiness has been removed. :

The Railroad Engineer has in this instrument,a long centre Transit that can be
taken from off the tripod and replaced in a gnicker and surer way than the short centre
Transit, but, unlike the short centre, keeps all the centres covered and not removable
from the instrument, and leaves the tripod head and legs with the four levelling screws,
etc., to be carried by his assistant. The difference in weight will be appreciated by
the Railroad Engineer, when we inform him that a plain Transit, with alr its centres,
etc., only weighs about as much as a Surveyor’s Sight Compass; and is more steady
and keeps in adjustment better than the ordinary long centre Transit, weighing from
twenty-five to thirty pounds.

The City Engineer has in this instrument all the advantages of the ordinary “long
centre Transit” with only half the weight, and an increase of steadiness.

There are several defects that are common to all Transits, among which are—

1st. The “tangent or slow motion screw” that moves the upper or vernier plate, by
use becomes worn, and does not fit precisely the thread in the interior of the nut
through which it passes. When this occurs, the tangent screw can be turned sometimes
a complete revolution without moving the vernier plate. This “lost motion” or “back
lash” of the tangent, is one of the worst annoyances of Engineers, and has been the
source of serious errors in the field. Several methods have been devised to overcome
this, which we will here describe. The nut through which the screw works has been
made in two sections, to allow of being drawn together when the screw wears. This
plan would answer if the screw always wore eqnally in every portion of its length—in
other words, was a cylinder—hnt this it never does; and if the nut is tightened so that
the lost motion is removed from the thinner portion of the screw, it will move so tightly
as to be useless when it comes to the portions that are not worn so thin. There are
several methods of drawing the nut together, but they have all the same objections as
the above—that is, they are not effective in the entire length, and the nut must be
pressed so very hard on the screw as to make the working of the tangent very tense,
especially in cold weather. Another and the last method has been to apply s long
epiral spring between the nat and the head of the screw that acts as the finger-piece,
thus pressing the nut and the screw from each other, and consequently removing all
“Jost motion” from the screw. This plan, though in theory very good, in practice has
been found inoperative, for the following reason: the spiral spring had of necessity to
be made long enough, and stiff enough, to act in every portion of the screw’s length,
the alternate opening and closing of the spring by use weakened it, and in a short time
it failed to remove the “back play.” To get rid of this defect of * lost motion” in the
tangent screw, opposing or bhutting screws have been sometimes substituted, but in use
they do not give satisfaction, as two hands must be employed in using them, and stand-
ing from the edge of the plate, they are lialle to be injured by blows, and they are apt,
unless very carefully nses. to throw the instrument out of level.

In this instrument we have an improved tangent screw, that, no matter how much
the screw may wear by use or time, will never get “lost motion,” but will instantly
obey the slightest touch of the hand: this is effected by means of a long cylinder nut,
trom the interior of which two-thirds of the screw have been removed; into half the
recess thus left in the nut, iz nicely fitted a cylindrical “follower,” with the same length
of screw thread as the nut ; this follower is fitted with a “key,” that prevents it turning
in the recess, but allows motion in the direction of its length. A strong spiral spring
iz placed in the remaining half of the recews, between the fixed nut and the movable
follower, and the s‘rring has alwayvs tension enough to force the follower and fixed
thread in contrary directions, and thus to remove any “lost motion” that may occur in
the screw. It will he observed that in this method, the spring always remains in a
state of rest, instead of closing and opening, as has been the case in all other applica
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tions of springs, and which have been the cause of their failure. Tangent screws that
have had as much as 10/ play have been made to work entirely taut by this method.
The mode of attaching the tangent screw to the plates in this instrument is entirely
new; it is a ministure modification of the “ Gimbelling” of a ship’s compuss, and
allows the tangent screw, by its free swivelling, to be tangent to the plates in every part
of its length, and thus never to bind. This tangent screw is also of value for sextants,
astronomical instruments, etc., where “lost motion” is detrimnental, and a smooth, easy
motion is required. In all instruments the brass cheeks in which the three legs of the
tripod play are fastened to the lower parallel plate by a number of small screws, com-
monly twelve. When the legs wear in the cheeks and become unsteady, the only
method the Engineer has of tightening the legs is by drawing the cheeks in which the
leg moves by means of the bolt that passes through the leg; this of necessity draws
the cheeks out of perpendicularity, and strains the small screws that bind the cheeks
to the parallel plate so much as frequently to loosen them. This source of instrumental
error hardly, if ever, occurs to the Engineer, but very good instruments have been
condemned as unsteady, when an examination has shown the faunlt to be the above.
This source of error can never occur in this instrument, as'the cheeks and the parallel
plate are made in one solid piece. But to come to the last and most serious evil. The
effective power of the Telescope is impaired by spherical aberration ; that is, the field
of view, as seen in the Telescope, is not a perfect plane or flat, but is spherical. To
prove this, take an ordinary telescope and focus it so that an object will be clearly
defined at the intersection of the cross hairs or the centre of the field of view; then,
by means of the tangent screw, bring the rame object to the edge of the field of view,
and it will be found in every case to be indistinct and not in focus; on the contrary,
focus it 80 as to be distinct at the edge, and it will be indistinct when brought to the
centre. In some telescopes, however, it is impossible to focus at the outer efge of the
field, and objects will be tinged with prismatic colors, showing that these glasses are
affected by chromatic aberration also; sometimer the cause of this defect lies in the
object glass, but in the majority of cases the lenses composing the eye-piece are in fault.
hese aberrations affect the working of the telescope In several ways. First, it
sractically diminishes the size of -the object glass, and the view is never so clear and

istinct as it ought to be. Second, it is very difficult, and in some cases almost im

sible, to adjust the eye-piece to prevent parallax, or “travelling” of the croes wires,
when the eye is shifted from side to side; and practical Engineers know what a sharper
power of defining and how much less trying to the eyes a “soft glass’ has—that is,
one that has a “fiat field.”” This defect has prevented the general use of the Stadia, or
Micrometer wires, a3 a method of measuring distances without a chain, as the two
horizontal hairs that are used, being in different parts of the field of view, cannot, in a
majority of cases, be focussed 80 as to be devoid of parallax, and the slightest travelling
of the wires in this operation will give an erroneous result. The evils of this detect
were most forcibly brought to Mr. Heller and the late Wm. J. Young’s notice when
one of their best Transits failed to define in tunnel work, from loss of light, from this
cause; and they both endeavored, to within a short time of Mr. Young’s death, to
remedy it, trying all the known formule of almost all the opticians in the country, but
without any good results. In the Telescope of this instrument these evils are entirely
removed by the employment of a new eye-piece, and advantage has been taken of the
improvements that Optics have made in the last few years in the curvatures and
arrangements of the lenses that compose it; and the test referred to above, of focussing
an object in the centre of the field of view and then bringing the same object to the
edge, and it still remaining in sharp focus, can be done with this telescope, and the
object shows no tinge of prismatic color, showing that both chromatic and spherical
aberration have been removed.

The advantages of this improved Telescope .are: a clear and sharply defined field
of view; a field of view so flat that the cross hairs are without parallax in every part
of it, and micrometer hairs or Stadia can be used with favorable results. The whole
effective power of the object glass being used and none of the light lost, work can be
commenced earlier in the morning and continued later in the afternoon than is usual.
This, in the winter season, is no slight matter to the engineer; and lastly, there is no
" straining of the eyes in sighting. The spider’s web, by reason of its fineness, is the
ouly article hitherto used for cross hairs, yet in use these have been attended with some
difficulties: first, the spider’s web is hygrometric, or is affected by the humidity of the
atmosphere—when e: to dampness lengthening, and of course throwing the line
of collimation from its true place. This defect is more serious in the Engineers
Levelling Instrument than in the Transit, instances being known where the line of
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collimation has altered two or three times in the course of ten hours by reason of
atmospheric changes, and of course any observation taken at those times would be
defective ; lastly, the spider’s web being a transparent and not an opaque substance,
in some positions it is impossible to see the hairs at all: this is more especially the case -
when sighting in the direction of the sun—that is, an easterly course in the forenoon,
or westerly in. the afternoon. To remedy this defect, platina cross hairs yyyy of an
inch in thickness, or as fine as spiders’ web, are substituted ; these being opaque, a
not transparent, in sightiog in the direction of -the sun are still visible, and any atmo-
spheric changes, dampness, etc., do not affect them. They believe that they are the
first ones in this country who have drawn wire so thin, and the only ones who have
made any practical use of Dr. Wollaston’s experiment. . The platina hairs are invalu-
able in Mining and Tunnelling Instruments, that are so constantly exposed to damp-
ness, and being opaque, no reflector to illuminate the cross wires is required.

To prevent the stiffuess of working of the levelling, tangent and other screws in cold
weather, which arises from the congedling of the grease that is used in lubricating
them, no oil is used upon the screws of this instrument, but they are lubricated with
pure plumbago.

By a simple arrangement of the clamps on the axle of their complete Transits, they
make them also answer the purpose of a pair of Compass sights, for taking offsets at
right angles to the telescope.

From the above, it will be seen that this instrument has the following improvements
over the ordinary Transit: 1. A simple, secure and steady method of attaching and
detaching from the tripod, being the only long. centre transit made that detaches as
easily as a short centre. 2. An important decrease of weight, without decrease of size,
and an increase of steadiness. 3. All the working parts of the tangent screw, etc.,
brought within the plates, making the instrument more compact. 4. An improved
tangent screw, telescope, croes hairs and tripod head. 5. A pair of sights for taking
offsets ; and 6. A new method of lubricating the screws.

REPORT OF COMMITTEE OF CIVIL ENGINEERS APPOINTED BY
THE FRANKLIN INSTITUTE TO EXAMINE A NEW TRANSIT
INSTRUMENT.

No. 863. HaLL oF THE FRANKUIN IN
Philadelphia, December 18, 1871.

The Committee on Science and the Arts constituted by the Franklin Institute of the
Btate of Pennsylvania for the promotion of the Mechanic Arts, to whom was referred
for examination the Transit instrument made by Messrs. Heller & Brightly, of No. 38

N. Seventh Street, Philadelphia,
REPORT

That the instrument exhibits the best of workmanship, and combines several novelties
of construction which, in the opinion of the Committee, render it superior to those
pow in common use. Among these novelties are, 1st. A great reduction of weight,
without any loss of strength or steadiness. 2d. An improved method of attaching
and detaching the instrument to and from the tripod head. 3d. All the working parts
of the tangent-screw, ete., are brought within the circumference of the plates, thus
diminishing liability to injury, and at the same time making the instrument more com-
pact. 4th. An improved tangent-screw. 5th. Cross-wires of platina instead of spiders’
web. 6th. A pair of sights placed in the standards, by means of which a right angle
can at all times be laid off from the line of the telescope; this is very useful for
iaking offsets from the line of survey. 7th. An improved telescope. 8th. A shifting
or extension tripod leg, for use in mining or other contracted workings. 9th. The
brass cheeks for the 1egs and the tripod head are cast in one piece. 10th. An improved
Jubricator for the screws. R R

The following is a detailed description of the above-enumerated improvements :

First. The weight i reduced to about one-half that of an instrument of the same
size, made in the usnal way, by ribbing and bracing the plates, etc.; and all metal that
does not impart either strength or steadiness is removed, the &z of the instrument not
being reduced thereby in any part.
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Becond. The method of attaching the instrument to and detaching it from the tripod
head is as follows: The upper parallel plate of the tripod head has two (2} fixed and
ene (1) movable lug on its upper rurface. These three (3) lugs are placed equidistant
from each other. There is also a flange on the exterior of the socket which encloses
the centres. Three (3) recesses on the edge of this flange allow the flange itself, to lie
on the parallel plate and to enclose the lugs. The whole instrument is now turned
antil the lugs are outside of the recesses, amg.l the whole 18 then clamped by the milled
thead-screw of the movable lug. By this process a three- (8) pointed clamp is obtained.
A forked guide-piece fitting into a groove in the clamp-screw and traveling with it pre-
wents its being screwed out and lost.

Third. An examination of the instrument renders this third point so obvious as to

require no explanation.

. Fourth. The tangent-screw is constructed so as to overcome all lost motion in the
following manner: A long cylindrical nut has two-thirds of its screw-thread rvmoved.
In one-half of the recess thus formed is fitted a cylindrical follower, with a key which
prevents its rotation, but permits it to move forward or back. A spiral spring is i)hwed
in the other half of the recess, the tension of which forees the fixed thread and follower
in contrary directions. :

Fifth. The platina cross-wires (1¢s5 of an inch in thickness, or as thin as ordinary
spiders’ web) prevent the sagging which the spiders’ web undergoes from dampness,

ot being transparent, they can ge easily seen when sighting toward < lifht. This is
an advantage wﬁen looking toward the sun, or when locating a meridian line by means
of the North star. : '

Sixth. A pair of right-angle rights is obtained in the following way : The slits in
the clamps on the axis of the telescope are extended downward 8o us to reach almost
to the bottom of the clamps, and in these slita the sighting-holes are made. The slits
are then adjusted by the inaker to cut a right angle, and index marks are'then made on
the clamps and standards. By bringing the index marks to coincide, an accurate sight
at right angles to the telescope is had. -

Seventh. The curvatures and distances of the lenses composing the eye-pieve are so
arranged as to overcome all spherical and chromatic aberration in the telescope. The
spherical aberration of the ordinary telescope has prevented satisfactory results from

tadia measurements. _

Eighth. The shifiing tripod leg has a play of from three (3) to five (5) feet. Ttis
composed of two (2) semi-circular cylinders, sliding one on the other on their plane
surfaces, as in a levelling-rod, and clamping in any position. This leg dispenses with
eccentrics, and will slide easily and clamp well, even if the wood of the halves be
swollen or warped.

Ninth. Having the tripod head and the cheeks for the legs in one piece prevents
t::e }mssibility of any unsteadiness from the loosening of the cheeks from tightening
the legs.

Tenth. Pure plumbago is used as a lubricator for all the screws, preventing hard
working in cold weather.

The side adjustment on the standard, by which one end of the axis of the telescope
may be raised or lowered in order to make the vertical hair lie in a vertical plane
through the axis, and the nice balancing of the telescope upon its centre of gravity, are
also noticed as very important features in engineers’ transits. There is, however, no
claim to novelty in the application of these principles. . .

The ribbing of the instrument is judiciously placed, and the metal of which all
castings are made is bell, instead of the ordinary brass. The Committee see no reason
why it should not keep its adtj,ustments and maintain its steadiness at least as well as
any other. To solve all doubts, however, on this subject, letters were addressed to two
engineers who had been using the transits of Messrs, Heller & Brightly almost daily
for six (6) months. Both were engaged in operations requiring the best instruments—
viz., one in city street locations, and one in a tunnel nearly four thousand feet in length
The answers of both were ratisfactory in the highest degree, pronouncing said instru.
ments superior to any they had ever nsed.

The subatitntion of platina wire for spiders’ web was found to be especially advan-
tageous in tunnel work, by contributing in an appreciable degree to the accuracy so
necessary in that kind of work or in ‘mining.

In conclusion, the Commitiee express themselves highly pleased with the instru-
ments of Messrs, Heller & Brightly, and coneider it but a simple act of justice to these
fentlemen to say that, in its opinion, the deviations which.they have made from the
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common styles of transit are decided improvements. It may not be amiss to add that
their instruments cost no more than those of the ordinary style of our best makers.

JoHN C. TRAUTWINE, Chairman.
CHARLES 8. CLOSE,
< Lewis M. Houer,
SAMUEL I. SMEDLEY,
ELLwooDp MoORRIs.
By order of the Committee.
D. S. HoLMAN, Actuary.

The following are the two letters of inquiry referred to by the Franklin Insti-
tute Committee in their report. The letters to which these are the answers had,
among other inquiries, the following :—Is the instrument steady? Does it keep

ts ad us;ment? if not, how frequently has it been adjusted since you first re-
ceived it

BURLINGTON, N. J., October 28, 1871.
Messrs. HELLER & BRIGHTLY, PHILADELPHIA :

GENTLEMEN :—Your inquiries regarding the Transit purchased of you last
spring is at hand.

I am happy to say that when put to test of unremitting use for several mouths
with constant and critical examination during the entire period for the discovery
of faults that are ordinarily supposed to exist, I have not been able to detect
anything amiss,

ides using the Transit for the customary purposes of a general practice, I
have employed it in the careful reorganization and rectification of the Surveys
of our city, and the preparution of a strictly accurate Atlas, similar to that which
is in use in the Survey Department of Philadelphia; and in two very essential
respects I have found it superior to any other that I have ever known; 1 refer to
stability and permanance of adjustment.

I have frequently left it standing in one position for hours, and on my return
found the telescope maintaining the same line with entire exactness ; and in point
of adjustment, it is as correct and reliable to-day as it was after the searchiug ex-
amination you gave it in my presence on the day of its delivery to me.

The graduation of the plates is exceedingly accurate, and in that respect my
Transit is superior to the majority of those in common use; in fact, the results
obtained from its use have been such that. had they not been frequeutly re-
peated with equal success, should have been attributed to chance.

The needle, too, is excellent in all the essential particulars of straightness,
correct centring and magnetic power. In perhaps a hundred readings of an-

les by the needle as compared with the readings of the vernier, in no one has
%he difference amounted to more than three minutes. .
I am yours, etc., H. S. HAINES.

OFFICE OF THE LERIGH COAL AND NAVIGATION COMPANY,
NESQUEHONING TUNNEL, PA., Novemoer 1, 1871,
MeEssrs. HELLER & BRIGATLY, PHILA.:

DEAR SIR:—Your favor of 28th ult., inquiring about the instrument made for
use on this work, is received. .

The instrument has proven entirely satisfactory in every respect;—it is per-
fectly steady—it keeps its adjustment admirably, it not having been touched in
this respect gince it came from your sbog, and is now perfectly correct.

The platina hairs have never shown the least indication of sagging from the
moisture of inside work; and they are the only hairs that we bave not had
trouble with in this respect;—the instrument has frequently been in the damp-
ness of a Tunnel for hours at a time. . . .

We were enabled to bring our lines together with your instrument with a lat-
eral variation of 1} inches in a Tunnel 8800 feet long.

We have found another great advantage in the use of the platina: namely,
that when the light is reflected on them by a lamp, instead of the indistinct line
which the spider web gives, we have a clearly defined black mark. .

Yours, etc., Taos. C. STEELE, Engineer.
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HELLER & BRIGRILY'S INPROVED TELESCOPE.
( From the editorial columus of the U. 8. Railroad and Mining Register, Jan. 10, 1874.}

Improved Transit Telescope.

Eeary improvement in engineering instruments ir of consequence; and the very
great increase of power guined by Messars. Heller & Brightly in their new telescope, as
described in their letter and accompanying circulars given below, is of sufficient import-
ance to attract the immediate attention of every engineer:

PHILADELPHIA, January 7, 1874,
Eduor U. 8. R. R. and Mining Register :

DEeAR Sir:—Having just brought to a successful conclusion a series of wptical
experiments, having for their object the increasing the power aund range of the ordinary
telescope, and knowing the interest you take in any improvement of field instruments,
we enclose you the results we have arrived at. An ordinary Transit Telescope, 10
inches long, magnifies 12 diameters; an ordinary Level Telescope, 17 inches long,
magnifies 25 dinmeters. Without any increase of length, our new Transit Telescope
magnifies 28, and the new Level 48 diameters—in other words, without any increase
of length, we give the Transit Telescope more power than a regular Level Telescope
has. e have lately furnished the Survey Depurtment of Philadelphia with a Transit
for nse at the “ new South Street Bridge,” and the engirieer in charge there has been
making some testa of the power and range of the new telescope as compared with
another very good telescope made in the ordinary way. A copy of his letter we enclose
While making the tests the instruments were placed side by side and seen througl,
at the same time, in order that any atmospheric unfavorableness should affect both
e?ually. We think, however, that the first test should read, “set a } inch flag” (instead
of %), as the } inch white space was the object sighted at, and the black only markin
the boundaries of the white. As to the extreme range of the telescope, the encl
extract from the Fairmount Park Engineers, may give some idea. Yours, &c.,

HELLER & BRIGHTLY, 33 North Seventh Street.

[copy.] '

ENGINEERS' OFFICE, S80UTH STREVT BRIDGE,
. . PHILADELPHIA, December 22, 1873,
DeaAr ME. HELLER :—I have just finished some very satisfactory tests of the new

Transit you lately sent me—and knowing that a statement of the resnlts wonld be as

fmlifying to you as it was to me, I send it to you in detail. The Transit with which
compared the power of yours, was made by the late Wm. J. Young, for Strickland

Kneass, Exq., when the latter was Cnief Engineer and Surveyor of the city, the instru.

ment is considered a very good one of its‘kind: :

Set a flag, 3{ inch wide, acecurately.......... ...... w. ;I5b¥${."g' He}};{saregr.lghUy.

Could just see hands on a watoch—v 212 feet, et
Read time within one minute ...180 feet. 1588 foot

2et, 988 fee

The “flag” test was on a target made of paper, with three } inch stripes, tw':) blact
and a centre one of white. This target was sent off nuntil the white stripe was just
barely discernible. The watch nsed was a * Tobias” make, 1§ inch diameter of dial,
face white, and hands 1-50th of an inch wide at ends. On the first “watch” test, it
was sent off until I could merely tell that there were hands on the dial. At the recond
test I read the time within about one minute. The length of telescope in the Young
Tr.ansit is 10.8 inches, and in yours 10.7 inches when both are focussed on the rame
object. Yours, &e., D. M. STAUFFER.

[EXTRACT.]
FAIRMOUNT PARK, December 6, 1878,
Messre. HELLER & BRIGRTLY :—At your request I tested the power and range of
your new telescope. On account of the haziness of the atmorphere the dny was
unfavorable. As to range, from sights taken at Falls of Sclnn:yl[:ill in direction of
Conshohocken, I could see and iocate a iiag staff at abont seven miles.
. THOMAS G. JANVIER,
Assistant Engineer, Fairmount Park.
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As the following letter from the editorial columns of the Railroad and Mining
Register gives the manner by which we have increased the power of our Tele-
scopes, we give it in full. Itis in answer to a correspondent who, seeing the
abuve article giving the comparative tests of our new Telescope as compared
with an ordinary one, asks for information on some points mentioned in it that
were not perfectly clear to him.

First, not knowing the means by which we increased our power, he of couvse
imagined that we used the old “regular formula,” such as had been used and
abandoned for high powers years ago; inquiry is also made, whether the “ Kneass
Transit” was a fair sample of the ordinary Telescope ; and if the powers of the
regular Telescope, as made at present, might not be sufficient for ordinary pur-
poses. The correspondent was also under the impression that the magnifying
power of an ordinary Telescope was somewhat higher than we had stated. The
correspondent not taking into consideration that the day of trial was one of the
shortest and darkest of the whole year (December 22), thought very naturally
that the flag might have been seen at a greater distance than it was (1535 feet) ;
sel:iing :‘t:gt time was read on a.watch-dial at 983 feet. Mr. Stauffers letter ex-
plains this,

(From the editorial columns of the “ United States Railroad and Mining Register” for
January 31, 1874.)

To the Editor of the U. S. R. R. & Mining Register :

DEAR Sik :—The correspondence in your issue of the 17th inet., criticising the tests
and reeults of the trial of our “new Transit Telescope,” calls for some notice from us.
The complaint of want of power in the glases of field instruments is no new thing,
when Richard B. Qsborne, Eﬂ., some years since endeavored to introduce the American
form of Tranait into England, the want of power i the telescope was the principal
objection urged against it (the European telescopes of the rame length being much
more poweriul than those used in this country, from the fact that the “inverting”
telescope is almost exclusively used there). Our Mr. Heller, who for fifteen years
continvovsly was conoected with the late Wm. J. Young in business (for a ter

rtion of it as a partner, under the firm name of Wm. J. Young & Co.), and Wm. J.

oung, were well aware of thiz want of power, and labored together for several vears
vious to Mr. Youung's death to correct it, but without success, and up to the date of

iz decease (July, 18701, the formula for their telescopes was practically the same as
had been used for at least fifteen years before. The *“City Transit,” with which our
“improved Transit Telescope” was compared by Mr. Stauffer, was known in their
manufsctory as “ Kneass Tramsit,” and was used by the city during his entire term;
and although the other parts of the iutrument were somewhat worn, the telescope was
cunsidered To prove, however, if the telescwpe of the * Kneass” instrument
was a fair sample of its class, we having in our establishment at the present time two
Trausits for repairs, that are of the inake mentioned by your correspondent, but made
within the last few vears—the telescopes of these are respectively 11 and 12 inches

long, and time was read on a watch similar to the vne in the last test at 195 and
210 het, showing that taking the lengths of telewvpes into consideration' they are

Bt superior in power to the ctie with which Mr. Nauntfer experimented.  As regards the
statement of your correspondent in reference to the powers of Transit Telescopes of
varions modern makers, we woald remark that cne fact respecting telescopes must be
taken into consideration ‘i. e that the caleulated magniiving power and their actual
~rmance in the tield are saurtimes <adiy at variance : we now have in car posses-
aon for irs a Transit made in New York Clty, the nominal magnitvieg power of
which is 13 diameters, et it is imposible in conequence of 1ts poor deinine power)
with it to =t an ondinary fhagz-pole acvurately  at the distance of AW Rt Ainagk
the “ schromatic, capoami (ons,” evepiece of Kellner or a simiiar combination | has
been of hate years adopted in Europe for tine teiescopes, i from i"gt:, expense,
and the ohpaction of Amerian engiveers o an ~invertiog ” wiexvpe, &k beer: com-
poratively unkwoun here: the United States Coat Survey Departmest wee ic almost
excluivay ob ail their new instrements. oo . R
Yourr correspoedent states ckat the ame combination ot lenves that i in the ~im-
At N WS KrOwn T vears ami Yeans axv s we think be muwst be mistakem
m. Yoere sed Mr. Heler. & ns tleir ext suseive expec mee™ snd rewarcnes re-
Servend W above, kaew Bucaing ot it, ami 30 ey & we oring our owm experiments
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to a successful conclusion that, although we have lately (1872 and 1873) furnished the
Burvey Department of this city with Transits for the new bridges now in the course
of erection over the Schuylkill at Girard Avenue, Fairmount and South Street, none
except the last has the new telescope—in fact, 80 very recently have we ourselves
adopted it that, although we receive orders from the University of Pennsylvania to
®pare no expense or pains to make the equipment of field instruments for the new De-
partment of Science as perfect as possible, we did not insert it in their field instru-
ments. In referring to Transit Telescopes, we of course mean such as are in common
use by engineers, from 10 to 12 inches long, capable of reversing their standards
both at eye and object ends, and showing objects erect, instead of inverted—those for
special purposes of extra power and length (we have made them 20 inches Jong) and
with “inverting” telescopes, we do not claes as ordinary ones. We have never made
any secret of the mode by which we increase the power of our telescopes. The im-
provement consists in our availing ourselves of the formula of Kellner, with the uddi-
tion in our telescopes of the two entra lenses necesrary for producing an erect imags.
If yoar correspondent will do us the pleasure to call on us, we shall be happy to
show him the numerous experiments we have made, and the results; he can af;o ex-
amipe the two instruments mentioned above at any time. If we have caused ary en-
gineer to think seriously on a subject which he has heretofore taken mainly on_trust
(3. e., the power of his telescope), he will find the subject repay investigation. If en-

ineers will call on us, we will with pleasure show them the new telescope and let them

udge for themselves; or if a committee of the American Society of Civil Engineers
for any kindred body) would like to make a thorough trial, we will furnish them with
the means. Asto the remarks of your correspondent denying the desirability of an
increase of power, we think that the majority of engineers differ from him in opinion,
and any one who has stood with watering eves endeavoring to accurately set a flag at a.
moderate distance, will agree with us that a Transit Telescope with the power of a °
Level Telescope is a gain, and that the opinion of such men as John C. Trautwine,
Eckley B. Coxe, Richard B. Osborne and E P. Rothwell, that the new telescope is “a
most important and useful improvement,” is entitled to rome weight. If it were not
against our rule to publish correspondence, we could give letters from ies of weight
in the engineering profession which would, more strongly than anything we could ray,
corroborate what we have written—in fact, we have obeyed our repugnance so far that
we have for two years refrained from publishing au exhaustive report of a committee
of civil engineers appointed to examine the new Tranrit which we introduced at that
time, although the favorable opinion of such men as John C. Trautwine, Elwood
Morris, L. M. Haupt, Samuel L. Smedley and Charles 8. Close might be thought of
some value. In conclusion, we are sorry that a friendly private letter, giving you in-
formation that might interest you, and not intended for - publication, but wﬁich you
thought contained matter of interest sufficient to warrant publishing, should have
caused your correspondent’s letter. In the hands of the engineers we now leave the
matter; if we have made an improvement, it will speak for itself. We merely repeat
our invitation to engineers, instrument makers, etc., who feel desirous to test this matter
for themselves to call upon us; we will freely communicate to such any information in
our possession. Yours, etc.,

HELLER & BRIGHTLY, 33 North Seventh Strect.

January 22, 1874.

ENGINEERS' OFFICE, SOUTH STRKET BRIDGE,
AN HILADELPHIA, January 22, 18%a,

To the Editor of the U. S. R. R. & Mining Register :

DeAr Sir:—A word of explanation may be neceasary to explain away a seeming
discrepancy pointed out by your corresrondent of January 17th, in his criticism on the
performance of Mr. Hellers New Telescope, lately tested by me. The test results
were communicated to Mr. Heller in a friendly letter, not intended for publication, or
1 should have been more explicit in my explanation. The Transits were tested side by
gide, and at the same time, so that any local influence would have been felt by botl.
But the first. test was made on the flag about 9 A. M., with the sun obscured by clouds,
and in an atmosphere decidedly hazy, with theflag located in a depression of South Street,
the worst point for an observation. The watch test was made more than three hours
after, when the sun was shining brightly and all haziness removed ; had I then again
tried the flag, I have no doubt the results would have been more favorable than stated.
Yours, ete., D. M. STAUFFER.
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STROLL THROUGH AN ENGINEERS' INSTRUMENT
MANUFACTORY.

Having recently visited some of the establishments of our ** Engineering and
Burveying Instrument Makers,” we became possessed of some facts which may be
of interest to general readers, and also showing the immense development of this
branch of industry since the early duys when the Drapers, Rittenhouses and
Stancliffes gave to Philadelphia mechanics their pre-eminence in the manufac-
ture of these “instraments of precision.”

But the staid plodding artisans of those days would be amazed if they could
see the revolution that time has made in the details of their whilom business—
the intricate machinery (one of the old establishments, with all its tools, not
costing as much as one first class modern lathe with all its appurtenances), the
appliance of steam, graduating engines, and the vast range it has taken in its
various details.

On our list we will first take the well-known establishment of the Messrs. .
Heller & Brightly, and from them and their books huve gleaned the facts for
the following article. .

The first thing to forcibly strike the stranger’s attention is the widespreading
ramification of an establishment of reputation—in looking over their “order
book,” we found every State from Maine to Florida represented, and the Survey
* Department of almost every important city and town (the Middle and Western
States predominating, however).

Orders from Japan, China, Chili, Peru, Brazil and Canada jostle each other;
the order of Arinori Mori, the Japanese ambassador, for a complete set of field
instruments for the * Kaitakuski of Hokaido” (whatever that may mean) stands
side by side with those of the “Survey Department of Philadelphia”—Meigs,
the railroad king of South America—the University of Pennsylvania—and the
Centennial Building Commission—and we were shown with commendable pride
a “cable telegram’’ order for a Transit from Hong-Kong, China, which ran thus:
“Qne Heller, Philadelphia, send Transit Instrument like General Capron's.”

The greater part of their business, like that of the majority of tﬁoee in the
same line, is however with the railroads ; and this need not be a surprise to an
one, the Pennsylvania Railroad and its numerous branches alone usin§ up enoug|
instruments, to keep a respectable sized manufactory constantly employed.

The Survey Departments of cities must also be constant consumers, judging
from the fact that that of Philadelphia alone ordered 8 instruments within the
last two years.

We were curivus to learn if, in sending their wares to every point of the
compass in this manner, whether they ever had trouble in receiving the money
for the same; and for the character of the Civil Engineers as a ZFass, we were
proud to hear that they have yet to make the first bad debt.

Great confidence must exist between the producer and consumer, for assuredly
in no other business would valuable ﬁoods be sent to a perfect stranger thou-
sands of miles away on the faith of a telegram (as happenes on the day of one of
our visits) worded thus—* Send Transit to lay out town site to , Arizona.”

An instance of the credulity of human nature, and the tenacity with which a
pouplar belief will descend from generation to generation, we learned here that
somewhat surprised us.

A letter from Massachusetts received a few days before was shown us—the
writer wished to be informed whether a *~divining rod” “ needle” or “treasure
sand "—that would be attracted by hidden gold, silver or gems in the earth, in
the same manner as the magnetic needle is attracted by iron—could not be pur- -
chased by him.

On our expressing surprise that in the present of enlightenment a belief
in such an article should exist, we were informed that this letter was one of a
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elass. That from 12 to 40 letters or calls were received yearly—the majority of
them however were received from parties on the Atlantic coast, from Maine to
New York north, and from Maryland to Florida south, and the treasures to be
€found were those said to have been buried by the piratical Captaio Kyd (he
who “sailed, sailed”). .

Besides these “ treasure seekers,” calls are received in more or less numbers
every year for the  witch hazel divining rod” (for discovering hidden springs
by divination).

The “ perpetual motion” inventors have also not “ perished from off the face
of the earth,” judging from the number of models that are sent to Messrs. Heller
& Brightly for their opinion, each of which (according to the inventor) solves
the long mooted problem.

Solomon’s axiom of there being “ nothing new under the sun,” and the per-
sistency with which an idea will crop out in one generation, die away and seem-
ingly be rediscovered in another, only to meet the same fate, was shown to us in
the model of a *‘distance measurer” that had shortly before been received—and
which the inventor thought was entirely original, and his fortune of course
secured. Those who have delved in the old volumes of the various mechanics’
magazines—the proceedings of the various scientific societies—or the back num-
bers of the patent office reports, may recollect the “ Monsieur Tonson” that was
ever turning 12), in the shape of a *‘ distance measurer” (an instrument by means
of which the distance of any far object could be ascertained without the tedious
process of chaining), in which, though the details might have been varied, the
principle underlying them all was the same (<. e., a fixed Telescope or vane sights
placed at right angles to, and at one end of a base more or less long, generally
from 2 to 3 feet, a second Telescope movable along this base, and this Telescope
slightly inclined toward the first one—the movable Telescope being slid along
the base until the line of sight of both it and the fixed one cut the same object.
The distance of the object from the instrument being then read off from a scale
on the base). This same instrument in various forms is as old as Archimedes
at least. The fatal defect of the -instrument is that the base necessarily being
short, and the angle formed by the two Telescopes consequently being too acute
for accuracy. During the late war we were informed that at least thirty applica-
tions for patents had been made for an instrument of this class, all having the
above idea, and each patentee imagining himself the original discoverer.

Xnowing from experience how very poorly, some twenty years ago, the in-
stitutions that made a specialty of teaching Civil Engineering were supplied
with field instrnments, and the inferior character of .those they did bave, we were
curious to know whether this state of affairs continued, and were most agreeably
surprised at the change we found.

he “order book” was again brought in requisition to answer our queries.
First, our attention was directed to the list of instruments and their character
furnished the new “Department of Science” of the venerable University of
Pennsylvania.

Besides the usual Trausits, Levels, Compasses, Sextants—we found such com-

ratively modern costly “instruments cf precision” as the Solar Transit,

lane Table, etc.,—in fact, the sum total of their outlay for instruments alone
would have appalled some of the other institutions; and the orders for field in-
struments from colleges situated where twenty years back naught but forests
flourished—was a striking proof of the tremendous strides the country has
- made gince then.

En passant, we were somewhat amused during one of our visits. A graduate of
a so-called “college,” having received a situation on a railroad, came to purchase
& Transit Instrument.—One was shown him such as is used for city work. The
vernier reading of the horizontal limb, however, was not close enough for him—
half minutes being entirely too inexact, and nothing but a ten second (10”/) sub-
division answering.—His dogmatical assertions that a half minute (30’”) reading
mightanswer for common work, such as running a straight line or turning a right
angle, but not for deflecting for railroad surveys, was amusing; as was aiso
nis blank look of astonishment and doubt when informed that two of the most
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difficult of his field operations, would be those very two that he treated o
cavalierly, (namely, turning, a precise right angle and establishing a straight

line).

“)e were informed, in answer to queries, that the most elaborate and accurate
instruments, without regard to cost, were demanded, as a general rule, by the
Mining Engineers of Lake Superior.—These were followed by the Survey De-
partments of the various cities—the Mining Engineers of Colorado, California
and this State came next.

Judging, however, from the minuteness of detail and seeming disregard as tc
gost of some orders on their books from Engineers who have made Bridge
Building and Tunnelling a specialty, the precision requisite for such work must
require the best instruments.

' the curious spectator the several details of the manufacture—the gradnat-
ing engines—the patient exactness required of the workmen (one of their

roverbs being that Job would most assuredly have lost his patience, had he be-
onged to their craft)—are matters of surprise,and where in the finished instrument
all the parts he had seen in detail could be placed would perplex him (a complete
Engineer’s Transit with all its belongings numbering 362 separate parts).

o an engineer, who, knotving the longevity of a Transit, and the compara-
tively small class by whom they are used, and seeing the number of instruments
turned out of an establishment of this class—they just finishing at, the time of
our visit 50 Transits, and commencing 100 more—knowing that this process was
continued through the entire year, and that this was only one of numerous simi-
lar establishments—the one absorbing question to him would be (as it was to us)
What becomes of all the Transits ?—and the answer to which would be as ha
to give as to the other equally celebrated oae, “.What becomes of all the pins?”
~(£ngineer, March, 1874.)

MODERN PRACTICE OF FIELD-WORK IN RAILROAD SURVEYS,
BY RICHARD B. 0SBORNE, CIVIL ENGINEER.

GIRARD Housr, October 8, 1873
MR. CHARLES 8. HELLER, PHILADELPHIA : :

DEAR SIR:—You have asked me to state in what I consider your improved
Transit with its vertical arc superior as a fleld instrument to the ordinary plain
field Transit.

When an Engineer is entrusted with the location of a railroad, his first in-

uiry should be,—what is it intended to transport? and having learned the quan-
tity and quality of traffic each way, and made a reconnoissance of the general
route ang ascertained the impediments to be overcome in the location of the
line, he can at once determine on the ruling gradient and a maximum load for a
given weight of Engine. .

He will find, perhaps, that a part of the line will be over gently undulating
ground, while other parts will be through a mountainous country.

According to the length of time through these different kinds of land, the
number of Transits of each description required can be obtained. -

For the first, or easy country, the plain Transit is the best, as a little more
portable and less costly. . _

For the mountains, none but the Transit with its fine improved teiescope and
vertical arc should be chosen.

Experience has taught me that the most economie, 'gécurate, expeditious and
successful work is done when well-tried principles and systematic plans control
the operations. * Rule-of-thumb” work «eldom succeeds ; the good reaults even
in close Engineering work have been attained by a bold dash based only on clear,
judgment—clear, I mean, to the mind using it. o ' : -

The old system of *trial and error” lines is unfit for our profession now; we
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hrave taught the whole world all they know about location of railroads, and ws
should advance.

When the Engineer, either by the barometer or by *flying levels,” approxi-
smately ascertains the elevations of the highest summits he has to overcome, as
well as the distances (the other elements for making.out his grades), he can de:
termine on the ruling gradient, which will then determine his mazimum load.

Experience should teach us that it is inexpedient, if not wrong, as a general
rule, to spend large sums of money to reduce gradients at other points of the line
deiow the ruli %od.ient. because it will not financially benefit the working

bilities of the Engines, whose maximum load is already controlled.

ith such fixed data in his mind, the Engineer can view in a ride the easy
eountry, where a line generally can be at once located, without any experimental
survey, by the eye and judgment, because the grades, being all less than the
ruling grade over the mountains, can have the grades fitted to the country over
which the maximum loads can be taken.

For such work the plain Transit is best adapted. .

But in a country which presents mountain ranges that must be crossed, the
sase is wholly different. °

Each ridge should be explored, and the elevation of its lowest availuble summit
obtained, nfso the distances by time, or the pedometer, and thus the required
gradient be worked out.

Then the Transit with its vertical arc is indispensable.

Its utility consists in perfecting with one experimental line, which it vividly
X;itnt' out by its valuable adjunct, the vertical are, the exact position of the

location that can be made on the ground of uniform e, with the least
work. By it the exact profile of a located line can be had, on which I have
.even let work to contractors before the field location was made.

Hundreds of thousands of dollars would have been saved, if this had been in
use in the last twenty years, the work too would have been better done, and traing
would be able to mount to many summits with more ease than they now do.

Here is the modus operandi in explanation, and Engineers who keep the old
method will see that mountain surveys, which are tedious and labori s, are thus
wmade easy and agreeable.

The Engineer, knowing then the average grade that will carry the line to
the summil with a given cutting at that point, sets, before starting, his vertical
arc to the angle correspondinf to said grade.

A flag on a pole the height of the Transit Telescope from the ground is taken
ahead by the Engineer in charge, as far as ke can be seen by the Transit, and with
his judgment aided by the pocket level he gets approximately in position, so that
all clearing can be done while the Transit is moving up and getting set on last
transfer-point. - :

The Transit then sets the grade flag accurately, and the chaining is done to the

e flag, when the exact transfer point is set, which is e.

On this the Transit moves, and thus continues till the summit is reached by a
true grade line.

Cross sections with the clynometer are taken at every 100 feet station, well to
right and left, where the angles are great, when that portion of the line is ready
Jor plotting, on which the located line can be planned, the centres being all at

e. :
-. The line can be straightened, curves introduced—profile made out, and in the
vffice a tale will be fully told of all the characteristics of the future location.

Thus two quickly run lines will fit the contour of the mountain, with work just
as light or heavy as the Engineer may select to give him the best line that can
be put on the ground.

ut in other ways the Transit arc is of great use,

Here is one example: :

To test a line advancing toward a high summit when 8 miles from it, I once
had a flying level run from the summit te a point at the foot of a tall pine 6 miles
from the summit. .

I converted this tall pine, by the vertical are, into a levelling staff, and using it
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as a back rod, transferred the level to the mountain side, high over the valley,
where I fixed a point which the advancing line should pass through, so as to
reach the summit with a fixed cutting thereat and on the ruling grade.

It worked to a charm, and my grade came out to a nicety.

I would as soon send a party into the field without a chain under such circum-
stances as I would without a Transit with your verticai arc.

These are its uses in survey work.

In construction it is a most desirable instrument, as the assistant needs but one
instrument, which is both Transit and Level, which is a great desideratum.

I am, yours truly, RicHARD B. OsBORNB

ON A NEW MINING TRANSIT AND PLUMMET LAMP.
(From Van Nostrand’s Engineering Magazine fog June, 1873.)

A communication to the American Institute of Mining Engineers, at the Bostor
ameeting, February 19, 1873, by Prof. R. W. Raymond, President of the lnstitute:

Having had recently the opportunity of examining a Transit and a Plummet Lamp,
manufactured by Messrs. Heller & Brightly, of Philadelphia, and intended for the use
of mining engineers in underground surveying, I thought a description of them would
be interesting to such of our members as have work of that kind to do, and accord.
ingly [ requested the makers to prepare and send to me a detailed account. There is
nothing specially novel, I may remark, in the construction of the Transit; its claims
to favor must rest upon its compactness and lightness, together with the general excel-
lence of its workmanship. The principal peculiarity is the ribbing and flanging of
the parts requiring strength, so as to dispose the minimum amount of material where
it will secure the greatest rigidity. This Transit is said to he the lightest of American
make. I believe Caselli has sent some from London which are still lighter; but they
are perhaps not so completely furnished for field-work. I confess I do not see how the
weight can well be reduced any further, unless an instrument can be made of aluminium
—a plan which Mr. Rothwell once suggested ; but which may not, perhaps, be entirely
practicable, and, at any rate, has not been tried.

The following is the manufacturers’ description of this Transit, which they have
desigued and introduced within the last year: )

It is a small portable angle instrument, similar in principle to the ordinary “ Engi-
neer’s Transit,” and a Jac simile in every respect (excepting size and weight) of their
“complete Engineer’s Transit.” It has long compound centres; the horizontal limb is
read by two double opposite verniers, placed outside the compass box; the vernier
openings in the plate being made very wide, so as to allow the easy reading of the
graduations. There is a three inch magnetic needle, and its ring is divided to half
degrees. The telescope is 7} inches long, with object glass fifteen-sixteenths inch in
aperture, and shows objects erect and not inverted. A sensitive level, 43 inches long, ir
attached to the telescope, for reading angles of elevation and depression, levelling, etc.
"The tripod is furnished with an adjustable head for precise plumbing of the instrument
over a centre; and the wooden legs of the tripod are made in such a manner as to
form one leg when folded together. The plates, vertical circle, etc., are provided with
clamps and tangent-screw movements; and the clamps on the axis of the telescope
are arranged with sighting slits and indexes, so as to answer also for right angle sights:
The numbering of the compass ring and horizontal limb, instead of being in quadrants
from 0° to 90° each way as usual, is a continuous one, or from 0° to 360°; but every

uadrant of the horizontal limb is also marked with its magnetic bearing, 1. e. from
'0° N. to 90° E., every ten degrees is marked N. E.—from 90° E. to 180° 8., every ter:
degrees is marked 8. E., etc. The advantage of this arrangement is, that, if at start-
ing, the vernier of the horizontal limb be set to read the same bearing as the needle,
the needle can be screwed up, and both the angles and magnetic bearings read from the
korizontal limb, without using the needle for the remainder of the survey, thus precludin,
any error from local attraction, reading from the wrong end of the needle, or loss of
time in waiting for the needle to settle. The telescope, though short, is a very power-
4l one, magnifying and having the clearness of an ordinary 17-inch level telescope.
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A reflector for illuminating the cross wires in dark places is used, as is also an extension
tripod leg for lowering or raising the instrument. All the working parts of the needle-
lifter, clamp and tangent screw movement are concealed between the plates, making
the instrument more compact. A priem and tube for attaching to the eye-piece of the
telescope, for sighting vertically in shafts, is also furnished. The weight of the instru-
ment, exclusive of ‘the tripod, is about 5} pounds; the weight of the tripod is 3}
pounds; the height of the instrument from the tripod legs is 7 inches; the extreme
diameter of plates, 5 inches; the diameter of the horizontal plate at the point where
verniers and qmduations meet, 43 inches. The instrument and tripod head are packed
in a box 74 inches equare, arranged with straps to allow its being carried over the
shoulder in the same manner as an army officer’s field glass, while the folded tripod legs
answer as a cane. Though these instruments have been specially designed for mining
wise, vet from their lightness and compactness they are also meeting with favor for
geological surveys, and for preliminary railroad reconnoissances; when used for these
purposes, an extra pair of hairs for stadia pu:soses (¢. e. measuring distances without
chaining), beridens the ordinary cross-hairs, 1s added.
The same manufacturers make a very convenient Plummet Lamp, for underground
work. It consists of a brass lamp, suspended by two chains, and terminated below in
a conical plummet. The so-called compensating ring is an equatorial ring, surround-
ing and supporting the lamp, which swings freely within it, upon an axis. The two
chains are attached to this ring at the extremities of a diameter perpendicular to the
axit. By means of this arrangement, the point of suspension, centre of lamp flame,
and steel point of plumniet always lie in a true vertical line, no matter how much the
brass supporting chains may alter in length from the heating of the Lamp, kinking or
wearing of the links, A shield at the top prevents the flame from burning the string.
These Lamps are generally nsed in pairs for back and forward sights.

I understand that Mr. McNair of Hazleton and Mr. Coxe of Drifton, both members

of this Inetitute, have used this instrument with satisfactory results. i

USE OF THE PLUMMET LAMP IN UNDERGROUND SURVEYING.

(From Van Nostrand’s Engineering Magazine for July, 1873.)

A paper, read at the Boston meeting of the American Institute of the Mining Engi-
veers, February 19, 1873, by Eckley B. Coxe:

In the anthracite coal regions of Pennsylvania the custom has been to sight either at
an open light (generally a mine lamp), or at the string of a plumb-bob. If the station
was Intended to be a permanent one, a rpud, as it is called, that is, a nail resembling a
horse shoe nail, with a hole in the head, is driven into the timbers over the station, or,
if there be no timber, a hole is drilled in the coal or rock roof into which a wooden
plug is driven, which serves to hold the spud.

The first operation in making a survey, is to lay out the stations, that is, to mark the
place where the holes are to be drilled for the points on the timbers where the spuds
are to be driven in. This should be done before any instrumental work is begun, as
much labor can generally be spared and the use of very short sights can often be
avoided, by carefully laying out the stations beforehand. When the stations were
laid out, a plumb-bob was hung from the innermost spud, which I will call No. 1, the
instrument was put in position at No. 2, by plumbing down and putting a centre pin
under the spud, and then setting up over the centre pin, and another plumb-bob was
suspended from No. 3. If great accuracy was not required, a mine lamp was set up
under the plumb-bobs at No. 1 and No. 3, and the engineer sighted at them. If great
accuracy was required, a lamp or rome white surface was held by an assistant behind
the strings of the plumb-bobs. To werk with any speed by the latter method (i.e.,
the accurate one), it was necessary for the engineer to have three assistants on whom
he could rely, even when the chaining was done aflerwards, viz.: one to hold the light
behind the string at No. 1, one at No. 3, and an assistant at the instrument to hold
the light while levelling, reading the instrument, etc. When using lamps on the
gmnns, it is necessary to examine them from time to time to see that they have not
sunk in the mud or turned on one side, etc.; besides, the flame of a mine lamp is a
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very large object to sight at, and sometimes it is imposeible to see it on the growda
{when it can be well seen two or three feet above it), in consequence of some incer-
vening obstacles. Being 8o situated that it was necessaxry for me to do a certain
amount of accurate work, where I could not rely upon having more than ene compe-
tent assistant, I had the plumb-bob lamps constructed, aud 1 work with them with a
single assistant in the following manner:

%’hen the stations have been laid out, T go to station No. 2 with the Transit, and b
means of the plumb-bob belonging to the instrument, I place the centre pin, (a small
block of lead with a steel pin in 1t,) precisely under the spud No. 2; I then remove
the plumb-bob and set up my instrument. hile I am doing this, my aasistant takee
the two lampe, suspends one from spud No. 1, and the other from spud No. 3, and then
comes back to holme light for me while I make the final adjustments and take the
readings. My instrument is graduated to 360° and has two verniers 180° apart. I
et the vernier at zero, and right backwards to lamp No. 1. The flame is very
small and has a blue central cone which I bisect. I then read the compass needle,
invert the telescope, deflect and sight at No. 3, and read both verniers and the needle.
I then turn the telescope back, sight upon No. 1, and turn the vernier plate round
nearly 180° until I sight No. 3, and again read both verniers. I obtain thus four
readings of the deflection from the vernier, and a compass reading as a check, and, as
the lights arp steady and small, the readin&s can be made very accurately and quickly.
If the four readings agree (with their difference of 180°), 1 am sure there is no mis-
take and go on. I then take up my Transit, go to No. 3, run down the lamp to near
the gronngrput my centre pin under it, remove the Jamp and begin to set up.

In the meantime, the assistant brings the lamp from No. 1 to No. 2, and then takes
the lamp from No. 3 to No. 4, and comes back to No. 3 to assist me at the reading of
the instrument. The work goes on in this way until all the angles are measured. I
then go back and chain the distance from one station to another, and take notes of the
workings, etc. In this way, two persons can make a very accurate survey as quickly
as three can by the old method. Of course if one has assistants enough the chaining
can go on with the instrumental work.*

* This pspér of Mr. Coxe’s and the preceding paper of Prof. Raymond’s were also repub-
lished in the Engineering and Mining Journal, U. S. Railroad and Mining Register, Western
Mining Review, and in the Transactions of the American Institute of Mining Engineers.

- Work has been commenced on the Centennial Building, in Pkiladelphia.
Within two days after his appointment, the engineer in charge bad already
broken ground. The engineer’s instruments used in the surveys are of the most
a%proved make, and are furnished by Messrs. Heller & Brightly, Philadelphia.
The Telescopes on the transits and levels, made by this firm. are much superior
to the old-style instruments we have been accustomed to.—From the Engineering
and Miaing Journal, New York, February 14, 1874.

The Second State Geological Survey of the State of Pennsylvania was
organized at the last meeting of the Board of State Commissioners in Harrisburg,
June %f:(l:l, by the adoption of by-laws and a plan of Survey presented by the
S:ate ogist.

The rooms of the Commission in Harrisburg will at present be used, in ad-
dition to their proper use, to form the nucleus of a complete geological and min-
aralogical museum of the State.

The work for the remainder of the season has been organized, and by securing
the most improved field inst:uments as proposed, much time will be zaved here
uftzrla\;ld f:i"l ter accuracy attained.

il the field-instraments for the Survey are specially -made for it by Messrs,
Helier & Brightly, Philadelphia.—7Ibid., July 18t4, 1874, b7
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(From the United States Railroad and Mining Register, June 28, 1873.)
LESLEY'S MICROMETER FOR FIELD-NOTE PLOTTING.

Read before the American Philosophical Bociety, April 18, 1873.

X desire to place on record in the proceedings of the Society a description of my
M :crometer for plotting field-notes, which appears to be coming into favor with Civil
and Mining Engineers. ) .

It was many years ago that the need of such a little instrument forced itself on my
attention, as u substitute for a vernier attachment to a acale for use on the office-table.
‘The strain upon the eyes in constant plotting on small scales, say on the common scale
of 1000 feet to the inch, or the not uncommon one of 2000, is greater than the best
buman organs of vision can endure without permanent injury, to say nothing of the
Joss of time involved in adjusting the dividers, or applying the paper edge, if a puper
scale be used directly. Every field worker who has constructed elaberate contour line
maps covering an extensive region of country will bear me out in this assertion.

Considering also the liability to error in counting the decimals and hundredths or
thousandths of the scale-unit of distances, after hours of application to work has lowered
the tone of the nervous system, I sought some mechanical substitute analogous to Mr.
Cleaver's Protractor, now in almost universal use for plotting courses with ease and
precision. .

Many forms of such an instrument passed through my mind, but over-occupation, o¢
perhaps laziness, prevented me from taking the necessary steps to realize the idea in
even tentative foris, although I spoke of it several times to Mr. Young, the accom-
plished and experienced instrument maker of Philadelphia, now dead.

During my wanderings in Europe in search of health in 1866, 1867, and 1868, I was
several times the guest of my old friend and fellow-laborer in the Anthracite coal fields
(1853), Prof. Edouard Desor, at his charming residences on the Combe Varin and in
Neufchatel, Switzerland. One day we strolled into the well-known philosophical in-
strument manufactory of Mr. Hipp, to whom, among other things,g mentioned the
need of a Micrometer Divider for plotting, and drew at his request three of its pos

sible forms, such as seemed to me the most feasible, giving him an order for one, and
leaving him to select the form he preferred.

On my return to Philadelphia in the spring of 1868 I received it in a broken condi-
tion, The chain had been snapped by some custom house official, too curious to learn
its nature to treat it with much delicacy of handling. It was, however, easily repaired,
and I fannd it all I could desire: handy, accurate in its action, and perfectly relieving
the eyes from the strain of measuring. * * * The original was in constant use by one
of my aseistants in my office throughout the spring and summer of 1872. When the
course of instruction in the Department of Science of the University of Pennsylvuania
commenced last fall, [ aceustomed my special geological students to use this instrument
among others, and ordered of Heller & Brightly, instrument makers, a duplicate of it,
set, however, not to centimeters and willimeters, but to inches and hundredths of an
inch. While making it, Mr. Eckley Coxe and other civil and mining engineers raw
it, and ordered others like it for their own use, and these orders have become so
numerous that it has evidently taken it« place among the accepted apparatus of the
engineer’s office-table. I hope many will in future enjoy the relief and comfort from
it which I have enjoyed since 1868.

I was urged to patent it, as Mr. Cleaver patented his Protractor. But I feel a natural
gerejudnce against patenting a little thing which may become to some extent a public

nefit, at all events withiu the not altogether narrow limita of one of the scientific
professions. I desire, however, to prevent anv one else from hampering its progress by
a patent, and to that end beg leave to place this record of its invention among the pro-
ceedings of this Society. Any one can obtain the instrument free of patent royalty,
from the makers above named, or may order it made for themselves anywhere else.

This Micrometer conaists of an arc set with three, four or more needle-points tixed
at intervals of one centimeter, one-half inch, or any other unit adopted for the survey,
equivalent say to 100 feet {yards, links, rods, etc.).

A handle projects upward from the inside of the arc by which to hold it, and b
which it may be applied to the line of course and be gently rotated, so that eaci
ueedle-point in its turn pricks its (100 feet) unit distance afong the line.

Between the last two needle-points floats a supernumerary needle-point or compase-
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leg, jointed high up on the handle, and swung or floated to and fro by a simple ratche!
and watch chain, turned at will by means of a button, srojecting from the centre of a
circular disc on the handle; the disc circle being divided into hundredths (thousandths,
etc.), and traversed by an index which starts from and comes round to a stop at zero.

While the index travels over the disc from 0 to 100 the supernumerary needle-point
iravels from needle-point to needle-point, one unit.

Example of ure: Suppose a distance 327 feet to be laid off on a course; the fifth
aeedle is applied to the station (point of tangent, or point of curve) and the arc rotated,
so that the fourth needle grickn 100, the thirg 200, the second 300 feet. Then, the index
being brought to 27, the floating needle pricks 327.

Mr. Eckley Coxe has had a useful a«l(ﬂtion made to his instruments in the shape of
a set of removable rings, divided for 100ths, 1000ths, 66ths, 33ds, etc., ete. Two little
screws hold the ring in place, whichever one may be in request for any particular plot-
ting. When plotting on the scale of some other unit of distance is required, another
ring is substituted.

- [COPY-.]
PHILADELPHIA, OCT. 24, 1878,
. 530 NORTH SIXTH ST,

WALTER SHANLY, EsqQ., Hoosac Tunnel.

DEAR SIR:—At Mr. Heller’s request I drop you this note, to say
that I have examined his improved Telescope, and that it is really a
most important and useful affair. T could scarcely believe my eyes
when I first saw for myself the extraordinary power of his instruments.
I add on my own responsibility that I consider the engineering instru-
ments of Messrs. Heller & Brightly superior, by far, to any others that
are made.

They need, however, to be seen and used before such a sweeping re-
mark can be fully realized. -

- In haste,
' Yours, very traly,
Joux C. TRAUTWINE.
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IMPROVED METHOD OF MEASURING IN MINE SURVEYS.
(From the Engineering and Mining Journal, New York, April 25, 1874.)

A paper read at the New York meeting of the American Institute of Mining En«
gineers, February 27, 1874, by EckLEY B. Coxk. )

. Im making surveys in the anthracite coal regions of Pennsylvania, the ordinary en-
gineer’s chain (50 or 100 ft. long) ia generally used, both above and below ground.
Sometimes, where it is difficult to chain, as, for instance, across a chasm, a wire is
stretched from one station to the other, the distance is marked on the wire and ita
length is then measured with the ordinary chain. Having had occasion lately to make
some surveys where it was necessary to determine with great accuracy the position of
the land or property ling, not only 1n the gangways or levels, but also in the breasts or
ehambers, the coal on the north side of the line belonging to one party and that on the
sonth side to another, and as it is very difficult to measure up the breasts or slopes
with accuracy, and to make the proper allowance for the pitch of the vein (the true
horizontal distance being, of conrse, the product of the distance measured with the
chain by the cosine of the angle of inclination of the chain), and as the ordinary
method of chaining up or down steep slopes on the surface, by holding a portion of
the chain horizontal and plumbing down from the high end, would in most eases be
very difficult and dangerous, and sometimes impracticable, I determined to adopt a
new plan which would do away with most of the above difficuities, and by which I
could eliminate many causes of error from my ordinary chaining.

My first idea was to have a fine steel wire rope, about 300 ft. long, stretched as much
as possible in making, 8o as to do away as well as I could with that source of error, and
then to have it graduated every ten feet. I proposed using small brass tays of different
shapes to «esignate the different hundred feet thus:

0—100 a triangle.
100—200 a square.
200—300 a circle, etc.

The numbers of the ten feet spaces were to be 1aarked by drilling small holes in the
:Sn. I intended to use this for the principal lines of my surveys and to use the chain

for lines which were not of greut in;fortance.

\{'hen I called upon Mr. HELLER (of HELLER & BRIGHTLY, the instrument makers,
of Philadelphia) to order this measure, he au%)gested that it would be better to use in-
stead of a wire rope, which would stretch, the bands which are manufactured for hoop
skirts ; they are made of tempered steel, are very light, and will not stretch sensibly.
After consultation with him, | decided to have the tape measure constructed which is
now before you. It is 500 ft. long and weighs 2 lb. 7} oz. It is a ribbon of tempered
stepl, 0.08 inch wide, 0.015 inch thick. At each 10 feet a small piece of brass wire is
soldered across the tape, the solder, which is white, extending about one inch on eack
side of the wire. In the latter, a small notch is filed, which marks the exact point
where the ten feet ends. The exact distances from the zero point of the tape are marked
upon the solder by countersunk figures. The white solder enables one to find the ten
feet notches very easily, and, no matter how dirty the tape may be, by wiping off the
solder with the finger, the distances are easily read, as the countersunk figures, being
filled with dirt, stand out upon the white ground of the solder. The 0 and 500 feet
marks are not at the end of the tape, but near it, 2nd are also denoted by a notch filed
in a wire soldered to the tape, .

The tape is wound upon a simple wooden reel, ten inches in diameter, which is held
in one hand and turned by the other. At first rome difficulty is experienced in wind.
ing up the tape, but a little practice soon overcomes it. Two brass handles, which can
be detached, accompany the tape and are carried upon the reel. :

Description of a survey made with the tape.—The instruments nsed were one of HELLE
& BRIGHTLY’S new 11 inch transits,* 2 plummet lamps, the 500 ft. tape and a 5 ft.
wooden rod divided into feet and tenths. The latter is used to measure the distance
from the nearest ten feet to the station. There were two closed sets of lines or surveys,
one set entirely above ground, but through the swamps and brush of the anthracite
coal reg*on, and one partly above ground and partly in the mines. The latter began
al & pointin the swamp, went overground 2400.57 ft. to the mouth of the slope, then
down the slope (pitch 37 deg.), 276.99 ft. (horizontal distance), then along the gange

¢ Five inch Magunetic Needle, Telescope, 10¢ inches long. Telescope, erecting and magnifying, 98
uters. .
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way 4272.01 ft. which formed one-half of an ellipse, then up through a breast (pitch
about 34 deg.) 275.44 ft. (horizontal distance) to the bottom of an air shaft, then by two
plumb lines to the surface, and then through the swamp 141.83 ft. on the surface to the
point of beginning. The length of the periphery of the first closed figure was 6660.19

; that of the second 7366.84 ft. Tables 1. and 1I. show the details and calculations
of the two surveys: .

TABLE 1L
g Augle.
@ |Right.
1| ocox’
2 0°47
38
4
5 |.
B .
Bl |.
B2
B3
B4 ! 35055/
Bb | 62°39
4 | 86°27].......
2 [eeeenoons] 36032 )
T1466.22| 146693 2588 57 | 2588.67
Difference 4 0.29 | Difference 0.00
TABLE 11.
B 44.48 |cveerrrs|  BTT&|vrereres|orerseseson | 16.42 2089.16 |..
Bl 20772 |oirvvere A6 eeeee .| 251.
B2 543.41 |..
B3 313.62 |.
B4 250.37
0o cem sen
; 88044/ ... ... o| — 6°13’ | 661.98].c00mrunenn. PR
3 —
4 | ceeveonns
5
6
7
8
9
10
11
19.82 .
9.08] . . .
25.95|.v0rvve. oon .
106.80| 71.81 RO P 79.05 (2166.20
YR 73 12 ety ISSovmutissshy Avionite IO B
1505.85 | 1665.87
Difference—0.02 Difference+0.62
From these we see that the total errors were in the
Sine. Cosine.
First case. . +0.29 0.00
Second cARe...ceeeveeniiienin ceneennnienn.—0.02 -+40.62

This is very accurate work, for this kind of mine surveying. We made three othe
surveys on the same property with equally good results.

In measuring with the tape it is better to have at least three men, one at each end
and one to take off the distances and note them. The hind chainman should be a re-
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@Bable man, as he must hold the zero point of the tape exactly at the nail in the stake,
or alongside of the cord to which the plummet lamp is suspended. The front chain-
man has merely to stretch the tape and. to see that it passes exactly over the front
station. The third man, who carries the five foot rod, starts from the rear station and
notes the diatances of the breusts, etc., as he goes along until he arrives at the forward
end, where he notes the distance of the station from the last one. In measuring dis-
tances of over 500 feet, a temporary station is made at 500 feet exactly in the line to
be measured.

Advantages of the tape.—First, greater facility in measuring up or down slopes, breasts,
etc. BSecond, greater accuracy in measuring from one station to another, as the tape
forms a straight line from one station to another, and as there is no error from the use
of pins. Third, the tape does not stretch appreciably.

! ages.—First. It is liable to break unless carefully handled. Second. It is
necessary to roll it up and unroll it, when the distances between stations vary much.

The tape can be easily mended by any watchmaker when it breaks, and Messrs, HEL-
LER & BRIGHTLY make a small sleeve of brass, tinned inside, in which the ends of the
rape, when broken, are slipped and then soldered fast by merely heating the sleeve
with a red hot poker. They also have little brass clamps to fasten on the tape to mark
an int which is to be used several times.

\ kleu the men become accustomed to the tape they wind it up and unwind it very
quickly.

There are three sources of error which may be referred to, viz.:

I. The extension of the tape by stretching.

II. The shortening of the tape in consequence of the tape assuming the form of the
catenary curve.

I1I. The contraction ox expansion due to the change of temperature.

Ags stated above, the tape does not stretch appreciably, but this error being in the
opposite direction is, to & certain extent, compensated for by the shortening due to
the formation of the catenary curve by the tape. I subjoin a table, calculated by my
assistant, Mr. EngAr KuDLICH, showing the shortening of the tape due to the latter
cause. The tension in practice is from 30 to 40 pounds.

TABLE III.
i Length of | True distance when tape is subjected to a tension of (or chord of the catenary curve
Tape formed by the tape).

Measure. 10 Tb. 20 1. 30 1b. 40 Ib. 50 1b, 60 1b.
100 ft . 99.9894 99.8074 99,9988 99.9993 99.9995 99.9997
ft . 199.9153 199.9791 199.9907 199.9948 199.9967 199.9977
ft 299,7143 299.9294 299.9687 299.9824 299.9887 .| 299.9922
ft ... $99.3268 899.8327 899.9260 399.9588 899.9733 899.9815
498.6775 499.6732 499.8551 499.9185 499.9479 499.9688

According to the table given by HAswELL for the expansion of steel, a tape measure
500 feet long at 32° Fahr., would become 500.8 fect long at 212° so that a variation
cf)f 60° in temperature would only cause a variation of two-tenths of a foot in a 500

eet tape.

In oop:r‘lusion, T would advise the use of the tape for all important work, while the
chain should be used for filling in details, and where accuracy is not absolutely neces~
sary. ‘

DISCUSSION. '

Mr. CoxE remarked, in answer to questions, that no correction was a?plied for tem-
perature, and no allowance for stretching of the wire ribbon. He thought its extension
was practically adl. )

Mr. RAYyMOND commented on the fact that, while mining and surveying instru-
ments of all kinds had been improved so much in recent years as regards accuracy
and precision, the method of measuring distances—the chain—had remained the same.
Nothing could be inherently more objectionable as a standard of measurement than a
chain composed of links which are liabl: to wear by friction.

v

4
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From the Railway World, January 23d, 1875.
ACCURACY OF AMERICAN CIVIL ENGINEERING.

As the Musconetcong tunnel ( just bored through the mountain of that name, on the
line of the Lehigh Valley Railroad) ix one of the longest this side of the Mississippi,
being almost exactly one wile long, the following technical details may be interesting
to civil engineers:

The headings of the tunnel met on the 16th December, and on testing the align-
ments, levels and distance, the following were found to be the errors:

’ljhel alignment tested to four-hundredths (0.04) of a foot, or a little less than half
an inch,

" Levels were run over a mountain 5000 feet long and 450 feet above grade ; also into
the tunnel at each end about 2500 fect, to point where headings met. These tested to
fifteen-thousandths of a foot, or less thun one-fifih of an inch. The chaining, carried
by steel tape-measurements over tho rame distance, tested, on the headings coming to-
gether, to filty-two-hundredths of a foot, or six and four-tenths inches,

To the non-professional reader it may be necessary to.explain that a hole one mile
long was bored through 2 mountain over 400 feet high, that this hole was bored from
the two opposite sides of the mountain at the same time, and that the deviation of the
centres of these two holes on meeting in the centre of the mountain being termed the
“error of alignment.” '

As the slightest error of obrervation or of calculation would be productive of the
most disastrous consequences, the highest class of engineering skill and of instruments
are absolutely necesrary, and the results enumerated above show that in works of this
class our civil engineers are not behind their European brethren. The “error of.
ali'fnment ” of the Mt. Cenis Tunnel was three feet—of level, two feet ten inches.

he instruments used were made by the firm of Heller & Brightly, of Philadelphia.

[Extract from a paper on “The Musconetcong Tunnel,” read by Henry 8. Drinker,

. M., before the American Institute of Mining Engineers at New Haven, Coun.,

February 25, 1875, published in full in The Engineering and Mining Journal (New
York), for May 29, 1875.]

THE MUSCONETCONG TUNNEL.

This concludes the description of the direct methods of mining employed at Mus-
conetcong tunnel, and it may now be interesting to you, before leaving the subject, to
have a srummary also of the surveying work done, and of the tests made in meeling in
alignment and fevels, but first we ‘would say that at date of publication of this paper,
the arching has been carried over underneath the shaft, and the latter has been filled
with clay and earth to the surface. 1t is also the intention to turn a five-foot ring for
a permanent ventilation chimney up through the slope. This ring will be five feet in
diameter in the clear, built four bricks thick, aud bearing at the bottom on a retaining
wall put in across the slope just where the rock begins, and around this ring the slope
will be filled up to the surface.

The, transit used was literally a “ Heller,” it, and all the instraments on the work,
being made by the well-known firm of Messrs, HELLER & BRIGHTLY, of Philadelphia.
The “ Gentleman from Drifton’ has already had occasion in several interesting papers
to call the attention of the Institute to their mining transit and plummet lamp, and the
experience at Muaconetcong most thoronghly endorses the favorable opinion he
expressed as to their make. The above transit was of the compound centre class;
diameter of graduation of horizontal limb, seven inches; telescope, 17 inches long,
achromatic and erecting; magnifying power, 28 diameters. A very sensitive bubble
is attached to the axis of the telescope, at right angles to the line of sight, and by its
careful adjustment and observation, great accuracy may be obtained.

The approach to the tunnel on the west begins on a 5° curve, the P. T. of which is
abont 800 feet from the entrance, and the tunnel itself located on a tangent throughout
its length, the said tangent terminating in a curve, having its P. C. some 1850 feet
beyond the east portal. The grade ran to a summit in the middle of the tunnel, the
same being the summit for the road. It was reached by a rise of two-tenths (0.2) to
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the hundred feet on the west side, or 10.56 feet to the mile, fulling on the east at fifteen-
bundredths (0.15) to the hundred feet, or 7.92 feet to the mile. . .

To determine the line after its preliminary location, an observatory was erected on
the summit of the mountain, about 12 feet high, with an eight-foot square base, batter-
ing on the four sides about 1% inches to the foot. Two solid stone foundations were
also built on line, oue on a hill about half a mile from the west entrance, the other on
the grading, at the east end, and about half a mile from the eastern portal. As the
observatory was located about midway over the tunnel, this gave, approximately, equi-
. distant sights of about, say, a mile and a quarter each, at the farthest. This, however,
was done after the tunnel had been started from points established on both sides by
repeated and carefully checked runnings. The tower being subse(%pently built, twe
points were established, one each on the fonndations, un either side, from the lines by
which the work at either end had been 80 far rin, and then assuming these end points
as correct, by a series of repeated and careful trials, the centre point on the tower, or

rmanent back-sight for both ends was determined by setting up, approximately, over
1t, and then reveming and righting repeatedly, moving the instroment to and fro side-
ways, within a variable distance of about fifteen-hundredths (0.15) of .a foot, in which
the sights all came, and finally taking their mean. This was at first done, as soon as
the observatory counld be located and built, with sufficient accnracy to test the prelimi-
nary lines. Subsequently this centre point was tested, and retested, and determined
with extreme accuracy, by the mean of very many trials made both by sighting by day
and by night, and in winter and summer. Different objects were used for sighting on
ia day-work. . Both the ordinary red and white round pole, also a flat 2 X 1 inch black

le, with a white centre streak. This latter, from its shape, was found difficult to
eep plumb, either when held or fastened. Alro a pole of one-half inch round iron,
inted white, was tried, and found to answer well, better than either of the -others.
E;t far better and more accurate than any daylight back-sight, whether permanent or
movable, was found the simple expedient of using plummet-lamps on clear calm nights.
They worked admirably outside, a flawe §-inch high, by 3-inch in diameter, being
distinctly seen in the long sights; and with a fine hair, the sights were found, finally,
to repeatedly test within practically such exact limits (two or three hundredths), that,
the point being once fixed, it was not subsequently found advisable to move it.  Now,
these three reference points being located, at the west end a centre was set at the mouth
of the slope, and from it another at the bottom. This gave a back-sight of 276 feet
o run from into the heading. At each shaft a centre was first set, with great care,
about twenty-five feet off, and from this the line prolonged to two staples driven into
the timbers on each side. On the mean of many rights being determined, the points
on both staples were notched, the notches tested, and fine plummet lines dropped from
them, the weights being steadied at the bottom, in water. Then the line was continued
from these, as in ordinary mine sarveying, in running from a shaft, the instrument
being first approximately set up in line, and then moved sideways, until the hair ex.
actly bisected the mean of the rlight oscillations observable in the lines. Though the
distance to be run from the shafts was not great, thix care was necessary from the short-
riess of the back-sight, the distance between staples being only rome 74 feet, and from
the fact that the headings were through earth, it being very necessary in enlarging
through earth to be able to have the crown bars closely located ut equidistant spaces
from centre. On the headings between the shafts and slope meeting, the various run-
nings all tested closely ; but it was the long line between the main east and west head-
ings that required, of conrse, the most care, and cansed the most anxiety. This line,
at the east end, was simply continued on the grading, up into the heading, at first with
one, and, subsequently, as the headings advanced, with two intermediate centres. At
the west end, the line was at first run into the main heading (No. 1) down the slope,
but as the enlargement in soft ground proceeded between the slope and west end, in time
a clear sight was obtained from the mouth of the tunnel to the slope, and thence into
the heading, making two intermediate centres, as at the east end. It was always neces.
sary to have a station where the slope came down, since the latter was driven, after
meeting rock, sixteen feet wide—thirteen on the left and three on the right of centre
line, leaving at its foot abont ten feet of space for passage on the right, as the line ran,
and, of courze, cutting off centre line. The three feet on the right, however, were
dbreswed olfli‘, subsequently, at the level of the heading, so as to give a clear back-sight to
the mouth. .

These east and west line were repeatedly run and tested as the headings advanced,

snd, besides the work continually spent on them by the Division and Resident Engi-
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neers, they were frequently checked by the Principal Assistant Engineer. They finally
tested within four hundredths (0.04) of a foot, or less than one-half an inch. The
levels were carried over the mountain bg a series of test benches run until succeeding
benches tested within five thousandths (0.005) of a foot. On meeting, the face benches
on either side were found to test within fifteen thousandths (0.015) of a foot, or less
" than one-fifth of an inch. Owing to the system of centre cuts, used in blowing the
rock, in which ten feet at a time were brought out, it was especially necessary that the
chaining should be accurate, so that the distance apart of headings might be safely
determined. To measure over the mountain, two stout frames were made, steadied by
weights on the legs. They each simply consisted of a vertical shaft with three legs,
one moviable. From a board nailed on the top of the shaft a fine plummet was hung.
The two were put in line, the plummets centred by the transit, and a point at the top
of one line leveled with a point nearthe bottom of the other, and the measurement
thereon taken between the two with steel tape. The hind frame was then moved on,
and the chaiuing so carried up or down hill in successive steps. This method was
found to be satisfactory; for, on the headings coming together, the distance apart, pre-
dicted and marked, was found to agree with the measured distance withip fifty-two
bhundredths (0.52) of a foot, or about six inches out in a total chaining of about eight
thousand feet, four thousand through headings, and four thousand over the mountain,
the test measurement being brought down the slope on angle instead of in at the west
entrance.

“INSTRUMENTS OF PRECIS}&%;SFOR EDUCATIONAL INSTITU-

It will interest our readers to know that a number of the leading Educational Insti-
tutions that make Civil Engineering and the use of field instruments a part of their
course of study are at the present time procuring full sets of the most modern styles of
instruments. We have recently been sﬁown by Messrs. Heller & Brightly full sets of
their field instruments that they have just finished for Dartmouth College, New Hamp-
shire, the University of California, and for Princeton College, New Jersey. These
instruments are all very complete in their details, no expense nor pains seeming to
have been spared. The instruments for Princeton are duplicates of the instruments
lately furnished by this firm for the University of Pennsylvania and for the Imperial
College of Japan, the Plane Table being especially a very complete instrument. The
Telescope of the Engineer's Transit for Dartnronth College is provided with an “eye-

iece micrometer,” of a new design, that appeared to us to possess special merit; this

ransit, instead of the four leveling screws, as is usual in American instruments, has a
new “three leveling screw tripod,” devised by Professor Quimby of the college, that
Eosn_esses gome points that render it puperior to its European prototype, especially in

aving a shifting head, the allowing of the leveling screws to be packed away in the box,
and being less cumbersome.—Educational News, January 6th, 1876,
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INFORMATION TO PURCHASERS.

As we have only one Fnde of goods, and one price, and never deviate from
either, it is not absolutely necessary for parties to apply to us in person, for the
pu of purchasing or selecting any of our instruments.

e modern system of Express Agencies is now so complete as to have their
agents at every important point in the United States and British America, and
these agents in their turn forwarding by stage, etc., to places where there is no
Express agency. This Express systemn renders it safer and more expeditious at
the present day to send goods one thousand miles than to have sent them thirty
miles away twenty years since. :

As to the good condition and safety of the instruments that may be trans.
ported by express;—We pack in such a manner, and make such provision for
their safe transportation, that we guarantee the good condition of the instruments
on their arrival at their place of destination, after being forwarded by express;
and hold the express company liable to us for all loss or damage that may be
incuarred on the way.

It is perhaps unnecessary to say that we warrant the instruments, in all their
parts, to be made of good material and of good workmanship, and with no
original defects.

ordering instruments, all that is necessary, is to write or telefraph to us
the kind of instrument desired, and we will forward by Express, (unless a differ-
ent method be desired). In giving the address to where the articles are to be
forwarded, be careful to give the County as well as the State, thus: Send
‘“ Combined Transit and Levelling Instrument,” pricc ——, and the . following
extras, ——, ——, by express, to  Wm. Andrews, Civil Engineer,

Lmde%“. County,T ‘
e

. ) Xa8,
as in some States there are several Express stations of the same name. .

As there are three Chicagos, three Cinciunatis, six Philadelphias, etc., in the
United States, and each of them in a different State, it is best to always do this,
even if the articles are to be sent to a large city.

Terms of payment are uniformly cash, and any of the following methods can
be adopted: remitting to us a draft on any banker or broker, in this or any east-
ern city; or a * post-office money-order.” The best method is however by the
Express C. 0. D. system Scollect on delivelx). That is, the party ordering, pay-
ing the amount of our bill to the Express Agent on receipt of the 8.

Although we have our own standard and approved patterns, if any ¢
in the style of the instrument, graduations, or numbering of the degrees be
desired, we can do it,

HOW TO SEND INSTRUMENTS FOR REPAIRS.

In sending instruments of our own, or any other makes, to us for repairs, it
is only necessary to place them in their own boxes, fill the box with some elastic
material, such as paper, rags, etc. Place this in a packing-box at least an inch
larger in its dimensions than the instrument box, and fill the space between the
two with shavings, straw, hay, ete. Mark on the box simply He}i'ler & Brightly,
Mathematioal Instrument Makers, Philadelphia, Penna, Send it to us by
express, and get at the same time from the agent two receipts; keep one, and
forward the duplicate to us. Send by mail at the same time, a letter to us giv-
ing the items as to what repairs are needed and the time when the instrument is
again required ; and place a duplicate of this letter in the box with the instrus
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ment. If the Express charges to Philadelphia are id by the sender (whick
is optional), it wiS be so stated in the recel};)t before}’::gnz;tionZd. (

Our_charie for repairs can be paid by the Express Agent (C. O. D.), on our
returning the articles. Remember, however, always to s the spindle (or
ball and socket, if it be a Surveyor'’s Compass) on which the instrument turns, as
it cannot be adjusted without; and a socket must be improvised at additional
gt?gt to the e‘:lw;eli; if it be nf‘:)tr sent. I{,l when the instrument is not of our make,
it is requir e tested mtfne ic attraction, or defective graduatio:
the fact must be mentioued in the letter of advice t? us, .

If the distance be not too great, it would also be best to send us the tri
legs and head, as the legs -are frequently loose in their cheeks, and the iron
ohov%shat their ends shaky and points worn off,

en instruments are sent to us to be repaired, we will, if re uested, test
any steel tape or chain that may be forwardetf with them without gxtra charge,
and give their difference in length as compared with the true United States stand-
ard (see “straight line measurements ), and the state of the thermometer at the
time of trial. If, however, any repairing or adjusting of the chains, etc., be re-
quired, there will be an extra charge.

We have been frequently asked, since we have increased the power of our
Telescopes, whether we could not place our new Telescope on instruments
made by other firms, We have heretofore uniformly refused, as our new Tele-
scope is a distinguishing feature of our instruments as compared with others.
We have however reconsidered our determination, and will alter any Telescope
to our new one; but in cases of this sort we will engrave on the Telescope tube
the name of our firm. In altering the Telescope, all that will be neceasary in a
majority of the cases, will be to remove the old object glass and eye piece, in-
sert new ones, and to change the place of the oross wires.

WHAT IT COSTS TO SEND A TRANSIT OR LEVELING INSTRU-
MENT FROM PHILADELPHIA TO ANY PART OF THE UNITED
STATES OR CANADAS, OB VICE VERSA.

Parties from a distance frequently write us, “I have an instrument that requires repair-
ing; about how much will be the express charges to Philadelphia from this place?”” In order
to give such parties an approximate idea of the cost of transportation, we give the following
tahle of charges upon fifty and twenty-five pounds of freight to Philadelphia from one or more
eities in each State. An engineer's transit, such as is made by regular makers (our own is
somewhat lighter), with tripod head and legs, packed for shipment im two strong packing-
boxes, these boxes filled in with some elastic material, such as snper, shavings, ete., will
average fifty pounds; the tripod head and legs alone, also packed in strong box, etc., will
average from twenty to twenty five-pounds; tripod head, with leveling screws, etc. (but with-
cut the wooden legs), will average six pounds. (See Table of Express Freight Charges.)

From the table given it will be seen that the cost of sending a transit in its box from any
part of the United States or Canadas is 80 moderate (being only in the neighborhood of $2.56
from Kansas to New York or Philadelphia) that it is the best policy, if a valuable instru-
ment receives any injury anywhere in the United States, to send it to those who have all the
facilities for making the necessary repairs and adjustments. As to any extra delay incurred,
we will state that seven days only are needed to bring a transit from San Francisco to Phila-
delphia, and that the most seriously injured instrument, as a general rule, can have all the
necessary repairs and adjustments made in six days. As an off:et to this, there is the surety
of the repairing being properly dore; and in many instances ths low prices charged by parties
Daviog the facilities for quick work more than counterbalance the express charges.
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THE CHEAPEST AND MOST EXPEDITIOUS MODE OF SENDINu
SMALL PARCELS TO ANY PLACE IN THE UNITED BTATES

" OR CANADAS.

SBurveyors are now very geuerally taking advantage of the post-office Jaw allowing parcels
of merchandise, if not weighing over four pounds nor measuring over three feet, to be sent
through the mails at one-sixth the cost of letter postage (the postage on merchandise being
one cent an ounce, while letters cost etx cents an ounce); and almost all small articles, such
as tripod heads, leveling screws, clamp screws, P gl , level tubes requiring new
glasses inserted, hand levels, pocket compasses, eto., are sent or returned in this manner, as
it is cheaper and more expeditious than to forward by express. From the above it will be seen
that the cheapest and most expeditious way to send small articles is through the maile, as
packages not weighing over four pounds nor measuring over three feet can be sent to us from
any part of the United States in this manner at a cost of one cent an ounce, postage to be
prepaid by stamps. Or, in other words, a six-pound tripod can be sent to us from San Fran-
cisco at s cost of ninety-six cents by mail, whereas by express the expense would be more
than double. Similar packages can aleo be sent by mail from any place in Canada to any
part of the United States at a cost of ten cents for every eight ounces. Recollect, however,
that the post-office limits single packages to four pounds in weight. The six-pound tripod
mentioned above would therefore have to be separated into two parcels. If circumstances,
however, require it, an entire instrument may be sent by mail, if the precaution be taken to
separate it in such a manner that none of the packages exceed the regulation four pounds.
Tie the parcels in strong paper and merely address them (by tag or otherwise), “ HELLER &
BrigRTLY, MATHEMATICAL INSTRUMENT-MAKERS, PHILADELPHIA, PA.

Another way in which the articles may be sent is to pack them securely in a pasteboard
box, or elze a skeleton box of four strips of wood, similar to those in which pianos or sew-
ing-machines are packed. Recollect also to so wrap or envelop what you wish
to send (if packed in a pasteboard box, with openings cut) that the articles
may be seen without destroying the wr?pers. No writing or mark of any
description whatever (excepting the address) must be placed anywhere on
the parcel, as this will subject the entire package to full letter rates of
postage, three cents a half ounce. It isalso bert to write the address upon a tag,
and tie this tag in such a manner to the parcel that it cannot possibly get loose.

If the surveyor is in doubt as to whether his package is properly packed, the precise
amount of postage stamps to be placed on it, etc., etc., he may obtain full information by
inqniring at his own post-office before sending.

TABLE OF EXPRES8 FREIGHT CHARGES FROM PHILADELPHIA TO ALL PARTS OF

THE UNITED STATES AND CANADA, OR VICE VERSA.

2 = @ e
= = a g|l= @
STATES. CITIES. ~°§"§§ %"gg STATES. CITIES. |¥5=|FE=
= S|E 3 & S5 3
..| Montg V..o | $1.88 | $3.14 || New Jersey......... $ .24
Little Rock......| 2.60 | 4.35 || New Mexico.. S 13.04
San Francisco. 7.28 | 12.14 || New York.. 30
..|Derver......ceeee 422 | 7.04 “ . 1.04
Hartford 54 90 “ 1.04
. 2.88 | 4.80 || North Ca: 1.94
Delaware.... ..|Wilmington...... 14 24 hio . 1.94
Dist. of Columbia.|Washington......| 45 76 “ Cleveland 98 | 1.64
Florida Tallah .| 278 | 4.64 g Portland........... 8.36 | 13.94
2.06 | 3.44 ..|Harrisburg. 21 .36
. 11.24 | 18.74 Pittsburg.... €21 1.04
134 | 224 Lancaster 18 .30
. .| 162 | 270 Reading..... 18 .30
Indianapolis..... 144 | 240 ... |Wilkesharr .36 .60
Dubuque...... ... 1.70 | 2.84 || Rhode Island.......|Providence. 54 .90
Leavenworth....| 242 | 4.04 || South Carolina.....|Charleston. 152 | 2.54
..|Louisville......... 134 | 224 2.06 | 3.44
1.30 | 2.18 188 | 814
2.16 | 3.60 2.60 | 4356
98 | 1.64 7.34 | 440
90 | 150 5.12 | 8.54
.28 44 .76 | 128
44 4 Montpelier 126 | 2.10
126 | 210 Richmond. a2 ) 1.20
242 | 4.04 . ... |Norfolk .. 54 90
1.70 | 2.84 || Washington Ter’y |Olympia. 9.08 |15.14
reeereeseens| 15.58 | 25.99 || West Virginia.....[Wheeling 22| 120
..|Omaha City......| 2.24 | 3.74 || Wisconsin...........|Milwaukee. 134 | 2.24
wwee | Virginia City....| 7.52 | 12.54 “  wevseee [Racine ... 1.34°| 2.24
New Hampshire...[Concord............ .86 | 1.44 || Wyoming............ Cheyenne... 8.68 | 6.14
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HELLER & BRIGHTLY, S

MATHEMATIOAL, OPTICAL, ENGINEERING, SURVEYING AND ASTRC
NOMIOAL INSTRUMENT MAKERS,

8. E. Cor. Spring Garden & Ridge Ave., Philadelphia.
PRICE LLIST.

‘PHILADELPHIA, July 1, 1889.

NOTICE.—As we have in the present edition made alterations in the prices of our
Engineering Instruments, etc., the present Price List will supersede all others.

TRANSIT.

Oomplete ‘‘ combined Transit and Leveling Instrument,” for
Civil Engineers and Surveyurs {similar to illustration)—86 inch magnetic
needle. ‘‘Long compound centres ’ to plates—all graduations on sil-
ver plate. The degrees of the ring and horizontal plate numbered in
two rows, one row in quadrants (O° to ©0° each way), and the other row a
continuons one (for repeating an angle) from 0° to 360°.—Double oppo-
site verniersto horizontal limb.—All thelevel bubbles ground.—Long
sensitive level bubble, vertical arc, clamps and tangent screw movement to
axis of Telescope.—Tangent Screw motions, both to the horizontal
limb and vernier plate. Clamps on Telescope axis, arranged with sight-
ing slits and index marks, for right angle sighting (for offiets). Teles-
oope achromatic and erecting, of extra high power and range, (magnities
28 diameters ; and will read time on an ordinary watch dial at 983 feet
distance). Telescope balanced in its axis, reversing both at eye and
object ends, and with one end of its axis adjustable.—Slide for closing
aperture in cap, when not in use. Shifting tripod head to tripod, for pre-
cisely centrin%the instrument over a point, after approximately setting by the
tripod legs. Extra wide openings in vernier plate for reading the hori-
zontal limb.--Tripod head, with the levelling rcrews, etc., detachable
both from the instrument proper, and from the tripod legs, for packing away
in the box.—Length of Telescope 10} inches; Diameter of oﬁject glass 1}

1 .
INCheS..ccveceecernirencennnrennnnss teee teeseeteneas enseentacts sentesesntnetnancrnsntssrannnsane $220.00

The instrument is securely packed in mahogany box, with leather strap, hooks.
lock and key.—India-rubber washers to the bottom of the box to prevent
disarrangement of the adjustments by transportation.—Packed in each box,

and included in the price, are a magnifier for the easy reading of the graduations, -

plummet, sun-shade for Telescope, adjusting-levers, and two screwn:
drivers.
Plain Transit—similar to the above in every respect, excepting that it
has no level, vertical arc, clamps nor tangent screw motion to the axis of
Telescope...cuvesrrrensrrrenerrenenns eeeereresees ssserssesens toesesesasusarasssesase o veeeeses - $185.00

BXTRAS TO PLAIN TRANSIT.

By attaching the first three following extras (weight abont 16 ounces) to a plain -

Transit, it is changed into a ‘‘ complete, combined Transit and Leveling Instru-
ment.

Vertical circle 5} inches diameter (reading to minutes of are).....c..ccceveevvneees  $25.00 3

Or vertical arc, 7 inches radius, and vernier clamp.......ccee cevuvene. . 15.00

Clamp and tangent movement to axis of Telercope.. 15.00
Long level on Telescope, ground bubble and seale .......... . 15.0C
¢ 8lit sights " on Telescope, to fold down on the Telescope when not in use.  12.00

EXTRAS TO EITHER PLAIN OR COMPLETH TRANSIT OR
LEVELING INSTRUMENT.
(Any or all of which may be added at will.)

Rack and Yinion movement t0 eye plece (for focussing cross-wires)......... 5.00
Adjustable Stadia hairs (with accurate and firm adjnetment to the slides,

and so arranged that the Microraeter or Stadia hairs can be adjusted

without disturbing in the least the adjustments of the ordinarv horizontal

and vertical hair). Unless otherwise ordered, we adjust them so as to
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preciscly take in 1 f00t of a rod, placed at 100 feet distance from the in-
strument sesesnee eecescensssessecccaanes esenses o
tixtra detachable top Telescope, for vertical sighting in shafts. For
ption of this Telescope, and mauner of its use, 86@ PAZO T..ccereee
(Th)is Telescope.is.anly furnished at this price when ordered with the instru-
ment.

— - - . - - - T, -

—

We judge from numerous letters rm v o %5 0 <2 = (e asow.efe that

% have increased the power of the vriamv [-iom- o, bas levn made
pibic, that 8 peroval examizali o of e T .~ fe and iLstrument)
befure making a final purchase, wom. i e o % vl 2 v to jearties who
are but dlightly acquainted witn us 323 2r piecats . We make to such

the fullowing propesition: U MAK:%s Az i 2 ws 2o K 20 of instrument

ey desire, we will forward it t e r acinee by (x;n—: and we will
direet the express agent o0 delivers of tre wetmire® 2 bo o ot the amonnt

of our bill, but instead of Forwardiss % us 2o esi a0 .¥ a= b u-ual, he will

bl the money on deposit for <aw £ ar dave, op G oa 1o paresaser shall
have thoroughly teated the instrurtent in tae be.t Tie (eir baser can
take the instrument and give it an stusi trau o the fe.d  tour davs
rhnuh} be ample for thi<.. and if o t wnd A by re Liesd, strictly firet-
tus in all parts, and perfectly satis®artory in eve r\',r'-.-tn‘t. be mav return
tto the express agent before the exp raziom of tiwe foreir aave, and receive
!hi_i money paid in full and no sale. The “X{iv~e 350t Wil then return the
e e o,
itis perfeetly satistactory. and tll:e1 l:-:‘u: :Ul’ .fh} y ni ‘l:‘] o remne) that
Lu sales of this sort li«;wevor : i il ar --r'\‘ b e
rnty bolds good g e, wever, as in a..‘ OUr OLhLeP sdes, our -.p;_rmul war.
after reasonable use,. we aL:’e: l::{tl:::me a‘b‘r‘. par I'.a": My defict appeam
to refund the purchise moe . T W Fepuise W.il 8 periect inrtrument oF
March %, 1874,

Report 1, waowne. -

Or one extension leg, to suit regular Tripod......cevveeeirieienneeeeieneserennnnnnnes
Plated reflector for graduations (ree page 7)...

o “« “« Ccross hﬂil‘ﬁ “« “ o«

Small adjustable Table for lamp “ “ “.......
Lamp for Mining Engineer of new design, can be used either attached to

the hat, in the hand, or on table, made of heavy sheet copper; seams lapped,

and the copper tested as to its freedom from magnetic attraction ; weight a&em

b ounces (for full description see Page 7). cccceciiiierinruiiiiennnereersnensans sosessanr

$10.00
35.00

2.00
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HELLER & BRIGHTLY,

MATHEMATICAL, OPTIOAL, ENGINEERING, SURVEYING AND ASTRO

NOMICAL INSTRUMENT MAKERS,
8. E. Cor. 8pring Garden & Ridge Ave., Philadelphia.

BXTRAS TO EITHER PLAIN OR COMPLETH TRANSIT OR

LEVELING INSTRUMENT.
Rack and (Any or all of which mnyfhe fadded_ at will,)
and pinion movement to eye plece (for [0cussing cross.wires) ........
Adjustable Stadia hairs (Wil{ aclc)ur»fe and firm adjnstment tq thl slides,
and so arranged that the Micrometer or Stadia hairs can be adjusted
without disturbing in the least the adjug;mcntn of the ordinary horizontal
and vertical hair). Unless o*herwise orde!'ed’ we adjust them o a to
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preciscly take in 1 £00t of a rod, placed at 100 feet distance from the in-
BLTUMENL ceveveneeieriees corerreesessesnersnnassnnessstonstonnnans covecsesensnsesenes o snsessens  $10.08
tixtra detachable top Telescope, for vertical sighting in shafts. For
description of this Telescope, and manner of its use, see page T......... 8500
(This Telescope.is.anly furnished at this price when ordered with the instru-
ment.)

Plated reflector for graduations (see page 7).....ccccceeererenneenns vee sesseenens . 400
o “ “ croes wires (see Professor Raymond’s paper).............. 4.00

kixtra tripod head with three extension lege !{see “Franklin Institute
Report”), to lower or raise the instrument in contracted workings............ $20.00
Or one extension leg, to suit regular Tripod....cceeeuueieeiisvnrerennnnnenes cerenn . 500

S8mall adjustable Table to attith to tripod for hoidiiig lamp, weighing
16 oz., und packing away in box (for description and use see page 7)...... 10 00
Extra magnetic needles, centre pins, levels, compass dial glasses, magnifiers, adjust.
tng levers, plummets, plummet cord, camel’s hair brush ang buckskin for glasses of
Telescope. (See further priced extras afier ““Surveying Compasses.”) i

SMALL MINING AND RECONNOISSANCE TRANSIT.

A full detailed description of this new instrument, which we have lately designed
and introduced, will be found in the paper of Professor R. W. Raymond read before
the Association of Mining Engineers (which see).

mall Mining and Reconnoissance Transit, with level, vertical arc,
etc. (similar in every respect excepting size and weight to our complete

combined Transit and Level—which 8€€)....... coeeveilerermnnenneiionireerennnnnne $198:0b

Our attention has been called to imitations of our Mining Transits that have
heen piaced on the market since we first introduced our style; and as from the tenor
of the communications and inquiries we have received persons may be deceived by
the cloee imitation, we give some of the leading points in which they differ. As
far as the size is concerned, they are close copiea‘gProfessor Raymond’s paper giving
all the various dimensions, and rendering imitation in this direction easy. They
san, however, be detected in the following points.—The metal of which they
are made is the ordinary hammered {Iellow brass ;—the windows for reading the ver-
niers of the horizontal limb are only half the length ; (our window openings being full
two inches long). Our verniers are opposite, have double readings, and read to
single minutes of arc; the imitation has ringle readings, and in some cuses only read
to three minutes (3/). Our graduations are upon silver plate; the imitation on
the brass and silver washed.. Our centres are the ‘‘long compound ;”’ the
imitation has the ¢ flat Surveyors style”” Our plates, etc., are “ribbed ” and
“ P ;" the imitation ones are solid, and of course the instrument heavier,
The Telescope is, however, the part where the greatest difference exists, ours
being erecting, 7} inches long, and .of a high magnifying power (over 17 diameters),
:‘l:: fm.itation having the ordinary inverting eye piece (Ramsden’s), and being

ger.

EXTRAS TO SMALL MINING TRANSIT.

(Any or all of which may be dispensed with at will.)

Bxtra top Telescope, detackable at will, for vertical sighting (see page
7 for description of this Telescope and manner of its use).......couverceriravencenns $35.00
('This Telescope is only furnished at this price when ordered with the instrument.)

Adjustable Stadia or “Micrometer” hairs (see regular, complete, etc.,
"Trangit)u. cececeeneerser sosenennns cerreetssseesiettreinaeninas ceereeressranne cerreseceonseenss 1000

Extra tripod head with three extension legs (see “ Franklin Institute
Report ), to lower or raise the instrument in contracted workings.....ceeeeeeeee 20,00

Or one extension leg, to suit regular Tripod............. cerrennee 5.00
Plated reflector for graduations (see page 7).... 4,00
«“ “ “ cross hairs  “ ¢« 4.00

Smak sdjustable Table for lamp “  “ “o.ciiiiiiinnininie ... 16,00
Lamp- for Mining Engineer of new design, can be used either attached to

the hut, inthe hand, or on table, made of heavy sheet copper ; seams lapgd,

and the copper tested a8 to it freedom from magnetic attraction ; weight about

b ounces (for full description see page.7)......ccicierrernrnnerennnsiisisssmnnssossrnees 200




PRICE LIST.

TUNNEL TRANSIT.

Tunnel Transit, with Telescope 17 inches in length—long compound cen-
tres, 5 inch magnetic needle, double opposite verniers to horizontal limb.
(See sage 8, Franklin Institute Report, and letter of Mr. Stecle for fur-
ther detils).ecccueereeeiinsrenes sessurerecrereessnsrseenmnnssses soseessssessssssassns sassanves $LIBOU

SOLAR TRANSIT.

Solar Transit.—This is our regular “Complete combined Transit and
Level Instrument,” with the addition of the gaegmuller Patent Solar At-
tachment (the solar attachment is detachable and can be placed away in the
transit box when not ‘in use),.......... 400000 sasesssce seessenarnssans enrnersaenns srose . 300.00

PLANE TABLE. .

Plane Table of the most approved modern construction, with Alidade—
detached Compass box, level, scale, etc,—Table 24 inches square—
alidade with movable edge (this is a most important and time-saving im-
provement, as double the amount of field work can be done in the same time
as with the ordinary style of instruments, and with greater accuracy).
Telercope extra powesful with vertical arc, and with adjustable Stadia hairs—
Tripod very firm and with shifting head.—The whole instrument braced in

a manner to best resist side tOrsion ........c.cvevieeiancenieennes cereeseeneninsnernnene 295.00
(Long Level under 'I'elescope, $10 extra.)
Lelemeter Rod (hinged and graduated) to use with Plane Table............. e 25.00

-All the above instruments (as well as those that follow) are reduced to abont
half the weight of instruments made in the ordinary way.—This being effected by
“ribbing” and “bracing,” all the parts.

The mode is fully explained in “the Report of the Committee of Civil Engineers
appointed by the Franklin Institute of Philadelphia to examine Heller & Brightly’s
islgg)mve,fl ransit,’ and in the paper read before the “ American Philosophical

iety.

LEVELING INSTRUMENT.

£Engineer’s Leveling Instrument, with “lcng centre” (instrument sim-
ilar to illustration), T'clescope, bar and centres arranged in such a manner as
to detach above the leve! screws, without the ibility of jarring
the instrument or its adjustments.—Tripod head and ming screws de-
tachable from the tripod iegs, for packing away in box.—Telescopz 17 inches
long, erecting, achromatic and extra powerful.—Index lines on Telescope
and Y’s for setting vertical hair truly vertical, packed in mahogany box
with sunshade, adjusting pins, etc., ......... ereeeesersetsartneenes sranassrsennsns srse . $146.00

SMALL MINING AND RECONNOISSANCE LEVEL.‘

This Mining and Reconnoissance Level is a companion instrument to the
Mining and Reconnoissance Transit, and is a fac-simile of our regular Engineer's
Leveling Instrument (which see) in every respect excepting size ungl weight—Jength
of Telexcope 10§ inches—aperture of object glass 1 inch—magnifving power 28, di-
ameters, shows objects erect, and will read face of a levelling rod direct (. e., without
the aid of a target) at 700 feet. This Leveling Instrument fits the tripod head
of the Mining Transit, and one tripod, if need be, will answer for both.—The
whole instrument weighs without tripod 2} pounds, and is packed in a mahogany
box, 12 inches long, 4 in. wide, and 6 inches J:;)ep; a strap is furnished to carry box
over the shoulder in the manner of army officer’s field-glass. -

Price without tripod (where Transit tri interchanges with Level).......... $105.00

Tripod head and legs......ccceeeunnenn e .podges ........................ 10.00
Plummet laraps with * compensating ring ” (for description and man-

ner of use see Prof. Raymond & Eckley B. Coxe’s papers before the Amerj~

can Association of Mining Engineers), singly. ....cccceeeuee ceees vereeeneenns  13.00

Per pair .o ceriennieenieinenie seenensnninseesseens R X ¢

Neat light box, with lid and shoulder strap, to carry a pair of these lamps, is also
furnishedgif desired.—Price of box with strap....... P 8.00




PRICE LIST.

Plumb-bob of brass, with steel point, accurate. (see test for plumb-bob).... ?g.gg

Clinometer or Slope Level, straight bar................ eeeeesaeee sressrsnsanes
HELLER & BRIGHTLY'S STEEL TAPE MEASURE
(8TANDARD).

These Tapes can be graduated by us in any manner that may be desired.
For Bridg:p:ﬁlding, or City work, we generall{y make them 300 feet long. The first
290 feet graduated and numbered at every 10 feet distance; the next 9 feet at evel
foot, and the last foot into 10ths, or even closer if preferred. For Mine or Ra.ﬂroeg
work, they are generally desired either 400 (a 400ft. Tape weighs without handles
2} Ibs.) or 500 feet in length, and graduated in a similar way to the above. We also
furnish, if wanted, a *“ Clamping Handle,” that can be attached to any portion of
its length, in order that any measure shorter than the whole length can be taken with-
out unwinding the entire length from the reel. (See account of a new measuring'
apparatus for straight lines.) .

Steel Tape (of any length that may be desired, from 100 to 1000 feet), with no
joint from end to end. Lengths and graduations of precise U. 8. standard (guaranteed).

First 100 feet........ eeeaseetenstessassnste seatsesreasessssesessnsnssnasacs .. $600
Kvery eXtra 100 feet ... ..oveveerieurenssoreaserennieioeeteitertes sosereses sus seeseeasesmose soe 5.50

At the above price every 50 ft. is marked and figured, but no reel nor handles

are furnished.
EXTRAS.

Every extra graduation and figuring, each
Large brass handles to unship, each... ..ccceeeeeeenierecreccarenens
Reel, with handle and stop, (to wind up Tape
Spring Balanoce, to use with above......... cererenesens soeesssounee
Clamping Handle.............ccoeecvvieeiiieis seriseiecsssanisanesnsass ses ssssae snssensos
Small 8leeve of brass. This sleeve is tinned inside, in which the ends of

the tape when broken are slipped, and then soldered fast by merely heating

the ends of the sleeve with a hot poker.......... veceereercererserereene cessesnsinnennns a0
8Small brass clamp (to fasten on tape to mark any point which is to be used
HEVErAl tIMIER) . iiieeeerunniineeeernenriereneieren ornnnnes ceeeennesnneesnnennsnnenssnes cresanee 76

The cost of a 100 foot Tape, gradunbed and figured up to 90 feet at every 10 feet,
the next 9 feet at every foot, and the last foot into 10ths, would be (without reel or

balance) : .
Tape (gradnated at every 60 feet)................. creseseasenssceseseneeseses $6.00
24 extra graduations and figuring the same, at 20 cents each...cc.cueee. cerseesenees , 4.80
Pair of brass handles (to unship) . wee s 3.00

LEVELING RODS.

Belf-reading (hut with target) Philadelphia Leveling Rod................. $18.00
New York Leveling Rod and Target.......... cereeestetecancasntsesanan ennes

Ranging poles for Transit, g fe‘et long... igg
“ N 10 0 et cerneeeceres senene
Barometer for Leveling, Surveying or Reconnoissances, dial
graduated to read from 8000 to 10,000 feet altitude—there barometers
are carefullv tested by us with a standard Barometer in the following
manner. We place them under the receiver of an air Pump, and as the
air is exhausted (equivalent to ascending a mountain) the two dials must

note the same height ........cco.ooveviiiriiiiiiiniiiiiinniiiienireenenres oo ..from 25.00 to 35.00

Metal “Aligning” or Ranging Poles...... ............... ceeeeeenene eresnesens . 6.28

These poles were designed by us for very accurate sighting in Tunnel Engineering,
and gave such good satixfaction, that we have introduced them for close city and other
work. They consist of a heavy bronze tube 11-16ths of an inch outer diameter and
about 7 feet long, divided off into feet, which are puinted white and red alternately,
with brass shoe and steel point on one end, and on the opposite end a drill for trans-
ferring centres into stone, etc. ; and as the steel points and the tube are turned in a lathe
at the rame time, abrolute coincidence between the rod and the points is had. The
weight is about that of an eight-foot wooden pole; they will stand a heavy blow withe
out bending, and the cost is but little more than for the inferior wooden ones.



PRICE LIST,

SURVEYING COMPASSES.

As we make and test our Compasses in a more accurate manner thax ix
usual, we are compelled to charge a higher price than is asked for those made in
the ordinary manner. (For defects of ordinary Compass, see Surveyor’s Compass.)
20, Surveying Compass, 16 inch plate, 6 inch magnetic needle. Two

straight (ground) levels, outkeeper for keeping tally in chaining ; sights
raduated for the purpose of taking levels, or angles of elevation or
geprension; Ball and socket for Jacob Stafl mounting; Cover to glass,

and the whole instrument packed in mahogany box........... ..... eeresenes $56.00
1, Same instrument 88 No. 20, but with an extra Nonius plate, read-
ing to single minutes of arc, for adding or subtracting the mag-

netic variation.......... coee sescosecnuns vusses srneeserreson cosereverocosvencoose 66.00

93, Same instrument &8s No. 20, but with 16 inch plate and 5} inch
magnetic needle........c.cceeeeuereeene. eeverersseoces srsese soe cevene o eneesrerorse 52.00

23. Same instrument as NO. 22, but with the extra nonins plate for the
: magnetic varfation....... ..ceececeeeeeicrccrrerenne.. evseroenresnnenen veerns 6200
Light Tripod head and legs to fit any of the above compasses............ 9.25

Light Trd; similar to the ones furnished with the Engineer’s Transit

or Level (see cut), combining the ball and socket for approxi-

mately rapid levelling, and the four vertical levelling screws for
the precise levelling of the instrument ;-—Clamp to the centre...... ...... 18.00

24. Pocket Surveying Compass, 2} inch needle (sensitive) folding
sights, cover to dial and packed in morocco box. . : . 16.00
26. Similar to No 24, but with- and socket for Jacob Staff mountings.  19.00
The metal of which all these Compasses are made is very dense and hard, and

not the ordinary hami‘n:are:s{ellow brass.
- Extra large size ts, such as are used by the U, 8. Coast Survey, with
horizontal limbs of from one to three feet diameter, and reading by microscopes to
seconds of arc, and furnished with powerful Telescopes, or for Astronomical
tea—price list will be furnished on application.

. EXTRAS.
Needle and cap cererrsasenssenearesanrerressesrasos sossret ceeessrerescorvoseen 5.00
Centre-Pih..ccceseerererenee o sssceeesstosresensersonseoscerrreerrsrsnresearsosssnsenes e 1.00
Compass glass............... 1.00
Magnifier for graduations.... 1.00
Camel’s hair. brush (for glasses). 50
Buckskin “ oo . 26
Viriation plate to either “ Plain” or * Complete cerencerncesens  20.00
Rod level ?for plumbing rod or pole)........cc.... . eoves 5.00



PRICE LIST.

SURVEYOR'S AND ENGINEER'S CHAINS.

Snrveyor’s Chain, 2 poles, 50 lmks, No. 9, wire ov:l ringe............. eeecesesntese
A R B
“ 2 “ 50 “ 7, “
“ 4 “ 100 « 9 wire round rings...
“ 4 “ 100 “ 8 wire oval rings.......
“ 4 “ 100 “ . “
“ 4 “ 100 “ 12, best steel wire, brazed links ana
“ 2 « ‘5o “
l"‘gmeer’s Cluu!, 50 feet,lgg :
“ 50 “ l2,beatateel wn-e, brazed links and

tevesse s occsscosen

“« 100 “ 100 “ 12, best steel wu'e, brated links and

CHESTERMAN'S STEEL TAPE MEASURES.

These steel Tapes we alwaye test with the true United States standard, and give the
gurchaser a note of the comparison and the state of the thermometer at the time of

testing. (See straight line measurementa.) -

Steel Tape Mensures; all steel, to wind up in a box, same as linen measnres.
Steel ‘;l‘ape Measure, 10 feet long, in 10ths or 12thg, in German Silver case,
@ACN. ceein ettt re certe ceasutest ceseneces tostsennessnesses snnse
Steel Tape Measure, 10 feet long, tape divided on one side to 12ths, and on the
other to centimeters and millimetera...........c.ccveiecirn cirrnnrieecnrancsniies
Steel Tape Measure, 25 feet long, in ‘l(nhs or 12ths, each
“ 6 R

“ 33 « “

« “ 40 -« “ . & «

“ « 50 “ “ “« « e
K “« 66 « L “ “« «

“ “ 75 « « “« “

« “ 100 “ « “ «

. Steel Tape Measure, 3 feet long, in German Silver case, vxth epnng and stop,

s waui;d into lgt:_;:‘o; 12ths of a foot.. & o o
a easure, ong, in German Silver with spring an
dl!’:nle&mw 10ths or 12ths of a foot, D p s e

ape Measure, 5 feet long, in German Silver case, with sprmg and stop,

dlvnded into 10ths or 12ths of ®€00L ......cevveeeeeerrevevenereeinievserarennann
8teel Tape Measare, 6 feet long, in German Silver case, with spring and stop,
dlnded into lOtbs or 12ths of a foot.
8teel Tape Measure, 3 feet long, tape divided on one side to 12ths of a foot, and
the other side to ceutimeters millimeters. ........ wccoono cercsens oscns ooonane

Steel mumre. 4 feet long, tape divided on one side to 12ths of a foot, and

the side to centimeters .mfe millimeters.....

Steel Tape Measare, 5 feet long, tape divided on one side to 12ths of a foot, and
the other side to centimeter sand millimeters........cccceeevenner cocvesooners eeee
Bteel Tape Measure, 8 feet long, tape divided on one side to 12ths of a foot, and

the other mde to centimeters millimeters,

CHESTERMAN'S METALLIC TAPE MEASURE.
l{etallic Tape ﬁieamre, g feet l‘?ng, in ‘l(nhs or l‘2ths, e“ach

“
“ “ 40 “ “ “ “
“ & w “ “ «© “
@ “ 66 “ “ &% &«
L “ . 70 “ “ “@ “

175
2.25
2.50
2.76




PRICE LIST.

¢ -4
¢ “ 100 “ “ “ % diveseserrsccserereee -

SWISS DRAWING INSTR'I.;J'MENTS.

Being frequently called upon to furnish the entire field and office outfit for Railroads
»nd Civil Engineers, we here insert the prices of some strictly first-class German Silver
.instruments, and of office stationery. The drawing instruments are somewhat higher
in price than the common sort, but are such as we furnish when the guality is left to
our judgment. They are examined by us before forwarding, to aee that the steel polnbn
are properly hardened and tempered, that the joints work equally, the drawing
properly rounded and sharpened. . We can, however, farnish, at catalogue prices, t

“of any firm that may be desired.

,Plnm Dividers, 44 inches long, each......... sosreasssosane resnesiane
‘Plain Dividers, 5 inches long, each...............
Plain Dividers, 6 inches long, each.............. .
“Hair Spring Dividers, 4} inchen long, each
Hair Spring Dividers, 5 to 6 inches long, each
Dividers, 64 inches long, with Pen, Pencil, Needle Points and Len thenin
Dividers, 63 inches long, with fixid Needle Point and Loose ‘en, an Pen

Points and Lengthemn Bar s ieiintiss et st et e e .
‘ vaxdem, 64 inches long, omts in each leg, with Pen, Penul Needle Pomts .
~_“Dotting Pen and Lengthening Bar.......c.. cooveiveecereecne vncnninnee cerndeeennnaane .
- Dividers, 4 inches long, with Pen, Pencil and Needle Points..............c.ccene.e.

Dlv':den, i lmches long, with fixed Needle Point, and Pen and Pencil Pomts,
chan, @ 1eeeeeeerrannnnninererinssesinatensasssrtenaes sanene atetaeaees sanaes tenacs sabarnen
Dlvidem, 4 inches long, with two fixed Needle Points................
Dividers, 4 inches long, with fixed Needle Point and Pen Point
Dividers, 4 inches long, with fixed Needle Point and Pencil Point. .. ..... ic..o:
Pividers, 4 inches long, with Spring and Set Screw, Needle Point, Pencil Point
~ and two Pen Points.........ccccieveriemnnnninniiiiinceriiivennnnnenn

Proportional Dividers, 3 inches long, finely graduated for Jines,
Rroportional Dividers, 64 inches loug, finely graduated for lines and polygons.

Proportional Dividers, 9 inches long, finely graduated for lines and polygons... : -

- Proportional Dividers, 9 inches long, with micrometer adjustment, finely gradu-

- ated for lines and PoOlyGOnB.........viui vt iiiiiiieiii it e st sne s cereaeane
Propomonal Dividers, 8 inches long, with rack adjustment, graduated for lines.
Birecting Dividers, 73 inches long, €ach...... .c..coeuevireiirciiniciiins cernninanvane .

Pocket Dividers, 5 to 6 inches long. with sheath, each...
Three-Legged Dividers, 5 to 6 inches long, each

‘Bteel Spacmg Dlvxders, 5 inches long, with Ivory Handle...............: ......... -

3 “ with Ivory or Metal Handle.............:

. “ ° “ 3 «“ with Ivory Handle and Needie Points..

Beam Compass, 20 inches long, in 2 bars, with Pen, Pencil and two Straight

Points... ese eeseteses aneadrass st nsrase set sae st ernan
Beam Compass, ‘21 mcheﬂ long, in 3 bars..

Fumnure for Wood Bar Beam Compa&xes, in morocco BOXerrvrverveeere e
Furniture for Wood Bar Beam Compasses, not in moroeco [
Boxwood Bar, 24 inches long, divided.............

Pillar Compasaea, or Pocket Set of Instruments ‘with Points to chnnge
Pillar Compasses, or Pocket Set of Instrumenul, with Points to change, and
Handles to Bow Pen and Pencil...
Pillar Compasses, or Pocket Set of Instmments With POINts 0 tUFD....eve. sorene
Iipnnq Bow Pen, all steel, Ivory Handle... o ceeene
with Needle oint, all nteel Tvory Handle...

L € German Silver...

“ “. n“ with Pencil Point
All Btael Sprmg, Bow Pencll Ivory HandIeN

eedle

poalhde

BEEsEszs 2EREEEER
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PRICE LIST.

. .. 125
Duvmg Pen, 4} inches lwg, with Loum. Sl.«)
’ 1.60
.Bood, or Double Drnnng ) (- T 3.76
’ “  with Jomtm each side.. corasaseesases 3.00
Doumg Pen, with one wheel............c..c...... S X 1]

with six wheels.....cccccee et eeeetieienennnee ceneseeniesensneses 850
Horn Centre, with German Silver edges... ceeresssnnes

o0 000 os

40
-Gaﬂmn Silyer Centre, with hamdle.......c..cccuvuierueraerersne s oo nnscrsses svseconrerevar gg

Fastening Tacks, perdoaen eaeses sosene sesesssrenntens sus aeses ane susons sen )
Steel Fastening Tacks, Per GOBeMu......cuuee ee cue verassvessersss sus sneorn assacevenssvosssns 76

Irregular Curves of Horn, each......ccc ceeverees ern seemresevune covune ctedon tue see san vee it 75

Rolling Parallel Rule, ebony..ce ceuerreneererreniiraeannns seesrsaennscrsaarnasaers 3.00
Eoemg'lc Rule, 11 inches Jong....cccccee et uvee st tetnnein crretnseeinerentvsene cnsanns 2.00
- Parties wanting cases made up of these Ilmrumema can select the pieces, by the
above list, that are best adapted to their purpose, and we will have boxes-made to suit,
at an additional cost of from $7 to $15, according to the size of the boxes, which are

made of rosewood, mahogany or walnut, highly tinished.

PAPER PROTRACTORS.

. Whole Circle Protractor, 13 inches diameter, half degrees, on drawing paper,

..................... . 80
Whole Clrcle Protractor, 13 inches meter, half degrees, on Bristol bocrds, . 0
. Half di}'cie'"iJ'}E{{él'c'd;};"a' '2'.(&'}{;"21'{;?1{&;';,'ii;'l'f"é'égr';'.;,"&. Bristol boards,

. each..ccceunnnnnnnnnes cone csscocaces . sececerve 25

FRENCH TRACING PAPER. .

FINE QUALITY, VERY CLEAR AND STRONG. .
In Sheeu. Royal, 19x25 inches......ccccerieirennennennns sasaraseeesanee ;.per qui -$1.00
Super-Royal 21x26 inches... cecsenven e 1.50
“ Double Elephant, 28x40 [0S SV crvanen “ 200
In Rolls, 20 yards long and 42 mches vnde,. ...... perroll, 200
. 40 e ar auins Ga o nnees “ 8.5g
- Vegecable Ronl 19x25 inches, per quu'e 82.00 per sbeet ...... eseeseine 15
“ " Super Royll 21x28 « 50, : 40
¢  Double Elephant, 28x40 “ “ 00 “ 65
“ in rolls of '22 yards, 54 mchm vnde, per roll....cocveee..  5.00

e

! .
» < .

CONTINUOUS OR ROLL PROFILE PAPER, IN .CONTIN.

UOUS ROLLS OF ANY LENGTH.

Plate A —Rulings 22 inches wide, Horizontal Divicions, fonr to the inch ; Ver-
tical Divisions, twenty to the inch, and havmg every tenth horizontal division
~ line an?‘ every fiftieth vertical division line heavier than the others. Prnee, .
per var e . ]
Plate B. —Ruhngn 22 mches wnde, Horizontal Dlvmons, four to the mch Ver-
tical Divisions, thirty to the inch, and having every fourth horizontal division

line and every twenty-fifth vertical division line heavier than the others.
Price, per yard... - 80

..........

_ Plate B —Rnlmgu 9 inches wxde, Honzontal Dlvmonn, four to the mch Ver-

. tical Divisions, thirty to the inch, and having every fourth horizontal division
. line and every twentv-ﬁhh vemcal division line heavier than the others.
Price, per yard..........ceee00 . cossres . .20




PRICE LIST.

MUSLIN BACKED ROLL PROFILE PAPER.

Mnuslin Backed Roll Proﬁle Paper, of either Plate A or B, 22 mdnes wide, in
rolls of 20 yards, peryard....ccccoecesvsnnncanens 7%
Muslin Backed Boil Prohle Paper, Plate B, 9 mches w:de, rolls of 20 ynrds, :

B LT T R R T S T ST TISSI ORIy 50
PthmapondabMtnshmbmmBrmaB’oﬁkPa;w

OROSS SECTION PAPERS

Topograplncal Paper, 14x17 inches, ruled 400 feet to the inch, per sheet 12 .

.................... veeettetaetetasitesiasssintanaans sasesssssenssnsssneenenee-PET quire  $1.78
Tmntwmea Cross Section and Diagram, 10 feet to inch, for embankments of
14 and 24 feet, roadway, and for excavations of 18 and 98 feet, rulings 19§x12

inches, per BHOEL, 25 CBNMB.-vevenserereunnrerseserssensess soruimetessessssessmnes per quire, 5.00
Cross Secuon Papers, rnlmgs 22x16|nches, g feet to mclx, per sheet 25c., “: 5.88
b.
«“ “ “ “ 10 “ every fifth line
heavy, per sheet 25¢., per quire......ccvees venveiiiiineniiniiniinien cenen 500
Cross Section Papers, mlmgs 16 inches, 16 feet to lnch, per sheet, 25c., “ 5.00

Al the Profile and Cross Section Papers can be furnished, printed with redorgrmhm

FIELD BOOKS.

uevel Book, 7x4 inches, made of superior drawing paper, per 'doten ....... . $6.00
8x4 “  extra smooth PAPET cceins ceeeenee L - 450

Proﬁle Level Books, 7x4 inches, made of superior drawing paper. ... - 7.50
Tmnslt Books, 7x4 inches, made of nnienor drawing paper, S X
6ix4 “  extra amooth paper........cccocceu 4 avane . 450

Record 74x5 inches, made of superior writing paper.......... € e 9.00
Cross Suction Books, 8 inches long by 7 wide, for Topography. “  ..... 12.00

BOUND PROFILE BOOKS.

These books are for field or office purposes, being printed on both sides, of a tough
thick paper, and bound in flexible covers convenient for the pocket. Each page con-
tains a profile of three thousand feet in length, so that each folio will contain an aver-
age section of a road as usually laid out for construction. Railroad and other engi-
neers will find them very useful. Size of book 83 by 5} inches. The rulings cor-
respond to the large profile plates A and B.

Plate A, 25 leaves imitation Turkey morocco, with elastic band.... $2.50
o 50 « 3 [ - 3'50
“ 100 « “ “ 5.00
« . .
. 5Q ‘; Turkey morocco, tume({ edges, with el‘a‘mtxc band g%
Puate B, 25 « imimtion Turkey morocco, with elastic band.......... 2.50
“ 5 « 0« E e 350
“ lm « 3 [ “ 5.00
i, 50 * Turkey moroceo, tumed adges, with elast.lc band........... 6.00
“ 100 ¢ v 9.00
PAPER PROTRACTORS.
Whol’o; Circle Protractor, 138 inches diameter, half degrees, on drawing paper, "
Wholle“(:;.rele Protraetor,la inches dnamete;; halfdegrees, on Brmof bordu: 0
€R/CIY,. secee teseetcctsntesasceceoserancnistan oeer
H:l.fch Circle Prot.rwtor, 6 inches dnnmeter, half degrees, on Bristol boards, 25




PRICE LIST.

DRAWING STATIONERY.
WHATMAN'S HOT AND OOLD-PRESSED DRAWING PAPERS, SELECTED.

Best. 2d quat
Modti, 20x15 inches. oo e per quire, - $L G0 $0H
Boyal, PZ 53 [ I “ X 1 | R 1.60
Buper-royal, 27x19 ¢ .. reesees “ . . 2.00
Imperial, 30x21 % eoverrereerenns .o 3.00
Atlas, 83x286 ¢ ...... veseseasene . L 4.50
Double Elephant, 40x26 “ ....cccovevuvenne “ 5.75
Antiquarian, 52x31 ¢ aeeiereeciennins .o u 18.00

Whatman's papers, hot pressed, have smooth surfaces; cold pressed, have fine-grain
surfaces. Best and second quality of Whatman’s papers are made of the same mate-
rials; the best is free from spots and imperfections.

OONTINUOUS DRAWING PAPER, EXTRA WHITE.
IN RroLL8 OF 30 To 50 POUNDS.

German make, 36 inches wide, per pound $0.35, per yard......... 20
« 73 «" " thin superior, = ¢ 45 € e 33
“ 42 “  thick, “ 40 « 80
“ 42 [ “« superior, & 45 [ 36
“ 42 “  thin, . “ 85 ¢ e 24
“ 54 “  thick, “ 2 T . 50
“ 54 “  thin, « L L 36
Best egg shell, 59 “  thick, “ 4 ¢ . 65
“ “ 59 “  medium, “ 46 4 e 47
“ “ 59 “  thin, “ b ¢ . 42
MUSLIN BACKED OONTINUOUS DRAWING PAPER, EXTRA WHITE.
IN roLLS OF 10 YARDS.
Best Gﬁrman Pa]‘a‘er, gz mohes“mde, per“roll ﬁ.?g, per.yard:::............ — 8}28
“ “ 59 “ “ 1800 ¢ ... 1.60
CONTINUOUS DRAWING PAPER, BUFF TINT, FOR WORKING DRAWINGS,
BestT ENGLISH MAKE, IN ROLLS OF 30 To 40 POUNDS.
16
26
10
. 16
48 . vereenns 18
54 . 20

Full rolls only of continuous paper sold by the pound at above rates.

TRAOING OB VELLUM OLOTH.
In Rolls of 24 yards, both sides glazed, or face glazed and back dull, suitable for pen-

marks.
Imp?‘nal, ginches‘ylde, per ‘l"oll 35.&()), per“ya.rd ............ %
“ o . P+ bt
“ 42 “ “ 10560, « 60
Sagar’s Patent,18 “ “ 5,00, “ 26
“ 30 “ “ 780, ¢ e 85
“« gg o« « 880, “« .. 45
“ 42 “ “ lliw, & Q00000 0000001000000 00001000000000 “




BOOKS ON CIVIL ENGINEERING, SURVEYING, ETC.

. LESLEY'S MICROMETER.

Lesley’s micrometer, (see page 35,) with units of either one half-inch, one centi~
meter, or one half-tenth of a foot, as may be preferred, with one removable
ring divided into'100 parts, Packed in neat morocco box, with compartment

far changeable rings.....cceecoviivienniinnanna.. isrevscssessesananse eseseene veree ceee seeee - $25 00
Changeable rings, divided into 100, 50, 48, 96 or 192 equal parts, each............  1.50
«“ “ 500 “ “ € e 2,00

“ “ 165 “ “ “o 8 . 225

Blank rings will be furnished at $1 each, and will also graduate the.ring into
sny number of parts that may be called for. .

The direct nse to which each of the divided rings can be put to is as follows: The
100, 50 and 500 can be used on all three units. The 48, 96 and 192 are intended for
laying out builders’ work with the half-inch unit, where feet, inches and -eighths of an
inch are used. They could of course be used with the centimetre if it was desirable
to divide the metre into 4800, 9600 or 19200 parts or into such fractions of the latter
as 400, 800, 1200, 600, etc.

In like manner the first three can be used to divide the foot in 12, 24, 120, 10, 20, 100,
etc., or the inch into 1, 2, 10, 20, etc., or the metre into 100, 1000, 500, 5000, etc. The
plain ring is intended to be used for extraordinary scales, and is used as follows: take
a large printed paper protractor and gnm a small piece of white paper on it; then lay
off around the large protractor the number of divisions the half inch (or half tenth or
centimetre) is-to be divided into. This can easily be done by calculating the number
of degrees and fractions of a degree to a division. By drawing fine lea Fencil lines
across the protractor from one side to the other, the paper in the centre will be divided
into the desired number of parts. Cut out from this a ring of paper the size of the
brass ring and gum it on the latier, which will then be the desired scale, which can be
placed on the micrometer. The ring cut out from the paper must, of course, be con-
centric with the protractor. .

BOOKS ON CIVIL ENGINEERING, SURVEYING, Ete.

Shouid any other works on kindred topics be desired we will furnish them at publishers®
prices.

LESLEY. Manual of Coal and its Topography, with plates, new edition. By J. P.
Lesley, in press. Phila.delghia., 1874.

TRAUTWINE. The Field Practice of Laying out Circular Curves for Railroads. By
J. C. Trautwine, C.E. Ninth edition, revised and enlarged. 12mo, morocco, tucks.
Philadelphia, 1874.. cosessess .

A New Method of Calculating the Cubic Contents of Excavations and Embank-

ments by the Aid of Diagrams. By J. C. Trautwine. Fifth edition, revised and .

enlarged. Philadelphia, 1874......ccc0euvuuennnenn. ceeseasessenntaets sonesssss sessaserntanas . 200

The Civil Engineer’s Pocket-Book. By J. C. Trautwine. Eighth thousand,

$2 50

tucks. Philadelphia, 1874 5 00
MORRIS. Easy rules for the measurement of Earthworks by means of the Prismoi-
dal Formula. By Elwood Morris. Philadelphia, 1872...cccetrciierirenniinnecsserescionnnees 2 00
HAUPT. The Topographer; his Methods and Instruments. By Lewis M. Haupt,
AM.C. R v eineee s coses sesenenss sassasnen sesees cereecenenees 4 00
MAFAN. An Elementary Course of Civil Engineering. By D. H. Mahan. 8vo,
eloth. New York... I ersrreeesisissnssessssssssennes O 00
VOSE. Hand-Book of Railroad Construction. By George L. Vose, new edition.
Bo8ton, 1873....cicuuueeeierietiiiiiinnniestioniinsieiniesnsicsanisssstees sesssrsnsnsssessssnsasssssssssses 20 00
GILLESPIE. Manual of the Principles and Practice of the Road-Making. By W.
M. Gillespie. 1 vol. 12mo, cloth, Tenth edition, enlarged.......ceereerrerserecsiiveneeenes 2 50

HAUPT. Manual of Engineering Specifications and Contracts. A text-book and
work of reference for all who may be engaged in the theory or practioe of engineer-

ing. By L. M. Haupt, Professor Civil Engineering University of Pa. 300 pages.. 3 00

KTONE. Magnetic Variation in the United States, with Records of Observations at
over Eight Hundred Localities in the United States, Canada, Mexico and Cuba,
from the year 1640 to the present date, and the rate of annual change. By J. B.
Stone. 1 vol,, 12mo, 0loth..eeeeecensreerereeessessessnnsenns

veresresseesnssessssresancsassasesess 1 80
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