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TOPOGRAPH_Y BY MEANS or CONTOURS.

. UNivERsITY oF Pmnsrl.nnu,

g Phila.de[phin, Nov. 20, 1875,
MEssgs, HEeLirr & BriGurLy,
GENFLEMEN

In compliance with your request I ha
plot to show the ;

nethod of represent

Bupposed to be raised or lowered by equal stages
or edgea thus formed will represent the ¢
contours or horizontal geeti

zontal plane,

In the case in question, the lowest point of the field was found, and the
horlzontal-p]ane passing through it assumed as the zero o datum plane,
upon which all the other centours were projected., The interval between the
Planes was assumed to be three feet, and the points on the surface at these

varions elevations, having been firsg determined by the level and rod, were
located by the plane table,

This method of rey
a8 it exhibits exactly tl
tion of the base of an
Bections in any direct
paths or other featur
furnishes the means
Pprecision.

To locate & road upon
from the scale one hundr

describe an arc from it as a centre, cutting the ne
this intersection a8 a4 centre; with the same rad
(24), and so on, The line joi
given grade, and will be the
conditions, Crossing the stre
reach the top of the hill at reased to 18, or 7¢; and
the centre line s located in the same manner, but with a radins of 60/, as
that will be the base for a rise of three feat, Descending from V to W, the
grade is the same; but from W to X it is reduced to Ths OF &, to prevent
cutting at X, From Z back to P two routes are shown, which are the shortest
for the given grade i, 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 Lill, but i would be longer than the others. The two distances ZxyzSR
and Zx’y’ 7’ R are equal; but the fiyst gives a more graceful curve and wil]
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 syster

also of great yge in dividing up land, computing are
drainage, etc,

resenting topography is vastly
18 slope at any portion of the gr
Y object within the tract; enall
ion with accuracy from the pl
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POREIGN aud AMERICAN SURVEYING INSTRUMENTS at the CENTENNIAL.
THE PRIZE FOR IMPROVEMENTS AND PROGRESS.

(Engineer, November, 1878.)

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 clasa of in-
struments over so many buildings, as the majority of surveyors and engineers sup-

, after examining the princi pal exhibits in the Main Building, that they had seen
all in this line, not kunowing that in the Coast Survey and War Department exhibits
in the U, 8. Government Building, in the separate Spanish and French buildin
(Trayaux Publics, Ponts et Chaussées, ele.), 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, Wurdemaan,
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, Brunner,
Rigaud and Secretan, of France, Lgunstrom and Rose, of Sweden, besides others from
Spain, Portugal and Russia, ete., made a full European representation.

The judges who had been selected to examine these instruments were all experts,
the members from this country being Prof. Hilgard, of the U.S. 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, Levas.,
scur, of France, Favre Peret, of Switzerland, and three others. The decision and
awards that these gentlemen liave made have just been given to the public. HELLER &
BricuTrLy are lucky ones, the especial point made by the judges being their late im-.
provements (these improvements being their improved lrlpog head, tripod telescope
and tangent screws—the reducing the weight of instrument and making it more com-
pact, ete.). It seems like poetic justice, however, that this firm, whose instruments wo
understand were exclusively used to lay out the buildings and grounds of the Cen-
tennial 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 instrnments, There was,
however, a reason for this, as Mr, Kupka, besides his duties as judge, has also to muke
asull report o the Austrian government on his return home on the present siate of
peience in his country and as one result of his examination, he requested Messrs.
Heller & Bi:ghtly to prepare for him drawings, showing in detail the various seclions
of their instruments, as he wished to incorporate them in his report as specimens of
n-preuentative American instruments,
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; (From the Clhicage Engineering News, September %,1876.) e b a b oS

FroM ArTicLe ox- THE ENGINEERING INSTRUMENTS AT PHILADELPHIA," BY

THEIR SPECIATL (Jonugmxnxm*,_ Prov. J, B, Davis, Univegsiry OF chumu,
ANN ARBoR, MicnicaN, : : :

late years to increpse competition in the trade, and

lhq miany improvements that may be
! - Indeed, it was said of them by one of their
powerful rivals that they had made more

v Progress in the manufacture and improve.

ment of their instruments than any one else. The gentleman really went furthey than
am ready to accompany him when he aid that they were (he only ones who had

advanced much, if any, from previons practice,  Whi

exact statement, it illusirates the respect in which

against them, ibiti i

Here is a list of what ma

wining use, plain engineers transit, geological transit, 4-jnch limb; tunnel trangit,
used at the N usconetcong and Nesquelioning tunnels; surveyors compass ; solar tran-
sit, Benj. Smith Lyman’s patent rolar appuratus beneath the plate; mining and recon-
noissance level ; combined transit and leveling instrifment ; two mining and reconnoig.
sance transits, 5-inch limb ; large mining trausit, 7-inc, limb; and-a Plane table. Now,

¥ that in almost eyer
It can be said with great force thay
ok for real improvements. Who.
It is of course
, but & few will he' given,
i ith it. This stand -
and may be quickly set so ag
€ cross-wires or for reading
detachable telescope on the
The device for attaching
There is also shown g large 15-second transit with
three leveling screws, This instrument js provided with an arrangement of parts in

the tripod cap that operates in a manner to acoom lish the rame result gu I8 accum-
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, * * % % i
R closing my remarks about the exhibits of this firm, I wish 1o say that I think
- their most valuable contribution to the udvancement of (hejr business is the &pirit of
invention and adaptation which they have awakened Amongst their competitors,
Binee I believe we have not seen the full development of good principles of construe.
tion in our common instruments, I look for particularly valugble results from the spirit
above alluded to, Whilst 1 regard with satisfaction the dirpogiti i
adhere to well-tried ang valuable types of consiruetion in ap
this conservatism may be carried too far and miuch be lost (] I think this has
been the ease with those who have had 1o Use engineers' instruments, Iam of the
opinion that much hgs Yet to be done to induce men 1o be ready and willing to try any
new device applied to (hese constructions. The practice in this regard seems to have
improved much within a few years, but there i much to be done, It is in the hope
that these remarks may lead some to consider this matter that they ure writtey,
1 cannot close my account of this firm without mention of the excellent plummet.
amp shown by them. One js provided with a * compensating ring” which is simply
& ring upon the sides of which rest two trunnions, from the plummet and fromy Oppo-
© eite sides of 80°; from the other points proceed two light chains, which meet some ways
above the lplummer. where the string is attached ;

i the lines of the attachment of tje
chains and the bearings of the trunnions ire consequently at right angles with each

other, Another has, in addition to this ring, in the place of an ordinary burner, a
safety-lamp. Both arrangements are the Invention of Professor Eckley B. Coxe, * * %
The transits shown by Kern of Aarau, Swilzerland, have ¢

I hree leveling serews and
epen spoke-wheel plates. Of course they are very light.  Wryes start out from centra

of upper plate; there are levels on top of the telescopes ;” the telescopes are not

M T T AT = e
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reat pieces of
: tre of gravity, and sre therefore b_n.l:u:ﬁg ;‘g’ﬂg otk x
mounted near ]thelfh:;')‘: fastened to their lighl'flr e s%t!t::-“gne has recently seen ?mi
. ar & s ST cially true is surprised at
rue of irregular e. This is especial scopes. One 18 surpr
.lj)ecided],\" i np[lt‘?f:‘ii‘: five Heller k ki u‘_"lt‘h‘{‘i_nli;mto ree the extreme care
tried the moveme?;i:':iﬂg the work of this IJ&‘LMQIph‘(:;nerva.,mmt well help referring
: . in exa b .y = aut. - C k . |
SPRr s t with which every detail ]i'w?jrof standard with which to compare it
and _|ud§m?n ther mukers to theirs as a kin
the work of 0

N ih Al TSR E-
{¢ F AN ORDINARY TRANSIT 'ILLE?::\?(.)]S 8

RANGE 0 8. Pavl, Mma.msom,;;;.] R

M Essis, HEL:'*‘;“\%iLEI:.LF;%;:;:{sIL you furnished meu rla:bt(:]l:ril‘l’ss{i:::e(n?i}{;‘; ) 1

; | o g i P b

2 ati ding over an are. C : s i

oo T trmng“]Mwnnf:ﬁ;};at%d three times; a“'.l 1“1! l‘::geﬁ:zc: one taken on

anccess.  The angl‘fd a":dn reatest is shown, the set is rc_,ic:e}ot, g2 oomon e

Tl 1!:';-“ ﬂmh‘gl"'t s g m;mmdm:l (probably 1}-inch diameter)

a Jifferent !’3]" Orgtrooden support of a llgl:tmTé,:: airLLL aily 1ind dinsces
e iles distance, and not very ¢ :

gite distinet at 10 mi

’ *E % *
E ? EAD,
313 instrument is yet in perfect adjustwent. Yours, etc,, Jou~ T. HavrsTeA

mercial i on. 2, 1876.)
‘rom the Philadelphiu (memml.’ﬁme::, f\r : 2, 187 .
A PLEAS(.iNTmiNCIDENT OF THE CENTENNIAL YE

d members of
f the former students an e
i mber 14 a number of e e
bt | U{’Sle}tlft:hnic College of this city, t,em[.mt:inn:y rI)uring s
the E&lumnl _:5 .I,PI?.UtL;oJ compare notes undfexclfn:g:; ’gfﬁfd nign Hesies schey levelk,
ottt ested that a set of engin Aopiblipeiycpabi
mmﬁ:&twnlu wmh?%lfme ins el presenied ]-H:r::‘; r:ﬁisucrihed, and a mnnmﬁeﬁ
i The i lea i liately took root, the n B » ol
oo d most modern instrume: y
ol the s o e s sdon Iwava anxious (with
d the same eveniug S sl i (wih
e lleges and insti
g ni? tl beeg‘f;:;;:}eli; l:wnith the budding students) 11‘:1 ::lupb;l)lyylgu gmpi ety
o lernivg a5 illing to reduce their prices cons acco b
reﬂe. iy i i contest arose among
of learning, and are wi :ption to thia rule; and gnite a | s, b S
The present “’a"? I,_]};_Ihziucﬁi:a{: fur the honor of uupp[l)}u:{gmtllzle?:lr:bee“ il B o a;,ll
of this city an ties P il s i . G by i
I o ttee unanimously g _
discounts from regular prices ( SIF e pinlks, thie ‘Gommt \ vo the
i complimentary u
s liong o Ag"ﬁ qx:?l“n;?gthis city. This result was illxla 'gor:educt.i%n el
i Eell: I.he;l\%ereytlne only ones that refused to make any
these mukers

regular prices.

appointe

: - )
( Educational News, Oect. 18, h?'??
COLLEGES AND THE CENTENNIAL.

i specialty
isi i leges that make & &
isi / i ‘ the principal colleg : 25 e 4
i rs who have visited r A iyt .
four lﬁ'}re*]%?vflm::ll:;iueuriuw have found I.hel'lu ml aneeﬁ:}:pl::l r“iv; s Hettllllg
of teaching ¢ b, S gy e ast. o seiing
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e b e s & Brightly have in the lus
s e ak Messrs. Heller & Brightly | e
> the instrument makers, 1} ipgl i S ,
profitable to the in n of these institutions with new fu e c e
fﬂm mrmﬁiul_lt{nhiﬂ::;llets fm-r‘u eight others, the Michigun Btate g
LAVE Nnow 1n hand d 4
Michigan, being the last to fall in line. g i,
SHTHEerT: ] ov. 4, 1870,
( Engineering Tnnes,. ] Dbl
s e e C{E\II;L}AE::::IJ: the Main Build-
i } = Bociety of Civil Engine i
: b el in Muchi w that the num
iy reg‘orl;s kki“fil:]:;liin I:aa-:llitute room in Machinery Ila}llhr&l’.no_\“umic T
ir‘Tg. o ,mtfi::ninm and eivil engineers who Iu]uve ‘1]::; - '|m;nu sy enginecmm ill'[ltl
e i i Ag to the ny 8 : S Eet that
i gy e i av be formed from the fa
the expectations ot the m ‘ Sta v ' it o
f Plinp e o lnp e £ 150 visitors of this clas
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. I,{L'l!rnlivtg‘:niﬁ:ﬁ Main Building, and have lilatrlln:ll.;dr.’oﬂlethu il
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pamphlet, :
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oTHE FINEST MINING TRANSIT ON THE PACIFIC COAST.”

8anx Fraxcisco, Cavn., Feb. 27, 1877.

ary: * ¥ * % The complete Engineer's Transit, full size, I or-
for the New Almaden Quicksilver Mine, I have often re-
t that ever came to the Pacific Const. It was a
ed acknowledging the receipt of the small Mining
d be able, after testing in the field, to report
most entire ratisfaction in every
and, small as it ig, gives beiter
of # % % % * full size. The graduations and eentering

Herrer & Bric

st instruomen
1 have deluy
Transit until I shoul
ts. I will now say that it gives the

than one
I am using it upon some very long township and ranche bound-

tirely upon the graduated lorizontal limb, and find no trouble
f fifteen or twenty miles.  * * 2 " e ad *
CaarLes T. HearEy, C.E,

Engineer New Almaden Quicksilver Mine
Acting Engineer of the Guadalupe Quicksliver Mine,

THE LARGEST ORDER FOR SURVEYING INSTRUMENTS
EVER GIVEN IN THE UNITED STATES. g
(Engineer, December 1, 1877.)
The new course of studies in the School of Mines of Columbia College (New York
City), a3 mapped out by the authorities, will require a decided increase in the number
eretofore used by Professor Vinton,

of field instruments as compared with those h : )
When fully organized, thirty-eight transits, levels and plane-tables will be required,
the cust for these three items alone amounting to over eighty-three hundred dollars,
Mpssrs, HELLER & BRIGHTLY, of Philadelphia, who furnished the field instru-
ments for the University of Pennsylvania, Princeton College, Dartmouth College and
the University of California, have also received the contract for furnishing these ine

struments to Columbia College.

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

One of the largest orders which has been given in this country for surveying in-
struments was recently given by Columbia College, of this city, to the well-known
& BrianrLy, of Philadel];hia. The first installment

manufuctarers, MEssrs, HELLER . The
f eight combined transit and leveling instruments, four

les, has just been delivered. The requirements of the
Professors Trowbridge

plane-tables.

of this order, consisting o
Y-levels and four plane-tab :
School of Mines, under the “new de arture’’ inaugurated b

and Munroe, will call for over three dozen transits, levels an

[ From the Engineering and Mining Journal, New York, Jan, 56, 1878.]
AN UNSUSPECTED SOURCE OF ERROR IN MAGNETIC
NEEDLE READINGS OF SURVEYING INSTRUMENTS.

While engaged in taking some delicate bearings with a surveyor’s compass, the writer
was puzzled by the magnetic 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 good one, with extra sensitive needle, and had hereto-
fore always given very good results,  An investigation was had as to t:hl_- cuuse of l]_xe
inaceuracies, and from the nature of them it was thought that * magnetic attraction,” in
the shape of iron in the metal of the jnstrument itself, might be the cuuse; but 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 sen-knife, steel wateh-chain, nickel-
plated sleeve-buttons, etc. could be found. It was, however, noticed w!ule ]‘e;u.dmg the
needle that it never quile settled, i and vibration, and an
examination «f the magnifying glass used in reading the needle was made. The mag:
nifier v .+ similar to those now so universally used to read the verniers and necdle
bearings of field iustruments, having a black hard rubber or vuleanite frame, and this
frame polished to a high gloss ; and the whole cause of the trouble lay in this case or frame,
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It was found that this frame was iliarly liable to become electrified ; that the slightest.
friction, evén the mere carrying in the pocket, was sufficient to charge 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 ss much as half a degree of arc) from its trye
settling-place.  On discarding this magnifier, and using an ordinary glass lens without
a frame, no further trouble was found in the field-work done with the compass, As all
the instrument-makers of this country furnish these hard rubber frame magnifiers with
their field instruments, the liahiii!y of these frames to become thus electrified should be
made known. Any surveyor having one of this class of magnifiers can convinece him-
self of this fact in the following manner: Teur tissue paper or newspaper into small
shreds; rub the frame of s magnifier briskly on the coat sleeve for a fow moments;
this friction will so charge the frame with electricity that, if held above the paper, the
paper will fly up and attach iwself tightly to the frame, or if held near to the “(est
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 pelished ; 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
those with brass, German silver and horn frames, such as are sold in optical stores, an
on testing with the * test needle,” the majority were found to be afilicted with “ magnetic
attraction,” arising from impure metal in their cases, rivéls, ete,

In consequence of these examinations one firm (Heller & Brightly of Philadelphia*)
have cea:ﬁ furnishing these rubber magnifiers with their instruments, and have sub-
stituted other frames that will stand the test of the “ test needle.” In eonneetion 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 graduations. Of
late years new causes of error from this have risen, The new watches in which the
movements are made of nickel are almost as powerful in att raeting 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 sround the edge a small iron wire (the extra broad-
brimmed, termed the * military,” should especially be tabooed ) should make the survevor
examine both his hat and his watch.”

There is, however, a general ignorance (esperially ameng land surveyors) on this
important subject, and one case that lately came under the writer’s notice will be given
in point: A land surveyor, not fancying the brassy look of his compass, had the entire
instronment, with its ball and socket and sights, nickel plated, not knowing that as fur 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 hanrmering process that is necessary to
condense the aluminum after casting ; this hammering “ polarizing it,” as it were.

* These * non-magnetic attvaction frame magnifiers” farnished ny us are precisely similar in appear-
anee to the hard-rubber frames mentioned above (she glass irsell {I, howerer, sharper defining than
the ordinary store glasses), but with the important exception, that these horn frames cannot be ex-
cited elecirlenlly, a5 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 eompleted, they shall stand
the severe test of the “ test needle”  If any surveyor whe has been troubled with this electricity in
his maunifier will send us in a letter one dollar and sixty cents, we will, per return mail, forward to
his address vne of these magnifiers, post-paid. v & BRIGHTLY.

(From the Polytechnic Journal, Aprit 27, 1878.)
BRONZING SURVEYORS’ COMPASSES AND TRANSITS WITH
A THIN COAT OF IRON.

An old engineer friend in writing to us says: “It is the almoat nniversal practice of
American instrament-makers to produce the beantiful dark color with which tie
instruments are durkened before Incquering by means of a dip consisting of iron dis.
solved in mnriatic acid” Our correspondent 18 correct as to J:e evil effects of cover
ing an instrument with a thin seale of iron, which is the practical result of using a
dip of this class, but the present status of this dip iz as £llnwu: Some seven years
sance Heller & Brightly, instrument-makers of Philadelphis, substituted for thia iron

| T
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i i iron dip costs twenty cents to manufac-
fhy ne Sl phlmn“ITti :I:me%iga})]?u ?;i:::: ]thm ail:mal all the other m::::“w?t :I:I\i'lc:
sy }Uf : l:ie rillmm. We regret, however, to say that we h‘ag;k ol
e ““h!s aﬁeh]-inslﬂ.u'nemsu that hud been made in Ng‘\; = thin‘ﬂ"]a‘inncr;
qjgrlltu;a?;x ka{::::'m and (,‘hiuago-\\ihich wer.;_\ l:luirbklzu;‘ga:lr;:;n?:w :) el 3t

v : is reprehensibl : Co 18
ot g i “;s yoruhee of itd bad effects. This “iran ;?
cheapness, and also pmlmbl)’_ﬁom b wve-blacking lustre that it imparts to the
b“)."ging s relmitllfmxu‘i?:::}tdokypg;:hming an instrument from an{):laj::l, ;;.11.01:}::
'.‘ﬂ;:t!,ci :)::;n f:gl’u;“it part of lis conteact) that this iron dip shall not .

s _ .

bronzing of it.
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Mo i f the Elevated Railway in this eity will. we hape, H:Eli)\;fs :vl:a[i:ctlm
The F"“Hldet'o“ o_l » % % Atthe very outset one of the perpluxmig ‘i‘_lf“‘ ot St Biad
Bae S ae ltlmtli'.ﬂ; ‘m:nerial. that was being I’""‘d'a- lmndmdﬁlu mllt‘: ronnds and
arrange o lT[ 1d fit preceisely together niter being brought to d fe'u('lil’lg ha
r?ﬁm‘li]; ’p]a?le;er ;)?:m I.hul.p\\'rre alreadv in place. After {:(:m::i;;rml ‘:.uch_m.i, é“gineer
Maced on 1l : Skl 4 mensurements, ete., i Sl
varions merits of chuing, sicel tapes, sagle, Hebsh S el e
e e \;ilpld-ilmr.ruments for the railway ), decided upon we E“l ];uil:}inhm.
Levels, and ml]IEv'ri been lllesigned by Messis. H. & B. for the (,cl:lenr: a“d s
long, such as I':f i= not an uncominon one in structures of large exten ?ﬂw o Shin
The above tw“de ]'l and the more especiully since the introduction o e
ey ol Et‘:!':Llﬂl" the material nmée at places distant from the :[::ucltenh Tho
s havmg&teria\s as iron and steel, as these csllno‘" eagil)f_l H‘:ildin s, such
such refmmry_m& Schwarzmann) m charge of the large Lent_umu.ln ih I:sj':) s
Fmginechs '{Pguli‘hi;iﬂn i{nrticulmml, Agricultural and Mnc]quer{ Ha w;\:lrenwnm
3 l[aln s t f;ould not be ahsolutely relied on !'ﬂr their ¢ mlil fulof b lhé
s CI‘M“‘“" n‘mesl::dc.{u be found. Messrs, Heller & Brlgh‘ﬂ{ “”hefrtm‘i :'Iailu pine 25
a‘"d t"Eul:mn.km‘t for the Centennial engineers) designed a rod of rafted A Gt ke
neld-mﬂtrumenﬁd d braced in such u manner that, even if aup;ﬁirlg i b eny
fext Jong, t‘ruam} nTP amount, either vertical or }mnmma!._lslmu rle'hlv nml i
sk o M.K ? o ym. ench end, and the whole rod was easi yf.-‘alrli;e b Bt
'Ilfﬁ‘i':l:m\;re;:{,g]egcfo satisfactory in the c-onntriclian O'F;}l:idC:E:;r:uﬁlis ;:mle ﬁruern o
: iven by it 4 menth : ! shid
“(.1:1 Pr::(:f:dl :Leal?:]erelgl:\i:?ef Railway of this ﬂit‘;! and, in the words of the chief
:“gi‘:;-er, “ gave entire satisfuction in every ME':___
E 3 DS—
ESTS OF FIELD INSTRUMENTS AT THE cm'rmgrét GB%UPM_
T SEVERE TESTS FOR TELESCOPES.— Ruilway Ja:m ,f at:;i;r:f g
3 ’ it instruments was made a few day i
A "e“"?ﬁ e “f,:"?eg?‘ie'? ;I‘ ?;i:s:'ilclzr}:]luwing test, out of l.wen‘i{\; netw ;I‘i":::l::; ::f
Uinighn gkmm:lm‘t were tried, all failed, with one exception. ifhi? Sl
d]]’f‘e¥nt n"law:z earefully leveled and plumbed over a point, and ﬁl'“:l“ “¢ tl?:‘lella%wpe
The mvr}:]l any part of the instrument (except the uh_]ect-glas;os ; eeet sligagorray
mi‘mu g % r{ew points (stations) were established at every 9t 1l 1erinr at these
r,i,'f.ccfma:lggnre by measuring off’ 50 feet cnmimmusl;-‘ and cn.rellu irlzl;uppgaed 42
Il::e:\\'hure the intersection of the cross-wires cut. I‘he"_’gl:)c('}“}ﬁt‘zo the opposite end
"l?' ne straight line. The Transit was then el}“'“'d the tf] the telescope cross-
af :1':130 line c;.?-efullv plumbed over the last pomt_(al.allon}. ?:?ie ol
s 1ade to eut the first point. The telescope object-glass sli Ak T the
et o 'l f the thirty-nine points previously established was foc LT s oit thne
!hul s rrect{v made, the crosswires of the t"—‘}-?"cf’l)e e lu:l ) was this
e but in onlyI one make of instrument (Heller & Brigh _yl R b
Lo e piiml.s, u-wires of all the other instruments struck to ‘l“? ﬂg::uf-actnrvr
th]e_ Fan, MI : ;en;::tz:r; test of a telescope—in fact, po severe that one 11;:;“"]1.“1ﬂ e
dondbed n:uts" that no instrument could perform it. There were a:on‘lieng{])t ejecal
Presend .&‘L'qr rlir if the slides of a telescope be made ro t!:l‘!- lh'_-‘." ‘?"‘;']. ml.li(m » for
!Im mt%g:l):t:el:l;lr-aight line (or, in other words, that l.hg lmie of L;}rf':::lll ol
1l::nm‘m?d short distances is not absolutely the rame), the _ql.'iuect—g a{-alf::rll]u the a{mve feat.
ndg the instrument in perfect ndjustment, it is not possil le 1o P‘fd out in such & curve
%n some of the telescopes tested, the telescope-slides alid {: :Tim ibility to them.
ﬂmi the feat of “shooting around a curner " did not seemn to 11 1M poss
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Pmmnm,mu, November 7, 1876,

REPORT ON AWARDS.

Product. —SURVEYING- AND ENGINEERING INSTRUMENTS.
Name and Address of Ezhibitor—HELLER & BRIGHTLY, Philadelphia,
The wndersigned (

judges on instruments of precision), having ex-
amined the products herein deseribed, respectfully recom.-
mend the same to the United States Centennial Commission

Pror. J. E. Hirgarp,

Pror. Josepr Hexry, LL.D,
Bupt, U. B. Coast Survey, Washington, D. C,

Bmithsonlan Institute, Washington, D, ¢,
Pror. F. A. P. BarNarp, LL. D., |Pror. James C. Warson,
Columbig College, N. Y,

Univ, of Michigan, Ann Arbor, Mich,
Pror. P. F, Kurka,

Pror. JuL. SCHIEDMAYER,

Austris, Germany,
GEN. Henry K. OLIVER, Pror. E. LEvasseur,
Balem, Massachusetts, . France.
Gro. F. Bristow, Pror. Epw. Favre PERrrET,
New York, Switzerland.

Given by authority of the U, S, Centennial Commission,
AT, GOSHORN, Director-General.

J. R. HAWLE Y,
Fresidens,

J. L. CAMBPELL,

Secretary,
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VARIATION TABLES. i1

Entered according to Act of Congress, in the year 1878, by HELLER & BRIGHTLY, In the Office of the
Librarian of Congress, at Washington,

—tms e mmem e LIAR AR LAMR ALINURUARDS

1 M WHAT MUST I ALLOW FOR THE DIFFERENCE IN THR

VARIATION OF THE COMPASS-NEEDLE ?"

(QuErY oF PerPLEXED SURVEYOR WHILE Revracive Onp Lixes witie His CoMPAss.)

. As the above query, and the more daily one, “ What is the variation' this
~ year £ are frequently puzzling questions to the surveyor, we have prepared the follow-
ng Map and Tables for his benefit. The Tables are from data furnished by

United States Coast Survey, the caleulations for determining the variation

- being computed from the formulm of C. A. Shott, Assistant U. 8. Coast Survey, for cal-

eulating the variation at any date. The “ Table of Changes in the Maguetic Variation

_for Every Ten Years from 1640 to 1880 was alse eomputed by this formula. (These

~formule are published in full in the Report of the United States Coast Survey for 1874, 7
p.100.) - ; o

The Variation of the magnetic needle in any part of the United States can be
approximately obtained by mere inspection of the map. Through all the places at
- which the needle in 1870 pointed to the true north a line is drawn on the map and
marked 0° (this is called the “Zine of no variation™); and, as will be seen on the map,

line passes throngh North Carolina, Virginia, West Virginia, Ohio and Michigan.

At all places to the east of this line (including the New England States, New
York, New Jersey, Delaware, Maryland, nearly all of Pennsylvania, and the eastern
- Balf of Virginia and North Carolina) the variation is westerly—i. €., the north end
of the needle points to the west of the true north.

At all places situated to the west of this line (ineludiug the Western and
Southern States) the variation is easterly—i. e., the north end of the needle
Points to the east of the true north. This variation increases in proportion te
the distance of the place on either side of the *line af no vartation,” reaching 22° of
#asterly variation in Washington Territory, and 18° of westerly variation in Maine,
The map shows the direction of the variation (the variation-lines are printed
= red), and all places on the same line have the same variation. For example, the line
warked 4° B, passes through the States of Florida, Georgia, Tennessee, Kentucky, In-
dinnn, Michigan, and through Canada; and at all places in these States on this
Hue the magnetic needle in 1870 pointed 4° east of the true north, or, as commonly ex-
Pressed, the compass had four degrees (4°) east yariation,

)
w P.T&!w 49.80w ipji'lw lqm:rw 5902w 5°.08

|

| | d
w l%u'w-d’.i&[w l“ﬂ]w 49684
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VARIATION TABLES, 11

Entered sccording to Act of Congress, in the year 1878, by HELLER & BRIGHTLY, in the Office of the
Librarian of Congress, at Washington,

A TABLE FOR THE USE OF LAND SURVEYORS,

@GIVING THE VARIATION OF THE MAGNETIC NEEDLE (EAST
OR WEST FROM THE TRUE NORTH), IN ALL PARTS OF
THE UNITED STATES, CANADAS, MEXICO AND SOUTH
AMERICA, FOR THE NEXT TEN YEARS.

This table glves the magnetic variations in degrees and hundredths of a degree for 104 different loealities
fn the United States, Canadas, Mexico and Bouth America for the ten years from Junuanry 1, 1879, to 1889,
pccompanied by a map giving lines of equal magnetic variation, the tables and ma{;u colmputed from data
furnished by tze Uniws Btates Coast Surve& The hundreth of a degree heing thirty-six seconds of are
(367), the first example (that of Halifax, N.B.) would be, if given in full in degrees, minutes and seconds
of arc— :

1879, 1880, 1881, 1882, 1883. 1884, 1883, 1858, 1887.
20° 15 36" | 20° 16’ 48" | 207 17° 24" | 20° 187 0" | 20° 18" 86" | 20°19” 127 | 20° 19’ 48" | 20° 20" 24" | 26° 21’ ¢
Those numbers having the w sign are wesf varlation ; those having the E sign are east,

Published by HELLER & BRIGHTLY, Philada. '

185, | 1830, II 1887, | 1848,

Il'slil’lx.L‘N. - WRIERR 200,25-:w'2nn.23iw scmulw 2o°}.oiw 20°.81 W 20°.82 W 20°.33 W 20°.34 W 20°.85 w 2008
ehec, Can..... |

e v i W 162,50 W 16°.50 W 16°.49 W 16°.40 w 16°.47 w 16044 W 16°.42 w 16°.40 w 16°.38 w 16°.38
Blue Hill, Me....... | '
Portland, Me.....
Burllngton, Vt.
Plattsburgh, N, Y,
Windsor, Vt......
Clurewont, N. H.

| 1879, | 1880, | 1861, | 1sé§._'l! 1958, | 1884

o) !
W 13°.08 w 139,11 w 139,14 w 189,16

! |
W 18°.19 w 13°.21 w 13°.23

w1325 \w xm.ﬂ;w 13°.28
|

Vergeunes, Vi...
‘_Midr]lchurg. vit.
Hrandon, Vi, .
Brooklyn, Conn
Btonington, Can
Portsmouth, N, H....
Btanstead, Conn........
Waolfshoro', N. H.....,
Gireat Falls, N, H......
;knrer. N. I:iln ......
ewhuryport, Mass...
Derby, ‘vf‘lm ves
Exater, N,
Halom, Mass...
Marblehead, Mass.
Harnstable, Mass,,
Nantucket.
Handwich

W 119,30 w 11949 w 119,58

W 12911 w 12°,20 w 12°.25

|
|

Bt. John's, Can
Mantpelier, Vit
Hanover, N.H
Charles, Mass,...,
Cambridge, Mass
Concord, Mass.
Nushua, N. H..
Providence, R
Worcester, Mass
New Have

t W 11938 w 11941 w 119.45

W 119,60

|
W 8w 0990w 9096
W T°.31|w '7°‘33!'w 7°.45

w 11961

wiem

W 10989 w 10°.95 w 10°.96 w 10°.98:w 11°.02w 11,05 w 115,08

iw 10°.02

W 119,72 w 119,82 W 119,69

W 120,23 w 12°.27 W 12°.30.

it | I |
I W 11949 w 11°.97 w 129,15 w 12°.27 w 120.27 w 12°.88 W 12946 w 12°.56 W 12°.63 w 12°.76

- W 11976/ w 119,76 w 11°9.79 w 11°.88 w 11°.86 w 11°.90 w u%ai

W 129.71 w 129,80 w 129.81 w 129,99 w 13°.06 w 13°.15 W 18022

iy

|
|
|
|

iw 11963 w 11°.70'w l‘l.‘-‘.'filw 119,79 w 11°,83 w 11°.BS|

iw BATw 8052w 8958

w 11°.97 w 120,00 w 129,11

W 120.89 w 129.87 w 129.40

|

w11°.58 w 11°.98 w 12°01

i 18°.59 w13°.43 -
. |

w %11 w u“.lllw 11914

W 119,50 w 119,54 [w 11°.58 W 11°,63 w 11°.67 w 11°,68/w 11°.78

W 11991 w 119.95 w 12°.00

'}w 11931 w 11937 w 119,44 w 112,49 w 11955 w 112,58 w 11261 w 119,66 w 119.71 w 119,75
1 ] | 1 )

W BOBSw BN w 000w 8%07Tw 9014w 90.!1;\' 8028w 033w/ 9942w | 49.49

W B2 w B93lw E°86w 8°.42

w 8963w 8968w 80.78

W 10°.08 w 109,14/ w 10°,20. w 10°.26'w 10°,82 w 10°.38

W 454w aw[w P56 W 284w ©IZw 4980w ©.87

l | |

‘W Tes2wW 7959 w w.calw 1092w 7070w TO.86 W 7°.92
|

w 4985w 6°02w 5°.09

J
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[ | ] ; receding midnight, and is reckoned from twelve hours twice in a single day; therefore the last
v | 1579, | 1880. ,r 1881, | 1882, . 1858, | 1554, ‘ 15885, | 1886, | 1887, | 1888, s rn-ive hours ul‘glhe civil day correspond to the first twelve hours of thcqmruunmicai day,
FErle, Pa | | | | | (Table prepared (1878) at the United States Coast Survey Office by direction of Houn. C. P. Pat-
Wondstook, VA... | | terson, Supt. U. 8. C. B.)
Peterahurg‘,"’a.“ w 2927w 2"-‘,'}1|w 2035w 2940w 2‘_’4&‘1 2248w 2954w 2°050w 2050w 2964 EASTERN ELONGATIONS.
| Cape Halleras | | ! o
| Cleveland. | : £ - ) I .
| SR, . W 1901w 1906w 1907w 1900w 1212w 1205w 1906w 1920w 1921w, 1997 & ‘ 2
1 gh, N L : i 1 Dﬂ". = - = - =
| Weston, Pa ‘ ‘ | \ = s H = & | 2
Detrolt, Mich = - - _ _ ' = 2 3 = & | x
Jackson, O....... E (016 E 0918w 0917w 0°.22W 0027w 0932w 0236w (P4lw 0°46 w 0°.50 = il
Rutherfordion N.¢ : | A A A [ & A e
W 10T L % . . m. ;. | L m. .
{ IFing!lon.’Clll..‘.‘ 5 ‘ ‘ | i | | ; 18 37 | 16 8 | 1 37 [ 12 89 | 1037 | 8 38
i Backatt's Har, N. Y. Ly 7051w 7084w 7089w 8004w 8212w 8217w 82w 29w 6234w e | pag s ul ARl el S8l
Brooklyn, N. | ’ 17 26 15 23 | 13 %6 | 11 29 9 27 ‘ ; 25
us 5 ol

Jersey City, 1.1,
| Philadelphin, Pa...
Camden ’ll\'.]
Owego, N
Washington, D,

| ‘ I. [

. . |
69.67 w 676w B84 w GCO2w To.00w 7O
26w 5009w 3032w 3085w .

7°‘lﬁlw 7924w TO.85w 7939 WESTERN ELONGATIONS.
|
041w 8944w 8°46w 8948

E¥ 8
2% %

Cape Henry BOG0w 8050w 3968w #OTT W 8290w 3297w 4905 w 4912 M= : “
Charleston.. | l | # = | 2 e - 2
| Toledo, O......... 7 | Day. 2 g g = = =
| Columbus, .. | | | . ] 3 E I 2 5 2
| }Jurummgh, O P68 (P62E (C60E 0°.5?Ix °Bdx OPB2E I°B0E (P48x (Pd6E 0.4 = = | s & | g
| i ronton, Do, | e — | TR
1 1 &} . | E 1
- -‘Li!:::{:us‘ N L I | ‘ 1 | i h. m. A m. A m. ‘ k om. | A m, h m.
i ﬁ"“";"'; ‘ | | e | 18 27 18 25 4 2 12 24 | 10 H B a0
g Grand Rapids, M | | | el , 1| 18 04 | 16 02 | M 04 | ¥ 02 | 10 00 | B 05
i Decatur, Ind... 1994 1089 1983k I°77TE 1971E 1966 1960k 1°55E 150K 1246 : ; e 3T 40 0 IEB 18 &) 21 W B8 7 4
| Hamilten, O.. | | | ) | | | i 19. 17 l? 1 13 14 17 11 15 1d 7 19
Ahen st _ ' : | ! | -anssesmenegemeniass (8 O O B0 o O IR 0 R T T T
Key West..... E 3972k 3°65E S°60E $°55E 8950k 3°45k B8°40E 3084 R°28x §°U y
] HATARR. cveneccrinnenissenen B 4982 g 4081 E 4977TE 49.T4E 4°71E 4ORRE 4°84r 4961 4958 K 4955
-} | Kingston, Jam " P19 $°16E 313k 8°11E $O08E SS.06E BOUSE $O.01Ek 20008 2988
New Orleans, | | | | | | | : | [ :
| e Tl t® 8T so.azin 6°.56 & eq-mls 4iE I 5°.38|x §°%E 20z 6219 THE DAILY VARIATION OF THE MAGNETIO NEEDLE.
i 3 Quiney, Wis.....oon | ! I | | | i 1t has been found that at about the time of sunrise the north end of the needle has 8 slow motion
i "orn‘ FUL E Egv-';g'il 5‘;-:!?;7‘ ?g-iﬂ B gz-gﬁE ?ﬁ‘é:x 5:-')3 B g:?;k ii:,a".:.n gg-wi“ ng” toward the east which soon ceases, The needle is then said 1o be st its pastern elongation ; its
Hexico, Ne i LA Bt (e ol B k1200 113 006K G0.98R G781 north end then begins a retrograde motion toward the west, and at about one o'clock in the after-
J::::.';I:.I.:n""“"“ éojig : - ;L: 50.'_4;.2: Eo';;q:: 50.5‘;:5 En-éﬁﬁ:: 50‘15::: ;D,%g: :-;o':}:I: ﬁc.ﬁ noun ﬁru._;‘hes the point at which It is said to be at its western elongat ion, after which it again
! ¥ i o Ll e = e b R i e e turns back townrd the east,
Han B las. ﬁ:'w N ?‘S-f.f;"% Eg-f;!“ ll'!::)‘!:!r % gﬁﬁ? * g.:g.x %2;], L 22"‘!&:‘"‘ ﬁ:‘;;::'ﬂ :z!‘; 3 The times at which thg needle reaches its eastern and western elongations vary with the seasons
! San Diego.... g E L ué; E Iéc.; J.I-: 1._0.?‘ B 1;50.‘].3:1-: :l“"‘l‘ﬁ'E" }Bﬂdl? E {ij‘-"’l;lg‘ 1}.0.‘9:: 1;‘0._}‘ » l&i”}i&j of the year (with the sun's declination), happening a little earlier in sumuer than in winter,
{ :;l:t;rr:g;lt:“ 11':': {?;0'30: Lo'.-:..":- 1‘5‘"‘1’;‘2 1|i°"'>4-l|f 1(20‘5‘5'2 iﬁﬂ'ﬁ.ﬁ'rxr 160'5'; L‘:“‘" "\55 ‘iﬁkﬂ‘gaii ih"-‘iﬁ ] i e'k'hf: angular range between the eastern and western elongutions varies alse with the season of
d y - o Ui rae wekik) g - Bandt B =l 1 gl o+ e YEear,
; Cape Disappolntment.E 21204 £ 22900 5 22500 & 22010k 20919 ¢ 22023 &k 22026 K 22920 1 I 3 The average position of the nesdle for the day is called the mean magnetic meridian.
Bitka, -“l-'ﬁ -------------- E 28955 E 25050 E 280451 25040 e 28085k 28929k 26020k 28007 E %118 28 .03 At about Eixp?n?elock in the evening (aud for about an hour hefore and after), throughout the

3 year, the position of the needle coincides very nearly with the mean magnetic meridian, aund this,
therefore, is the time most favorabls for making observations to obtain at once the mean variation.

“ar reducing the direction of the needle observed at other hours to the mean magnetic meridian
3 the following ‘i:ablﬂ is furnished. It gives to the nearest minute the varistions of the peedle from
3 its average position during the day, for each hour in tho day for the four seasons of Lhe year.

The best practical method of determining precisely the true meridian of & place s hy ohserring I
the North Star (Polaris); when this star is at its greatest distance from the weridian east or west, i
it is said to be at its greatest eastern or western elongation. The following Tubles show the times : TABLE FOR REDUCING THE OBSERVED DAILY VARIATION TO THE MEAN VARIA-
of its eastern and western elongations. The eastern ¢longations are put down from the beginnlmi i TION OF THE DAY
of April to the end of SBeptember, and the western from the beginning of October to the end o 5 L .
March. F (Table prepared (1878) at the United States Coast Burvey Office by direction of Hon, C. P. Pat.
The western elongations in the first case, and the eastern in the second, occurring in the day- i terson, Supt. B 8. C.8)
time, cannot be used. Some of the others put down in the table are also invisible, occurring in the E

- evening before it is dark, or after daylight in the moroing. In such case (If it be necessary to di= ' T - i I
termine the meridian at that particular season of the year) let 5 hours 59 minutes be added to or ! |The needle points east of the| The needle points west of the mean magnetio
subtracted from the time of greatest eastern or western elongation, and the observation made at % mean magnetic meridlan— meridian—
night when the star is on the meridisn. (i
i ' %8 | Noon. |P.M.|P. M. . M.|P.M.[P.
TIME OF ELONGATION OF THE NORTH STAR (Polaris, 4 Urse Min.). e AM[A-M. A3 AM.| AM. AM.| Noon. [P.1.|P. M. P M. |P. M.\ P. M, P. M
i i SO [ TR SR o0 T S e e I
Apl'll 1, 1883, to Apl'll 11 1884. 5 P ;| | 8|9 [ 10 | 11 |Noon.| 1 !I 2 3 ‘ 4 8
Computed for North Latitude 38°, and which will serve for all Latitudes e i e am e i e i R e S G i ==
from 28° to 50° North, and for all Dates from April, 1878, to April, 1888, . iy, R | Vo e S i ‘ S A S B8 1
with an Error of less than five minutes. = g . g .; |1] g ; | E | g J : .:. f s
The times are reckoned from noon, astronomical time. An as leal day ces al 1 ‘ 2 ‘ 2 1 0 2 | ] | 3 [ 2 1 1 (]
| i

tr
noon, aud is reckoned from one Lo twenty-four hours successively; the civil duy commences at the

11 e e
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By an inspection of the Map and of the Tables for the next ten years, and with
the aid of & good map of his own State, the surveyor in any part of the country, at any
time, will have no difficulty in getting a very close approximation of the variation of
hig own individual section,

If any place is so situated as to be between the variation-lines on the map, by divid-
ing the space between the lines with a pair of dividers into ten parts, each of these will
represent six minutes (the lines being one degree apart). Recollect, however, that, the
Map being for the year 1870, the variation has changed slightly since then. An
inspection of the Table accom panying the Map will, however, give the variation for the
year sought for, under its appropriate date, As a matter of interest, there is placed on
the map, the 0° (or “ line of no variation’) as it was in 1801 and 1850; from this it will
be seen that the variation is slowly traveling westward—in the Middle States at
an average rate of three or four minutes a year. (See “Table of the Yearly Change
in the Magnetic Variation in the United States.”’)

For retracing old lines, the two Tables—i. e., the “ Table of Yearly Change of
Variation ? and the * Changes for Every Ten Years from 1640 to 1880 "—will be found.
specially useful.

The three Tables—namely, ¢ The Changes in Variation for Every Ten Years” the
“ Blongations ! and ““ Azimuths of the North Star”—we only publish beeause in no
work published are they correctly given; while the two Tables, the “ Daily Change in
the Variation of the Needle,” and the * Yearly Change in the Variation,” are fresh
Tables never heretofore published. These five Tables have been just (1878) prepared
at the United States Coast Survey Office (to which we are indebted for advance copies)
for the use of the Surveyors-General of the United States,

To those who wish to study more thoroughly the subject of magnetic variation, the
modes by which the true varintion may be ascertained, ete., we would recommend the
work of Professor Stone on “ Magnetie Variation in America,” just out of press and for

sale by us. A deseription of this work, table of contents, ete., will be found at the
end of this pamphlet. [oVER.]
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UHANGES IN THE MAGNETIO VARIATION FROM 1640 TO 1880.—Uontinued.
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is. VARIATION TABLES. : REMARKS

ON
: kes with the vertical plane
& which the meridian plane makes el
(e fol'lowir;g 'lr:b‘l'?.:ft"hhg?x f?ﬁlﬁ?ﬁﬁ‘, when at its greatest eali-;'“c';ic:f:t;?}uerh:lllgiﬁm. of July
‘m“!mf ‘(:rltf:igtli'l:a]u[.mum—the mean angle ooly is put down, g
angle 1s s

ENGINEERS' SURVEYING INSTRUMENTS.

AZIMUTH OF NORTH §TAR (Polaris, A Urse Min) AT ELONGATION,

| ; o ° Worth.) We are often applied to by Engineers respecting the methods to be em-
i 1878 to 1888. (Lstitude, 36° to 50 By ployed in testing tgg accuracy of the various purts of Engineers’ Instruments,
i i 15) st the United States Coset Suzvey Offico Ly direction of Hou. C. P, Pat- ! the errors to which they are liable, and the means of correction. (These queries
i (Tlh}:' Pfe‘g"‘é‘f’i{g‘_] )% =5 : are, however, mostly from those just commencing practice, their elder brethren,
i teseally ""_________._.————-—-—“—'—'—“'_‘“—'\_':-‘—;_I s 1 as & general rule, knowing how to make an instrument “ prove itselt.”)
4 = \ o | ge0 ] a0 | 30 \ 340 l 360 \ 389 1 w00 | 42 | 4 s el e ‘ In the following articles we have endeavored to comply with these requests.
sl ol e e R £ R R T E ';D:,,* It would surprise those who think *one instrument as good as another' to ve
s ’1"; sf‘ Ir; g5 |1 87|y 80§ |1 42k | 14681148511 -;‘hll -'*g”g omui e | informed that in perhaps no other branch of mechanism ars palpable * errors
mg......_-ll 'gg (P33 s sl S*ﬁ] :ﬁ' :ﬁ| i | s |10k o : of omission and commission” more common than in ours—surveys efxt.endm[i;
! e 29° | dup| 32| g}ﬁ g Ed Y | 4| 4| st ou 2%1" ‘l'\;ﬁ 3 over months of time have been rendered almost useless from * instrumenta
1881 .. ‘ @ll 3§| g'u 3'3*| a5p| 38 ‘Nfl 1-!‘% i'lil ﬁi 53J§| | a0k 2 error,” und a considerable portion of the business of our courts of law is caused
: A osat)| 2e| mif 3 ';‘r%| g";f ;(s;‘i | 423| 454 s | Bl | E,-T;i ?}_—? directly and indirectly by imperfectious of instruments. .
1 \ 4 prid 2«1‘1 34‘%] ] 3‘9&] sl 45 fgql_ 5§| i ok ] The recent case of the City of Burlington, N. J,, is in point.* Here the
| i 2| wo | w| 3| sl 8 -G L4 sii| gail o >
! 26y | 28 | 294 31*| 0 |

20f | 3| ssi| ssdl ¥

Wl & . ————

@ | i courts were so frequently annoyed by land suits from defective surveys that the
41___4_4_|__4Tj | 54| Batj 0ok Legislacure of the State was compelled to pass a law that an entire re-survey, by
. / a competent person and first-class instruments, should be made.
{ ; hd X
] -—-___.__'_____
1
]

ad 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
ives a close 1 which, like “ Peter Pindar's™ razors, are made, “ not to use, hut to sell.”
= hange in the maguetic varistion gives & : S oA 2 ). :
fellowing Talile of the present (187%) yeary o mmediste sra-coast. For the interiaf St We will not stop to speak of the ordinary adjustments of instruments, as they
The 5 unt of change slong our The yearly ehange is expressod in 4 . L St et . i
I ﬁfml,'ﬁxitml.iltim ulfsl-:!:r;';l':‘;m,. and therefore less lrusllwuﬂh% e Ciaaterly variation. A — sign are found in every elementary work pertaining to Civil Engineeringz—ifl a know-
i -‘I' ‘l'll]ﬂlll:ltt;‘fi:}nur?:n 5 sign indicates increase of westerly of decreqas ledge of these, however, be required, ““ Trautwine’s Engineers’ Pocket-book ™ will
i Thdicates an increase of ensterly variution. : give them in detail,  We will mention in their order, the Transit, Level, Tele-
'Ig AGN 0V AEIATIdH OF scope, Compass, Solar Compass and Plane Table.
i NGE IN THE M ETI s : : '
: RLY (Secular) OHA
I e THE COMPASS NEEDLE. THE TRANSIT.
. ;
. Pat~ ; : " s
! -g) at the Dnited States Coast Survey Office by direction of Hon. C. P. Pa 1 A first-class Transit Instrument should possess the following qualities. In
i (Table prepated 3 (878) the first pluce, o/l its graduations should be on silver plate (instead of on the
i terson, Supt. L. ________————-————'—‘__'_";'e:[;-_. 3 _)'Jium‘ brass and silver washed, as iz usual)—all astronomical instruments are done
i 5 chaage. in this way, as a smoother, truer graduation can be had. The divisions of the
tt ! e 1 horizontal limb should be truly graduated and centred (i. e, the gradua-
| _—/// 2' 3 tions should 'be precisely the same distance from each other—the centre of the
B i 1 graduations and the centre of revolution should be precisefy at the same point).
| Naticn ok o L ot o [ - he instrument should always have two opposite verniers to the horizontal
H Maine, interior.. 45k limb (and these verniers should be equally spaced). In astronomical instru-
New Hanpshire +2 = . ? 3P
| S eraoHb +1 to 4 ; ments more than two verniers are absolutely necessury, but we are now speaking
Maseachuieits, eastorn Pl iy of Engineering Instrumenta, :
Massachdsetis, b Comnecticut.. o0 ‘ bu’!l tli: interior of the gllasa level tnbesdf;muid be ground, in order that their
New York, Long Istand . oo 44 ¢ bubbles may act correctly, The nee should be sensitive enough to co-
. New }’:;:,ynunhir.:“ud woMarn pax ﬂi : ncile with the verniers of the horizontal limb without disagreeing more than
= iJ:-_-:nS}'l;-llﬂ i %ﬁ -:-;N 1I'I_whl.':ei_lrltl:e upon which the vernier plate turns, and the common centre
o +2 o which the entire instrument revolves (we are now having one of the best
E::‘.: s 12 (’qu- of Transits under consideration—i. e., one with lony compound centres), should
MSSOU Ehse conesneers e e +i concentric with each other, and the levels, if adjusted to one eentre, should
Delaware, ?]"1;‘;51““ _____________ B : ' frjf Dvverse upon either one at will,  Both of the centres should be always covered, and
}\ th (E.uﬁulim\, South Caroling a +3 e .'H"l'""h.'””ff JSrom the main pft!fes.
Florida, northers purtl-v-‘ o 3 Lhe tripod and tripod head should be firm and steady, the centre of vi
Florida, sonthern par = : —l—;k 3 of the instrument broucht as to thie trivod head ' SSthi Pl
Aluhama and Mississipph, R § strument P 4 near to the 1?0 _ea‘ as possible, and the in-
Louisiana, eastern par [EE £ tri d.lh no* top-heavy., The tripod should be furnished with an adjustable
}fi-}:f::.ntl:'rl‘ai::-f--_'-----"‘", o (probsbly:) : .P:“ uea:d Inr precise centring of thg instrument (the adjustable tripod head
;‘;’;‘*’:‘2‘;:3:Z:ﬁﬂ;‘u,rjhw;.itm S bionk. I :-l:{m % ; - & Haines' letter, secompanying Franklin [nstitute liepurt of Civil Engincers,
California, coast of A —"'}"_'_n_.L £
Oregon, voast of.. = i
Washington Territory,

e




4 ' THE TRANSIT.

is intended for precisely centring the instrument, after approximate'y setting
hy the legs in the following manuer). 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. Whiledplncing the instrument level by
means of the leveling screws it is again clamped.

The leveling screws should have deep threads, good milled fin ger-heads, and
be well fitted to their nuts—The openings and windows in the upper plate for
reading the verniers of the horizontal Timb should be as wide us possible, to
admit light freely upon the verniers and plate, thus facilitating an accurate
reading (thiz single point as a general rule being overlooked). The vertical are
or circle (if one is nsed) should have a diasmeter of not less than 4% inches, to
allow singie minutes (at least) to be read emil{].

The plates and centres should move smoot ly in all temperatures.

The spindle of a turning Jathe can never be made precisely round, and of
eourse any article turned in a lathe can only be as true as its gpindle. 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 istruments, 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 ghall
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. Its length from 10 to 12 inches
to allow of its reversing in its standards, both at eye nnﬁ object ends ; it uhnulci
have power 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
eollimation, when adjusted for a long distance, shall be correct for a short one.
(This precaution does not always receive the attention it ehould, 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
shject 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 &s practicable. One end of the axis of the
telescope should be adjustable, so &s 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 testing
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 8
plumb line at least 50 million million miles long. y L

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 tuke the

opportunity of remarking that all the defects we will enumerate are matters of
aLnn.-'t every-day observation in establishments thas have a large amount of out
gide repairing to do.

As the Telescope has been termed ** the brain ; and the quaﬁons the soul
of a Transit,” we will first take imperfect graduation, as this is the most serious
and damaging imperfection, and one of the most difficult to avoid in practice, 88
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 eorrect, in the very act of graduating the
plate may shift on the engine, from change of temperature; 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 0 yposite verniers, and until * testing &
versions,” for the purpose of proving the centre and graduations, have beel

S —

IMPROVED COMPLETE

“COMBINED TRANSIT AND LEVELING INSTRUMENT,"

e
For Civil Engineers and Surveyors.

MADE 1Y

HELLET & BRIGHTLY, PHILADELFPHIA, PA.




| LATE IMPROVEMENTS
PEOULIAR T0 THE HELLER & BRIGHTLY TRANSIT.

(See Tlustration jor explanatory letters.)
i
a.—Dust- anid rain-guard to object-slide of teleseope.

The object-slides of nll telescoppes ire rily exposed to fiying dust, grit, ete. ; this setties
on the slide and is e il into the mwain tnhe of the e e, TRpidly wearing the tube and the slide, de-
stroying both the euraie projection of the object-glnas i 4 straight Jine and the truth
of the lind¢ of collimntion. Drnnpuess wod rain wers wlan u~Emn.»d inside the telescopa, dimming the
glnsses and settling on the seywibes,  This wrrangement o is s pe sutoguard against all these evils, The
parts lettered [ and g ave ulso dust-gunrds 1o the levellng-screws K.

y,-—Tlhe vernler=plate tangent=screw. This taugent-screw has also a dust= and rain-

unrd.

(Both the tangeut-screw b and the one moving the axis of the telescope (seen just below n) nre provided with
njr: E;ra\ju‘gpu;am for taking up ** lost muotion,” o wear in the scrow. See pamphlet, page 23, Heport of Comm.
) . Kng. s e —

c—Ivary reflectors over the glass windows of the twa verniers p. (The second vernier
p and its ivory reflector ¢ are o the opposite side of the horizontal plate P, g:ﬂwuen the standard V.
and of course eanuot be shown in the eHETAving.) g

(ALl engineers must have noticed i diffienliy of reading the verniers pon n bhright dany.
thiz diticulty being cinsed by the glare ol the sitver suiface, which renders necessary the shading of the ver-
niers by the land or a hnt. The ivory Peflvctors @ remova this annoying glare; they are wlso 1 wd at such
au augle as 1o throw n sofl white & on the divisious, In mibe surveying or night-ohservations light
from i bwmp of hantern fdhng on tliens re s wllowa the divisions of the horizontal plate and its verniers w
be eastly secn aud read.) - = =

f—Dust=caps for protecting wper ports of leveling=screws K from dust, rain, ete.

g—Stuffing-boxes for protecting {mcer parts of leveling-serews K from dust, raln, etc.

k—The tower end of thesc 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 laveling-serews K, a smooth, cquable moting iz hud without 1
t.‘h'u luwes parallel plute 5, o which they rest, and afso facilitating the use of the * plummet s

ais . S

d—Shifting=plate to tripod=liead, for preeisely settingthe plummet of the transit over 4
point on the ground after n iprochmately setting the plhunmet by means of the tripod legs,
the plunmet being suspended from the centrs of the instrument at J.

Q. —New form of tripod-leg, iu which the wooden leg @ incloses the brass cheeks of the tri-
pod-head, the leg being tightened or loosened by merely tarning the threaded wing-nut J.
A serew on the end of the t Lronghi-holl prevents the wing-uut being serewed too fur out and lost,

Nore.—In the old form of eipod-leg, i which the wood Is inelosed by e hrass ehaocks of
the tripod - lead, tronble const antly arose, pie of paper or leather belng pesorted B to b up the shuke
vecnsioil by the wol of the legs coulraciiug i dry wenther or by wear, snd fn damp weather the
awelling of the wouod o creating didlenlty . T the above new furm of tripod-leg all thess aunoyauces
Are OVercome. ‘s —d <

1 wilil be noticed that there isu slghting=-slit,” gimilar to thase in the sights of & Survey-
or's Campass, in the vernjer=clamp of the ver wal arc; there is also & similuar ** nlgln.lng-nllt”
in the opposite elamp = (This slit, however, can be ouly partially seen in the cut.) The use of
this is as fullows: Wihen the 02 (or zero) of the vernier claop eots 309 on the vertical are and the
index on the opposite clamp made to cut 4 line that will be found on the brace of the standard V, a
right=angled sight s had through the sighting=slits. Thisls convenient for oftsetiing,
right-nogles, ete.

enting
Ming-

D —Long=bubble tube ander the telescope, for leveling, ete.

The graduated vertical arc s hias fica rows of figures—one for angles of elevation, the
other for depression. The télescope can be aett}wrfeclly level by means of the long-level bub-
ble D D and the tangeni-screw (at w) on the standard of the telescope. I nn an le of depres=
ston is reguired to be read, the vernier-arnt is made to touch the serew £at the gl't—hnud end of
the vertical nre s; the zgero lines (or 67 of the vertical are amd the vernier-arn will then agree,
Then clamp the vernier-ari fo the aris of the telescope by wieans of s milled-head sevew. On depressing
the telescope the vernisr-nrm will show the angle passed over. If atter reaching the emd of the are,
a greater angle than 60° be requirad, procecd /s lullows: Clamp the axis of the telescope hy means
of the clamp z; anclamp the vernler=clump and wove it back until it again touches the
serew {; loosen the clamp 2 and again mova tha telescope. By thus repeating the angle the entis,
circle can be read. Iv will be observed that by merely unclamping the vernier-clamp and the clamp
2 from the sxis of the teluscope the telescope cun b revolved in any dircetion, as if it were merely a
“ plain " Transit. - - - -

B.—A ring surrounding the telescope, and carrying four capstan-headed screws, Lwo of them, p
being at top and bottom, while the other two (of which & iy one) are ab the side and at rrgﬂ
angles to p p; these capstan-headed screws are (o be used in adjusting the cross-wires of the tole-
scope Lo tﬁg‘. 4 pine of collimation.”  The small holes around the hends of p p admit the end of a siadl
steel pin or lever to turn them in case adjustment i3 necessary. Hesides these four capstan-heuded
screws, there are at the top and bottom of the telescope two other capstan=headed serews
fone of which is seen beside p); these latter are for adjusting the two slides carrying the sindin
wires. It may be as well Lo state that, as the slides to which these wires are attaclied nre moved
independently of the diaphriagm carrying the ordinary horizontal und vertical eross=wires,
the stadin=wires can be al any Lime adjuste] withoat fear of disturbing in the least any
of the adjustments ol the ordinary vross=wires.

n—Capstan=-headed nuts for ul]jllklil‘]“hlhu long-level bubble-tube D.

One end of this tube can be raised or lowered by meins of Lhese nuts nn, one of which must ba
tposened befure the othe i uedl. ] :
E. (h.—Telescope,—X —Axis of telescope. One end of the axis (at =) is arran ed with an

adijustable block moved by aserew: this is for the adjus ni of the eross=wires to the tracing
of a vertical lime.—D —Brass tube inclosing o sensitive gluss lev A bubble—L.—Screw
for ruising or lowering compass-teedie —i —t'om]mu-—bﬂl.—-—:,—-('lunnp for holding tele=
scope in any reguired positio i —Vernler for reading horizontal Hmb or circle.
Ihis vernier is covered with u glnas window. There Is 4 second vernier opposite 1o this, but it
W8 not show n.——e—Clump=screw or binding the two plates together. After such binding the
upper or veruier-plate cau be moved very slowly Ly medns of the tangent=serew b—
y—Clamp to lower s kot ——H —Clampaserew to clamp g—— —Tangent=serews, or sel
perews to clamp y— Large serew=cap o sectro instrument o tripod.——r.—Capstan=
headed serews for valsing or lnwrl'iul? the two levels M in adjusting. The curved pitee
seen projecting oeer the level §| al the frout of the sompass-plato is inte ded as o guard o proteet
the glass level=-bubble in M fron aceident.

3 For explanation of other parts of the

teleseope, tripod, and instrument, see explan-
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taken on all parts of the circle; the “ fertile principic of reversion” and its peculiat
merit of ** doubling the real error, thus making it twice as easy to perceive” here,
as in every other adjustment of the instrument, making each ]part prove itself,

It was mentioned amonyg the points of 4 good transit that the horizontal limb
should have two opposite verniers, Without these even the manufacturer himself
cannot (as explained above) be sure of the accuracy of his grm‘luations': how-
aver, by tuking a mean of two opposite readings, reversing and repeating, an
accurate angle ean be taken even though there be an impertect graduation,

Ons 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 bumors of the eye (not from advancing age), are
unabls to read a vernier corrsctly. Extreme cases of this * personal aberra-
pion ' are fortunately rarely met with ; the writer in fifteen years' 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
rizht or left, and these parties could perceive no change in the reading,—and in
their field operations close readings of graduations had 1 be taken by assistants,
We do not here refer to the “ difference of reading ” of two persous, 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 coriect, ho need read but
one of his verniers, rendering the wir‘.i:w of the opposite one opaque (to pre-
vent mistake by reading the wrong vernier) by dullllng it with oil, or pasting a
water on it. It is a good method, where two verniers are used, to have some
mode of dasignating them apart; our own mode is to engrave the letter A
upcn 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 horizontul limb and
needlo 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 1 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 butone vernier. The centres, etc., of thisclass
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 upon to do, but enly to work up to the full accuracy of their in-
strument when the character of the work may require it. As to the amount of
error of graduation found in the ordinary run of instruments, it ranges from one
to five minutes ;+ some exceptional cases going even beyond this; but these latter
were evidently caused by some disarrangement of the graduating engine, and
eould 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 eass should the error of graduation be allowed to reach a minute. It is
best in reading the graduations tc hold the magnifier as near parallel over the
graduations as possible, move the head slightly and notice whether the gradua-
tions seem to move; if they do, parallax is the cause; raisc or lower the magnifier
until no movement is seen. [t is best not to use a magnifier with too high a
power ; one from two to three inches foeal length is sufficiently powerful for gen-
eral use. The spacing of the verniers should also be exact—thatis, in a
minute vernier (reading a half degree plate) they should be precisely 297 apart,—

® To show that thi= * personal equation' is inborn and not the resnlt of inexperience,
we may mention the eases of the two celevrated astronomicel observers Bessel and Btruve,
betwe:n whowm ut one period of their lives it amounted to .8 of a secund, and at a later period
to & full second. y

T Much issatisfaction with these instruments (Engineers’ Transits) was expressed by the
asgistan,. ; their objections were these,—first, an eccentricity or imperfeetion of graduation
of two minutes, morn rarely thres minutes, was frequently found in the reading of the ver-
niers o tha horizon al limbs, ete,—Extraet from Report of Chief of Engineers, C. 8. A, to
the Sec. of Wur, House of Hep., pub. doe,, 1873, ; §
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one commeon error in verniers is the not spacing all the lines equal (i. €., some
being 287 8077, others 287 45”7 apart). One of the easiest methods to prove their
freedom from this defect is by setting the halfway line (157) to cut a line on the
horizomal limb, and the other three 15" must cut (presuming that the verniers
are double, aud 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.l.l.inf the tripod should have a cap to its head, and a ring to confine 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 necessurily experienced frequent adjustment of an instrument,
more especially of the cross wires, is due not so 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 adjnsting levers should be rather shart 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 oversirain some more delicate part of
the 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 serews. 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
vammering ean never be ko equally done but that some parts will be more con-
densed than others, and unequal expansion and contraction, and hence derange-
ments of adjustment at every change of temperature, are the results; second, the
gine which is a prominent part of the alloy of yellow brass will in time by mere
atmospheric exposure change the texture of the metal, so us to make it lose a
certain percentage of its cohesion.  Lockmakers and those who use thin bruss
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 nlmost an imperceptible
change, but some unaccountsble 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 variation 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 purpose. This udd}; however to the weight of the instrument. Any
contrivance for tuking sights at a right angle to the telescope will be found
useful for offsetting. We 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 hani plumb; and in nice operations may be an unsuspected cause 0!2

error. The hest method of testing these is while holding the string of the

lummet 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
fs not truly distributed, and consequently the plummet not true, the eccentrie
motion of the steel point will scatter the water,

As the defects of the telescope will be treated under that head, and those of
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MINING TRANSIT—TUNNEL TRANSITS, i §

the magnetic needle under *“Surveyor’s Compass,” the reader is referred to those
ureicles.

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 tind this subject treated in detail in the paper from the
American Philosophical Journal, and in the exhaustive report of the Comnnittee
of Civil Engineers, a little further on.

MINING TRANSIT.

A full description of our new Transit, intended for mining purpeses, will be
found in Prof. g{ W. Raymond’s paper further on. Since that paper has been
written we have made several changes which render them more cumplete for
the purposes intended.  Instead of & prism to the eye-piece, an extra tele-
scope is placed on the end of the axis of the regular telescope, on the side f)‘qu-
site to the vertical are.—This side telescope swings clear of the plates, and allows
a vertical sight to be taken direetly up or down a shaft; or any angle of eleva-
tion or depression to be taken too steep for the central telescope to measure. This
telescope makes the instrument similar to the ** eccentric or German Mining
Transit,” with this advantage over that form—that when a steep slope is not
required to be measured it ean be removed in & moment and packed away in
the box, and the centrul telescope used us usual.—This side telescope is adjusted
80 as to be parallel with the central one; and the horizontal wires of the two
telescopes will cut the same level line. TItisalso so arranged that the long level
and vertical circle of the centre telescope ean 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 articlea to fcilitate
it. One is a small reflector that weighs 13 ounces;* the otheris a small attach-
ment to the transit tripod for plam'ng a lamp on; this consists of & 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.—1'his arrangement is
strong, eompact 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 erescant shaped on the ihterior 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-nil such as is used for lamps is used ; the wick to be adjusted for use =o that
the flame is about 1} inches high, These last three (i. ., the Refiector tor the
eross-wires, the Heflector 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.

‘e

TUNNEL TRANSITS.

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

# Another invention of this firm is a small reflector attachment to & mine transit, to facilis
tate the reading of the nngles. It is metallie, in shupe the quadrant of & cylinder, and it hag
8 hase or support which doubles up with the eylinder when not in use, It is placed just be-
hind the vern r opening, sud the light is reflected down upon the vernier, thus aveiding the
soiling of the instrument with grease and smut, which occurs when holding the light over it,
snd the reflector onn 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,
trom the Polytechnic Bulletin, Nov., 1878.




8 : LEVELING INSTRUMENT,
entirely new class of Transits, which to designate them are ealled Tunnel Tran-
gits,—These heretofure huve been nothing more than the bar und centre of un
ordinary Levelling Instrument, with standards high enough to allow of the re.
versing' of the Telescope (which generully hus 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 accuracy of the As-
tronomical Transit.*—In a Tunnel Transit, the principal adjustment 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 Teleseope are eylindrical and resting on
small Y's, to allow of its being taken cut and reversed end for end. A sensitive
striding level is attached to the axis av right angles to the line of sight).

The Tclescope should he as powerfnl as possible, as very long sights are
necessary in this class of woik,

LEVELING INSTRUMENT.

A first class Leveling Instrument should possess the following qualities:
The "'elescope should be powertul enough to read the face of a leveling rod di-
rect (i. e, without the wid of a target) at st lenst’800 fect—the ohject slide of
the Tn-im(:(_)pu. {like that of the Transit) should slice in and out in a perfectly
straizsht line, so that the “ line of collimation,” when in adjustment ior a long
distance, shull be correct for a short one.—The tests for proving the optical per-
formance of the Telescoje will be treated under the head of Telescope.

The interior ox the glass level tube should be ground to a regular curve, so
as Lo secure h.m,h accuracy and sensitiveness in the bubble ; if the bubble iustéaﬂ
of being eylimdrieal in bore, should be slightly funnel-shaped (which is very
apt to be the case without great care), it will be quite impossible to either adjust
or level with accuracy. his serious but common defect is nc doubt the un-
su%mcte(l' 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 instrument should
be long, firm and well fitted to its socket, and not detachable from the instru-
ment proper.

Inasmuch as it is 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 cons
tact, the leveller will De certain that when his jnstrument 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 singilar to our “‘rod level.”

. One form of Level (one which we never use) that is liable to constantly lose
its adjustments unless great cure 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 avoid), it will ‘canse it to stick so
fast that to take the instrument from off the tripod requires a sudden shock up-
ward to release it from the recess; this shock of course cannot but be detri-
meuntal to the adjustments. The best plan, when this form of instrument is

*On the eighth of December, Mr. Heller, of the firm of Heller & Brightly, by invitation,

brought their * Improved Tunnel Trausit " to the college and exhibited it before the several”

elasses. He gave a short account of the eonstruction of an ordinary Truneit and of Taunel
Transits, and explained the adjustments requisite to prove their aceuruey, after pointing out
the distinguishing features of their Tunnel Transit az compured with the ordinary style, the
rincipal of which Mr. Heller remarked having been suggested by J. Dutton Steele, Eiq., and
ret applied in practice to the Tunnel Transit used by Mr, Bteele in the aligument of Nes-

quehoning Tunnel (Carbon Co. Penna.), . . . and that mnother one of these Transits was
now being used by Robert H, Bayres, Esq., of the Easton and Amboy R. R. in aligning a
Tunnel on their road of over a mile in length, . , , At the elose of Mr. Heller’s remarks, the

Principal, after referring to the increase of Tunnelling operations at the present day, and the
necessity of all the details connected therewith being closely studied by the seholars, a vore
of thanke to Mr. Heller was moved and unanimously adopted.—From the Polytechnio Bulletin,
January, 1874,

LEVELING INSTRUMENT. 9

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 leveiling are well known to thuse who
make levelling u specialty, especially to the * Canal Engimer.” The sudden
death of the late Ellwood Morris, Esq., prevented the completion of a work for
which he was peculiarly adapted, and tor which he had been accumulating ma-
terial for many years, on ** Leveling and Leveling Instruments.” Afterserving
as o member of the Committee of Civil Engineers appointed by the Franklin
Institute to examine our ** Improved it," Mr. Morris entered into a long
eorrespondence 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 & straith line,
heremurks: * One trouble [ 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 [ knew it was in
good adjustment ut'all points. . . . I have realized these defects from long ex-
perience and much anxiety, but am not enough of a mechunic to give the true
remedies. . - . [ have suid that good work has been done with modarn 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 struek, in our correspondence with Mr. Morris and others, to
learn what a diversity of opinion existed even among experts as to what could
be called “close leveling,”—Mr. Morris in one of his letters asaerting, g
have long ago made up my mmd that no man can be considered a ‘ proficient
leveller” who cannot ran a line of levels in a ecircuit of 100 miles without
diff-ring moere than one-tenth of a foot upon his closing bench-mark.” On
mentioning this test of proticiency in leveling to another practieal engineer, he
retorts in this wise,—* I have just, with my new level that you furnished me. run
one line of levels about ten miies, 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 so small as he would expect ({5 in 100 miles), I would say it was
gimply an accident, and the several errors (rod errors and distant errors) had
in the aggregate balanced each other, and led him to suppose himself anexpert.”

A third thinks that even Mr. Morris’s error is too large, and that the leveling
rods that read to pgy of a 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 (ylyy of a foot,—but as
the Leve}.inF Instrument of this last expert, which he declared was in perfect
order and adjustiment, was found, on trial by us, to be out of adjustment 5 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 1 of a foot in 43 miles, and the greatest error was § of
a foot in 56 miles ; another series of test levels in Scotland of two sets of levels
of 26 miles was 0.02 of a foot.

If the instrument is a good one, 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 culled ““rod errors and * distance
errors "—the “red error” being caunsed by the assistant not holding the rod
{Jrecisely vertical,—the “distance error” by the curvature of the earth af-
1'ecrin!g 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 setting transit
“flag-poles " vertical, as well as “levelling rods.”

% & We woere also shown a spirit level for the use of rodmen. It is an ordinary disk-level
attached to an L-shaped pieco of brass, n limb of the L extending downward, and at a right
angle with the level. Iiy placing this limb against the side of the rod or flag-staff, and olasp-
ing it iere, the rodman is enabled to know when his red is vertical.”—Extract from
the repnct o1 the committee of visitation of the Polytechnio College to the establishment of
Messr:. Heller & Boightly, from the Polytechnie Bulletin, Nov,, 1873.
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For the distance errors, we place on the “diaphragm,” or ring carrying the o

f ordingry cross-wires, two extri hairs, *—these we adjust 50 83 to precisely take in

1 oot of a rod pluced at 100 jeet distance from the instrument.— A fter taking the

level reading, the space on the rod enclosed by these huirs is also noted, and

the rod sens in the opposite direction until the hairs enclose the sume space.— For

example, if the hairs inclose 3% feet on the rod, the rod is 350 feet away from

i the instrument.—To avoid taking the wrong hair in the “level sight” the

i ‘“‘Btadia hairs” are placed vertical, and the telescope after taking the level

sight must be turned quarter around i the Y’s to read them.+ :

8 recess ou the inner edge of the “clips” that confine the telescope in the e e =

¥Y’s, there is generally pluced u piece of cork, or 2 spring to bind the telescope.—

When this cork, ete,, fuils to bind, either & new piece of cork must be substi-

tuted or paper plnceJ between to elamp.—We have arranged our clips so that by

slightly turning a wmilled head screw on their top the cork is forced out suffi-

ciently to agann bind the teiescope. J

In some level telescopes, it will be observed, while turning the telescope

in the Y's, for the purpuse of adjusting the cross wires to the * line of collima.

tion,” that the obiect appears to move with the telescope.—The cause of this is

; that the ohject g is not well centred (i. e., the optical axis of the ubject

e glass does not lie in the same line as the axis of the telescope tube); thisis a

' serious defect that can only be cured by substituting in whichever the defect
bappeuns to exist a new glass or tube.t :

TELESCOPES, |

A good Telescope should possess power, definition and light; and every
part should be made with the greatest care, so as to have as few adjustments
as possible. '

As to the method by which we have doubled the power of our Telescopes
wit.ho&lt increasing their length, the reader is referredpga the articles on pages
26 and 26, :

If two Telescopes are to be compared, as to their power, definition und
light, they should be placed side by side, and looked through at the same time,d
in order that any atmospheric or local influence should aftect both equally. An

f optician’s test, a watch dial, should be used ; the difference of magilnifiving power

i between the two instruments can be seen by the apparent size of the dial; and if

i in one Telescope the dial appears twice as Jarge 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 goud 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 edgé as at the centre of the field of view, |
the chromatic and spherical aberrations are well corrected.— Besides the sboye
test (i. e, the brightness of image) for the amount of light passing thrcugh the ‘
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Telescope, let the two Telescopes stand side by side until twilight cownes on; the
one which will show objects latest has practically the niost light,
Adequate magnifying power is the finct requisite in a Telescope, not only

for viewing objects at a distance, but for the purpose of duing more accurate I

* Sce article on Btadia measurementa.

T These Stadia huirs will also be found useful as & means of measuring distances quickly
when “flying levels” are taken.

1 This “error of centring ” must not be confounded with the error of the line of collima-
tion not bring the same * for long wnd short distances,” the first being eaused by a * defestive
object glass,” the second by a defective * vbject slide or tube.”

# The best time for telescopic nbeervations is not when the sun is shining, ns is generally
supposed ; on the contrary, a clenr clondy day, or when the sun is slightly obscured. HRecolleet
also that the best right is alwaye in a direetion opposite to the sun (i, e, sighting to the west
in the morning, fo the east in the afternoon). A good background to the ohject will fueilitate
the view (the rky is a very good one if it ean be obtained); if none ean be had naturally, im-
provise one ol 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,

-

Agnte beavings on the luside of the Y's for tefescope T to vest acd tarn upon,
Thene mgmte Bearings o not allow the telescope to ulter it adjustnients 80 frequently as when the tele-
seope Lcicly turns in brass.

A “stop on the telescope, and & * shifting-bar” on the inside of each of the Y's.
When the stop aud shifting-bar are brought into contact the vertical wire of the cross-wires is then
trudy verticed, or will ewt a plwmb=line.

Thiis it ouds the necessity of setting the vertieal wire vertical by means of sighting to the edge of a
building of & plutiuiei-string, us is the case i the ordinary level.

K.—Attaching elamp, clamp-serew H, and taogen t-serew b to the bar ol the instrument, so that
they ure carried around with the bar V F and telescope T, and therefore will always maintain the
suine relative position,

w—At i there are two spiral springs pressing gently against ivory bearings. These bearings
bind the telescope in its Y's, thus avoidiug the commwon use of cork, paper, ete.

The adjustinent to the eye=plece (for focusing the eross-wires ), dust=guard T to object-
slide of teleseope, dust=guarvds 7 aod g to the levelingescrews K, the bnll-ung-aoq-.kﬂ-lnollun
k to the leveling-serews, the hmprovements to the tripod-legs  are similar to those on the
Transit, nud are fully described under the illustration of that instroment.

T —Telescope. e
Y —Supports for telescope. Called Y's from their shape

n.—Clips for confining telescope T in Y.

s—Binding-pins.

w.—Large capstan-headed nuts for raising Y up or down in adjusting.

L.—Tangent or slow-motlon screw for moving the bar and telescope, The tangent=screw
b has o device for overcoming all lost motion,
(Bee notes secompanying Transit dlustration.)

h—Clamp=screw for binding the instrument to its centre,

4 —Finger-plece for moving the eye-plece (by means of a concealed rack ana virion) to

the focus of the eross-wires at g
Ordinag ' iis foensing is secomplished by pushing the eye-piece out or in by hand; the rack-sud-pinion
Lowes or, mure smple and accurate.

motion is,

For o planation of other parts of the telescope, tripod, and instrument, see explan-
atory notes under illustration of Transit.
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SURVEYOR’S COMPASS, 11

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, ufter precise focussing of an object the sli?'htest pushing in or drawing
out of the object glass (by means of its milled liewd pinion) from the poiut oF
distinet vision should render the image confused and indistinet, * for a Telescope
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 gluss has
gpherical aberration.” .

The followinz test will show whether the glass is perfeetly 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 distinet vision, If in the former
case a ring of purple is formed around the edge, and in the latter a light green
(whick is the central color of the prismatic gpectrum ), the glass is achromatie,
tor these colors show that the extreme colors red and violet are corrected.” The
placing of diaphragms or stops within tho object slide or body tube, so as
practically to reduce the diameter of the object glass from 4 to 3, is & common

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

On examining the object glass head of our Telescopes, an index mark will
be found across the cell of the glass and the head of the slide.—The object of this
is, in case the object glass cell is ever taken but, that by seeing if these marks
coincide when it is again serewed 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 the 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 manner of the web
diaphragm) of the eye piece and object glass.—These last, hawever, 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 properly made and mounted, the tubea
perfectl strm.tg'ht. the slides properly titted, the line of collimation (when
adjusted) must come in the centre of the field 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 o small hole in the eye cap to sight
through, otkars a large one,—but they must recollect that the size of this hole,
a3 well as the size of the Telescope tube, is fixed by rule,

The eye-cap hole should always have a slide to cover it.—Both this and the
cap on the object glass should always be kept on when notin use. This is o point
that is almost universally neglected; the cap us 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 object,—which if
this polish is destroyed is also in a measure destroyed—more attention would be
bestowed on it. Any one who has looked through an old ship’s Telescope in which
the polish 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 & piece of soff, elean buckskin, linen or silk, taking care to use a fresh place on
,z'.rile };ufkskiu at every rub, If the glasses become very dirty, wash them with
aleohol,

SURVEYOR'S COMPASS.

In a good surveyor's compass the slits of the sights should be precisely in a
line with the *wo zero lines of the ring,—and these sights at right angles to
the main plate.—It should be as light as is consistent with strength and stendi-
ness, he magnetic needle is, however, the main point, aad any one o/ the
following defects will prevent its free working—bad steel,—-too great heal in
forging,—improper tempering or defective magnetism.,
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We sometines 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
Bwedigh Danemora iron (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 tems-
Eered, and it is this operation that is most liable to be improperly performed,—

1e needle being so thin that it is apt to get too hot in p{aces, and burnt steel
never agnetizes properly.

Our own method 1= 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-
pmilz} a;.}conuiderablu 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 length ex-
ceeds thirty times the thickness, to temper to dark red, or red blue,—when
the length is under this, to leave them untempered.

In magnetizing, two methods can be employed, first, by passing over each
end the opposite poles of a fixed magnet; second, by a magnetic coil. If the
first method be the one employed, a Eun film of oi{ 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 ** diiferent
polarities” being developed, is by passing the needle through a magnetic current,

To any one who wishies to make a coil for this purpose, the following hints may
be useful. A eylindrical coil of copper wire as thick as it is long,—this eylinder
to have a bore equal to its thickuess, (the copper wire to be rather thick.  Our own
coil is of } inch thick wire).—The execiting 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,

After being magnetized it is necessary to know if this has been done prop-
erly (i e, if tie latent magnetism of the needle has been fully developed, and
it 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 tine, and it should then have lost but little of its power.—I§
muet 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, re%uire a peculiar shn])e ;—the
centre of the cap to be it us 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 obtuse an 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.

’To preserve the fine point of the centre pin from unnecessary wear or from
being acecidentally broken off, never jolt nor carry the compass without l:einli; sure
that the needle is screwed off’ the pin.—In using the needle, lower it carefully, s
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, il the needle swings from suy 0° to
80°, eheck it by raising it off the pin by means of its screw at 157; 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 or
steel, for two reasons ;—first, the instriiment should never be made a plaything;
second, every near passing of a piece of iron or steel removes a portion of the

# [f the reader wishes to investigate thoroughly the subject of magnetiam and magaetio
needles, he will find ample material in the works of Scuresby, Sabine, Brewster, or the Excys
Brittaniea, art. Magnetism, *
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magnetisin 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 Jong, it being very ditlicult to mugnetize properly beyond
this length without developing ditferent polarities on the same side of the nee-
dle. A five inch length is very good.

Be sure that nothing to attract the needle is carried on the person in the
shape 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 as 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 a small iron wire (the extra broad brimmed
termed the military or Burnside 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 sen:itive, mounted magnetic needle; und every piece of brass,
even of the smallest size, is tested by being brought near to this needle, in order
to see whether any magnetic attraction is concealed.  The brass-founder is
the one here in fanlt, 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 this
cuuse, These impurities, melting and diffusing throughout the brass, although im-
perceptible to the eye, are brought to notice by the searching influence of the
test needle.  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 instru-
ineult.s are defective from this cause, and we will give one instance tha¢ occurred

ately.

An English Compass, venerable with age and the sssociations 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
radios of 100 miles hucr been established by it. In fact, the Surveyor and his
Compass were held in such veneration us to be called in to settle every land dis-
»ute in the neighborhood, and the judgment of the two was considered final. At
{a.sl; the old Surveyor died, and El.lt:.{l 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 same spots 5°).% We ure not surprized to hear, since the old Surveyor's
death, that several lawsuits are in progress in this locality from land dis-
putes.
I 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, und not the weight of the needle, determines the amount
of magnetism it is capable of receiving. _

One simple eftect has sometimes bothered the young Surveyor. His needle
will sometimes not traverse, but will persistently stick to the under side of the
rlass; or one end at the lightest provocation would fly up to the gluss and remuin
there. This is caused by the glass becoming charged with eict‘.trici}y (from rub-
bing against the clothing, or being rubbed by a silk handkerchief). Touching the

# This unequal attraction i# one of the worst features in this imperfeciion; if the iron were
equu.ly distributed throughout the metal, the attraction being® equal, the needle would still
point true.




14 : BOLAR TRANSIT.

upper 'purt;,of the glass in several places with the moistened finger tip, or breath.
iug on the glass, will remove the electricity*

SOLAR TRANSIT AND COMPASS.

The Solar Compass, or Solar Transit, as ordinarily made, has the follow
defects :—first, it is very heavy and cumbersome; hard to get in adjustment, an
very liable to lose its adjustment; and the Solar apparatus, by oceupying the
upper surfuce 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 are, move the whole instrument
until it is in its menidian (i. e, vntil the sun’s image comes between its lines) ; let
1t 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
subtructed (as the case may be) on the declination are:—and if the sun's image
still keeps between its silver lines, the polar axis of the instrument is parallel to
the earth’s polur axis; and the sun’s image on the silver plate will follow the sun
in its path during the day (allowance, however, being ;nade for the refraction and
hourly difference of declination), .

It is, 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 enst or west of its meridian from
57 to 45 (in some cases eyen more than this), to bring the sun’s image again be-
tween the lines on the silver plate. I. however, the instrument stands this test,
it only proves the truth of its Solar appkaratus. and we must try whether the
Telescope or sights are placed by the maker on the true meridian.

The best method of testing this is with an ordiuary 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 Siihm or eross hairs of Telescope
cut the same line. By this ebservation 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 Teleseope to the instrument has not heretofore
been accomplished. The inventor, Burt, after numerous attempts, contented
himself with placing & 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 methed 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 eollimation of the Telescope, and the line of sight of
the telescope, and the centre of the instrument not being in the same line, requir-
ing a constant of this “difference of centre ” to be applied to every sight, pre-
vented it from becoming popular, S

Another method isto Fa.ce the Solar apparatus on the top of the axis of the
Telescope of a regular Transit (the very worst place that could be thought of ),

The standards of the Telescope of an ordinary Transit have also been bent
outward, so as toallow the Telescope to reverse outside of theSolar a]ppnmt-usmbut
as jong 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 six inch focal length (and consequently a six inch bar), this was
abandaoned, 3

We manufacture a Solar Transit (patent of Benj. Smith Lyman, Exq.) which
overcomes all these diffigulties.—It is our reﬁular Engineer’s Transit, with tle
cmn}noun:l contres of the usual length, and a variation plate extra—with
the Telescope in the centre as usnal. — The Solar apparatus is placed below

* Bee also “ un unsuspected souree of error in magnetic needle readings of gurveying instrus
ments on puge 3 of Centennial Engineering Faots.”
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the plates, out of the way of harm. The lens-bar is only fuw inches iong, the focal
length of the lens is, however, the regular six inches' length ; but before focussing

on the silver plate the sun’s rays are made to pass through tWo opposite prisms,

making three passages across the bar (in contrary direetions}), of two inchies vach, or
gix inches in all. When it is called to mind that prisms do not alter the conver-
gency of the rays, but only their direction, the beautitul simplicin?r of this arrange-
meint will be seen. All the adjustments of the Transit, us to* line of collima-
tion,” ete., are the same as for the ordinary Transit. In fact, it can be used as an
ordinary Transit without regard to the Solar a paratus if need be. The Solar
Bpparatus is more compact than usual, and less liable to get out of order, and
weighs about a pound, making the eutire instrument weigh but little more than
a regular Transit,

ON THE DEFECTS OF THE ORDINARY CHAIN AND STEEL
TAPE MEASURES, WITH AN ACCOUNT OF A NEW
MEASURING APPARATUS FOR STRAIGHT LINES.

Before mentioning a new measuring apparatus, it might perhaps be best
to ultl_uda to those in common use, and the objections found to them in actual
practice,

. The defects 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 mui:Y rings,* the kinking and breaking of the links, ete.

The English steel ribbon tape is much more accurate, but it also has its
defects; first, they are never precise United States standard length, it being our
practice, whenever we furnish one of these steel tapes, to give its length as com-
pared with the true United States standard, and the state of the thermometer at
the time of trinl, We have found that the 50 feet tape is generally from (2, to
180, and the 100 feet from 45 to vy, of a foot too short (the 50 feet over § of un
inch, 100 feet § an inch, orin a mile more than 2 feet too short). The amount of
error is small, and in 2 majority of cases would be of no consequence; but whers
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
end toend, and warranted precise United States standard in length, Large brass
handles to unship at euch end and a reel to wind the tape on are also furnished—
as to their weight, a 400 feet tape (without handles) weighs 2} pounds.

We are well aware that tapes of this muterial have been made before, but
for the following reasons have never been popular. First, no reels were 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 seratehed 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,

0 prevent 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 ta e,
But these marks wr-e not legible enough, hard to find, and easy to efface..—The

®If cach of the 300 points of contact of a 100 foot chain (each link with its two rings

aving three points of contact) wears only the ,}, of an inoh, waking 3 inches difference in
the whole length.
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4 : 4 .
marking of our tape is by a device entirely our own. It is not upon’ the fuce of’

the tupe itself, is very legible, and the tape is stronger at the graduations than at
uany other portion. -
For Mining and Bridge purposes these taﬁeﬂ are peculiarly adapted—the
unshipping of the handies allowing the end handle to be taken off 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 1s then removed, and also then brought

in contact with the second one, and 8o continued,

These rods are usually made from some well-seasoned, straight-grained
wood, such as ash, cedur or pine, the wood protected from the weather by paint
or varnish, the ends shed with brass, and the whole length made very exact in
its measure, : 1

In making these Rods, our own experience is that good, seasoned, straight-

rained white pine, of what is termed * rafted hignber” (1. ., wood that has been

oated to its place of destination in rafts), is to be preferred. The immersion in

the water for weeks washing all the sap irom the timber, and thus too lessening
its lisbility to change. '

STADIA OR MICROMETER MEASUREMENTS.
- As considerable attention is now being hestowed on what are termed Stadia

or Micrometer meusurements, and this method being almost the only one that can
be employed sometimes in such measurements as mcross rivers, inaccessible

morasses, meandering along rivers and streams, ete., 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-,

uit the angle passed over by the horizontal cross wire of the Telescope, in moy-
ing over one foot of the Rod; and from this as a consfant, 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
gumber of revolutions and parts of revolutions of a tangent screw (by means
of a micrometer head ), and using this as a constant. :

- In this lnst method the instrument must be very carefully used ; for if the tan-
gent serew 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 usnal, so as to allow of a vernier reading to less than minutes of
are. Both of these methods require, however, constant care in the observa-
tions, and after caleulations to get the precise distance. The United States
Coast Burvey, who have given the greatest attention to Stadia measurements,
have adopted the two-hair method in their  Plane Tables.” This is the one we

refer, and is as follows:—Deside the ordinary horizontal and vertical cross
Ealm, as seen in the field of view of the Telescope, two extra horizontal haire
are placed parallel with the central one, and equally distant on each side from it

These two extira 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 aconstant (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 takein 2; feet of a rod, the rod is just 250 feet away, 84y,
310 fect, 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 SBurvey) the Telescopes have not had suffi-
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cient power to read the rod, with the closeness consistent with the accuracy re-
yuired 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
Stadia measurements in close work. X
- The starting point for the Stadia measurements is generally supposed to be
indiserimi |mtuﬁv—uither the centre of the instrument—the centre of the cross hairs
—ort from a plumb line dropped in front of the object glass; and all three places
have their a& vocates, These are all wrong, however—the precise Placa heing a
point as far in front of the object glass as is its fooal ﬂ:ngr.h i* for example,
if the focal length of the object glass is six inches,t the stuartin point is a point
six inches forward of a plumb line dropped from the front of the object glass—
and if a measurement be required from one fixed point to another, p';ace the in-
strument back from the starting point this amount}

A still better mode, however (where a transit is used), is to also measure from
the ohject 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 eonstant, and must be
added to the reconﬁd Stadia reading at every sight or change of the instrument.
We will take, for example, one of the ordinary Transit Telescopes.—The object
glass of six inch focal length, and the cross wires placed close up to the axis of
Telescope, or about six inches from the object glass. In this case one foot must
ve 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 tuken—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 o% the above description employed, if this “ constant of the focal
length of objective” is not allowed, there would be an error of 7 feet.
~#1IFf the size of the objedt seen throngh the telescope be onlled  ; the distance from the ob-

jeet to the centre of the objective @ ; the size of the conjugate image of the objeet, equal to
the distance apart of the two horizontal oross hairs, 7; the distance of this image from the

s

centre of the objective x ; and the focal length of the objective f; then, Z<-2; But the gen.
& L]
f

eral formula of fooi of lenses gives & =1--2, Therefore, a—j—-’—r-; oF a=< &+ /.
T L1 i

Practically, the distance a has commonly been reckoned so large that the small distance / waa
neglected, and the formuln became a = _,.f.; in which [ i# 8 numerical coefficient peculiar to

13 1 -
the instrument, and determined by observativn once for all. The distanoes, in that case, ary
reckoned proportional to the space cut off on the rod, counting from the eentre of the instru
nent, wherens they ought strietly to be counted from a point as far in front of the ohjective
glase ns the foeal length of that lens.— Extract from paper on Telescapie Measurerienta in
-lgi(-"l‘t'y:'rly, by Benjamin Smith Lyman, Exq., in the Journal of the Franklin Institute, April,
BB, :

T The foeal length of any glass ean be found close enough for thiz purpose by focussign
the Telescope for an ordinary sight, and then with a foot rule measuring from the outside of
ihe object glass to the capstan head adjusting serews of the oross hairs,

1. I was much bothered at first nbout the difference between the results given by the instru-
ment and the tape, when the distance was small, say under 100 feet; I had nssmmed that the
#pace covered upon the rod was proportional to the distance from the centre of the instrument,
instead ol a d'stance in front of the instrument, rqual to the distance from the centre of the
strument + the focn! length of the object glass.— Engineering News, May, 1875,
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A
The diaphragm to which the slides for carrying the Stadia wires are at.

tached requires peculiar eare in the workmanship, as the two slides to which the
two extra hairs are attached (for the two hairs ought to be adjustable, independ-
ent of each other or of the ordinary cross hairs) must move firmly, truly and
amoothly, so that at any time the hairs can be adjusted with the ordinary adjuating
in withont disturbing the adjustments 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
r worn by use are placed for re-

cuses where instruments injured by accident o

air in the hands of incompetent persons, or thase who have not the facilities
for properly repairing Hrst-class work. This is not souncommon 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 inaccurite gmduation and an inferior Telescope; when in
fact both faults were the result of ignorunce in repairing the instrument.

The centre upon which the instrument turned had 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 ovér seven minutes (77) from
their true place; and moreover, in *‘improving" (1) the telescope, the din-
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 ne ed, to put the instrument
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* See 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, ete., with ours, will bring it to our office, we shall be happy to asaist
him in doing so. We have s watch-dial placed ats sufficient distance from our rovm to afford

2 satisfactory test.

CAUSES OF INSTRUMENTAL ERRORS.

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 couple of meetings since of the foreign demand for Philadelphia
manufactures, the following additional items may be of interest in this conuection.
Messrs, Heller & Brightly, the Mathematical Instrument Makers of this city, have
recently received and are now filling heavy orders for Engineering Instrnments (Tran-
sits and Levels) from Vienna, Germany, and from Bristol, England. When it is re-
ealled to mind that up to within a compuratively recent date all the most accorate
instruments of this cluss have been imported from Burope, and that this is the first
instance known where instruments of this class have been imported into Germany from
this country, this fact is deemed worthy of notice.  Messrs, Heller & Brightly are
also now flling 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 Sonth America, and have present orders for their instruments from Con-
ception, Chili, Havana, Cuba, Nacupai, Veneznela, and the Chimbote R._‘R., Pern.
Neither do our City Engineers go abroad for their instruments, as the (_enlem}mi
grounds and buildings (views of which were given at our Just meeting), the Gcnluglt:-’ll
Survey of the State of Pennsylvania (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 meuns of Insuuments made by this firm.
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PAP AMERI
ER R;;D BEFORE THE CAN PHILOSOPHICAL SOCI-
Y, MAY 5, 1871, BY PROF. J. PETER LESLEY.
(From Journal Proceedings American Phil. Boc., Jan. to July 1;71 )

Heller and Brightly's New Transit.

The Engineers’ and Survevors’ T i
“fHat centre” i p & 3 ransit, as at first const
wﬂicll il.“:tlli:er:;ded}h:lsftiad rtit!m:t,” although superior ::c:g(:-' E“;ﬁ:ﬁﬂ !temiwlq .
ical details; »yet in practice has been found defective in the following 'lel:xﬁ;;l:{;:.
1st. The upper or vernier pl i z ;
Yok e : plate, resting, and turning upon
Wl‘fa’(ﬂ.a:i?aﬁ;u{frl::if Iﬁ.m much frietion, cavsed bygr.hepﬁnr;t:l 2:1:::: :fo:hmgﬁm
sometimes be moved ug.m ﬁ\’elrmer plute around the limb, the whole insn.mme s '“5
lubricate the plates, woluld b::_-( ower spindle. . 2d. The oil that was nmrifnhmd
Dok ve al ot b _llrz:’dm‘uu‘:geuled in cold weather that the la.tiu 1!0
_ their instruments over lar ;a;ir Enginecrs will readily recall the “'h“?"i ‘:m”fl
be used. 3d. The spindle apon whish i 1 of the theruometer, before they could
the instrament, thus viok ipon which the entire instrument turns, bein, detacl gdm“
s couriry P e o d}tmg one of the standard rules, that by Img ex 1ed from
sl ds ’remls}ge, 1a8 been found necessary in the s cﬁug a0 perience in
i o u-lc}be . |(;:: to accuracy, viz.: “any instrument having a wdmmlm-
should 53’“1“?8 owcm?) mu;utfxe‘i’eftf::iab;mf . Wu;cmd,u upon which the instrument m‘
this rule, it i %e from Uhe main plates,” ili ;
S5 ik lil;;"fw‘i’ﬁI-:e"::Cmfwo:;)’El::fl::-padjurmig lh;: levels 1:" one Ofi;?li[:rg]‘;:h; I']Il‘:‘{;::':i(t‘:
t55 3 0p centre, to elamp the two 4
adjurli?:?;:::n?l:t ;:;:] th:a ]Ulwe'r spindle, and the levels will invﬂ]:ixly%%?’;nd g
of Brine du.'m i i t::::cu:mlve v, that through some cause, most frequent] :lr: Outi'gr
*ight sagies i ﬂi:rfa e s;lrf:we and shonlder of the spindle, the spigdleei:en .
s s, ees‘ ohelhe plates, 4th. The centre around which the no:]a.t
o 6 T Bm:ll]’nurfa onty liu-‘ thickness 0f the graduated limb; this ce fr" l‘:-
fit the conical hole in t) el sty after comparatively short use, and does not i I"r
without any change in 1‘19 graduated Jimb; and two readings of the aame obj s
af J L 1e pasition of the instrument, have been fi e m‘ef'
anThrom nﬂ_othe‘; t;ause than this. ound Lo differ by 5/,
., +these various defects have cansed thia stvle of i :
i 4 L) natrument to i
n%fi?u&oreﬁufinglgor 'hﬁﬂ another construction is used, in which llztelzzn;;]: dl.]ﬂcarded
b g er, thus obviating the two first evils, viz.: the friction l:) t;m 4
weather, 'I‘hceg mgﬁe:;v:rndlhe'uélier' and the stiffuess of motion of the plates ina “73
fitting one inside of the “ﬂplll o which the main plates revolve, being lon o d
R |9 rer, and neither of them being exposed or de’t.ached fi g nl|].
of Transit made a;?j ¥ing the two luxt canses of error.  These two are the on!ml::. ‘tlm
centre Transit.” Then‘l;eh;:.;p:::g: ]: ;Tlrl:md I”I:; s cuie Tinwe sl ”"{‘: J.:"::':
e : enire, ough the most perfect in i i
et i among Rl et Klowing et
ot reased » OF ntres making it heavier, and this bei . f
iIIJR::;?r?n{:lh::f\:::':"alﬂr; m'i;llllle l}:::;t be carried lnevera(} m'ile.a every t:.ie;::g; ‘}?{.-ﬁmﬁﬁ
sy Buers ¥4, * Inatrument not being detached from the tri s
molI.ﬁarljll:e;i([;:ig-pj”u] lihe Engineer in moving the instrument fr(I;::f i::llf?‘dt;l;xcem
e bt e Ao Indraint el o (et it i it while
et 1e Apindle Nl
ztrlli\lp"a{i:;l‘If(‘-:‘:vlilfm instrument, with all llru_immr'umt ;;:tlsla,eal;l:]lgil;:f: ﬁ?:l:.s l'"-ke o
i e 'f} portion of the tripod, with its leveling serews, legs, ete. S:I;[:mal‘ to
of a large Iﬁi‘rel:ft]lht‘;::jg pf‘ihe instrument on the tripod, being m-c(;mpfilnl‘led By o o
il ey o y 182 very led_mlm and unsafe method, and if not very (-):1 "Iealllm
required in mak t.}cl :IU“W the instrument. 4th. The extra skill, time s;:dreu %
price of the il;«trifnel:f OIS ColliFe, WRS 50 much greater than the flat centre I.;m!.cf!w
Ever rince the imrnd|:"tiiﬂo::]aa?:};ln;];;‘rmr?rﬁﬂﬁm" ’ b
= ans= .
redace the weight of the instrument, but as :'1.:;“1'.1’5‘:’:.ﬁnm-‘:ﬂ&,I:;Lﬁulr:ﬂ ili?: ks
=me
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principle—{te., reducing the thickness of the various plates, ete.—their only effect was
to muke the instrument so slight as to be unsteady, their bearing- surfaces so short as to
Kon wear loose, and the instrument always losing its adjustment. The manufactureas
oi this instryment have had their attention drawn to the increased sirength 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 impuired, but even added to, if ouly judicions 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 size, is reduoed one-half, and th=
Instrument is not contracted in any part, but in some purts, where increased size wonld
be an advantage; such as the graduated plate, centre, ete., it has been done, bt all the
plates, ete,, are ribbed in such a way, us to be stronger than a solid plate, and all metal
that did not impart either strength or stendiness has been removed.

‘The Railroad Engineer has in this instrument, a long centre Transit that ean be
taken from off the tripod and replaced in a quicker and surer way than the short centre
Trunsit, 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,
ete,, to be carried by his assistant. The difference in weight will be appreciated by
the Railroad Engineer, when we inform lim that a plain Transit, with all its centres,
etc., only weighs abiout as much as a Burveyor's Bight Compars; and is more steady
and keeps in adjustment better than the ordinary long eéntre Transit, weighing from
twenty-five to thirty pounds, -

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

There are several defects that are conimon 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 precigely the thread in the interior of the nut
through which it passes. When this oceurs, the tangent serew can be turned sometimes
a complete revolntion 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
rource of reriows errors in the field. Several methods have been devised to overcome
this, which we will here describe. The nut through which the serew works has been
made in two sections, to allow of being drawn together when the screw wears. This
plan wonld answer il the screw alwavs wore equally in every portion of its length—in
other words, was a cylinder—but this it never does; and if the nut is tightened &o that
the lost motion in removed from the thinner portion of the kerew, it will move ro 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 80 very hard on the serew as to make the working of the tangent very tense,
especially in cold weather. Another and the Inst method has been to apply a Jong
spiral spring between the nut and the head of the screw that acts as the finger-piece,
thus pressing the nut and the screw from each other, and conrequent|y removing all
*lost motion " from the serew. This phan, though in theory very good, in practice has
been found inoperative, for the following reason : the #piral spring had of necessity to
be made long enough, and stiff enough, 1o act in every portion of the screw’s length,
the alternate opening and elosing of the spring by nse 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
langent acrew, opposing or bulting screws have been sometimes ‘substituted, bot in nge

they do not give satisfaction, ad two hands must be emploved in using them, and stand-
ing from the edge of the plate, they are liable to be injured by blows, and they are apt,
unless very earefully used, to throw the instrument out of level. ’ 4

In this instrument we have an improved tangent screw, that, ne matter how much
the screw may wear by nse 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 eylinder nut,
trom the interior of which two-thirds of the serew have been removed ; into half the
recess thus left in the nut, is nicely fitted a cylindrical “follower,” with the same lengih
of kerew thread as the nut; this follower ik fitted with'a “ key,” that prevents it turning
in the recess, but allows motion in the direction of its length. A strong spiral spring
ix placed in the remaining half of the recess, between''the fixed nut and the movable
follower, and the spring has alwavs tension enongh to force the follower and fixed
thread in contrary (li‘wz‘!iona, and thus to remove any “lost motion” that may occur in
the screw:. It will be observed that in thia me!ho‘{ the rpring 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 fuilure. Tangent screws thai
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 thin instrument is entirely,
new; it is a miniature modification of the “ (imbelling” of a ship’s compass, and
allows the tangent screw, by its free swivelling, to be taugent to the plates in every part
of its length, and thus never to bind. This tangent serew is also of value for Bextants,
astronomical instruments, ete,, where “lost motion ” is detrimental, and a siooth, 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 BCTEWS, COMm=
monly twelve, When the legs wear in the cheeks and become unsteady, the only
metiiod the Engineer has of tightening the legs is by drawing the cheeks in which the
leg moves by means of the bolt that pusses 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 fault 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, us seen in the Telescope, is not a perfect plane or flat, but is spherical. To
prove this, take an ordinury telescope and focus it so that an object will be clearly
defined at the intersection of the cross haim or the centre of the field of view ; then,
by means of the tangent screw, bring the same object to the edge of the field of view,
and it will be found in every case to be indistinet and not in focus; on the contrary,
focus it s0-as to be distinet at the edge, and it will be indistinet when brought to the
centre, In some telescopes, however, it is impaossible to foens ag the onter edge of the
field, and objects will be tinged with prismatic colors, showing that these glasses are
affected by ehiromatic aberration also; sometimes the cause of this defect lies in the
object glass, but in the majority of cases the lenses composing the eye-piece age in fuult.

These aberrations affect the working of the telescope in several ways. First, it
practically diminishes the size of the object glass, and the view is never ro clear and
distinct as it ought to be, Second, it is very difficult, and in some cases almost impos-
sible, to adjust the eye-piece to prevent parallux, or *travelling” of the cross Wires,
when the eye is shifted frum side toside; 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 “flat field” This defect lias prevented the general use of the Stadia, or
Micrometer wires, as a method of measuring distances without a chain,. a8 the (wo
horizontal hairs that are used, being in different parts of the field of view, cannot, in a
majority of cases, be focussed s0 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 miost foreibly brought to Mr. Heller and the Jate Wm, J. Young's natice 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 furmnle 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 Opties have made in the last few years in the curvutures and
arrangements of the lenses that compose it; and the test referred to above, of focusaing
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 eolor, showing that both chromatic and spherical
aberration have been removed. i

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 pacé
of it, and micrometer hairs or Stadis can be used with favorable results, The whole
effective power of the object glass being used and none of the light lost, work ecan be
commenced earlier in the morning nnd continued later in the afternoon than is usual,
This, in the winter season, is no slight matier 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
onlv 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
atmosphers—when exposed to dampnesa lengthening, and of course throwing the ling
of collimai,on from i true place. This defect is more serions in the Engineer’s
Levelling Instrument than in the Transit, instances being known. where;the ling uf
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imatio # altered two or three times in the course of ten hours by reason of
3&2.::?1:;::: l::?mngus, and of course any observation taken at those times W({sld be
defective} lastly, the spider’s web being a transparent and not an opaq.ge”au : tance,
in some positions it is impossible to see the bairs at all: this is more au_peula: j}l, e case
when sighting in the direction of the sun—that is, an easterly course i“ the nren;_mn,
or wester]y in the afternoon. To remedy this defect, platina cross hairs o5 o :3:
inch in thickness, or as tine as spiders’ web, are substituted ; these being opaque, o
not transparent, in sighting in the direction of the sun are still visible, and any atmlu-
Bpheric changes, dampness, etc., do not affect them. They believe that l.he_).( arr,; the
first ones in this country who have drawn wire 50 tlun,rgnd the only ones who mlve
made uny practical use of Dr. Wollaston’s experiment. The platina hairs are 13\':1 -
able in Mining and Tunnelling Instruments, that are so constautly exposed to damp-
ness, and being opague, no reflector to illuminate the cross wires is required, R
To prevent the stiffiess of working of the levelling, tangent and ot!aer .serewlt: in eo
weather, which arises from the congealing of the grense that is used in In :l;an‘ng
them, no oil is used upon the serews of this instrument, but they are lubricated wit
e f thei lete Transits, they
iniple arrangement of the clamps on the aJ‘(Ie of their com [ 4,
m{R:); ?.l:gmgtlﬁo a.muger the purpose of a pair of Compass sights, for taking ofisets at
i : lescope. e
rlgll,}:‘;,? g;li: :;Bb(::z’ tie._ '::fl}pba seen that this instrament has the fnl]owm% mergyemenlal
over the ordinary Transit: 1. A simple, secure and sgeady melh:éd 0I attg{:l “-‘Ig an
detaching from the tripod, being the only long centre transit t_nl e tdmr e‘M]"eﬂi”
easily as a short centre. iﬁ. An il“;l p?{-ll;nlril decrexr_u:‘ ;f ;a?tﬁhzlf w&tﬁam g:ﬁ:e::fu?v : tzée,
i of steadiness. 3, e worki 'rew, ete.,
“b:{t)iu;l?t Tr(i}:lf?salh: ;Iate«a, making the instrument more compact. 4. lAu ;m;:;rkn:red
tangent screw, telescope, cross hairs and tripod head. 5. A pair of sights for taking
offsets ; and 6. A new method of lubricating the screws.

b'é
- REP! COMMITTEE OF CIVIL ENGINEERS APPOINTED B
TH(;ERTFROEHKLIN INSTITUTE TO EXAMINE A NEW TRANSBIT

INSTRUMENT.
Haryr oF TEE FRANKLIN INSTITUTE,
Heces Philadelphia, December 18, 1871.

i " in Institute of the
i Science and the Arts constituted h_f the Franklin
Bta;zho? %Trﬂ?{ﬁ.ﬁ‘; fo:-e the promotion of the Mechanie Arts, to wllom ]wsa rriaerreag
for examination the Transit instrament made by Messrs. Heller & Brightly, of No.

N. Beventh Street, Philadelphia,
REPORT

ibi i d combines several novelties

i ment exhibits the best of wnrkm.anslup. an ) a

tha:n:etiij:;f: which, in the opinion of the Committee, render it nuplerlurftu l_h(is:a
; in common use, 1 Among these novelties are, Ist. A great redllwtiionfo l{we}ggr: .
|Et:r[-;thcuut any loss of strength or umm'linemi] mp{;ﬁ? ln(;pm:;;-d Anllletd]]t: wgrk?“ ;c[]la . tgu

hi i nt to and from the tri rend. .
“i‘ldI?etE;{“gftﬁie‘;l“:tﬁleaw brought within the circumference of the plates, lhl:s
3. "ineirahing liubilitv’;(} injury, and at the same time m‘nkmgl the ]nah:umen& mfﬁmih‘;:q:
p:ar:‘lt 4th g&n improved tangent-screw. 5th. l(!];}sm»gu'a of p]mf"::lhlig’l?e: riug iftpauglle

b, " A pai i ] in the standards, by means o _ang
web, 6th. A pair of sights placed in the g ! 4l Mhich & ebs sngle
i i ) the telescope; this is very :

11 1es be laid off from the line of th I t
3i:lin8ttgike£r}rt1n| the line of survey. Tth. An improved telescope. kiﬁlh. Ag:]],“f}[I‘EE
or gl;%i.‘“:‘ioll tripod leg, for use in mining or other _contm.c!ed miabu?g:;.n imp.m\red
brasa cheeks for the iegs and the tripod head are cast in one piece. ;

i for the screws, s 5 :
lum'-i]‘(l‘::: {;’:Ilcr}:;ving ia n detailed description of tlie ia’_b?lve;en}:marizl;?u:rr: e!:rfzin:ﬁ:t:ame
¥ ‘ eight i bout one-half that of an
First. The weight is reduced to a s g Sranen s g &
i i ing the plates, ete, ; an
ade in the usnal way, by ribbing and brac . ! Al
?llf:; .:a?tl ;}np:\rl either Nm-.'gu. or steadiness is removed, the size of the instrument n

being reduced thereby in any part.
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Second. The method of attaching the instrument to and detaching it from the tripod
head ix as follows: The upper parallel plate of the tripod head has two (2) fixed and
ene (1) movable lug on its upper surface. These three (3) lugs are placed equidistant
from each other. There is ulso a Hange on the exterior of the socket which encloses
the centres. Three (3) recesses an the edge of this lange allow the flange itself to lie
on the parallel plate and to enclose the lugs, The whole instrgment is now turned
antil the lugs are outside of the recesses, and the whole 1s then clamped by the milled
head-screw of the movable lug. By this process a three- (3) pointed clamp is obtained,
A forked guide-piece fitting into a groove in the clamp-screw and traveling with it pre-
vents its being serewed out and lost,

Third. An examination of the instrument renders this third point so obvious as to
require no explanation.

‘ourth. The tangent-serew is constructed o as to overcome all lost motion in the
following manner: A long eylindrical nut has two-thirds of its screw-thread removed,
In one-half of the recess thus formed is fitted a cylindricul follower, with a key which

revents its rotation, but permits it to move furward or back. A spiral spring is placed
In the other half of the recess, the tension of which forces the fixed thread and follower
in contrary directions.

Fifih. The platina cross-wires (1d5o of an inch in thickness, or as thin as ordinary
apiders’ web) prevent the sagging which the spiders’ web undergoes from daumpness,

ot being transparent, they can be easily seen when sighting toward a light. This is
an advantage when looking toward the sun, or when locating a meridian line by means
of the North star. 2

Bixth, A pair of right-angle sights is obtained in the following way : The slits in
the clamps on the axis of the telescope are extended downward so as to reach almost
1o the bottom of the clamps, and in these slits the sighting-holes are made. The slits
are then adjusted by the maker to cut a right angle, and index marks are then mude on
the clamps and standards. By bringing the index marks to coincide, an accurate sight
at right angles to (he telescope is had,

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

Eighth. The shifling tripod leg has a play of from three (3) to five (5) feet, It iy
composed of two (2) semi-cirenlar eylinders, sliding one on the other on their plane
surfaces, as in a levelling-rod, and clumping in any position. This leg dispenses with
eccentries, and will alide easily and clamp well, even if the wood of the halves ba
swollen or warped.

Ninth. Having the tripod head and the cheeks for the legs in one piece prevents
&e Fussibility of uny unsteadiness from the loosening of the cheeks from tightening

e legs.

Tenth. Pure plumbago is used as a lubricator for all the 8crews, preventing hard
working in cold weather, ! : A Y AE:>

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 g vertical plane
throngh the axis, and the nice balaneing of the telescope upon its centre of gravity, are
also noticed ns very important features in engineers’ transits. There is, however, no
claim to novelty in the upplication of these principles,

The ribbing of the instrument is Judiciously placed, and the metal of which all
castings are made is bell, instend of the ordinary brass, The Committee #E€ NO reason
why it should not keep its adjustments and maintain ita steadiness at least as well as
any other. To solve all dugljls, however, on this subject, letters were addressed to two

for six (6) months. Both were engaged in operations requiring the best instruments—e
viz, one in city street loeationg, und one in a tunnel nearly four thousand feet in length.
The answers of both were satisfactory in the highest degree pronouncing said instru.
ments superior to any they had ever used.

The substitntion of platina wire for spiders’ web was found to be especiaily advan-
tageous in tunnel work, by contributing in an appreciable degree to the acéura.cy 80
necessary in that kind of work or in mining.

Iri conelusion, ihe Commitiee express themselves highly pleased with the inatru-
ments of Messrs. Heller & Brightly, and consider it but a simple act of Jinatiee to these
gentlemen to say that, in its opinion, the deviations which. they have made from the
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gommon 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,
i ' Jonx C. TRAvTWINE, Chairman.
- CHARLES 8, Crosk,
Lewrs M. Hourr,
SamuEL L. SMEDLEY,
- ;i Eriwoop Mogrnis,
By order of the Committee, :
; D. 8. HoLmax, Aetuary,

The following are the two letters of inquiry referred to by the Franklin Insti-
tute Committee in their report, The letters to which these ure the answers had,
among other inquiries, the following :—1Is the instrument steady ? - Does it keep
its adjustment? if not, how t'requentl¥ has it been adjusted since you first re-
ceived it?

BurLiryeToN, N. J., October 28, 1871,
MEessrs, HELLER & BRIGHTLY, PHILADELPHIA : :

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

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

sides using the Transit for the Customary purposes of a general practice, ¥

dEiL in the careful reorgunization and rectification of the Surveys

of our eity, and the preparation of a strictly accurate Atlas, similar to that which

is in use in the Burvey Departient of Philadelphia; and in two Very essential

reshueets I have found it superior to any ather 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 jt was after the searching ex-
anmination you gave it in m]y presence on the day of its delivery to me, :

The graduation of the plates is exceedingly accurate, and in tlat respect my
Transit is superior to the mujority of those in“common use; in fact, the resulfs
obtained from its use have been such that, had they not been frequently 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 hundre:d readings of any
gles by the needle as compared with the readings of the vernier, in no one has
the difference amounted to more than three minutes,

I am yours, ete,, H. 8. Haixgs.

OFFICE OF THE LrHIGH COAL AND NaviGaTION CoMPANy,
: NESQUEHONING TusNEeL, Pa,, November 1, 1871,

Messrs, HELLER & BRIGHTLY, PHILA, : :

DEAR Sik:—Your favor of 28th ult., inquiring about the Instrument made for
use on this work, is received. 1 B

The instrument has proven entirely sat-iafactory_ In every respect ;—it is er-
fectly steady—it keeps its adjustment admirably, it not having been touched in
Lhis respect since it came from your shop, 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 ave 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 Jat
eral variation of 1} inches in a Tunnel 3800 feet long. ]

We have found another great advantage in the use of the latina ; namely,
that when the light ia 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., . THos. C. STEELE, Engineer, |
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"HELLER & BRIGHTLY'S IMPROVED TELESCOPE.
(From the editorial columns of the U, 8, Railroad und Mining Register, Jan. 10, 1874.)

Improved Transit Telescope,

Every improvement in engineering instruments is of consequence; and the YEIy.
reat increase of power gained by Messrs, Heller & Brightly in their new telescope, gy

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

Dear Str :—Having just brought to a suceessful conclusion a series of optical
experiments, having for their object the increasing the power and range of the ordinary
telescope, and knowing the interest you tuke in any improvement of field instruments,
we encluse you the results we have arrived at.  An ordinary Transic Telescope, 10
inches long, magnifies 12 diameters; an ordinary Level Telescope, 17 inehes long,
magnifies 25 dinmeters, Without an increase of length, our new Trausit Telescupe
magnifies 28, and the new Level 48 iameters—in other words, without any increase
of length, we give the Transit Telescope more power than a regular Level Telescope
has.  We have lately furnished the Survey Depurtinent of Philudelphia with a Transit
for nse at the * new Sonth Street Bridge," and the engineer in charge there hus been
making some tests 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 through
at the same time, in order that any atmospheric unfavorableness should affect both

ually., We think, however, that the first test should read, “ret a } inch flag” (instead
of {), as the } inch white space was the, object sighted at, and the black only marking
the boundaries of the white. As to the extreme range of the telescope, the enclosed
extract from the Fairmount Park Engineers, may give some idea, Yours, &c.,

HELLER & BRIGHTLY, 33 North Seventh Btreet,
. P .
- [eory.]
ENGINEERS' OFFICE, BoUTH STRERT Brinas,
I’HILADELPHIA, December 22, 1873, |
Dear Me. HELLER :—] ]uvegnﬂt finished some very satisfactory lests of the new

Transit you lately sent me—and nowing that a statement of (he results wonld be an
ralifying to vou as it was to me, I send it to you 1n detail. The Transit with which
compared the power of vomrs, wis made by the late W, J. Young, for Strickland

Kneass, Esq., when the lafter was Chief Engineer and Surveyor of the city, the instru-

ment is considered a very good oue of jts kind : ; i

W. I Yonng., Heller & Brightly,

.t 1,533 feet,

Bet a flug, 3 inch WIde, ACOUPBLALY. . ... cooseneiireissasiot o 450 fee
Conld just see hands on a wileh—very dimly 2212 eer, 1,231 feet,
Reud time withln one minute ......., I L 81 feet,

The *“Hag” test was on a target made of paper, with three } inch siripes, two black
and a centre one of white, This target was rent off until the white stripe was just
barely discernible. The watch used was a “ Tobias" make, 14 incl diameter of dial,
face white, and hands 1-50th of an inch wide at ends. On the firat “watch ” test, it
was sent off until I eould merely tell that there were hands on the dial. At the second
test I read the time within about one minute, The length of telescope in the Young
Transit is 10.8 inches, and in yours 10.7 inches when both are focnssed on the same

j [ D. M. STAUFFER,

unfavorable, As to range, from sights taken at Falls of Schuylkill in direction of

Conshohocken, I could see and locate a flag staff at abont seven milea,
. THOMAS G. JANVIER,
Assintant Engineer, Fairmount Park.
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yhey

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
above article giving the comparative tests of our new Teléscope as compared
with an ordinury 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 inereased our power, he of course
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” wus 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-
puses. The correspondent was also under the impression that the maguifying
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);
seeing that'time was read on a watch-dial at 983 feet. Mr. Stauffer’s letter ex-
plains this.

(¥rom the editorial columns of the “ United States Railrpad and Mining Register” for
January 31, 1874.) |

To the Editor of the U. 8. R. B. & Mining Register : et
DeAr Bir:—The eorrespondence in your issue of the 17th inat., eriticising the tests
and results of the trial of our * new Transit Telescope,” calls for some notice from us,
The complaint of want of power in the glasses of field instruments is no new thing;
when Richard B. Osborne, Esq., onie years since endeavored to introdnee the American
form of Transit into Englund, the want of power in the telescope was the principal
ubjection urged against it (the Earopean telescopes of the same length being n_mc!}
more powerful 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
continuovsly was connected with the late Wm. J. Young in business (for a greater
rtion of it as a partner, under the firm name of Wm. J. Young & Co.), and Wm. J,
oung, were well aware of thix want of power, and labored together for several years
previous to Mr. Young's death to correct it, but without success, and up to the date of
his decease (July, 1870), the formula for their telescopes waz 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
manufactory as “ Kneass Transit,” and was used by the city during his entire term;
and although the other parts of the instrument were somewhat worn, the ::,el_eﬂcope was
considered good. To prove, however, if the telescope of the * Kneass instrument
was a fair sample of its class, we having in our establishment at the present time two
Traunsits for repairs, that are of the make mentioned by your correspondent, but made
within the last few years—the telescopes of these are respectively 11 and 12 inches
long, and time was read on a watch similar to the one n ed in the last test at 105 and
210 feet, showing that (taking the lengths of telescopes into consideration) they are
not superior in power to the one with which Mr. Stauffer experimented. As regards the
statement of 'your correspondent in reference to the powers of Transit Telescopes of
varions modern makers, we would remark that one fact respecting telescopes must be
taken into consideration (i e.. that the caleulated magnifying power and their actual
performance in the field are sometimes sadly al variance); we now lm\_'e in olir posses-
rion for repairs a Transit made in New York City, the nominal nlnglnl'nll}g_ power of
which is 18 diameters, yet it is impossible (in consequence of its poor defining power)
with it to set an ordinary flag-pole (aceurately) at the dlalunce_ oi: 300 fvet: x‘\hllmugh
the “achromatic, compound lens,” eye-piece of Kellner (or a similar combination), has
been of late years adopted in Europe for fine l!.‘it'ﬁ(.'{'r'!li.‘,ﬂ‘,;ill“ from its great expense,
and the objection of American engineers to an * inverting telescope, it hus been com-
paratively unknown here: the United States Coast Survey Department use it almost
iv all their new instruments. el y
echhl:T:r‘e(Hr?tll:tpnndenl states that the gsame combination nf_!emea that is in 1!}& Y im-
wroved telescope” was known  years angi years ago M we thgnk he muat be mistaken,
Tr. Young and Mr. Heller, duri_ng their exhaustive experiments and rmarc!wu re-
ferred to above, knew nothing of it, and so lately did we bring our own experiments
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to a successful conelnsion that, although we have lately (1872 and 1873) furnished the
Burvey Devartment of this city with Transits for the new bridges now in the course
of erection over the Schuylkill at Girard Avenue, Fairmount and South Btreet, none
cxcept the last has the new telescope—in fuct, so very recently have we ourselves
adopted it that, although we receive orders from the University of Pennsylvania to
HpPare 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 'ﬂ:.:mail Telescopes, we of course mean such 28 ure 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 ereet, instend of inverted—those for
apecial purposes of extra power and length (we have made them 20 inches long) and
with “inverting” telescopes, we do not class as ordinary ones.  We' Liave never male
rny secret of the mode by which wy increase the power of onr 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 leuses necessary for producing an erect image,
If your correspondent will do ns the pleasure to call on us, we rhall be happy 1o
ehow him the numerous experiments we have made, and the results; Le can also ex-
amine the two instruments mentioned above at any time. 1f we haye caused any en-
gineer to think seriously on a subject which he has heretofore fuken mainly cn trust
(i. e., the power of his telescope), he will find the subject repay investigation. If en-
gineers will call on us, we will with pleasure show them the new telescope and let them
Jjudge for themselves; or if a committee of the American Bociety of Civil Engineers
{or any kindred body) would like 1o muke a thorough trial, we will furnish them with
the means. As to the remarks pf 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 eyes endeavoring to accurately set a flag at a
moderute distance, will agree with us thuta Transit Telescope with the power of a
Level Telescope is a_gain, and that the opinion of such men as John C. rautwine,
Eckley B. Coxe, Richard B. Osborne and R. P. Rothwell, that the new telescope is “a
most important and useful improvement,” is entitled 1o rome weight, If it were not
against our rule to pnblish correspondence, we could give letters from parties 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 repugnunce so far that
we have for two years refrained from publishing an exhaustive report of & commiitee
of eivil engineers appointed to examine the new Transit which we introduced st that
time, although the tuvorable opinion of such men as John C. Trautwine, Elwood

Morris, L. M. Haupt, Bamuel L. Smedley and Charles 8. Close might be thought of

some value. In conelusion, we are sorry that a friendly private letter, giving you in-

formation that might interest you, and not intended for publication, but which you

thought contained matter of interest sufficient 1o warrant publishing, should have

cansed your correspondent’s letter. In the hands of the engineers we tow leave the

matter; if we have made an improvement, it will speak for itself. We merely repeat

our invitation to engineers, instrument makers, ete., who feel desirous to test this malter

for themselves to call upon us; we will freely communicate to such any information in

our possession.  Yours, ele.,
HELLER & BRIGHTLY, 33 North Seventh Street,
January 22, 1874 -

ENGINEERS' OFFICE, SOUTH STREET BRIDGE,
PHILADELPHIA, Jununry 22, 1874,
To the Editor of the U, 8. R. R. & Mining Register :

Dear Si8:—A word of explanation may be necessary to explain away a seeming
discrepuncy pointed out by vour correspondent of January 17th, in his eriticism on the
performance of Mr. Heller's New Telescope, lately tested by me. - The test results
were communicated to Mr. Heller in a friendly lettér, not intended for publication, or
I should have been more explicit in my explanation. T'he Transits were tested side by
side, and at the same time, so that any local influence would have been felt by buotl:,
But the first test was made on the flag about 9 A, M., with the sun obseured] by clouds,
and inun atmosphere decidedly hazy, with the flag located in a depression of South Street,
the worst point for 1n observation. The wateh test was made more than three hiours
after, when the sun was shining brightly and all haziness removed ; had I then again
tried the flag, I have no doubt the resulis would have been more favorable than stated,
Yours, ete., D. M. STAUFFER,
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BTIi.OLL THROUGH AN ENGINEERS' INSTRUMENT
o MANUFACTORY.

i isi ' i ts of our * Engineering and
: ing recently visited gome of the establishmen ¢ ; ¢
Su];{i:i?mgg lmtruu}:ent Makers,” we hecaime poss(;s:segi of aomeafa‘tso?:h:glsttg?)t'hl}j
"interest : 1 also showing the immense dev :
of interest to Eeller.tl readers, and a cE ot pmen
h of industry since the early days when the Drapers, / i
;It-:::gi;ﬂ'es gave mypllii[tdulphm ln_eclllulLICé their pre-eminence in the manufac-
» of these “ instruments of precision. Sl
tmi;‘u‘:fthe staid plodding artisans ofdthoae lda}:ja r’?luldfbt?a aixrn\aifgoi]f. tb}::an(i‘c;ﬂ
: : : .
see the revolution that time has made in the etails o 1 X e
intri :hi ld establishments, with all-its tools, n
the intricate machinery (one of the o Mhecie ¥ e e
i much as one first class modern lathe with all its app ) tl
E‘;)Jﬁllina%m?nf steam, graduating engines, and the vast range it has taken in its
ions ils, )
m(r;ﬁu?n;iftﬁstswe will first take the well-known establishment of };hefMeaa;sr.
Heller & Brightly, and from them and their books have gleaned the facts fo
= T
ing article. i i <
th"fl‘lﬁiﬂltf}i?all:]ﬁling to foreibly strike the stranger’s _attelnnkqn is the w;gfprfic:g:}gr'
ificuti : i : tion—in looking over i
ramificution of an establishment of reputa = A e
S Florida represented, and the Survey
,”" we found every State from Maine to :
%})nec;::\’rtment of almost every important city and town (the Middle and Western
States predominating, however). ) . .
btzft:flcpr:‘?mm Japaifl, China, Chili, Peru, Brlz]tz;l s{alnd ?an:grgﬁﬂée:;hogtgg&
inori i assador, for
the order of Arinori Mori, the Japanese amb; ’ ; e
i * Kai Tokaido” (whatever that may mean) star
instruments for the ** Kaitakuski of Hokai 1 S s
i i i : “Survey Department of Philadelphia 8,
side by side with those of the “ Survey f € 1 o i i
i i 3 a— University of Pennsylvania—and ¢
the railroad king of South America—the : E st
i ildi i y win with commendable pri
Centennial Building Commission—and we were s 103 th eadable prce
! Transit from Hong-Kong, China, which ra H
a “eable telegram " order for a Transit | ! o o th
i i trument like General Capron's.
“One Heller, Pluladeiphug, send Transit Ins e i tEnse 2
creater part of their business, like that of the majority )
sa;'ﬁlf:eli%liz, is 11<Pwever with the railroads ; and tlu‘;i neo? nothl,)sea u::] ;p:;e;]eeﬁnozgﬁ
ia Railroad and its numerous branches a
one, the Pennsylvania Railroa lecd St heins comntt e
instruments, to keep a respectable size mﬂ.l] - y ant et jadiing
vey Departments of cities must also be consta , ju .
ﬁ'o?rtlettﬁau;acgthaé 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 recei\'mig .t.l:ewl:i‘l‘.r:al;}é
for the same; and for the character of thcilC}ivllt F‘;ngl:;eﬁ:s as a class, Y
; i : Da eot.
to hear that they have yet to make the firs .
Pr?iurgat confidence must exist between the l“ifdu cer :slt nd L‘Ollﬁl.tl_ :ll:he:,mf_'?‘:; ;ﬁu{ﬁgg
i ines ds be sent to a perfee .
in no other business would valuable goo : iR
is of mi ; il telegram (as happened on the day of £
sands of miles away on the fuith of a te pried ¢ .
isi us—** Bend Transit to lay ont town site to — . )
our visits) worded thus—* Se \ ) e i e
i i ; f ature, and the tenacity wi

An instance of the credulity of human n ) : 1 i
pouplar belief will descend from generation to generation, we learned here

mewhat surprised us, ” s
mA letter frgm Massuchusetts received a few days be,{;nf'e w?:lsi sl!,u'nw:‘]‘ t‘f-?e;urﬂ
writer wished to be informed whether a © d]"]ll!llllg] rod “::13 tian ti‘re ki

: : by hidden gold, silver or g )
d"—that would be attracted by hidde : ) i

:ﬁg same manner as the magnetic needle is attracted by iron—could not be p

ased by him, ; : o
chOn nms-' expressing surprise that in the present age nftﬁpllfglzttz;)ﬂz:t(ilgeor .
in such an article should exist, we were informed that this le
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elass. That from 12 to 40 letters or calls were received vearly—the majority of

them however were received from parties on the Atlantic coast, from Maire 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 Captain Kyd (he
who “ sailed, sailed”), .

Besides these * treasure seekers,” ealls are received in more or less numbers
every vear for the * witch hazel divining rod” (for discovering hidden springs

y divination),

The “ perpetual motion” inventors have #lso 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,

SBolomon’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 niechanjes’
magazines—the proceedings of the various scientifie societies—or the back num-
bers of the patent office reports, may recollect the ** Monsieur Tonson that was
ever turning up, in the shape of a *“ distance meégsurer” (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 (i, e, 4 fixed Telescope or vane sights
placed at right angles to, and at one end of g base more or less long, generally
from 2 to 3 feet, a second Telescope movable along this base, and this 1 elescope
slightly inclined toward the first one—fhe 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 wir we werc informed that at least thirty applica~
tions for patents had been made for an instrument of this elass, all having the
above idea, and each patentee imagining himself the original discoverer,

Knowing from experience how very poorly, some twenty years ago, the in-
stitutions that made a specialty of teacln'ng Civil Engineering were supplied
with field instraments, and the jnferior character of those they did have, we were
curious to know whether this state of affairs continued, and were most agreeably
surprised at the change we found,

The *“order book " was again brought in requisition to answer our queries,
First, our attention was directed to the list of mstruments and their character
furnished the new “Department of Science ” of the venerable University of
Pennsylvaniua. '

Bezides the nsual Transits, Levels, Compasses, Sextants—we found such com-
aratively modern costly “instruments of precision” as the Solar Transit,
lane Table, ete.,—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 since then,

En passant, we were somewhat amused during one of our visits, A graduate of
& so-called “college,” having received a situation on a railroad, came to purchase
a Transit Instrument.—One was shown him such ss 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 (1077) sub-
division answering.——His ogmatical assertions that a half minute (807} reading
mightanswer for common work, such as running a straight line or turning a right
angle, but not ‘or deflecting for railroad SUTVEYS, was amusing; as was alsQ
his blank look of astunishment 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 sn
cavalietly{ (namely, turning, a precise righe angle and establishing a suruight
line). .

e were informed, in answer to queries, that the most elaborate and sccurate
instruments, without regard to cost, were demanded, as & general rule, by the
Mining Engineers of Lake Superior.—These were fullowed br the Burvey De-
partments of the various cities—the Mining Engineers of Co orado, California
and this State came next,

Judging, however, from the minuteness of detail and seeming disregard as to
cost of some orders on their books from Engineers who have mn.(i;l Bridge
Building and Tunnelling a specialty, the precision requisite for such work must
require the best instruments,

0 the curious spectator the several details of the manufacturs—the graduat-
ing engines—the patient exactness required of the warkmen (one of their
rrrwerbs 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 separale parts),

To an engineer, who, knowing the longevity of a Transit, and the compara-

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 oue, *“ 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 T consider your improved
Transit with its vertical arc superior as a field instrument to the ordinary plain
field Transit.

When an Engineer is entrusted with the location of a railroad, his first in-
quiry 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, auﬂ ascertained the impediments to be overcome in the lacation 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 %‘rausits 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 are should be chosen.

Experience has taught me that the most economic, accurate, expeditions and
successful work is done when well-tried principles and systemat-icdp]mm control
the operations. “ Rule-of-thumb” work seldom succeeds ; the good results even
in closs Engineering work have been attained Ly a bold dash based only on clear
judgment—elear, I mean, to the mind using it.

Tia old system of *trial and error” lines is uniit for our profession now; we
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have taught the whole world all they konow about location of railroads, and we
should udvance,

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 gther Ppoints of the line
belvw the ruling gradient, becuuse it will not financially benefit the working
capabilities of the Engines, whose maximumn load is alrendy controlled,

Vith such fixed data in his mind, the Engineer ean yiew in a ride the easy
country, where a line generally can be at once located, without any experimental
survey, by the eye and Jjudgment, because the grades, being all less than the

ruling grade over the mountaing, can have the grades fitted to the country over
whicli the maximum loads ean be taken,

For such work the plain Transit is best adapted,
But in a country which presents mountain ranges that must be crossed, the

case is wholly different,

Each ridge should be explored, and the elevation of its Jowest availuble summig
obtained, also the distances by time, or the pedometer, and thus, the required
gradient be worked out,

Then the Transit with its vertieal are is indispensable,

Its utility consists in perfecting with one experimental line, which it vividly
geomta out bﬁ its valuable adjunct, the vertical are, the exact position of the

at (ocation that can be made on the lground of uniform 8, with the least
work. By it the exact profile of a located line can be ad, on which I have

even let work to contractors &efure the Jield 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 suminits with more ease than they now do,

Here is the modus operandi in explanation, and Engincers who keep the old

method will see that mountain su rveys, which are tedious and laborj s, are thus
made easy and agreeable.

The Engineer, knowing then the average grade that will carry the line to

the summit with a given cutting at that point, gets, before starting, his vertical
arc to the angle corresponding to said grade, = :

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

The Transit then sets the grade flag accurately, and the chaining is done to the
grade flag, when the exact transfer point is set. which is grade,

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
for _Ylm;Ling, on which the located line can be planned, the centres being all at

grade.

The line can be straightened, curves introduced—profile made out, and in the
office a tale will he fully told of all the characteristics of the future location,
Thus two quickly run lines will fit the contour of the mountain, with work juat

a8 light or heavy as the Engineer may select to give him the best line that can
be put on the ground.

But in other ways the Transit arc is of great use.
Here is one example:
To test a line ad vancing toward a high summit when 8 miles from it, T once

had a fiying level run from the summit to & point at the foot o/ a tall pine 5 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,

v worked to a charm, and my grade eume oMt to 8 nicety.

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

These are its uses in survey work,

In construetion 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, Ricoarp B. OsporNg

ON A NEW MINING TRANSIT AND PLUMMET LAMP.

(From Vun Nostrand's Engineering Magazine for June, 1873.)

A communication to the American Institute of Mining Engineers, at the Boston
meeting, February 19, 1873, by Prof R. W. Ruymond, President of the Iustitute ;

Having had recently the opportinity 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, 1 thouglit a deseription 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 aceount, There is
nothing specially novel, [ may remark, in the construction of the Transit; its cluims
to favor must rest upon its compactness and lightness, together with the general excel-
lence of its workmunship. The principal peculiarity is the ribbing and flanging of
the parts requiring strength, so as to dispose the minimum amount of msterinl 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
ure perhaps not so completely furnished for field-work. 1 confess I do not see how the
weight can well be reduced any further, unless an instrument can be made of aluminium
— plan which Mr. Rothwell once suggested ; but which may not, perhiaps, be entirely
practicable, and, at any rate, hus not been tried.

The following is the mannfacturers description of this Trangit, which they have
designed and introduced within the last year: E

It is a small portable angle instrument, similar in principle to the ordinary “ Engi-
néer's Transit,” and a jae simile in every respect (excepting size and weight) of their
“eomplete Enginecr's Transit” It has long compound centres; the horizontal limb is
read by two double opposite verniers, placed ouside the compuss box; the vernier
openings in the plate being made very wide, 8o 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 ohjects erect and not inverted. A sensitive level, 44 inches long, is
attached to the telescope, for reading angles of elevation and depression, levelling, ete,
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 snch a manner as to
form ane leg when folded together. The plates, vertical circle, ete, are provided with
clamps and tangent-screw movemenis; and the clamps on the axis of the telescope
are arranged with sighting slits and indexes, 0 as t1 answer also for right angle sights,
The numbering of the compass ring and horizontal limb, instend of being in quadrants
from 0° to 90° each way as usual, is a continuous one, or from 0° to 360°%: bnt every
gua.tjrant of the horizontal limb is also marked with its magnetic heaving, 1. e. from

® N. to 90° E,, every ten degrees is marked N. K. —from 90° E. to 180° 8., every ter.
degrees is murked 8. E, ete. The advantage of this arrangement is, that, if at start
ing, the vernier of the horizontal limb he set to read the same bearing as the needle,
the needle can be screwed up, and both the angles and magnetie bearings read from the
horizontal limb, without using the needle for the remainder af the survey, thus precluding.
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 telescape, thongh short, is a very power-
ful 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 ?-nlenm:ili'-r:
tripod leg for lowering or raising the instrument. - All the working plamui lt e m;ekilr
jufter, clump and tangent screw movement are concealed between L‘e plates, m - 11.%
the instrument more comptel. A priem apd tube for attaching to the ]e_\'e-]?:lelc?inwm'_
telescope, for sighting vertically in shafts, is also furnished. ’!hlf wvfsg I\t 0[ ipI;d liﬁ )
ment, exclusive of the tripod, is sbout 5} pounds ; the weig 7: o ht he, t];a b N
pounds ; the height of the instrument from the tripo legs is 7 inc cln:, ei'.etwh -
dinmeter of plates, & inchos; the dinmeter nl‘ the horizontal plate at l} :a(;m 1 ‘ i:ed
verniers and graduations meet, 4} inches. The instrument and tripod hea :;re‘l‘ arcme
in m box 74 inches square, arranged with straps to sllow its being c:llé'r:iei 'ﬂ)(:i]
shoulder in the same manner as an army officer’s field glass, while the fo ?d 1!rl I ; F;gn
answer as & cane. Though these instruments have been rpecially designe hD:' m mflg
nse, vet from their lightness and compactness they are also meeting wit . ;_w.o:] or
geological surveys, and for preliminary railroad reconnoissances ; whspm use ::ilha;::
purposes, an extra pair 0: hairs for n;zu} ia pu:[d}(cimee(ziﬁ (% &. measuring ances

Baini ides the ordinary eross-hairs, 1= -

Ll-l'“l‘llr:;na?t;]lm:mnufnclnrel-a make a very convenient Plummet Lamp, for u:&dabrgmuqd
work. It consists of & brass lamp, suspended by two chains, and terminate own:irj
& conical plummet. The so-called compensating ring is an _equatorial rn}ﬂg, strir]:gul e
ing and supporting the lamp, whieh swings freely within it, upon an ux:;"-ulur-m e
chains are attached to this ring at the extremities of a diameter perpenf llc I
axis, By means of thix arrangement, the point of suspension, centre nh .m;lpmll 1I|e’
and steel point of plummet always lie in a true vertical line, r;? nlmnier nwk?::kin he
brass supporting chains may ulter in length from the heating fmt \eb ‘angﬁ. G nlrhi(n .
wenring of the links. A“ﬁhiuldia.t the_lnpfpriverﬂu;;l&erg:‘:’:;erd Ri::murm g g

_amps are generally nsed in pairs for back : s,

Thle':?ntli:r?-:smrl th::t Mr. MeNair of lﬂaziemn and Mr. Coxe of Drifton, both members
of this Institute, have used this instrument with satmfnclpry resulls. .

IUSE 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-
neers, February 19, 1873, by Eckley B. Coxe: o :

In the anthiracite coal regions of Pennsylvania the custom ]izlﬂ bbejebr:)}:q Hﬁhlll e'l;]:'e:,;:l‘
an open light (generally a mine lamp), or at the string of a Il.lhl.lll:l s I:Ibl;u 1:
was intended to be u permanent one. a r-].l.lld. as it is called, t hl[l;eb-], a na.l”rem:} el gm
horse shoe nail, with a hole in the head, is driven into the timbers over I ):!n i o0
if there be no timber, a hole is ;lrillie:: in ﬂ:f coal or rock roof into which a wooden

is drive ich serves to hold the spud. : :

l]ll'll‘gluol;-‘l‘ﬁdrlﬁlt‘;;:t‘ar‘;ri:;: in making a sur\-el_v.lin o hl! ont the stations, that lla, to rl!mrk th‘e
place where the holes are to be drilled for the points on the mnboira w Lerg Ibl:,ﬁpll{.:
are to be driven in. This should be done before any ]I]Hl'l’llml.!lllla ‘w’ar m i_,u::, i:e
much lubor ean generally be spared and the use of very HI\N:'!- Hl[!]lln tth'll‘ :- Fe‘;ere
avoided, by carefully laying out the stations helnrehnnd.. I\riluin l’ille-sllm:I”hl o
laid ont, a'[;}.mnb-bub was hung from the innermost gpud, uluudl u;: ‘:“ ‘(.:;[_re, -
instrument was put in position at No. 2, by plumbing r‘ian 3:: plll m;_.iu (\b.-bob \[\';m
under the spud, and then setting up over the centre pin, ":il anot ml‘ I m:aan s
suspended from No. 3. If great accuracy was not required, 8 Imlge mlup ’ ; rm]:
under the plumb-bobs ut No. 1 and No. 3, and the engineer sig :k:e at l.l..el.':-l. ) beﬁ;ind
accuracy was required, a lamp or some white surface was held by an assistan

the strings of the plumb-bobs. To work with any speed by the ]"“?rt mce'll|(.'K!|w{lil.n;:l.i
the accurate one}, it w:m'nec@ssur_v.ﬁmr the engineer to have l_hrf:e assix :Iml}s:jr:r; o
he conld relv, even when the chaining was done aflerwa rds, viz.: one to m‘ tm hgid
behind tl> string at No, 1, one at No. 3, and an assistant n"i the mstmlmml 0 ;Jha
the light whil: levelling, reading the instrument, ete. W en nulmg tlanlplﬂ (\:r: o
ground, il is necessiry to examine them from time to time to see il_\m. hey lm e
sunk in the mud or turned on one side, ete.; besides, the flame of a mine lamj
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(From the United States Railroad and Mining Regixter, June 28, 1873 )
LESLEY'S MICROMETER FOR FIELD-NOTE PLOTTING.

Read before the American Philosophical Society, April 18, 1873. )
I desire to place on record in the proceedings of the Society a description of my

Micrometer for plotting field-notes, which appears to be coming into fuvor with Civil

and Mining Engipeers. i . i
"It was many years ago that the need of such a little instrument forced itself on my

sltention, as a substitute for a vernier attachment to a seale for use on the office-table.
The strain upon the eyes in constant plotting on small scales, say on the common seuld
of 1000 feet to the inch, or the not uncommon one of 2000, is greater than the best
Juman organs of vision can endure without permanent injury, 0 say nothing of the
loss of time involved in adjusting the dividers, or applying the puper edge, if a puper
scale be used directly. Every field worker who has constructed elaborate contour line
maps covering an extensive region of country will bear me out in this assertion.

Considering alzo the liability to error in counting the decimals and hundredths or
thousandths of the seale-unit of distances, after hours of application to work has lowered
¢he tone of the nervous system, | sought some mechanical substitute unulogous to Mr.
Cleaver's Protracior, now in almost universal use for plotting courses with ease and
precision. . 3 :

Many forms of such an instrument passed through my mind, but over-oceupation, or
perhaps laziness, prevented me from taking the necessary steps to realize the idea in

even tentative forms, 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, T 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
Neufehatel, Switzerland. One day we strolled into the well-known philosophical in-
strument manufactory of Mr. Hipp, to whom, among other things, I mentioned the
need of a Mierometer Divider for plotting, and drew at his request three of ita pos-
gible 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 T received it in a broken condi-
tion. The chain had been snap by soime custom house official, too curious to learn
its nature to treat it with much delicacy of handling. It was, however, eusily repaired,
and I found 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 nse by one
of my assistants in my oftice throughout the spring and summer of 1872. When the
course of instruction in the Department of Science of the University of Pennsylvania
commenced last fall, | accustomed my special geological students to use this instrament
among others, and ordered of Heller & Brightly, instrument makers, a duplicate of it,
set, however, not to centimeters and millimeters, but to inches and hundredths of an
inch. While making it, Mr. Eckley Coxe and other civil and mining engineers saw
it, and ordered others like it for their own use, and these orders have become o
numerous that it has evidently taken its place among the accepted apparatus of the
engineer’s office-tuble. 1 hope many will in future enjoy the relief and comfort from
it which I have enjoyed since 1868,

I was urged to pitent it, as Mr. Cleaver patented his Protractor. ButT feel a natural
E:eju:!ive against patenting a little thing which may become to some extent a publie

nefit, at all events within the not altogether narrow limits of one of the scientific
professions, I desire, however, to prevent any one else from hampering its progress by
i putent, and to that end beg leave to place this record of it« 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 consists of an are set with three, four or more needle-points fixed
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 are by which to hold it, and b
which it mav be applied to the line of course and be gently rotated, so .that em.ﬁ
nesdle-paint in its turn pricks is (100 feet) unit distance along the line.

Between the last two needle-points floats a supernumerary needle-point or compass-
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leg, jointed hnifh up on the handle, and swung or floated to and fro by a simple ratchet
and watch chdin, turned at will by means of a button, projecting from the centre of a
cireular dise.on the handle ; the dise circle being divided into hundredths (thousandths,
et.), und traversed by an index which starts from and comes round toa stop at zero,

While the index travels over the dise from 0 to 100 the supernumerary needle-point
ravels from needle-poiut to needle-point, one unit.

Example of use: Suppose a distance 327 feet to be laid off on a course; the fifih
aeedle i3 applied to the station { point of tangent, or point of eurve) and the are rotated
50 that the fourth needle pricks 100, the third 200, the second 300 feet. Then the index
being brought to 27, the floating needle pricks 327, i 2

Mr. Eckley Coxe has had a useful ade ition made to his instrnments in the shape of
a set of renmvabl_e rings, divided for 100ths, 1000ths, 66tha, d5ds, ete., ete.  Two little
acrews 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 distanee is required, another
Ting is substituted,

[COPY.]

PHILADELPHIA, Ocr, 24, 1873,
530 NORTH SBI1xXTH BT,

Warter Suanvy, Esq., Hossac Tunnel,

DEAR Sir:—At Mr. Heller’s request I drop you this note, to gay
that I have examined his improved Telescope, and that it is really a
most important and useful affair. 1 could scarcely’ belicve my eyes
when I first saw for myself the extraordinary power of his instruments,
T 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 truly,
Joux C. TRAUTWINE,
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IMPROVED METHOD OF MEASURING IN MINE SURVEYS.
(From the Engineering and Mining Journul, New York, April 25, 1874.) ‘

A paper read at the New York meeting of the American Inatitute. of Mining En.
gineers, February 27, 1574, by EckLey B. Coxe. :

In making surveys in the anthracite coal regions of Peunsylvania, the ordinary en-
gineer's chain (50 or 100 ft. long) is generally used, both above and below ground,
Bometimes, where it is difficnlt to chain, as, for instance, across a chasm, a wire is
stretchied from one station to the other, the distance is marked on the wire il ity
length is then measured with the ordinary chain. Having had oceasion lately 1o make
Bomie surveys where it was necessury to determine with great accuracy the position of
the land or property line, not only in the gangways or levels, but also in the breasts or
chambers, the coal on the north side of the line belonging to oue party and that on tha
gouth side to another, and us it is very difficult 1o measure up the breasts or slopes
with accuracy. and to make the proper allowance for the pitch of the vein (the trug
horizontal distance being, of course, the produet of the distance measured with the
chain by the cosine of the aungle of inelinution of the chain )y and as the ordinary
method of chaining up or down steep slopes on the surfuce, by holding a portion of
the chain horizontal and plumbing down from the high end, would in most cases ha
very difficult and dangerous, and sometimes impracticable, T determined to adopt a
new plun which wonld do away with most of the above difficulties, and by which I
eould eliminate many causes of error from my ordinary chaining. -

My first idea was to have a fine steel wire rope, about 300 fi, long, stretched ‘as inuch
a3 possible in making, 5o ns to do away as well us I could with that seurce of error, and
then o have it graduated every ten feet, [ proposed using small brass tags of different
shapes to designate the different hundred feet thus:

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

The numbers of the ten feet spaces were to be 1narked by drilling small holes in the
tags. [ intended to use this for the principal lines of my surveys aud to use the chain
01.\11 for lines which were not of great importance,

When I called upon Mr. HELLER (of HELLER & BrigHTLY, the inatrument makers,
of Philadelphia) to order this measure, he suggested that it would be better to nse in.
stead of a wire rope, which would streteh, the bands which are manufactured for hoop
ekirts ; they are made of tempered steel, are very light, and will not stretch sensibly.
After consultation with him, I decided to have the tape measure constructed whiel is
now before you. It is 500 it. long and weighs 2 Ib, 74 oz. It is & ribbon of tempered
steel, 0.08 inch wide, 0.015 inch thick. Ateach 10 feat a small piecz of brass wire is
soldered across the tape, the solder, which is white, extending about one inch on each
side of the wire. In the latter, a smull. noteh is filed, whiich marks the exaet point
where the ten feet ends. The exact distances from the zero point of the tape are marked
upon the golder 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 conntersunk figures, bein
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, and 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 difficnlty 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 instraments nsed were one of HELLER
& BriGHTLY'S new L1 inch transits,* 2 plummet lamps, the 500 fi. tape and a 5 fi.
wooden rod divided iuto feet and tenths. The latter is used to measure the distance
from the nearest ten feet to the station. There were two closed seta of lines or SUrvevs,
one set entirely above ground, but through the swamps and brush of the anthracite
eoal region, and one partly above ground and partly in the mines. The latter began
al & point in the swamp, went overgronnd 2400.57 ft. to the mouth of the slope; then
down the slope (pitch 37 deg.), 276.99 ft. (horizontal distance}, then along the gang-

*© Five inch Magnetic Needls. Telescope, 10% inches long. Telescope, erecting and musnif}:i;;éﬁ
ditmeters,
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way 4272.01 ft. which formed one-half of an ellipse, then up through a breast (pitch
mbout 34 deg.) 275.44 fu. (hurizontal distance) to the bottom of an air shaft, then by two
plumb lines 1o the surfuce, 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
fi.; that of the second 7366.84 ft. Tables 1. and II. show the details and calculations
of the two surveys:

TABLE L
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From these we see that the total errors were in the

Sine, Cosine, 2
TFIERE CRHB. vsensnss ssssiiassssrnissnsnsensonsit—Ueld 0.00
: Bocnnid CROE: «eereveserasssrnine sensarnnsnassi—LL02 +0.62

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

In measnring 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 1e-

\
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liable 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 distances of the breasts, ete., 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. Hecond, 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.

Jisadvantages.—First. 1t is liable to break unless carefully handled. Becond. It is
necessary to roll it up and unroll it, when the distances between stations yary much.

Tlie tape can be easily mended by any watchmaker when it breaks, and Messrs. HEL-
L.ER & BricHTLY make a small sleeve of brass, tinned inside, in which the ends of the
tupe, when broken, are slipped and then soldered fust by merely heating the sleeve
with a red hot poker. They also have little brass elamps to fasten on the tape to mark
any point which ia to be used several times,

V:lell the men become accustomed to the tape they wind it up and unwind il very
quickly. .

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

1. 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, -

111, The contraction or expansion due to the change of temperature,

As stated above, the tape does not stretch appreciably, but this error being in the
opposite direction is, to a certain extent, compensated for by the shortening due to
the formation of the eatenary curve by the tape. 1 subjoin a table, ealculated by my
assistant, Mr. Encar KupLicH, showing the shortening of the tape due to the litter
cause. The tension in practice is from 30 to 40 pounds.

TABLE I111.
* Length of | ‘Prue distance when tape is subjected to a tension of (or chord of the catensry curve

Tape ; formed by the tape). )
Measure. |™ ygn, | 20lb, | 90lb, 016, | s0lb, 60 1b.,
> 49.9894 99,9074 99,9988 99098 | 999995 99,9997
200 ft 199.9155 199.9791 199.9907 1999948 | 199.9967 199.9977
300 fi 209, 7143 299.9294 299.9687 2999824 209.9887 | 299.9922
400 ft | 899.3268 899.8327 899.9260 99,9583 ] 3999743 49,0815
B0 1t | 498.6775 499.67432 499.8551 4999185 4999470 | 409.0658

According to the table given by HasweLL for the expansion of steel, a tape measure
500 feet long at 32° Fahr., would become 500.6 feet long at 212°, so that a variation
of 60° in temperature would only cause a variation of two.tenths of a foot in a 500
feet tape. y )

In conclusion, I would advise the use of the tape for all important work, while the
ehwin should be used for filling in details, and where accuracy is not absolutely neces-
sary.

DISCUSSION. _

Mr. Coxke remarked, in answer o questions, that no correction was applied for tem-
perature, and no allowance for stretching of the wire ribbon. He thought its extension
was practically nl,

Mr. Ravmoxn 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 chuin—had remuined the same,
Nothing could be inherently more ohjectionable as a standard of measurement than a
chain composed of links which are liable to wear by friction.
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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) is one of the longest this ride of the Mississippi,
being almost exactly oue wile long, the following technical details may be interesting
to civil engineers:

The heading« of the tunnel met on the 16:h December, and on testing the align-
ments, levels and distance, the fullowing were found to be the errors:

'l‘halalignmeul. tested to four-hundredilia (0.04) of a foot, or a little less than half
an inch,

Levels were run over a monntain 5000 feet long and 450 feet above grade ; also into
the tunnel at each end about 2500 fect, ta point where headings met.  These tested 1o
fifteen-thousandihs of a foot, or less thun one-fifih of an inch.. The chaining, carried
by steel tape-mensurements over the rame distance, tested, on the headings coming lo-
gether, to filty-two-hundredtls of a foot, or six and four-tenths inches,

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

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

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

THE MUSCONETCONG TUNNEL.

.

[Extract from a paper on “The Musconetcong Tunnel,” read by Henry 8. Drinker,
E. M., before the American Institute of Mining Engineers at New Haven, Coun.,
Februury 25, 1875, published in full in Zhe Engineering and Mining Journal (New
York), for May 29, 1875.]

THE MUSCONETCONG TUNNEL.

This concludes the description of the direct methods of mining emploved at Mus-
coneteong tunnel, and it may now be interesting to vou, before leaving the subject, o
have a summary also of the surveying work done, and of the tests made in meeting in
alignment and levels, but first we ‘would say that at date of publication of this puper,
the arching has been carried over underneath the shafl, and the latter has been filled
with clay and earth to the surfuce. It is uleo the intention to turn a five-foot ring for
a permanent ventilution chimney np through the slope. This ring will be five feet in
dinmeter in the clear, built four bricks (hick, and 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 surfuce.

The transit used was literally a “ Heller,” it, and all the instraments on the work,
being made by the well-known firm of Meswms, HELLER & BrigurLy, of Philudelphia.
The * Gentleman from Drifton” has already had ocension in several interesting papers
to call the attention of the Institute to their mining transit and plummet lamp, and the
experience at Musconeteong  most thoronghly endorrea the favorable opinion he
expressed as to their make, The above tranit was of the compound centre class;
diumeter of graduation of horizontal limb, seven inclies; telescope, 17 inches long,
achromatic and erecting; magnifying power, 28 dinmeters, A very rensitive bnbble
is attached to the axis of the telescope, at right angles to the line of sight, and by its
carcful adjustment and observation, great acenracy may be obtained. £

The approach to the tunnel on the west beging 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 porial. The grade ran to a summit in the middle of the tunnel, the
#ame 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 10.58 feet to the mile. fulli ¥
Iulrll:lll‘t{.‘lll]l! i_U.léljl lull_he hundred feer, or 7.92 feet to the ;n?le.mg ol e
0 determine the line after its preliminary location, un observator ;
the summit of the monntain, abont 12 feet high, with an eighllfuur:.;ﬁa“r:?.laizﬂ;i’leo:
ing on the lour sides about 1} inches to the foot. Two solid stone foundutions wera
alsu ljuml. on line, oue on a hill about half a mile from the west entrance, the uli:er on
the grading, at the eust end, and about half a mile from the eastern pc;rtal'. Asx the
observatory was located about midway over the tunnel, this gave, Approximately, equi-
distant sights of about, sy, a mile and g quarter each, at the furthest. This hu:wever
was done alter the tunnel had been started from points established on both sides by
repeated and carefully cliecked runnings. The tower being subse uently built twa{
points were established, one each on the foundations, vn either side, from the lines b
which the work at either end had been so far run, and then assuming these end puinl{
ar correct, by a seriex of repeated and carefi] trials, the centre point un the tower, or
permanent back-sight for both ends was determined by setting up, approximately over
il, and t‘her_: reversing m:d_ sighting repeatedly, moving the insirument to and fmlsidu-
ways, within a variable distance of about fifteen-hundredilis (0.15) of » foot, in which
the sights all came, and finally taking their mean, This was ut first done, as BOOH 1A
the observatory could be located and built, with sufficient aceuracy to test the prelimi-
nary lines, Subsequently this eentre Point was tested, and retested, and determined
with extreme accuracy, by the mean of very many trials made both by sighting by da
and by night, and in winter and summer, ~ Different objects were used for sighting oﬁ
in da'v-ymrk. Both the ordinary red and white round |30|‘9, also u flat 2 % 1 ineh bluck
Eule, with 8 white centre streak. This latter, from its shiape, was found diffieult to
eep plumb, either when held or fastened. Also a pole of one-half inch round jron
Eamled white, was tried, and found to answer well, better than either of the others,
ut far better and more JAccurate than any daylight back-sight, whether permanent or
movable, was found the simple expedient of usin plummet-lamips on clear calm ni hita,
They worked admirably outside, a fame §-inch high, by 4-inch in dismeter bgein :
distinetly seen in the long sights; and with a fine hair, tlie sights were found finall .
to repe_uledlyl' test within ractically such exact limits (two or three huudredtl;n) that'
the point béing onee 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 N]Ope,'alld from it another at the bottom, This guve a back-sight of 276 feet
to run from into the heading. At each shaft A centre was firt set, with great ca
about twenty-five feet off, and from this the line prolonged to two sta les driven inrg
the timbers on each side. O the mean of many sights being determined, the points
on both utupl.ea were notched, the notches tested, and fine plummet lines dro pedpt?rom
them, the weights bei:_lg steadied at the b‘utmm, in water. Then the line waal::on'linued

being firsg approximately set up in line, and then moved sideways i i
uctly bisected the mean of the rlight oscillations observable in :hi ii::::.u t'g[l‘;emlllzmll; :hxe
distance to be run from the shafts was not great, this eare was necessary from thegshurl'.‘-
ness of the back-sight, the distance between staples being only some 7} feet, and from
the fuct that the lieadings were through earth, it being very necessar in,enlar in
through earth to be able to kave the erown bars closely located ut equidistant & iceﬁ
from centre. On the headings between the shafts and slo meeting, the variuuaprun-
nings all tested closely ; but it was the long line between tﬁg main east and west head-
ings that required, of course, the most care, and caused the most anxiety, This line
ut the east end, was simply continued on the grading, up into the heading, at first with
one, and, subsequently, as the headingr ndvanced, with two intermediate lr:el':r.relﬂ At
the west end, the liné was-at first run into the main heading (No. 1) down the :;!ope

and, of course, entting off centre line The three feet on the ri

i ‘ . e ght, however were

;ll::s::g’?& subsequently, at the level of the heading, 5o as to give a clear back-sight to
These east and west lines were repeatedly run and tested as ] e headi

and, besides the work continually spent on them by the Diviaiu:1 n.::; mdﬂ:’lﬁl‘:ﬁ:
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neers, they were frequently checked by the Principal Assistant Engineer. They finally
tested within four hundredths (0.04) of ' foot, or less than one-half an inch. The
levels were carried over the mountain by a series of test benches run until succeeding
benches tested within five thousandths (0.005) of a foot. On meeting, the fuce 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, 80 that the distance apart of bheadings 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 & vertical shaft with three legs,
one movable. From a board nailed on the top of the shait a fine plummet was hung,
Phe two were put in line, the plummeta centred by the transit, and a point at the top
of one line leveled with a point near the bottom of the other, and the mensurement
thereon taken between the two with steel tape. The hind frame was then moved on,
and the chuining so carried up or down hill in successive steps. This method was
found to be satisfaetory; for, on the headings coming together, t[:e distance apart, pre-
dicted and’ marked, was found to agree with the measured distance within fifty-two
hundredths (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 onsangle instead of in at the west
entrance, ;

“INSTRUMENTS OF PB.EGIB&(‘)IO;BFDB.EDUGATIDNAL INSTITU-

* It will interest our readers to know that 2 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 rocuring full sets of the most modern styles of
instruments. We have recently been shown by Messrs. Heller & Brightly ful 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 Dartmouth College 13 provided with an “eye-
iece micrometer,” of a new design, that appeared to us to possesd special merit; this
ransit, instead of the four leveling screws, as ia usual in American instruments, has a
new “three leveling screw tripod, devised by Professor Quimby of the college, that
sseases some points that render it guperior fo its European prototype, especially in
aving a shifting head, the allowing of the leveling screws to be packed away 11! the box,

and being less cumbersome.—Educational News, January 6th, 1876.

INFORMATION TO PURCHASERS.

As we have only one grade of goods, and one pri i
: el i rice, and never deviate from
gither, it is not abaqlmeg'rneoe;uary for parties tupap pl’v to us in person, for the
purpose of purchasing or selecting uny of our instruments. b
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 ugents in their turn forwarding by stage, ete.,, to places where there is no
Express agency. This Express system renders it safer and more expeditious at
the present day to send goods one thousand miles than to have sent them thirt
miﬁa uw:;y twenty years since, %
to the good condition and safety of the instruments that may b
_ : e trans.
ported by express;—We ?ack in such a manner, and make such p%viuian for
their safe tn.mePort.atufn, that we guarantee the good condition of the instruments
ondtl-illmlrda{]rwa ut their place of destination, after being forwarded by express;
and hold the express’ compan liable to us for, all los da
1n(iurred on the way. o g il vl
t is perhaps unnecessary to say that we warrant the instruments in all thei
3 3 their
parts, to be made of good material and of good i, nod wi
s g g workmanship, and with no
ordering instruments, all that is necessary, is to write or tel
the kind of instrument dmir'eq, and we will forward by Express, (uﬁ ;:sps :;;)ﬁ';?
ent method be desired). In giving the address to where the articles are to be
s?r:mrd!:d, be careful to Elve the County as well as the State, thus: Send
Combined Transit and Levelling Instrument,” price , and the i’ul.lnwiug

extras, —, ——, by express, to  Wm. Andrews, Civil Engineer,

en,
Cass Gon.nty.T

as in some States there are several Exgresa stations of the same name. S

As there are three Chicagos, three Cincinnatis, six Philad i i

\ , th ; elphi i

United States, and each of them in & different State, it is best wpﬂﬁhﬂ: :1:] g

ev;p if the% articles are to be sent to a large city. ¥
erms of payment are uniformly cash, and any of the followin th

be adopted ; remitting to us a draft on any banker or broker, in ﬂ;gisn:; asdse;:t!-l-

ern city; or a * pust-office money-order.”  The best method is however by the

Express C. 0. D. system (collect on delivery). That is, the party ordering, pay-

ing the amount of our bill to the Express Agent on receipt of the oods, ¢

inAt;:hwigll] ws;. 1;;“(8' our own standard and approved patterns, i any‘cha.nﬁ
the style of the instrument raduations i

syl s , E , or numbering of the dggr&eﬁ

HOW TO SEND INSTRUMENTS FOR REPAIRS.

iﬂ}}%lsegg:?galrmguments of our own, or any other makes, to us for repairs, it
mnter{al H-u <5 ‘y place them in their own bt_)xes, fill the box with some elastic
g, it.-sLd' as paper, rags, ete. Place this in a packing-box at least an inch
twr% % Ia imensions than the instrument box, and fill the space between the
oMt .-tx.m:l ngs, straw, hay, ete, Mark on the box simply Heller & Brightly
EXI_IW; :,":ic )tInstll;ument Makers, Philadelphia, Penna, Send it to us by
forw;;rh pi pél. at the same time from the agent two receipis; keep one, and
ing the i e duplicate to us, Send by mail at the same time, a letter to us giv-

1z the items as to what repairs are needed and th= time when the instrument is
again required; and place a duplicate of this letter in the box with the instru-
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INFORMATION TO PURCHASERS,
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LE
ment, If the Express charges to Philadelphia are prepaid by the sender (which
is optional), it wiH be so stated in the receipt before mentioned,

Our charge for repairs can be paid by the Express Agent (C. O. D.), on our
returning the articles. Remember, however, always to send the spindle (or
ball and socket, if it be & Surveyor's Compass) on which the instrument turns, as
iL cannot be aéjuste{l without ; and a socket must be improvised at additional
cost to the owner, if it be not sent. If, when the instrument is not of our make,
it is required to be tested for magnetic attraction, or defective graduation,
the fact must be mentioned in the letter of advice to us. : !

If the distance be not too great, it would also be best to send us: the tripod
legs and head, as the legs are frequently loose in their cheeks, and the iron
shioes at their ends shaky and points worn off.

When instruments are sent to us to be repaired, we will, if requested, test
any steel tape or chain that may be forwarded with them without extra charge,
and give their difference in length as compared with the true United Btates 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 #mecreased 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-
gcope is a distinguishing feature of our instruments as compared with others.
We have however recousidered our determination, and will alter any Telescoga
10 our new one; but in cases of this sort we will engrave on the Telescape tube
the name of our firm. In altering the Telescope, all that will be necessary in a
mujority 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 cross wires. !

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

i istanee frequently write us, “I have an instrument tl_mt raqullres repair-
in;):r:l‘)?n{rg?wamd;;:h will b:qthu efpma charges to Philadelphia from this place : Il? order
to give such parties an approximate idea of the eost of transportation, we give the fo om;:g
table of charges upon fifty and twenty-five pounds of freight to Philadelphia from one or more
eities in each State, Au engineer's trausit, such as is ma.de_'uy regular makers (our oi‘:in is
somewhat lighter), with tripod head and legs, packed for shipment in two strong p;w uigl—l
boxes, these boxes filled in with =ome elastic material, such as aper, shavings, atc.. w_u
average fifty pounds; the tripod head and legs alone, also packed in strong box,: g., w&
average from twenty to twenty five-pounds; tripod head, with leveling scre_w;, e(?‘%:u{ ':l with-
cut the wooden legs), will average six pounda. (See Table qf Express Freight b r? L) <

From the table given it will he seen that the cost of sending & transit 'mh’bta hoxd wfmgg 55{;
part of the United States or Canadas is so moderate (being only in the neig or] ool : of it
from Kansas to New York or Philadel hi:i] tltml;. S;% }(a ti:: :]:r?-ti 1;;11[1;93;i|11;°a‘:;nu£;71 1:11 o

rei inj anywhere in the United Btates, .
;':.g?1%:ir:::';e::&i’;nl?&? neazssnry repairs and adjustments. As to any extra delay lnci.l) ;:T;S’
we will state that seven days only are needed to bring a fransit from Saun l*rn.ucla}gﬂ to . Lh;
delphia, and that the most seriously inju_red ‘inslrument, as A general r'._tls,t;m i a:!aaasurety
necessary repairs and adjustments made in six days. As an offeet to this, hern;; b‘ i
of the repairing being properly done, and in many instances the low prices charged by p
having the facilities for quick work more than counterbalance the express charges.
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"INFORMATION TO PURCHASERS,

THE CHEAPEST AND MOST EXPEDITIOUS MODE OF SENDING

BMALL PARCELS TO ANY PLACE IN THE UNITED STATES
OR CANADAS.

Surveyors are now very geuerally taking advantage of the post-office law allowing pareels
of merchandise, if not weighing over four pounds nor measuring over thiree feet, to be sent
through the mails at one-sixth the cost of letter postage (the postage on merchnndise being
one cent an ounce, while letters cost sic cents an ounce); and almost all small-articles, such
as tripod heads, leveling screws, elamp screws, compass glasses, level tubes reguiring new
glasses inserted, hand levels, pocket compasses, ete., are sent or returned in this mAnner, ag
it is cheaper and more expeditions 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 mails, s
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 s eost of one cent sn onnee, postage to be
prepaid by stampe. Or, in other words, & six-pound tripod ean be sent to us from San Fran-
ciseo at & cost of ninety-six cents by mail, whereas by express the expense would be more
than double, Bimilar packages can nlso be sent by mail from any place in Canada to any
part of the United States ut 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 circumetances,
however, require it, an entire instrument may be sent by mail, if the preenution be taken to
separate it in such a manner that none of the pnekages exceed the regulation four pounde.
Tie the parcels in strong paper and merely address them (by tag or otherwise), “ HeLrer &
Brigurry, MarneEMaTicAL INstrRunENT-MAKERS, PHILADELPRIA, PA. ;

Anowner way in which the articles may be sent is to pack them securely in a pasteboard
box, or else a gkeleton hox of four strips of wood, similar to those in which pianos or sew-
fng-machines are packed. Recollect also to so wrap or envelop what yon wish
to send (if packed in a pasteboard box, with openings cut) that the articles
may be seen without destroying the wrappers. 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 is also best to write the uddress upon & tag,
and tig this tag in such a manuer to the pareel that it eannot possibly get loose.

If the surveyor is in doubt ns to whether his packnge is properly packed, the precise
amount of postage stamps to be placed on it, ete., ete., he may ugmin ull informatioa by
inquiring at his own post-office before sending. 5

TABLE OF EXPRFSS FREIGHT CHARGES FROM PHILADELPHIA TO ALL PARTS OF
‘THE UNITED STATES AND CANADA, OR VICE VERSA,

-4 l-' ] ]u -
= g |2 : &
R | S gle 9
STATES, CITIES, s‘é"ag-gggir STATES, CITIES. |5 357
i (o P | Jlk. & = b4
Algbzma....... wa. | Montgomery.....| $1.88 | §3.14 | New Jersey.........| Trenton,,.. 18 .14 18 .24
Arkunsas,.. .| Little Rock......| 260 | 435 | New Mexic |Bante Fé. 7.82 | 18.04
California.. Sau Franeisco...| 7.28 | 1214 | New York.. A8 A0
Colorado Ter'y.... | Derver. v | 42 7.04 | - 52 | 1.04
Connecticut......... | Hartford...........| .54 0 - = A0 Log
Dakota,.. | Yankton ... 4.80 || North Carolin L1 | 1.94
Delaware, .. . Wilmington... 24 || Ohlo, b |Cincinnati. 116 | 1.94
Thst. of Columbia. Washington,.. R} L [Cleveland 98 | 1.64
Florida .| Tallahassee......| 2. 4.684 || Oregon v.cveveennens | Partland, B.oR | 13.94
Georgia .., = 3.4 | Pennsyivania...... Harrishu 21 A6
Idaho Territor; 18.74 | e Pittsburg £2 | 1.04
Ilinois....on. 23 | - «eee.. | Lanenste 18 0
oA T | i 2,70 || * o | Reading . J8 | 30
Indlana, .| Indiznapolis..... 144 | 240 | s weets | Wilkesharre, 36 | .60
OWil. A Dubugue e o i 1.70 | 2.84 || Rhode Island....... Providence, 80
| Kunsas .|Leavenworth....| 242 | 44 | Bouth Carolina..... Charleston 2.54
Kentucky .| Loufsville... 2,24 || Tennessee... 844
| o e . Covington... 2.18 e 8.14
Louisiana .. .| New Orlean 4.60 || Texas.., 4.35
RIDC e sssssrerness | BADZOT 1.64 | 4.40
e 0 i A wes | Portiand 1.50 || Utah Territor 4.54
Maryland e | Baltimore. 44 | Vermont..... | 128
! Massachusetts......| Bostor 74| = | 2310
| Michigan L Detroit.. 210 | Virginia... Richmond. 1.20
| Minnesota....e S8 Paul. 4.04 ‘ I Norfolk .. e 90
Misgouri...coce veeene | St Louis 2.84 || Washington Ter'y | Olympia, 9.08 | 15.14
| Mountana Ter'y..... Helehfl. o 25.09 || West Virginia.....|Wheeling,.. ] 1.20
| Nebraska. ..oooe.: (Omaha City.....| 224 | 374 | Wisconsin... 'Milwaukee 2.2
| Nevada.... e | Virginia Clty....| 7.52 | 1254 || s Racine...... 224
New Hampshire... Concord............ || M6 i 1.44 |! Wyoming...... .....|Cheyeune.. E.‘MJ
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HELLER & BRIGHTLY,

HLTHEM}TIOAL, OPTIOAL, ENGINEERING, SURVEYING AND ABTRO- -

: NOMIQOAL INSTRUMENT MAKERS,
8. E. Cor. Spring _ijdan & Ridge Ave., Philadelphia.
PRICHE T8,

PHILADELPHIA, January 1, 1884

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

TRANBSIT.

Oomplete *‘ combined Transit and Leveling Instrument,” for

Civil Engineers and Surveyors (<imilar to illustration)—56 inch magnetio

needle., ‘' Long compound centres " to plates—all gruduations on sil-

ver plate. The degrees of the ring und horizontal plate numbered in

two rows, one row in quadrants (0° to B0° each way ), and the other row a

continuons one (for repeating an angle) (rom 0° to 3680°.—Double oppo-

gsite verniers to horizontal limb.—All the lavel bubbles ground.—Long

sensitive level bubble, vertical are, clamps and tangent serew movenient to

axis of Telescope.—Tangent sorew motions, beth to the horizontal

limb and vernier plate. Clamps on Telescope axis, arranged with sight-

ing slits and index marks, for right angle sighting (for offkets). Teles-

cope achromatic and erecting, of extra high power and range, (magnifies

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 centring 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 rerews, etc., detachable

both from the instrument proper, and from the lrlgod legs, for Eg.ckmg uway

in the box.—Length of Telescope 10§ inches; Diameter of object glass 11 :

R R e e L e e aaas T Bz e R G e SsHers » $220.00

The instrument is secarely 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 magnifler for the easy reading of the gradnations,

plummet, sun-shade for Telescope, adjusting-levers, and two screw- '

drivers. 5

Plain Transit—similar to the above in every respect, excepting that it
has no level, vertical are, clamps nor tangent screw motion to the axis of
Telescope....... e e e e asssrssasen s PLBGU0

EXTRAS TO PLAIN TRANSIT.

By attaching the first three following extras (weight abont 18 ounces) to a plain
Transit. it is changed into a * complete, combined Transit and Leveling Instru-
ment. o
Yertical eircle 5} inches diameter (reading to minutes of are).....c.ccceiiiiiiiinn 23.00
Or vertical are, 7 inches radiug, and vernier elamp...covie i ciin 15.00
Clamp and tangent movement to axis of Telescope.......occvnriiiiiennnnns 15.00
Long level on Telescope, gronnd bubble and seale .................... eresane 15.00
“ 8lit sighta’ on Teleseope, to fold down on the Telescope when not in use.  12.00

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

Rack and pinion movement to eye piece (for focmﬂir_\g crosn-wires)...: ..... 5.00
Adjustable Stadia hairs (with accurate and firm adjustment to the slides,

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

without disturbing in the least the adjustments of the ordinary horizontal

and vertical hair). Unless otherwise ordered, we adjust 1M 50 a8 to

PRICE LIST.:

preciscly take in 1 foot of a rod, placed at 100 feet distance from the in-

BUPDIMCIL 5.0 e i s payiase inbsnbatasesrdstanssnsesssshamentaamna s seaesiss i ioriaa i+ 31000
Bxtra detachable side Telescope, for vertical sighting in shafts, For =y

description of this Telescope, and manner of its use, 8ee page T......... 3500

| R R TS G

wminn whon ardarad with the inatri-

OFFICE OF HELLER & BRIGHTLY, }

TRIAL OF INSTRUMENTS BEFORE ACTUAL PURCHASE.

We judge from numerous letters received
we have increased the power of the ordin
Eubhc, that a personal examination of t

efore making a final purchase, would be
are but slightly acquainted with us and ou
the following proposition: Gn making kn
they desire, we will forward it to their
direct the express agent on delivery of th
of our bill, but instead of forwarding to us immediately as is usual, he will
hold the money on deposit for say four days, or until the purchas,er shall
have thoroughly  tested the instrument in the field. The purchaser can
take the instrument and give it an actual trial in the field (four days
should be ample for this), and if not found as represented, strictl ﬁmyb-
class in all parts, and perfectly satisfactory in every respect he may};eturn
it to the express agent before the expiration of the four d;zys and receive
the money paid in full and no sale. The express agent will then return the
mstrument to us at our expense. If, however, the instrument is not
returned to the express agent within the four days, it will be presumed that
1t 1s perfectly satisfactory, and the agent will forward the money to us |

In sales of this sort, however, as in all our other sales, our original- war-
;%:;iyrllzlds gﬁf:(]—:, 2., that any time after purchase if any defect appears

asonable use, we acree el e Wi et i '
i O e mgﬂ:}e'. ther to replace with a perfect instrument or
MarcH 25, 1874.

T LAMD 10r MININE LUKIHEET Ul IIEW USOKIG Lan  so wovia vevsivt wevssnss o
the hat, in the hand, or on table, made of heavy sheet copper ; seama lnpae);l,
and the copper tested u+ to ita freedom from magnetic attraction ; weight about
& ounces (for full description Bee Page 7)......srerrsenseeicssssinnnrnssrinses snssaness 2,00 -

by us since the knowledge that
ary Telescope, has been made
he Telescope (and instrument )
more satisfactory to parties who
r reputation. We make to such
own to us the kind of instrument
a{_ldr&is by express; and we will
e mstrument to collect the amonnt




o e ot o 0

HELLER & BRIGHTLY,

MATHEMATIOAL, OPTICAL, ENGINEERING, SURVEYING AND ASTRO- -
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without disturbing in the least the adjustments of the ordinary horizontal
and vertical hair), Unless otherwise ordered, we adjust them so as to

PRICE LIST.:

preciscly take in 1 foot of a rod, placed at 100 feet distance from the in-

SEFUMIENT vvverarainsnnens e T N freel P S NG TR Ussessenrs weerenss | $10.00
Extra detachable side Telescope, for vertical sighting in shafts, For =

description of this Telescope, and manner of its ise, 800 page '7.:......, - 35.00

(This Telescope is only furnished at this price when ordered with theinstru-., . .’
ment. )

Plated reflector for graduations (see page 7)......... PRy s wai e 4,00
u £ ‘‘ cross wires (see Professor Raymond's paper).............. 4.00

Extra tripod head with three extension lege (see “Franklin Institnte-
Report”), to lower or raise the instrument in contracted workings............ $20.00
Or one extension leg, to suit regular Tripod.........ccvveeeen ... 5.00

Bmall adjustable Table to attach to tripod for holding lamp, weighing
16 oz., und packing away in box (for desoription and use see page 7)...... 10 00
Extra maguetic needles, centre pins, levels, compass dial glasses, magnifiers, adjost-

ing levers, plummets, plummet cord, eamel's hair brush ang buckskin for glasses of

Telescope. (See further priced extras after “Surveying Compasses.”) :

SMALL MINING AND RECONNOISSBANCE TRANSIT.

A full detailed description of this new instroment, 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 [wlhich see), ' :

Small Mining and Reconnoissance Transit, with level, vertical are,
ete. (similar in every respect excepling size and weight to our complete :
combined Transit and Level—which see)....... ... tertananessiansy 919800

Our sttention has been called to imitations of our Mining Transits that have
been piaced on the market since we first introduced onr style; and as from the tenor
of the communications and inquiries we have received persons may be deceived by
the cloge imitation, we give some of the leading points in which they differ, Aw
far us the size is concerned, they are close copies, Professor Raymond’s paper giving
all the variona dimensions, and rendering imitation in this direction easy. They
2an, however, be detected in the following points—The metal of which they
are made is the ordinary hammered iel]uw 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 cases only read
to three minutes (37). Our graduations are npon silver plate; the imitation on
the brass and silver washed.- Our centres are the *‘ long compound :” the
imitation has the ** flat Surveyor's style” Our plates, etc., are “ribbed " and
“braced ;" 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),
;11(: imitation having the ordinary inverting eye piece (Ramsden’s), and being
onger.

EXTRAS TO SMALL MINING TRANSIT,

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

Extra side Telescopse, detachable at will, for vertical sighting (see page

7 for description of this Telescope and manner of its use).....cccocvinninnnnnnnnn.s $35.00

(This Telescope is only furnished at this price when ordered with the instrument, )
Adjustable Stadia or “Micrometer” hairs (see regular, complete, ete.,

R Y i R T e e e e e S F A AR L 10.00
Extra tripod head with three extension legs (see “ Franklin Institute

Report ), to lower or raise the instrument in contracted workings............... 20,00

Or one extension leg, to suit regular Tripod...cccoiiiiiiiiiniiiiniinniinnnn, 5.00
Plated reflector for graduations (Fee Page 7). crceeeresinusininasseesens 4.00
ok i oo bl Y LG 4.00
8mall adjustable Table for lamp “ *“ * 15.00

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 ita freedom from magnetic attraction ; weight about
5 ounces (for full description 86 PAGE 7).ursviisriesseresssersiermesensarnsonss sesssssne 2.00 .




PRICE LIBT.

Pl b

) TUNNEL TRANSIT.

Tunn . Transait, with Telescope 17 inches in length—long w[npound cen-
t-rela,el;il .Anch magnetic needle, double opposite verniers to horizontal limb.

¢ kli i ; f Mr. Steele for fur-
* (See page 8, Franklin Institute Report, and letter o
ther E:mlsj e IR R, R

SOLAR TRANSIT.

Solar Transit (Benj. Smith Lyman’s patent) ; this is our regular—" Com-
plete wmbiued( T:fnait and Level nsl.rumelm.,” with the addition of a
variation plate, Stadia hairs, and the solar apparatus underneath the main S o
plates, ull the graduations on silver plate (see Solar Transit, page 14).....c... 300,

PLANE TABLE.

Plan ble of the most approved modern construction, with Alidade—
detaacl’}':i' Compass boxl,]plevel, scale, ete,—Table 24 inches square—
alidade with movable edge (this is 8 most important and time-saving im-
provement, as double the amount of field work can be done in the rame time
as with the ordinary style of instruments, and with greater acenracy).
Telescope extra powerful with vertical are, and with adjustable Stadia hairs—
Tripod very firm and with shifting head.—The whole instrument braced in S
a manner to beatdrgsi;t iiide lura?;:o.........j..............,.............................. b.
Long Level under Telescope, extra. d .
gﬂelex%eter Rod (hinged an!l graduated) to use with F'lane Table............ wee 25,00
All the above instrumentsa (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 parta. { K :
r’iI]‘,I?els“guc;e is fully egi;lained inp“i‘ the Report of the Committee of Civil El‘l.g!‘nEEEI;R
appointed by the Fraunklin Insiitute of Philadelphia to examine Heller & Brig :1‘1({33
improved Transit,” and in the paper read before the “American Philosop

Bociety.”

\
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LEVELING INSTRUMENT.

. gineer's Level Instrument, with “leng centre” (instrument sim-
ntiliar to illunlmliun]?r'iglmn e, bar and centres arranged in m'lc_h_a manner as
. to detach above the leveling screws, without the sesibility of jarring
the’ instrument or its adjustments.—Tripod head and leveling screws ge-
tachable from the tripod legs, for packing away in box.—Telescope I‘i’]mc e
Jong, erecting, achromatic and extra powerful.—Index lines on Te esc;ope
and Y's for retting vertical hair truly vertical, packed in mahogany x$145 3
with sunshade, adjusting Pins, €LC.,..eorereereariesamisrmrsesen it s 1

éMA:LL MINING AND RECONNOISSANCE LEVEL.

is Minin, Reoconnoissance Level is a companion instrument to the

ME\?II;; and Rgcflﬁﬂimmce Transit, and ix a fac-simile of our regular I]E]ngllr:een:ls
Leveling Instrument (which see) in every respect excepling size _az.l_d weig ‘t_i?gdi.l
of Telescope 10§ inches—uperture of object glass 1 inch—magnifying power 2 : l-’:
ameters, shows objects erect, and will read face of a levelling rod direct 1. e.awlljl. mid
the aid of a target) at 700 feet. This Leveling Instrument fits the tnpb?) : BTE;
of the Mining Transit, and one tripod, if need be, will answer for bot h—- 18
whole instriment weighs without tripod 2} pounds, and is packed in a ma ugi:ni
box, 12 inches long, 4 in. wide, and 6 inches eep; n strap is furnished to carry bo
over the shoulder in the manner of army officer’s field-glass, . ¥

Price withont tripod { where Transit tripod interchangea with Level)....... $1?S.0'
pritipod heud and legs s ting Hing  (for dencripiion and man-

ner of use see Prof. Raymond & Eckley B. Coxe's papers beiore the Ameri-

can Association of Mining Engineers), singly. cccciiviinns covsvinssassmannieans 4

PIT DAL Lovess «ooonsronrabiavesinshs bissannssinsassassansdnannath sinsusses purtnpins shussasetasysny S

Neatp light box, with lid and shoulder strap, to carry a pair of these lamps, is glong
furnished if desired.—Price of box With BLEBP.cvcerimrersserernrperssessanssnearransin d

PRICE LIST.

Plumb-bob of brass, with steel point, accurate (see test for plumb-bob).... $2.5¢
Clinometer or Slope Level, straight bar......ccuiviiriaieisinies covnssersnannenessees 1200

HELLER & BRIGHTLY'S STEEL TAPE MEASURE

PHILADELPHIA, June 20, 1876.

Our attention has been lately called to the desirability of keeping the object-
glass slides of our telescopes in as perfect a condition as when first made. The
object-slides of all telescopes are necessarily exposed to flying dust, grit, ete. ; this
grit settles on the slide and is carried into the main tube of the telescope, rap-
idly wearing the tube and slide, this wearing causing a shake in the fitting of the
slide—destreying both the aceurate projection of the object-glass in a straight line
and the truth of the line of collimation. Dampness and rain were also admitted
inside the telescope, dimming the glasses and settling on the cross-wires.

This exposure and wear of the slide has always been thought to be an unavoid-
able evil; several efforts have been made to devise a remedy, but as all these
methods, without exception, have affected the accuracy of the projection in a
straight line of the object-glass slide, they have never been placed on first-class
instruments, as the loss of accuracy was looked upon as worse than the evil it
wus intended to overcome.

We have always known that this was the one weak point in our instruments,
but it was one that was shared by all other first-class instruments, and was thought
to be unavoidable,

Being lately, however, called on to furnish a transit to be used in a very dusty
section of the country where no telescope slide could possibly maintain its accu-
racy for any length of time, we were compelled to devise a safeguard. We have
done so, and ﬁnﬁ that in our new device we have overcome all previous difficul-
ties—the arrangement being a perfect safeguard against the entrance of dust,
rain, ete., to the object-slide, and the ACCURATE PROJECTION OF THE SLIDE
CANNOT POSSIBLY BE INTERFERED WITH IN THE LEAST. We are so well satis-
fied that it increases the accuracy of the telescope that from this date (June -
20th) we apply it to all of our instruments, and all instruments shipped by us
from this date will be supplied with this attachment (unless we are specially
ordered- not to furnish it), Ii't will, however, add slightly to the cost.

Extra to either Transit or Leveling Instrument Telescope.

Heller & Brightly’'s dust and rain guard to telescope object-slide, 85

TEmsaLLLUL GdLin WL LAUOG LILY @i udler

work. They consist of a heavy steel tube 11-16ths of an inch outer diameter and
about 7 feet long, divided off into feet, which are painted white and red alternately
with brass shoe and steel point on oue end, and on the opposite end a drill for trans
ferring centres into stone, ete. ; and as the steel points and the tube are turned in a luthe
at the sume time, absolute coincidence between the rod and the points is had. The
weight is about that of un eight-fnot wooden pole; thev will stand a heavy blow withe
out bending, and the cost is but little more than for the inferior woodin whics
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PRICE LIET.

A gwtEs

; TUNNEL TRANSIT,

i i i — d cen-
it, with Telescope 17 inches in length—long compound
Tl::ﬁ:ag Magnelic needle, double opposite verniers to horizontal hg:b.
' (See page 8, Franklin Institute Report, and letter of Mr. Steele for fur-

10.00

Tripod head and legs...... "‘-dmun-

s with ** compensating ring " (for description an 1
Plli?(??xteigé?grn}t lR:tymon:‘lI?S_: Lckley B. Coxe’s papers before the Ameri- 1560
can Association of Mining Engineers), singly. . s2ce
Per pir vioviersa-is e e s Sk I;,-(;fthm]nmpg s
Neat light box, with lid and shoulder strap, to carry a pa g, (8 8 o

furnished if desired.—Price of box with BIT&D....cccasenrsrsarerarssrsnssrsnservassns

BB e P (s i B

I

PRICE LIST,

Plumb-bob of brass, with steel point, acourate (see test for plumb-bob).... $2.5¢
Clinometer or Slope Level, SrAIGht Dur...vuveruerreesreces eene. sreneserersiresrens 12,00

HELLER & BRIGHTLY'S STEEL TAPE MEASURE
(STANDARD). :

These Tapes can be graduated by us in any manner that may be derired.
For Bridge building, or City work, we generally make them 300 feet long. The first
290 feet graduated and numbered at every 10 feel distance; the next 9 feet at every
fout, and the last foot into 10ths, or even closer if preferred. For Mine or ad
work, they are generully desired either 400 (a 400fc. Tape weighs without hundles
2} 1bs.) or 500 feet in length, and gradnated in a similar way to the ubove, We also
furnish, if wanted, a “ Clamping Handle," that can be attached to any portion of
its length, in order that nny 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
ioint from end to end. "Lengths and graduations of precise U, 8. standurd (guuranteed ),
First 100 feet....cvun.nn T rassressseestur e n s ey nsaaayenparsnsansnsenes DO (0
Lvery exten 00 foat o0 0 m s R S

At the above price every 50 ft. is marked and figured, but 1o reel nor handles

are furnished.
EXTRAS

Every extra graduation and Sguring, - S e L IR e O
Large brass handles te unship, each ... ..uveecimeeetrsiannn P |
Reel, with handle and stop, (to wind up Tape)icecccciinim ; 4.50
Spring Balance, to use with above...... ... ... o, : : 50
Olamping HADAIO: ....r.....oonsseiss omms fviestos Sesseiiusienansosvsassennrenns 180
Small Sleeve 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 BB e 10
Small brass clamp (to fasten on tape to mark any point which is to be used

revaral times) . ..ereeninnie i da nasiag me

The cost of a 100 fuot Tape, graduated and figured np to 90 feet at every 10 feet,
the next 9 feet at every foot, ans the last foot into 10the, would be (without reel or
balance) :

Tape (graduated at every 50 L D

24 extrn graduations and fignring the same, at 20 certs each.......veeesns
Pair of brass handles (to unsh.ip),.......,......’......... mese asssenansssnntsnnney ns o

LEVELING RODS.
Self-reading (but with target) Philadelphia Leveling Rod................. $18.00

New York Leveling Rod and Target.... 16,00
Ranging poles for Trunsit, 8 feet long.... 4.50
i 13 “ 1}

Barometer for Leveling, Surveying ur Reconnoissances, diul

graduated to read from 3000 to 10,000 feet altitnde—these barometers

are carefully tested by us with a standard Barometer in the following

manner.  We pluce them under the receiver of nn air B, and as the

air is exhansted (equivalent to ascending a mountain) the two dials must

06te the SAe ReEht i e el cess seanfrom 25.00 to 35.00
SBteel “ Aligning " or Ranging Poles 6.25

These poles were designed by us for very accurate sighting in Tunnel Engineering,
and gave such good satisfaction, that we have introduced them for close city and other
work. They consist of a heavy steel tube 11-16ths of an inch outer diameter and
shont 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 oppasite end a drill for trans-
ferring centres into stone, ete. ; and as the steel points and the tube are turned in a laihe
it the sume time, absolute coincidence between the rod and the points is had. The
weightis about that of an eight-fot wooden pole; they will stand n heavy blow witle
out bending, and the cost is but little more than for the inferior wooden ones

i



: PRICE LIST.

o ~ SURVEYING COMPASBES.

o make and test our Compasses in a More accurate mauner than is
uaﬁgl.“;e 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 Compnsa.)
20. Burveying Compass, 16 inch plate, 6 inch magnetic needle. Two

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

and the whole instrument packed in mahogany DoX...cocee rerssarssaneass $56.00
a1. Same instrument as No. 20, but with an extra Nonius plate, rend-
ing to single minutes of arc, for adding or subtracting the mag- o
NOLIC VATIBEIONM. .. ocer i cersiorscrsiirans sssias sraeas susssossesnnssumrztieg o s ),
23, Same instrument as No. 20, but with 16 inch plate and 5} inch 4
magnetic NOOAIO.....cverreisescssnsscssnitasses snssarsssgvren g Sttt 52.00
23, Same instrument as No. 232, but with the extra nonius plate for the o
MAGNOHO VATIALION. .cuuve terrnrrun seanssiarenarsanas sectisaenseraenasymeses .
Light Tripod head and legs to fit any of the above compasses........... 9.
Light Tripod 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 cenire............ 18.00
24. Pocket Surveying Compass, 2} inch needle (sensitive) folding
sights, cover to dial and packed in MOTOCEO DOX..vereucessmeeessersunrereenes 16.00
5. Similar to No 24, but with ball and socket for Jacob Stafl’ mountings, 19.00

The metal of which all these Compasses are made ig very dense and hard, and
linary hammered yellow brass. ;
noé;l;i (;?ul;‘;r'sizae“ Trma%a, such as are used by the U, 8. Coast Burvey, with
Lorizontal limbs of from one to three feet diameter, and reading by microscopes to
aeconds. of are, and furnished with powerful Telescopes, or for Astronomical
ta—price list will be furnizshed on application.

seassasssas SassTeibERRSARSITEIRRRRLEN

Needle and €ap...reesensnsernsasaser
Centre Pill.cccessssseecssns s

Compass glass.......... o anansnes .
Magnifier for gradUALIONS.....vesesesscnrerrnsses sssss sssse s sesesr e sreers s 00T

Camel’s hair brush {t:or gln:meaj,......... =
Buckskin I ek sescagsoxss e I
\’I::-i:tion late to either “ Plain” or * Complete Transit B rterterscs 2ggg
Rod level ffor plumbing rod or Pole)..cuserersues crrennsminseussunensnassssn st 4

il s e

" Bteel Tape Measure, 4 feet long, ta

e L S
PRICE LIST.

SURVEYOR'S AND ENGINEER'S CHAINS.

Surveyor"? Chain, 3 pb}'es, i?} Iink:‘a‘, No. g, wire o:al rings.....
AT B O S e
2 i @ v i e R
4 4 ¥ 100 " 9, wire round rings........
o 4 “ 100 £ 8, wire oval ringe..........
e 4 “ 100 s 7 = o
f 4 “ 100 “ 12, best steel wire, brazed links anG
“ g “ 50 1ghmsmu$ﬁﬁﬁﬁﬁﬁﬂ;;ﬁ
. . TRy TIDEB..earanas .
Engineer’s Chain, 50 feet, 50  “ 7, Wir€uurerrossisssneaes s
“ TN el L e TSI R e e I
" 50 *“ &0 “ 12, best steel wire, brazed links and
TV e R SRS
“ 100 “ 100 “ 12, best steel wire, brazed links and

FIOZE s oicinmmenspassosunare

CHESTERMAN'S STEEL TAPE MEASURES.

0800 OIS 10
chon g =1 ‘-l"-lg
o oW Qven

£

10.00

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

testing. (See straight line measurements.)

Steel Tape Mensures; all ateel, to wind-up in a box, same as linen measures.

Bteel l'I‘ape Measure, 10 feet long, in 10ths or 12ths, in German Silver case,

Steel Tape Measure, 10 feet long, tape divided on one side to 12ths, and on the
other to centimeters and millimeters..................

Stee‘l‘ Tape Mea‘fure, 25 fee“t long, in ‘10th or 12ths, each.........
i “ “

ssserssnren

a3
i “ 40 “ “ £ [ty
“ “ “ i
] 50 1% “ L o
“ “ 66 & “ & -
“ ‘o 75 i r he e
0w & 100 “ “ [ P

Bteel Tape Measure, 3 feet long, in German Bilver case, wi sprmganrlnmp,
tape divided into 10ths or 12ths of a fool...ceveses veeeens

Steel Tape

Measure, 4 feet long, in German Bilver case, with spring and stop,
ape Measure, 5 feet long, in German Bilver case, with spring and stop,
tape divided into 10ths or 12ths of & {00L weuveeiiirinrrriiieseitinitcrrcie e
Steel Tape Measure, 6 feet long, in German Bilver case, with spring and stop,
tape divided into 10ths or 12ths of & fOOL...uuusreeresrotiieensciiniiiiiiiis winaans
Steel Tape Measure, 3 feet long, tape divided on one ride to 12ths of a foat, and
the other ride to centimeters and millimeters. ....coee cevvernivereinns cones aseenpe ars
divided on one side to 12ths of a foot, an
the other side to centimeters and millimeters..... coicversivremreraircsrisnrscsnnnnnns
Steel Tape Measure, 5 feet long, tape divided on one side to 12ths of a foot, and
the other aide to eentimeter sand millimeters. .....cccvvisannens cerernannnee aaees
Bteel Tape Measure, 6 feet long, tape divided on one side to 12ths of a foot, and
the other side to centimeters and millimeters......ccccoivvivvreacannanns

tuFe divided into 10ths or 12ths of a 00, ...ecesiorncecsaencaianns 4
Steel T

CHESTERMAN'S METALLIC TAPE MEASURE.
Metallic Tape Measure, 24 feet long, in 10ths or 12ths, each....................
" [y 33 " " - “ 55

i & 4” “ [ “ [
“ i 50 [ “ [ “
[l i 66 " “ [ [
“ “ 70 w it 8k i “

£2.00
2.35
2.60
3.00
3.30
3.25




PRICE LIST.

1

“w “w 100 “ - - -

SWISS DRAWING INSTRUMENTS.

$4.00

475
6.00

Being frequently called upon to furnish the entire field and office outfit for Railroads
and Civil Engineers, we hiere insert the Pricea of some strictly first-class German Silver
instruments, and of office siationery. The drawing instruments are somewhat higher
in price than the common sort, but are such as we furnish when the quality is left to
our judgment. They are examined by us before forwarding, to see that the steel points

are properly hardened and tempered, that the joints work equally, the drawing
We can, however, furnish, at catalogue prices,

properly rounded and sharpened,
of any firm that may be desired.

Plain Dividers, 41 inchen long, enel. cia vt iniiisins saabensaysessesyasvsstmnrss
Plain Dividers, 5 inches long, each........... 0 !
Plain Dividers, 6 inches long, each........c.cvvevevvimine
Hair Spring Dividers, 44 inches long, each..............
Hair Spring Dividers, 5 to 6 inches long, each...........covvveieniinniicinieiiininiinn,
Dividers, ﬁfinehm long, with Pen, Pencil, Needle Points and Lengthening Bar.
Dividers, 63 inches long, with fixod Needle Point and Loose Igeﬂ, and Pen
Points and Lengthening Bar......cooceeet
Dividers, 61 inches long, joints in each le
Dotting Pen and Lengthening Bar...ccccoc v vveciiinnnsveen,
Dividers, 4 inches long, with Pen, Pencil and Needle Points.........c.ouvccevnanes
Dividers, 4 inches long, with fixed Needle Point, and Pen and Pencil Points,
e R e e
Dividers, 4 inches long, with two fixed Needle Points......... covvviiiimmncensnn s
Dividers, 4 inches long, with fixed Needle Point and Pen Point.......cccevvnnens
Dividers, 4 inches long, with fixed Needle Point and Pencil Point......... ......
Dividers, 4 inches long, with Spring and Set Screw, Needle Point, Pencil Point
s twe Ba Paints = G i aes S e
Proportional Dividers, 6} inches Jong, finely graduated for lines.................
Proportional Dividers, (i4 inches long, finely graduated for Tines and polygons.
Proportional Dividers, 9 inches long, finely graduated for lines and polygons...
Proportional Dividers, 9 inches long, with micrometer adjustment, finely gradu-

g, with Pen, Pencil, Needle Points,

P T T r—

ated for lines and polygONB...cie creecctiir et st e et v e
Proportional Dividers, 8 inches long, with rack adjustment, graduated for lines.
Bizecting Dividers, T} inches long, each.....cccieiriciimiiciiimnrcras crr s ees naenn
Pocket Dividers, 5 to 6 inches long, with sheath, each......ccou e . i

Three-Legged Dividers, 5 to 6 inches long, aeha v e oot e e -
Steel Spacimg Dividers, 5 inches long, with Ivory Handle..............
o i 2 i with Ivory or Metal Handle...............

o “ 3 " with Ivory Handle and Needle Points..

Beam Compass, 20 inches long, in 2 bars, with Pen, Pencil and twe Straight
s e e e S e R e i SRS e e S B o

Beam Compass, 21 inches long, in A
“ 36 “ 4 (% :

aene P T -

" 54 o e S eI S AR
Furniture for Wood Bar Beam Compasses, in moroeco box........cee .
Fumiture for Wood Bar Beam Compasses, not in moroeco box..........
Boxwood Bar, 24 inches long, divided. ... oo coeriii v i i as
Pillar Compasses, or Pocket Set of Instruments, with Points to change...........
Pillar Compasses, or Pocket Set of Instruments, with Points to change, and

Handles to Bow Pen and Pencil..c oericiiicrneie el
Pillar Compasses, or Pocket Bet of Instruments, with Points to turn..............

Tesmsserstes is ssRnes smRETE

Bpring Bow Pen, all steel, Ivory Handle ..ot i s e
i - with Needle Point, all steel. Ivory Handle...........iveecevianinn
o 5 Bermpn BRlver o . ol i e !
“ “ i with Pencil Point........corasineeens .

AlL Steel Spring, Bow Pencil, Ivory Handle............ =
W e 2k Negedle Point..,..

(hose

$1.90

2.25
270

PRICE LIST.

Drawiu:‘g Pen, 4} inchea“long, with lioints.......

“ 6 [ “
Rosd,“or Double Drawing Pen...........coccves v oo
g “  with joint in each side.
Dotting Pen, with ene wheel..........'.]. iy
e with six wheels..............,
Horn Centre, with German Silvey T e e
GermurLSllver Centre, with handle.......

naiee

Fastening Tacks, per 02601 mrrmr vsire
Steel Fastening Tacks, per dozenfi............
Irregular Curves of Horn, each................
Rolling Parallel Rule, EBONY, . ccsaiers veiils s
Eccentric Rule, 11 inches Long............ ooy voomein

Parties wanting cases made up of these Inatrumen
above list, that are best adapted to their urpose, and :\:a u’li 1
at an additional cost of from $7 to $15, l;mnrdi::g to the ‘:ilu ::;"fhgogrxguii
made of rosewood, mahogany or walnut, highly finished. i

PAPER PROTRACTORS.

Whole Circle Protractor, 12 inches diameter,
[T e e e :

Whole Circle Protractor, 13 inches diameter, half degrees, on Bristol boar:is,

maraan s
L T P TP TN
BHN e aNs b w wa s e nas

L T

SETENAs sae e rnn e s aan

Half Circle Protractor, 5 inches diamet:ar, balf degrees, on Bristol hoards,

CBCIL s anssnusnnsvihesestasssssnssssinbanissne . .

'FRENOH TRACING PAPER,
FINE QUALITY, VERY CLEAR AND STRONG,
In Sheets. Royal, 19x25 inches..............
o Super-Royal, 21x26 inches.., per t‘l‘uire,
e IIDuuctI)Ie Elephant, 28x40 inches..................
Ralls, .-,2'“1‘ 8 lang and -ﬁi mches“wtda, per yard......

senan

9 per roll
Yrsssnnnsssanng L.
VeRsblo Koty 0523 05hs, e guirs 220, o ...
& Double Elephant, 28x40 «  « T S W e

s _ 10.00,
in rolls of 22 yards, 54 inches wide, per roll,

LEE R TP

CONTINUOUS OR ROLL PROFILE PA

UOUS ROLLS OF ANY LENGTH,

Plate A.—Rulings 22 inches wide, Horizontal
tical Divisions, twenty to the inch, and havin
line and every fiftieth vertical divisi

P]perj\;ard.‘........,...............‘.... -
ate B.—Rulings 22 inches WIdPHOrlmmalDl

| —Ru 2 ide, visi fi : :
tical Divisions, thirty to the inch, and having everyogf:lr:';n'?ag:i:]:::::!cgi;ifi?;

line and - bl € r

el oy ki i VL L
ate B.—Rulings 9 inches wide, Horizontal Divisions. faue te vhe 1ror T
tieal Divisi i R al Divisions, four to the inch ; Ver-
line an:t;“:::gr‘th"w to the inch, and having every fourth horizontal division
Price, per yard........0vvnun.

Divisions, fonr to the inch ; Ver-
L every tenth horizontal division
on line heavier than the others, Price,

wenty-fifth vertical division line heavier thun the others,

Bt L L L L T S L LTI e
Trsaatsessannnenannn

n relect the pieces, by the
to muit,
ich are

QIGC"OIGg

B4 g0 e s e
G OO b 00 =)

30
40

PER, IN CONTIN-

20
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" PRICE LIST.

MUSLIN BACKED ROLL PROFILE PAPER.
Muelin Backéd Roll Profile Paper, of either Plate A or B, 22 inches wide, in

rolls of 20 yards, per yard. ..o coriinnnsvinnisasrianasasicsaassaaens U e cuckin 75
Muslin B::jcked Roll Protile Paper, Plate B, 9 inches wide, in rolls of 20 yards, =
per yard ... s Wi asesena i oy inas coneany it enss o
Plate B corresponds to that in sheets known us Broww's. Profile Paper.
CROSS SECTION PAPERS. |
Topographical Paper, 14x17 inches, ruled 400 feet to the inch, per sheet 12
e Rt e e SR e per quire $1.75

Trantwine's Cross Section and Diagram, 10 feet to inch, for embankments of
14 and 24 feet, roadway, and for excavations of 18 and 28 feet, rulings 193x12
inches, per sheet, 25 Centa........oommmmmsracanranines eeni T per quire, 5.00
Cross Section Papers, rulings 22x16inches, 8 feet to inch, per sheet 25¢., " 5.00
[ L] [ [ ]0 L " 25{!

e 5.00

- L 4 - A ¢ RRRL every filth line
heavy, per sheet 25¢., per quire....cieee e A P R R R T s 5.00
5,00

Cross Section Papers, rulings 22x16 inches, 16 feet to inch, per sheet, 25c.,
All the Profile and Cross Section Papers can be furnished, printed with red or green lines.
-

FIELD BOOKS.

Level Book, 7x4 inches, made of superior drawing paper, - per dozen........ $6.00
1 x4 Y extra smooth paper............... LA
Profile Level Books, 7x4 inches, made of superior drawing paper. Sahrenes b i 0N
Transit Books, 7x4 inches, made of superior drawing paper, (e 6.00
i 64x4 " extra smooth paper........cccccoien s &80
Record, 74x5 inches, made of superior writling paper.......... % cisenese 000

. Cross Section Books, 8 inches long by 7 wide, for Topography. *  «cveen 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 fur the pocket. Each page con-
tains aprofile of three thousand feet in length, 8o 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 usefal. Size of book 9% by 5% inches. The rulings cor-

respond to the large profile plates A and B.

Plate A, 25 leaves imitation Turkey morecco, with‘ elastic band.....ccooeaennns 53{5)8
“ “" i i n
“« 100 @ « « gl e e
- 50 “ Turkey morocco, turned edges, with elastic band... . 6.00
‘" 100 i“ “ (1 “ S 9‘00
Plate B, 25 “ imitation Turkey morocco, with elastic band......coeiveenny 3.50
“* 50 “ e o R T s 5.00
& lm “ “ i [ i 8‘00
" 50 “ Turkey morocco, tarned edges, with elastic band............. ~ 6.00
g lw [ i i “ Sl 9.00
PAPER PROTRACTORS.
Whole Circle Protractor, 13 inches diameter, half degrees, on drawing paper. %
eaACh. seeeeseosnase D B I P e PP T -
Whole Circle Protractor, 13 inches diameter, half degrees, on Bristol boards, ©
each......... S SR st sa et Crastaan b A R
Half Circle tractor, 5 inches diameter, half degrees, on Bristol boards,
BT e+ vven eresnears oonssnsssesssnssnsssneasmesssns sarst satassassssearnatspentaniassnsisnsses saneg 25

PRICE . LIST,

DRAWING STATIONERY.
- WHATMAN'S HOT AKD OOLD-PRRSSED DRAWING PAPERS, BELEOTED,

Best, 2d qual,
Demy, 20215 inches............ | ;
Millon, M R R e W
Royal, - 24x19 u i 2.00... ol s
Buper-royal, 27x19 ¢ i 2.50, e
Imperial, 30x21 « # 8.50.... £00
Atlns, 33x26 “ 5.25.... 250
Double Elephant, 40x26 o 6.00.... 578
Antiquarian, .~ 52x31 “ M

Whatman's papers, hot pressed, have smooth surfaces
_ ; cold i
surfaces. Best and semndp quaht} of Whatman's papers are mﬁwlttzv;g? E:::::
rials; the best is free from spots and imperfections,

CORTINUOUS DRAWING PAPER. EXTRA WHITE

A e IN roLLS oF 30 To 50 PoUNDS.

erman make, 38 inches wide, r pound 0

i 36 o lIhim superior, g .020: pel:‘ynn.l..:‘.-.:..... =
S 40

:: 42 - thick, 50 “ 30
“ 42 5 “ superior, ¢ ' B G D 45
“ 42 “ - thin, “ R G i
i gi :: thick, u 50: 0 TSRt 50

* thin “ 0
Bnt:gg Bhell, 59 i thic]’:, “ gg‘ i > Al 35
G e g g iy, “ R b 55
89, % this, “ Bt e

MUSLIN BAOKED CONTINUOUS DRAWING PAPER. EXTRA WHITE

s 5 IN rRoLLs oF 10 varpa,
t (German 492 § :

. e aper, b mches“wuie, par"réll 32933' pel:‘ynrd..._.,"”_ et 8100
[0 “ 59 ' W 1350! = s 1.40
S 1.60

OONTINUOUS DRAWING PAPER, BUFF TINT, FOR WORKING DRAWINGS.
B - Bist 'Essmsy MAKE, IN ROLLS oF 50 To 80 PoUNDS.
g4 inches wide, medlum“l‘lucknesa, per‘Pound $0.§)§, per“)ard 25

BesT AMERICAN MAKE IN RoLLs oF 70 To 100 PoUNDS.

30 inch : g
> ine es“tnde, ll:‘lck, per p'?und SO}E, per“ynrd Sied 10
e . g ¢ S — 16
5 . 3 - e " soges o 18

[ R eI = e 20

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

= TRACING OR VELLUM OLOTH,
Rolls of 24 yards, both sides glazed, or face glazed and back dull, suitable for pen-

R e cil marks,
= i :

perial, 0 mcheﬁl‘wide, per roll $?.:}){)0, pal:.yal'd T S 35
2 - 5 £ e Sveia ok 50
- = ‘ . T e 60
e b & P 75
. ; 30 “ o R : 5
R NS, RS R : 6
Q2 o« “ 1100, “ Al
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BOOKS ON CIVIL ENGINEERING, SURVEYING, ETC.

iy f LESLEY'S MICROMETER.

L -
Lesley’s micrometer, (see page 35,) with units of either one half-inch, one centi-
meter, or one hulf-tenth of u foul, a8 may be preferred, with one removable
ring divided into 100 parts. Packed in neat morocco box, with eompartimen
for ehangeible It i i vores sane meees - $25 00
Changeable rings, divided into 100,.50, 48, 86 or 192 equal parts, each.. e 1)
_ “ " (‘.']UU L “ “ " 5 = 2.m
i [ 165 G 13 i okt it v 2.25
Blank rings will be furnished ut $1 ench, and will also graduate the ring into
any number of parts that muy be culled for. :

The direct use 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 uniws. 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 nre used. They could of course bg used with the centimetre if it was desirable
to divide the metre into 4800, Y600 or 19200 parts or into such fractions of the latter
as 400, 800, 1200, 600, ete.

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, ete,, or the metre into 100, 1000, 500, 5000, ete. The
plain ring is intended to be used for extraordinary seales, and is used as follows: take
a large printed paper protractor and gum a small piece of, white paper on it; then lay
off around the large protractor the number of divixions thie half inch (or half tenth or
centimetre) is to be divided inta, This can easily be done hy calculating the number
of degrees and fractions of a degree to a division. By drawing fine lea neil 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 thia a ring of paper the size of the

" brass ring and gum it on the latter, which will then be the desired seale, which can be

placed on‘the micrometer. The ring cut out from the paper must, of course, be cou-
centric with the protructor. .

BOOKS ON CIVIL ENGINEERING, SURVEYING, Ete.

Should any other works on kindred topics be desired we will furnish them at publishers’

pricea.

LESLEY. Manusal of Coal and its Topography, with plates, new edition. By J. P.
Lesley, in press. Philadelphia, 1874.

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

T A P R A R e e e e
A New Method of Caleulating the Cubic Contents of Excavatiens and Embank-
ments by the Aid of Diagrams. By J. C. Trautwine. Fifth edition, revised and
enlarged. Philadelphis, 1874.. oo iiiriiminriinsni ceiiinis saisssn sstsans soseaces cansnnns nennt 2 00
The Civil Engineer's Pocket-Book. By J. C. Traulwine, Eighth thousand,
tucks. Philadelphin, 1874 oo iiiiiirsiimnens stininiss s isiseas siassanss snseseas nniaasrsnse e 5 00
MORRIS. Easy rules for the measurement of Earthworks by means of the Prismoi-
dal Formuls, By Elwood Morris. Philadelphia, 1872....comiiniminiainn s 200
HAUPT. The Topographer; his Methods and Instruments. By Lewis M. Haupt, ;
MAHAN., An Elementary Course of Civil Engineering. By D. H. Mahan. B8vo,
10N, IEW YOTK v tarrrersstossnssennnssbnsnnnsssssnsssnnssronsasinssanssissesisssssstsussianss asnsetsn 5 00
VOSE. Hand-Book of Railroad Construction. By George L. Vose, new edition. =290

B T 0TS e

GILLESPIE. Manual of the Principles and Practice of the Road

M. Gillespie. 1 vol. 12me, eloth, 'Femh edition, eNIATEOd...ueersisssiasssrsarresrsssssansss 8 50
Manual of Engineering Specificatlons and Contracts. A text-book and

Making. By W.

1

HAUPT.

work of reference for all who may be engaged in the theory or practice of engineer-
ing. By L. M. Haupt, Professor Civil Engineering University of Pa. 300 pages..
STONE. Magnetic Variation in the United States, with Records of Observations at
over Eight Hundred Loecalities in the United States, Canads, Mexico and Cuba,
from the year 1640 to the present date, and the rate of annual change.

Btone.

3 00

By J. B.

1 vol, 12m0, 010th ervmirsesneninsss sisnsuare vnsssisssinses s 150

To Persons Owning “TRAUTWINE'S ENGINEERS' POCKET BOOK.”

Being desirous that all errors detected in my “ Civil Engi
y “Civil Engineers’ Pock >
should come to the knowledge of the profession as soou az possi blem;:ecll; E:‘?J.I:I
£l

1 ol -
earned that Messrs, Heller & Brlﬁh:)l had Liariepa.red a pamphlet for diatribut.iog

among engineem, I requested an
recently discovered errors, as follows:

Page 182, 4th line fr “QCube of diam, “ i
£ ) e from top, for " RLC L8 regd “Gube of diam.

Page 266, beginning at 80 lines from th i

; 0 e bottom, instead of th i
'l‘me{s, read: “The end a of the hor chord is presseda h?:rf?)gorhlgﬁ
“iﬁée?sr:a; forces uo, uo., uo.., uo..., ete. ; equal to 1.75+8+8.75+47
“prel&ssed .b+ :].175== 21 tons; and the other end p is in like manner”
; (Lreeed by thostyen corresponding forces not shown ; and these.”

ame page, 19 lines from bottom, for “12.5 i i

Page 417, in the column of radii, for *‘soi.ﬁ??:adrf;go.o?.l ti}*g:':sls 3" read
po094> Fo “939.7 " read 9296 For “{047.5” read *942.3."

ket ﬁ?t; BI;'Ir‘gE e}:)mz;; alsc-( in m}i bo};)k on “ Railroad Curves.” G

Bam 3 ottom (in only the edition, *“ Eighth Thousand *
after “ by the given chord 'yrea.d “ Multiply tEe produ?:t by %y)'

JOHN C. TRAUTWINE.

tained permission to append to it some

-

bt
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: i LESLEY'S MICROMETER.

Lesley’s micrometer, (ree page 35,) with units of either one half-inch, one centi-

meter, or one half-tenth of & fuol, us muy be preferred, with one removable

ring divided into 100 purts. Packed in neat morocco box, with eompartment
for changeable rings......... o SeE R IE A e R S PR SRR T
Changesable rings, divided into 100,.50, 48, 96 or 192 equal parts, each............ 1,50
" “ 500 i “ [ - SR e 2m

Blank rings will be furnished at $1 each, and will also eraduate the rine inta

“w " 165 “ i “ “l

G I T e SNAARIRRERN S astan AL uassang S e irehpusaninsesbunatbsesannsrrst sEEINTALSaRSRS . (RN
VOSE. Hand-Book of Railroad Construction, By George L. Vose, new edition,

BRI ATl i s i Ok a i ar s o A AR Coh nire e bk ey ta Sy s b Taver -
GILLESPIE. Manual of the Principles and Practice of the Road-Making. By W.

M. Gillespie. 1 vol. 12mo, cloth, Tenth edition, enlarged........ocssccinrissienisscrnnnnens 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 practice of engineer-

ing. By L. M. Haupt, Professor Civil Engineering University of Pa. 300 pages.. 3 00
BTONE. Magnetic Variation in the United States, with Records of Observations at

over Eight Hundred Localities in the United Btates, Cananda, Mexico and Cuba,

from the year 1640 to the present date, and the rate of annual change. By J. B.

Plons.  1vol), 1000, 10BN . iiis acoscs vnsssiasinestp srussiinasshonsinsssansnnespbasymsnsrnssasssy: 3 U

mr

sk

We have recelved so many applications for copies of our printed errata of the earlier
editions of “ Trautwine's Engineer’s Pucket-Book,” as to induce us to obtain from
him o list of the errors thus far found in the last edition, or tenth thousaud, pub-
lished in 1876, They will be found below.

ERRATA

IN THE EDITION OF 1576 (Tesxtd THOUSAND)

uF

TRAUTWINE'S CIVIL ENGINEER'S POCKET-BOOK.

A few minntes will suifics fur correcting all these errors, in ink, ou their vespective
w3 and this should be doue at once.

', 21,—Table, although there is no error as great aslin the last figura, atill the
first three arcs will become a trifle more correct by chauring the last
fignres so as to rewd thos: 1LO000Z; 1.00002; L0003, In the same way
rewd 101302 ; 102146 ; 1.02646 ; chunging only the last figure in each,

P. 38.—2d line above the lowest Figs., for oblate, read oblong or prolate; and on the
next line, for oblung or prolate, read oblate,

P. #8.—Cube root of 836, read 9.75818.

P. 71.—Third line of * Duodecimals,” for decimal, read duodecimal,

P. 101.—16th line from bottom, edd * for any angle not exceeding 90°."

“ 1lth # ! omit ¥ cosine,” and insert ¥ secant or taugent.”
- th Lol ! omit “ tangents,” and insert * versed sines, for which
wdd 1. to the nat cosine.”

P. IT8.—24 lines from top, omit the dot before 5555,

P. 243.—2d line of Art. 2, for lu, ap, read U, -zﬁ.

P. 4534 —Table of “ Qircular Arcs,” Although there is no error as great as one in the
last figure, read 1L00132; 1.02046; 167° 56'.93; changing only the last
fignre in each.

P. 5. —12th line of Art. 4, omit the f.

P. fi2.—ath line of Art. b, for 1873, read 1876.

P. 519.—13 lines from top, for 64000, read 64821 nt 6214 Ibe.  Also for 17379200, read
17378743,  Also for 100, rend 101.3.

P. 6562 —25th line, for first, read third. Also 26th line, for ¥, read m. Also 2Tth
ling, for b d, read a wu.

P. 585.—About 20 lines from top, for x m‘t;:ig, read = EG&B

P BE2.~-First line nbove foot-notes, omit the short sentence * The air valve shonld
be solf-acting, as that at Fig, 42 Mr, J. P. Svow, C. E., of Milford, New
Haimpshire, has kindly shown me that such a valve as Fig. 42 would not
ANAWET tn a syphrm.

P, 333, —8 lines from bottom, read as = 450, the fric. = -l-‘lﬂs part, ete.

=
0222

iy v

vmcr=

B e
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5 o LESLEY'S MICROMETER.

ier 5,) wi its of either one half-inch, one centi-
Lesley’s micrometer, (see page 35,) with uni
meter, or one lml‘!'-teuth of u fuor, us may be preterred, with une removable

i SR i el

I ABEEAT

with Records of Ubservations st

i i d Ca
ities in the United States, Canadas, Mexico an
“lnsirl?‘:ult‘g:s:arzwm date, and the rate "of annual change. By J. B.

sassarERRTaRIRE

BTONE. Magnetic Variation in the United States,
over Eight H
rrom the y“r FasaRERRE ERRERRENE
Btone. 1 vol, 12mo, clothuicivmissimmnsinsnsensnmemansiies :

. ring divided into 100 purts, Packed in neat moroceo box, with eompartment ...

1580

A mp}: of this Errata, for tl.u]g Into the Civil Engineer's Pocket-Book, will
be sent by Mesars, Heller & Irrll"ht y,engineers' instrument-makers, No. 83 North
sevenlh street, to any one sending & three-cent stamp for postage.

This errata will be found to be the precise size for pasting into the Pocket-
Buok if the white margin be cut off-

ERRATA AND ADDITIONS

FOR TRAUTWINE'S CIVIL ENGINEER'S POCKET-BOOK, EDITION OF 1874,

The writer returns his thanks to those members of the profession who have had
the kindness to poiut out errors, snd expresses the hope that others will follow
their example,

P.15. In the table of polygons make every side fu the column uf sides equal to 1;
and in the 8d line from the bottom, instead of the present rule,
* Divide the given radius by the corresponding radius in the table.”

P.16. 25 lines from bottom, for 8q. rt. of quot. read #q. rt. of product.

P. 42, 4th line above table, for 5717 read 5714.

P. 4. 17th and 22d lines from top, for Fig, 13 read Fig. 14.

P, 153, 18th line, for “the level and its ¥ read “the telescope and its ¥.

P. 168, Tahle, opposite 99°, for 1001.0 read 1010.0,

P. 178, 26 lines from bottom, for 50000 read 50000,

P, 180, Art. 8, tahle, muh.lpi{ the strengths of white marble by 4; black by 8,

P. 182, 4th line, read cube of dlam, in inches,

P. 194, uI‘l lai‘;u; fr]u; bottom, stiike out the first word Centre in Centre breaking
oad In

P. 196, 11th and 12th lines from bottom, for 32 and 12 read 16 and 6,

“  13th line from bottom, omit * er wrll.erﬂ" ete,

P, 198, Second formuls, after the words “ page 185" add “except for wrought iron

and steel, for which take the whole constant.”

P. 236, area
1In the formula for the breaking loads of channel iron, after e
12 x (area F'+ area W)
put + instead of . Also 7 lines from bottom, for p. 239 read p, 232,
P, 244 32 lines from bottom, read thus: “ When & given height of headway is re-
uired beneath the bridge, and can be had by placing the roadway on
the lower chord, It will generally be cheaper to do so rather than build
the abutments higher for the same purpose,” (it the next line, “ But
in therBollmnn," ele.
11 lines from top, omit the sentence, “ This, however,” ete.
;. ﬁ i‘; li:ea {mn; top, for ? read '2310“' g X
. 353, &c. A mistake was made in applying to Fig. 11 the same process for find.
ing the strains as in Fig. 10, ‘i:he mndﬂsuwd in Fig. !Dli}s adapted onl
1o trusses whoss web-members are alternately vertical and oblicue, an
when the entire weight of the truss and its Joad is assumed to be placed
uniformly slong the entire long chord; but when they are all oblique,
as in Fig. 11, or in the Warren, It must be somewhat chapged. In its
changed shape it spplies to both Figs., as well as to Figs. 4, B and C
below : and its application to either will b readily understood by the
folluwing. bearing carefully in mind that a load travelling from one
horizontal chord to another by way of & vertical web-member cannot
{n'oduca Aorizental strain upon either chord, but merely st-ains the vers
fcal member to an amount equal to itself, and by means of that men-
ber shifts as it were its own ition as & load from one chord to the
other, straining the last chord vertically downwards, as It did the first
one. But aload travelling along an obligne web-member not only passes
from on= chord to the other, but at the same time moves towards the
nearest abutment, placing not only & vertieal strain equal to itself, but
also & horizomiad strain, ugnn each chord, at each end of the obligue; and
in addition strains the oblique to a greater amount than the luad itself.
To find the amount of the oblique and horisontal strains thus produced
we have M:;‘d' to draw a vertieal line to represent by scale the vertical
strain or load ; then from enc end of this line to draw another parallel
to the oblique web-member, and from the other end a horizontal lins
meating the last, and forming & triangle, The oblique side of this tri.
:;m'l: I’tlﬂ gi':i.- by u:;ie ;2& l:;;m‘ along the &blicqln:‘g web-member, and
@ horizontal one the hor #trajn op the at each
sald ubligue member, . ;m 2
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Tt may at times remove doubts in & beginner, as to the strains produced along
web-members by the loads or vertical strains at their ends, to assume that ne
load or strain can pass doton a fie or up @ strué. i

Now as to our disgram. First set down along the lower chord of one-half of
the diagram the loads 2, 4, 4, &c., which
are the portions of the total weight of
the truss and its load sustained at each
{oim. of support, as was done in Fig. 10,
he total load of 32 tons being here as-
sumed to be, as in Fig,. 10, on the lower
chord ouly. When both chords are load-
ed, the load on each must be distributed
along ita respective chord, Then set
down the vertical strains which these
loads produce at the several points of
support of buth chords while travelling to
the pearest abutment. Thus of the 4
tons at the centre e, those 2 which go to
the abutment a, first go up e i to i, where
they place a vertical strain of 2. Thence
they go down to d, where they also pluce
a vertical strain of 2. At d they unite
with the 4 others, and the 6 go updj toj,

roducing there s vertical strain of 6,
ioing down j ¢ to ¢ they there do the
game. At e they jolo the 4 others, and
the 10 go up to k; and so on, until finally,
after acewmulating to 14 tons, they comne
to rest by placing the total 14 tons ver-
tically upou @, where they meet the 2
tons already there; the whole amounting
to 18 tons, or ano-A:f{m weight of the
entire truss and load. This is a proof
that the work so far Is correct. These
vertical strains act precisely as so much
load or weight would, and may be re-
garded as such. This belng done, from
each point of support draw a vertical
line, on which lay off by scale hoth tha
vertical strain (or, as it were, load) which
comes o and that which from said
point on their way o e abutment;
measuring both from the point of sup-
port. When at any point the same
amount of load both comes and goes,
one vertical measurement will answer
fur both, as scen ai the upper chord of
our figure, At the ends of these vertical
lines draw the horizontal ones as shown,
Then the lengths which these last mark
off on any oblique will give by scale the
gtrain along the entire length of said
oblique; and the right and left hand
horizontal lines will give respectively
the horigontal strain produced on the
chord by the right and the left hand
obligues. These two horizontal strains,
g added together, give the total produced
T I at that point of support ; and all the hor-

izontal lines belonging to either chord,

from the centre to the abutment, will

give the total horizontal strain at the

centre of that chord, JIf the work has

gv been correctly performed, these two lolids
Py

147
]
\

will be egual, whether (as in Figs. 10 and
Y8 1) the entire weight is assunicd to be on
the long chord only or oa both in any

ERRATA AND ADDITIONS, | 3

roportion. Of course the entire weight never can in fact be on the long ehord,
Eeclm the short one itself constitutes part of 1it.

The following are the strains in Fig. 11, to ensble the student to see if he works
them out correctly @

Upper chord: fto k, T ktoj, 125 ftod,15; {tor 16.

Lower chord: atob, 3k bloc 9k; ctod, 134; dtoe, 164 ; at g, J6.

Obliques: ei, id, 2.06; df, je, 6.18; ek, kb, 103; b1, La, 144.

Fig. 10, if loaded on both chords, will e worked out in the ssme way ss Fig. 11.

After finding the loads and vertical strains at all the pointa of support, it he-
comes very easy Lo caleulate the oblique and horizontal strains instesd of drawing
the triangles. Thus in Flg. 11 divide the k“lﬁ:‘ (16,48 fr.) of an obligue by its
vertical streteh (16 fi.). The quotient (1.03) will the patural sceant of the angle
which the obligue forms with & vertical. Also divide the horizontal streich
(4 ft.) of un gblique by its vertical stretch (16 ft.), The guotient (.25) will be the
natural tangent of the same angle, Then if we multiply the londs and vertical
siraine ‘tayntgho natural secant, we get the strains along the obligue; or if we
n‘lu}rl;illz-ly them by the patural tangent, we get the horizontsl strains on the
cho

In whatever proportions two parallel horizontal chords may be uniformly
loaded, the horizontal strains on them the head and foot of any one glven
obligue will always be equgl; and in Fig. 10 the fofal horizontal strain af the head
aud foot will also always be equal, but in HE- 11 pever. In the impossible case
of total nniform weight on the long chord, the horizontal strain on the end sec-
tion of the long chord will be just half that on the end section of the short one;
bat with Joads on both chords it will always be more than balf.

©Our foregoing process, either by
diagram or by calculation, applies
also to Figs. 4 B and € and to other
analogous cases of double trusses with
parallel horizoutal chords loaded
uniformly, whether equally or not.
In such cases the double truss is su
posed to be divided into two ninf; -]
ones, and the process or caleulation
is then apg}i to each of them sep-
arately. hus in 4, after bavin
get down the foad at each poiut o
support in both chords, the verfical
strains at the aame points are found
fora b ¢ d e as one truss, and for
mnaope a8 nnother truss; and so
with the sirains om the we
bers.

Weight X Span,

The formula, & Helght, is
aot correct for either Figs. 10 or 11
except in the impossible case

total load on long chord. Rut with
loads on both chords, it gives the
centre horizontal strains too small,
and the error inereases with the
eomparative load on the short one.
This is the case also when both
chords are uniformly (whether .
equally or not) loaded for the entire extent of the span, as in Fig 28, p. 263, or
Fig. 81, p. 284; the truss proper being, of course, supposed to terminate at the
head andpfnor. of the end main oblique ; but the load upon it to include that on the
half or quarter pancl-length (as the case may be} next outside said end oblique.
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8till, for trusses of efther kind, whose le
ind, 1 ngth much eds
in:] ra re:-flry ‘l‘;:li.:‘rlablz. ﬂ]lp:quIllk]T.lul.l to lhﬂ truth. (:i‘ci:u m‘ﬁﬁx?‘ﬁﬁyﬁirﬁmﬂ:
. . €, or Lo analoguus cases i ‘ 4 >
strained by thelr uniforw loads ?ngwsml: cﬁlﬁ:'}efgﬂﬁ &0;;:‘:;::1 S o

It may be well to state that the one
strain at the
two glglil?na: ::re:clhc‘n:g strains the ;‘Mm.l when the ggtf::;r:‘;i n'rhf;:
| it o the chord some distance apart -
ii:‘n,;t'ed t when—as is often the case—the two ends af:t:a clrntl))ll]igit‘l:c
un together aud to the chord by a single pin passin lhrougﬂ all

three, Lhis strain acts I
only to the small horisontal siraln by the joad et o ° Lo We reler

Remember that in trusses like Figs. 10, 1 PRO
, 11, ete,, th
f:-ll.?:s:: the head and foot of the en abli?ue la; ;mdeth!:t‘.uzahen .':.fﬁ
o {uemm;;‘mnaL as ut Figs. 23 ¢, 284, p. 269, then the sdditional
!]u ar: ;IM tk do not belong to the truss proper; but af is merely &
: ippiort for the truss proper, and { k & mere m‘oFong:tinn of the floor-plat-
form, there being 1o horizontal straln upon it as there is on the chords.
T‘:srz;eugituhe full;;wlm[g Errors are of the preceding one,
going explanations will rectify them, as well as thers that
may wot b referred to. 1If the ‘ o gl
ot : young student masters (
ll.]!]}: 1;{;11;:3-1;-} new given for Fig. 11, hasneed haveno tmubI:i;EH:dmiI:g-
w_“N: ushu any simple paraliel beam truss |tke Figs. 10 or 11, or the
i ;“‘;' ;I:uumnlffnr:glgelgnded, whether equally or not, on both chords;
e M?m!‘ m?i Arryag: n one only. It applies equally to all these
3 e column of strains on web-membe read
: ﬁ:g E‘, xger c}:oﬁs, }nsert “of Fig. 10 n;?yfgt g . ;
after chords, insert " of Fig. 10 or 11; but
total weight is assumed to be on Ehe lc.\tuglehrn:ll.l.”‘m]!r RmEEL e
{;i]neﬂ 'i‘], omrlt thnixl'iva words, “or from { to centre.”
ne lines from bottom, omit, “ We shall "' &e., t
P. 288, Big::::’h%ag a0 Iineahfmr;; the bottom, read lt'h'u:: e‘ng‘l?: :nr&b :z;:ll' the hor
4 > or by the seven hor fi 3
24‘?1 1--';5r+-¥T 475 R s g ot i e e e N
Jines frow bottom, for four read seven. Also 23 i ttom
forces” read * not shown." Omit " other half enfe:hfmu‘:“ A'l:g:-
i B:ll_leu‘fromﬁbﬁttoru, for 12.5 read 21, 5 2
s ginning & nes from bottom s
P27 U"he U?]E ine of funt'-nm:f S e i e
. 271, Owit all the 0 lines of the i
s Milllrﬂiﬂ? s fheodbcraind paragraph beginuing with “The correct
~ tie from bottom, for “ the chords" read * th
{Luwnt‘:{“m‘ I‘T)Ltrnaul: il)jl:ilﬂ c‘;fnud'on the other vgr‘:ap' rfﬂﬁ'ﬁuém&m’s
p, after “chord” add * of Fig. 231 approximately only."
P. 278, 18 to 21 live nlag wi
il 2"'? e l:l:ﬁr\'}::'n bottom, omit these 4 lines beghm{ag with * The strains
. 279, 12 lines frow buttom, omit the line * The strains on the 2
ll:‘ 286, After the first formula, omit the 4 lines * Which Is :h:: sﬂ(?:c'!":kcew'
. 809, In the heading of the table the word * freezing” occurs four times, In
the ﬁ“m. two change it 1o “ Fah. zero” and in the other two to “ Cent.
P £eTn, The"nutlnmties seem to err quite generally in this matter,
P' g iligt.{\“&n?, for m.]nl;utliuﬂles,;.‘nghnd," read “ Triger, of France”
s " rom top, it is said, * Make the angle v Pfequal to the
of nalura& slope  Moseley correctly has it (¢ m?gh very nb:gﬂeel;me:
pressed), ¥ equal to the angle of friction which exists beiween masonr
and such earth as eomposes the backiog : but he gives no ides of wha’l
said angle amounts to. Having mynei.l' ascertiined by experiment
many years before, ‘that this angle of friction between dry earth or
gand, and any masonry as rough or rougher than common grickwvrk
might in practice be taken as equal to the angle of natural slo inad-
;:r:ehntly mlruducmilthe last as nholve, 23 well as into the four &ﬁmnlml
@ same page. No error can arise fo engineeri
mistake, but it misleads as to Moseley's thec&'r. HE Pty Som 1y

i

ik
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P, 871. & 1ines from bottom, for 30 to 45 read 25 to 80.

P. 879. st line, for 1 or 2 read 2 ur 4.

P. #90. 17 lues from top, for 040 read 140,

P. 403, 8 lines from top, for Uriah read Josiah,

P, 417, Ib the column of radii, for 807.4 read 800.0; for 813.8 read B09.4; for 9307
rend 920.6 ; and for 947.5 read $428. These errors exist also in my bovk
ou Railroad Curves.

1n the 8th thousaud edition only, 4 lines from bottom, after “ by the given
chord” insert " multiply the product by 2.

. 445. Line 17, read " Two egual opposing,” elc.

" 468, Strike out wil Rem. 2, © IT the directions,” ele.

P. 462, Line 35, for " excluuively‘l‘ury " reud * by the reaction of”

P, 466, Art, 56, 1st line, read, " When the number of forces in the same plane,

whether tending to or from the ssme poiut or not, is greater,” ete.
Also omit all the following Rem.: * Mistakes occur,” ete., to bottom of

ge. Said Rem. is in the wrong place. R applies to resullants found
B?r the Polygon of Forces, Art, 38, when the furces do not tend to one
poiot. [ts'misplacement, and several of the folluwlni; errurs, are due to
the deceptive wording of & Purlim: of page 79, vol. 1. of the American
edition of Weisbach of 1848, "The resultant re, found hy Fig, 194, is cor-
rect in all respects; therefore that Fig. may be considered as Example 2
of Art. 36, except the last 10 lines, “ 1T we had” etc., which omit as en-
tirely am error. :

P. 487, 28 lines frum bottom, strike out the 4 lnes, “ When this Is," ete., and read

thus : * When this Is the cuse, the forces will of themselves form a closed
polygon. In either case some of the lines muay cross each other asdo a
and ¢ in Fig. A (forming what is called 8 gauche polygon) or not, &8 at
N b;:luw. It the forces do mot all tend thiough ouve point, see Art. 40,
L 470." 4

% 15th line of Art. 38, read “In any order,”
29 lines from bottom, beglnuing with *In a polygon,” omit 13 lines, down
to “clused polygon,” and read thus: “If sny number of forces, as a, b,
e, d, Fig. 22, in the same plane, whether acting through one point 5 or
not, keep each other in equilihr[mn, then If drawn consecutively in thelr
proper directions, and in any orider whatever, they will form a closed
Iygon—either gauchs, 8s at 4, Fig. 21. or plane, as at N, Fig. 22. But
;J:dyoua not follow because & number of forces may thus form a pulygon
that they must be in equilibrium, unless when they all act through one

P
P

int."

P. 469, Lsm line, instead of the present heading read “ To fix the point of appli-
cation of a resultant found by Art. #8 when the forces in the same plune
do not all tend throngh the same point.”

P. 470, &d line from the top, read * First find the Jength and direction fd of the
resultant by either Art, 36 or Art. 38 Now," ele.

“ g lines from bottom, for * movements” read " moments,™

P. 471. Begluning on the 2d line of Art. 42, strike out the § lines, “If the mo-
ments,” ete., including the 4 words, It 1s stated thus”

P. 472, Strike out the 3 upper lines; also the table and the line under it.

P. 477, 10 lines from top, for “ecalled” read “ based upon." Also change the last
“and" to ¥ wlﬁnh."

P. 479. 23 lines from bottom, for 20, 21, 49, 49, read 5, 24, 154, 154,

P. 485, 26 lines from bottom, after * then 52" read “ porp. to @ b."

P, 458, 15 lines from top, for Fig. 94 read Fig. 94

P, 483, 8 lines from hottom, omit the sentence * In neither case” down to * form-
ing & roadway,” and read, “and on the samy principle every part of the
arch snstains & hor pressure equal to that of the keystone, w vether said
pressure arises from the weight of the arch itself, or from that of the
masonry and earth for forming spandrils and & roadway."

P. 504. Line 15, strike out the sentence “Some of the a2-ton blocks,” ete. Tt was
taken veurs ago from the Min. Proc. Inst. C. E., vol. il., p. 489, but is
certainly a mistake,

P. 517. 41 lines from top, for 18 years read 40 vears. ;

P 518 Table, for ' Fort Orford, Cal.,” read * Port Orford, Oregon.”

P. 528. 2 linea from bhottom, for a b read a ¢.

' Lines 21 and 25 from top, for * rectangular" read * rectilineal”

P, 568, 22 lines from top, for p. 262 read v. 562,

PHILADELPHIA, June, 1875.



638 REPORT OF THE CIUIEF OF ENGINEERS. T

Reference is given to the work of Mr. Adams as far down as bench G; below that
point an average height is taken for points at which there is a slight difference between
Mr. Adams and Mr. Collins. The accnracy of these gentlemen is very creditable, and
it is very satisfactory to me that in the two check-lines thronglhout the whole length
of the survey the avernge ditference is only 0°.044 perimile of line run, These vesults
may be relied npon as genuine and absolute as given, each having been obtained in-
dependently and being entirely free from any “ judging.”

In the survey of Toue's Bayou I was present during the running of the last part of
Mr. Adams's level-line, and when he checked upon his first bench, after a ran uround
by the river aud Tone’s Bayon and back by the line suggested for a cut-off, a total
distance of nearly sixteen miles, the result was a difference of 1.65 feet, or /.01 per
mile, which is well within the limits allowed for snch work., The travsit-lines down
the valley were of course subjected to the same test of comparisons with ecach other,
and with very satisfactory resalts. The line of Mr, Ripley was entirely chained or tri-
angulated, triangulation being used ouly in crossing the river and bayous. Mr. Col-
lins used almost cntirelﬁ' the system of stadia measorement, his line passing over a
region quite impracticable for chaining; while that of Mr. Ripley, thongh through
dense thickets of vine and caue, was almost always the firm and level bank of the
river, from which it was impoessible to depart for any short cut, owing to the swamp
always found a short distance from the river. The table usad for computing the dis-
tapces read by stadia rod was that computed by Mr, Alfred Noble in the engineer oftice
at Milwaukes. The azimuth of lines was determined by observation on various cir-
cuwpolur stars at elongation, an agreement of observation on two stars being
always required. Observations for correcting azimuth were required as often as ouce
in five miles, aud slight deviations in azimuth corrected back proportionately toward
the point of last observation, the total error in azimuth being divided by the number
of stations, and the fraction thus ohtained added to or subtfacted from the reading at
flach station. The results thus obtained shoew a satisfactory agreement in the two

nes.

The co-ordinates of every station of both lines have been computed independently
by two persons, and the ditferent points of connection found to dufer in position as
given by their co-ordinates, as follows:

Table showing transit connections.

5 5 Total differ-| Difference
Distance, Co-ordinates H. C. R. | Co-ordinates H. C. C. Shee. per mils.
< 2 | & e | B
Station. : & G ;c 3:,; & 3
H.C. R/ ELC.C.| Sbuth, | East. [West. South. | East. (Weet| 3 |25 | 5 |23
%= a2 2 |2
= o s F aF
=1 = | =
i Miles, | Miles. | Feet. | Feel Feel. | Feet | Feet.| Feet | Feel.| Feel
. [} 0
C )43 .. 11.35 1600 | 85,785 l...... /5411 | 85876 }........ 3, 370 o1 159 33 39
C L= 62.. .3 12 67 | 40,301 a9 495 Tl PR 45 100 23 3.0
C ] 64... 6. 67 1200 | 62,953 | 13,249 % 12,911 145 333 7.8 158.1
C /A 46.. 1406 15,34 113,227 B iy R BRI ) R e 139 412 53 111
L B 20. 00 15,33 158, 749 | 18,995 |.. 18, 532 180 313 3.1 8.9
C T 1. G0 3. 60 ;170,735 | 20,002 |... 20,032 |.. 177 20 | 21.5 24
C % e R 5. 40 173 157,184 | 19,631 | 19, 631 |.. 52 0 7.3 0.0
CA i 250 2. 00 il&O,Tlﬁ 23, 156 25,789 a1 33| B2 1.4

C /A siguifies ' conpecting station.”

In this table are compared the stadia and chain measnrements, the latter made by
an experienced and very carefal echainman on a well-cut line, on almost level ground,
An excellent steel chain was used, tested by a Chestermun’s steel tape-line.

The value of stadia measurements is well shown by this survey. It is safe to say
that Mr. Collius eould not bave finished half of the work actually accomplished had
he been dependent on chaining and triangulation.

The ehain measurements of Mr. Ripley’s line are adopted as correct, and the posi-
tion of stations of the west-side line corrected back from every union station.

The correction applied to the position of each station is proportioned to the length of
the stadia reading by which its poesition was computed.

The instruments used were Gurley's 12-inch erveting telescops transit-theondolites, 7%-
inch horizontal limb and 5-inch vertical limbs. The levels were Gurley's 18-inch Y
levels, erecting telescope. Both lorizontal and vertical limbs of the theodolites read
to minutes, ‘

e eyt

s i

e Sy I e ————
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Much dissatisfaction with these instruments was expressed by the assistants. Their
objections were these: ?

“irst. An eccentricity or imperfection of graduation of two minutes, more rarely
llmije minutes, was frequently found in the reading of the veruniers of the horizontal
limbs.

Secoud. The cross-wires of the telescopes, particularly of the theodolites, were coarse,
and, what was worse, soon became subject to change from variations in temperature, or
amount of moistare in the atmosphere. Some of these wires were replaced by Mr
Ripley and myself with freshly spun field-spider webs, after which they gave no further
tronble ; but the delay of sending Mr. I'ox's instrument to me for this repair cost his
whole party fonr days’ loss of time. Mr. Ripley was fortunately able to replace the
wires of his own instrument without delay.

Third, The clamps of the levels invariably distnrbed the borizontality of the tele-
scope, so that the use of the clamps and tangent-screws was necessarily discarded and
the telescope direcled to the rod by careful handling.

Fourth. The needles appeared to be coarsely monnted. Mr. Fox's needles could be
moved 4° out of the magnetic meridia by careful movement of the tangent-screws. On
examination, I found that the pivot on which the needls moved was very coarse, and
the jewel nt its Learing rongh. I replaced the pivot by the point of a cambric-needle,
after which the needle swung freely. The attached level of Mr. Fox's instrument be-
came detached by the breaking of the solder of its support at one end.

Fifth. The brass appears to be very soft; the heads of the capstan-headed adjusting-
screws broke out, and had to be replaced at considerable expense aud loss of tine.

Sixth. The adjustment for spacing the stadia wires disturbed the adjustment of the
line of collimation,owing to the imperfection of the finish of the work on the diaphragm,
and the sliding pieces which earry the stadia wires. The slides wedged iute the
diaphragm in some cases., An easily adjusted and stable device for carrying stadia
wires is, I think, still & desideratum, at least with this manufacturer; the power and
clearness of {he telescopes do not come up to the requirements of this work, or of any
work more extensive than that of eity and township surveyors. I have not compared
these telescopes with others having like them an ereeting piece, but as I am familiar
with much better glasses which invert, my comparison is made with the latter, and
very much to the lTiSﬂdYﬂl]t&ga of the former.

I see no suificient reason for obstructing the passage of light by the lenses of an
erecting piece.

(& surveyor who cannot in half a day accustom himself to the use of an inverting
glass would probably do better in some other vocation.)

The tiwe Jost in early and late work by the use of a glass requiring a strong light
is an important cousideration.

In the hands of an assistant who wishes to make as much progress as possible, the
number of extra settings a day which a clearer glass would enable him to make would
soon pay for its greater cost,

The theodolites bore sigus of having been in use before, and of being bronzed to ap-
pear new. These signs were certain initials cut in different places and the marred
and battered appearance of adjusting screw-heads and other serew-heads. A second-
baud instrnment may be as good as new, bnt thess were bonght for new instruments
and the price of new instroments paid for them, That good work has been done with
them is due, not to any merit of their construction, but to the readinesa of the assist-
ants to perceive their faults, and to the care taken to avoid errors therefrom. Mr. Col-
lins having expressed b wish for a device to increase at pleasure the length of his tripod
legs for running lines in shallow lakes, I had thres legs made of dry cypress 73 feet
lonyr, tapering from a diameter of 2% inches to § inch.

The larger end was bored 18 inches with nugers of three different sizes, giving a
hole for the insertion of the erdinary tripod leg, with three points of bearing for the
inserted leg. An additional length of 6 feet was thus given to the tripod, and the
instrument could be set up in 10 feet of water. For surveys of the kind of country
fonnd in this valley, and in details whera the greatest accuracy was not required, this
deviee was found to be very serviceable.

REPORT OF THE CHIEF OF EXNGINEERS.

HDISTORY OF THE RAFT OBSTRUCTION OF RED RIVER.

According to the testimony of the old inhabitants familiar with the region of the
Red River Valley, from the mouth to the present raft region, and from information
which I bave been able to glean from records, as well as from a study of the present
coudition and mode of formation of the raft, it appears probable that the ancient ehan-
nel for the discharge of the Red River water was the Atebatalaya, or some other chan-
nel in the region of the present valley of the Atchafalaya. Probably Bayou de Glaise,
Bayou Bauf, and the numerous other bayous whose windings puzzle the students of
the maps of the region, have at different times carried a part or the whole of the waters
of Red River to the Grand Lake and Atchafalaya Bay before the Mississippi received
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