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BEwARE OF IMN'ATIOH

CARNEGIE LIBRA
~ PITTSBURGH, PA,
NOTICE.
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i equally important advantages, withou!: sbeuring L the cuatumar ;my

i general réquirements.

~ anents and matters pertaining to them.  This is, !:lm'r'e';ul, often 5o volnming

5 ~ il be fuuud fully stated ht:l'e.ln., thus saving hoth us and onr nunrkapuuaen

‘asmuch aga correct anderstanding of t].lB-hl_ mx.tt.r_ra w:]] resultin & m

We do not exchange new, or keep second-hand 1nat.rnmm:m .lflf #-ny
Weilo not sell instruments on the installment plan. 3 :
Styles and sizes of the many kinds of instraments enumerated in th

cannot be varied from, sinee all the standard patterns from which the diffe

are cast are made of brags to insure best and uniform results,  Any chan fron

them often would entail only extra expense, and lead to the sadrifice Dt uﬂmr; i

b3 Dbenefit, . i
The eombinations posgible with éach pm'tlc'uiar type nf instrument dre.
om the page opposite its :1::1:1 and as & role ure 2 Lumplctﬂ as to méﬁi’- EpQE 11

Oy patron: will confer a great favor by plamnﬂ ths'lr urdam \#Jﬂl uﬁ
. avoid mistakes often made when third parties are intrusted wrth 1.].1!31:1,.,
~ awhich we cannot hold ourselves responsible, o
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’ hmng frequently repetitions of matters already fully explalned i our Lo
© —ag to become a serions burden o cour time, since most of it 13::1{11193 D]H‘"_
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mation on any point, before wiiting, as it has been prepaved with great_i cat
- ﬂetaﬂ and fully illustrated at o large exponse and furnished with 4
with the express ohjeet of suppi:riu as far as possille, all the ma.trur.tmna
~ required by intending purchasers. T'n most instances the win.lled-jﬂ'r eluid

*needlegs laboy, . In case the Iniurmmtmu desired 18 nog here grivin, wo 'm].i._.
Cmueh p]:—-mure in supplying the same to the hest of our abihty et T
C We ezpecially invite a carveful perusal of those parts gwmg ﬂirﬁ:}tﬂ;mi ]
~elean the lenses af a telescops, and fiow to take care of dind to a-'_{rusi J‘nsm "

' -aﬂiu‘:cmy of the instrament, and the amug of 'uuch valuahlg u-ma, ;
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Characteristic Features of onr Instrutuﬁntsa

1. Simplicity in nmnipulm:[cm.
£ 2, Lightness, combined. mt].l ﬂt.rength
R #. Aceunracy of division.
4, Achromatic telescope, with high pmer. z
5. Steadiness of adjustments umler Tm'vhlg‘ tenlpern
6. Stiffness; to avoid any trémor even in a strun;,
7. Fine workmanship throughont, © ’ e
5. Adapted to trnp]c:ﬂ Dunﬂiﬂuns.




Testimonials.

Divector's Roowms, Coliege of Clvil Engineering, of Corpell Uafversily,
fbaca, N F , Aprdd 1o, 1iog.
C, L. Beraet & Sons, g Province Courl, Boston, Mass,

Gentlemen: — In answer to yours of the 7th inst., 1 am pleased to bear testimany 10 the excellence of your
work as instrument makers,

We have here in aur equipment 3 large number of transits and levels, and none of them, with perhaps ane
EXCEPIOn, AT sUpenor 10 yours in excellence of workmanship and effectiveness in details,  The exception
referred to s the work of an antist lang since dead. £

The last dumpy level we bowght of you is an excellent ingtrument in all respects, bath ns o the soialle
sensitiveness of the level, and the saisinctory performance of e objective.

Vary truly yours, E. A. FUERTES, Directar and Dean.

Nea Roekelle, N, V., Apeif m, rigg.
Mesars, C. L. Bercer & Soxs, g Province Court, Boston, Mass,

Crentlemen: — YWour favor of April & at hand.  In reply will say that the light field transit (special),
of the number 3 class, instrument number @940, has been used in my feld work and tested thoroughly with
results as follows: -

Instrument, light bat very steady,

Plates, _gm'h. Eeading w 30" and not 1oo close with the magnifiers attnched, Inverting telescope, all
that could e desired. Dc:ld:l.'llj' prefer it to my other -u;r¢c.|i.||g wransit tebescope, the field being clearer amd
mape brilliant, i

Bearings smooth and seemingly perfect.

Vertical |:.'i'r{:|¢,_wi.th double opposite verniers, a fine piece of work, which I hardly expected would shaw
such perfect centering, j

Level on vertical circle, a great convenience in topography with stadia,

Reversion level, Could hardly pare with this now, as when vertical circle is not in use, 1 use the level
reversed, banging it to the top of welescope and directly under the eye. T am unable to discover any error
i its use either abiove or below the telescope.  The bubble is very sensitive and admitz of the best wiarh.

Fixed stadin wires. Under repented tests fail to show any errors in spacing,

Davis solar.  (uite necessary on soms work,  Easy to attach and no extra weight.

Seriding level, Have wwice purposely thrown the axis out of adjustment o test whether striding level
wruld bring same absolutely horizontal, as well a8 o test the rings.  Each te, alter bringing into adjust-
ment with the level, the ordinary test by sights failed to show any discrepancy.  This makes the adjustment
simple and easy and the matter of a few minutes only. !

In the first work done with this instrument on an extended Rl.l'rt'tﬁ'.' twelve anples were taken and five in-
strument points were occupied and straight lines extended over very hally country.  Angles were all taken
and read on A and B vernicrs. Were then repeated and read on both verniers,  One repetition only. A
vernier single angles gives ten seconds too much,  Mean of A and B vernicrs on one repetition gave six seee

todr much. hy uze larger and heavier instruments?

Yours truly, L. E. VAN ETTEN, Civil Engineer and Surveyor.
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& 8 Dep, Mimerad Surs
Houdder, Coloypado, Aprif rr, 1o,

Messrs. C. L. BercER & Sons, Boston, Mass,

Gentlemen: — The pumber 4 Mounezin, Mining and Reconnaisance transit which T received Trom you
last December has been greatly adusired by 2l the mining engineers who have seen 1t You will remember
that I had many consultations with vou and hesitated for some time before 1.a|."".'1!'lfl:n order for o number 4.

Winie Frequently assured me l;hm!i' woltld not regret ]13\.:i.||.g: _nrde:red I:I'!z number +_=i2e;_I AsLure you
that I di not regret having done so. By object was Lo comlbane lightness with acouracy in an instrament. 1
belicve 1 have ;:mmpligggd my object. 1 have tested the little instrument many times aver 3 standard line
and I find that it is os relable as otber makes of instrument of larger size.  “Ihe graduations are clear cut
and can be easily read without the aid of a glass.  The levels are extremely sensitive, both on the telescope
and on the plates. : . y :

The main telescope has a large feld of view, and objects seen through it appear very clear cut and dis-
tinet, This feature has been especially noted by other engineers.  The design which enables your patent
auxiliary telescope to be used either a8 a side or top telescope for vertical sighting is very simple amd the
change from the ssde to the top or odce oersa is Eﬂtl[;.r mndee, ; i

'ﬁe lizhiness of the instrument, togsther with the interchange able auxiliary telescope, especially recom-
mends it for underground work. Al the abeve features render this size of transit very desirable jor an engi-
neer whose work covers a large section of country, and [ cheerfully recommend the number 4 with the

h 1l bers of the profession.
PLLoment b AN AR “1,?*;” rc-s.pecp EI:IETJlIy yours, C. A, RUSSELL, Mining Engincer.



Winima Copper Company,

Faeendand, Wich,, Aprid 13, 1.
Massrs, C. L. BEnces & Soxs, g Fravince Court, Boston, Mass,
~ Dear Sirs: — With plensure [ can testily to the splendid qualities of your number & mining teansic and
mterchangeable top and side welescopes,  Tuis the most convenient and serviceable instrument 1 humlcw:
used and s aceurate as any of the same size.  The interchangeable feature of the auxiliary telescope is an
advantage that can only be fully appreciated where one has work w shafts dipping from 6o 1o 8o degrees.
The compasition metal you nag 12 [Eu_- hardest and roughest 1 have ever handled and stands rough usage and

wear in f remarkable manmer. i
Yaurs truly, F. W, DENTON, Agent,

Conrfaiio def Fereacaredd de Chituadna ol Paclifica,
Camp K b7, Apedd 15, 1803,
C. L. BERGER & Sox=, Hoston, Alass.

Centlemen i—Am glad to inform you that transit number @ (number 2025} which 1 baaght of rfirm o
few months ago has proven o be o fitsteclass instrument in every respect,  The graduation and welescope are
very good.  While using it as o level we do more nccurate work than we do with the levels of another firm
good reputxtion which are principally used on _|I:i5 road, 1 have ¢hn:r_g-;_4}1' about eighty kilometers of work
here and can truthiully say that 1 have found it the best all arcund transit T have ever used, 5

Yours truly, G, H. STRANAHAN, Resident Engineer.

Fhayper Schaol of Ured? Engrnecring, Davimentk Colfepe,
Hawnover, N. K., Apeid sz, n
C. L. Brucer & Soxs, R X500

Gentlemen: = Aiter a long and uniformly satizinctary experience with your instruments, it iz your dus
that we make proper scknowled gment.

Filtean years ago we bonght one of your number 1r, complete transit theodolites. It has been in regular
{but careful) use with our classes ever since, during fifteen weeks every year. Yei, & year ago, at the time
of general cleaning and adjesiment of our instrements, ney assaciate assured me that he considersd *° chat
B, & B, transit™ a5 good as new,  And he verified the opinien by some very goad wark {for a 2o second in-
strment) done by bath himseli and some of the students in azimuth observations on the sun and on Polaris,
1o locate meridian.

We have had ane of your dumpy levels in more severe use about seventeen years, It has been loaned
and caeried out of toewn aml used h}r our siudents every yvear, fad we fane devn corefuf fo Lenp 1d i
order.  Although the opinion is rife that o 2 dumpy " 2 only good enough for architects, builders and [and-
scape gardeners, we have learned to have great respect for that instrument. 1t retnins adjustment with great
constancy and for along time.  Chur students, in preliminary practice, commonly do etter work with it than
with & wye bevel, ; I

A shorter experience with some of your ordinary transits and wye levels demonstrates their singular ex-
cellence in gradun:itms‘_npti.cnl e, smoothness of operation e all theio parts, and, as indicated above,
such hehavior under trying conditions of service that we consider drrafdiiiey and r.u'.-.'..-jjh]')- a5 notable char-
aceerizfice of all that we have used,  Yaur instruments survive when sthers, aiter bess service, are put aside
as o invalil corps for less important s,

Very truly yours, : ROBERT FLETCHER,

Eupinvering Depariment, 5. & W, B RN o Nebracka,
Lowenfa, Neb,, April 8, tBg.
Weaars. C. L. Bercer & Sowns, Rostoen, Mags.

Gientlemen ; —_'I:rnu.t.il ||.||!|nht'r tly, purchared from wyou the first ob the YRR, has received a ve
tharaugh test and i1 is 'I.l:ll{'lll.‘-lll.'e t0 yoan to state thas T am thavoughly pleased with it In snowstorms, wind,
and every temperature it has beld ats a i|.|.s-1m|.'ntlwe'l|. [ am particulady pleased with its etability o the
windl, its lighiness and the cleamess of its graduation.

Very truly yours, F. T. DARROW,.

Metrapaditon Seeeet Rodlway, Electricnl Constractdon Depariment,
Neww Ford, A paril 1o, 1599,
Messrs, C. L. Beepcer & Soxa,
Drear Sirs: — In regard o the behavior of e instruments 1 bought of you last Tanuary, T wonld say

that as E’u! I lave not been able te give them any very extensive trial, awever, as lar as 1 have used
thern, T finad they are all yon e o them.

Very teuly yours, T. B, WHITNEY, |R.

}’<rrr'¢'.s;!| Coad Coarprany,
Flymanth, Pa., Apeil 25, 1500,
C. L. Bercer & Bans, Toston, Moss, Gk S Sl
Dienr Messrs. @ Trunsit number 243 vecoived by us last TDecember hos been given a tharangh trial un-
der the varisus conditions of the anthracite coal mines and has given excellent results,  The sl jnstmients
B begn viaed repeatedly and been foand correct, The graduaticns are especially distinge and easily read
Vours respectiully, JOHN G. SMYTH.

Coremonsoealtd of Wasrachnsetés, Wetrepoifdan Witer Hoard .E'ug;'w.-;-f_;r;J".Ig_l.!.qrgm".;,
Bostom, Micsz,, Aprif 25, 1
. T.. Bupaen & Sous, g Province Court, Baston, Mass. 5 7899,
Gientlemen @ — The Metropolitan Water Poard, since its OTganization in 180z, has purchaged from the

firoaod Boff & Berger, of wham you are the successors, twenty |Fanrita and twenty-ome wye levels,
¥ours truly, JUOHN K. FERGUSOMN, Assistant Engineer.



SEECIMEN oF RESULTR 0F LATITUDE OBSERVATIONS

With Asivonomical Transit*®
(*TLLUSTRATED ON PAGE 18g.)

Ko of D-‘-Tﬁ {13‘?4:11 —I
I;T.:M September Means Beptembar Means
. s y

0 | n | = 0 | U | o«
G445 . F o w || 7103 o =
8520 | 5848 5750 | 5708 || Tiz0 | ss'an | eo's1 | s’ | me's0
AE56 I 1168
RSE6 | 5R.24 SB.43 | 5834 || 7194 | B957 | cod | 5030 | BoeT
BEOG 7233
6651 | 55.00 | E7.21 | 58.02 | 50.77 || 7260 | 5e.g0 57.61 | 5704
BEET Ta01
6698 | B7.33 | BB.AT | G664 | 57.45 || 7313 | B85 | S92 | sT.52 | BT.TO
AT31 7345
ATA8 | BOA4 | G904 | 60.06 | SO.58 || Ta0R | 5T.97 | 5856 | 6016 | 58.00
AT 7431
6818 | 52.42 | 60.24 | GO.5H | 50.75 || 7462 | ET.A3 | e0B0 | ALOZ | s50.89
561 T4
8881 | 5943 | 5884 | 5823 | 5883 || 7505 | 5060 | B0.8%0 | BoB0 | 596
BOE2 766 |
gggﬁg 58.27 | 5BGO | G580 | SR.50 || 7598 | 5780 | 5776 | BB.OZ | 58.19
7065 | 61.11 | 5217 | 5855 | 509.61 llmeans| 5H.53 | 50.02 | ER.Td

Besulting Latitude 42 597 55 i‘ﬁ% 012,
.83

Frobable error of a single reanit E. T. ATUSTIN, OBSERVER.

; Plymenth, Mars,, Oct. 16, 7558,

Gentlemen :— It gives me pleasure to call your attentlon to same unexpectsd resulis ohtained Aug, 2q,
1885 with theg-inch transit® lately made by you for the Massachusstt's Topographical Survey Comimission. A
triangle lying acress Herring Pond —on the iine of Plymouth and Barmstable Cos.—was selected, all the angles
were measared under nearly the same conditions of light and temperature.  The instrument was pratected fron
suit whih a large white carriage umbeella,

The methad followed in observing, wias ko set 1l instrament at o and I:r:lun repeat he angle 6 tinwes —
pepeating from left 1o right.  Then the outside angle was measured in the same direction with same nunber of
repuili{:ns = thus filling the circle. The inside a.ugle_w:u then corrected |.1:r omehall the error af the filling nf
the cirele — giving the weight to the angle of 12 printings. 1 then set at ga® and repeated the operation — sel
accompanying sketch.  The ather two angles of the triangle were treated in the same manney,

AT NOTICE,
Setring at 0 Parker and (01d Board iﬁ Reps.)  E29 B30 0040 4= 07 4 m= 23]
0ld Board and Parker 7 g 326 36 38 .7
806
" a0%  Parker and Ol Foard = ) meERrarn] 174 =T
Old Board and Pnrk.erE o) B3 BG A5 B

MOTICE,
ST STICE

AT PARKER.
Setting at 02 Old Beard and Notice (6 Reps.}) B85 27 377 5 (| =371
Natice and ©1d Board | *¢ 2 52 23 .3

TR

LU 902 (Hd Board and Matles [ *F ) @27 AT — A= BTT
Notice and O1d Board { " ) 201 32 23 B

(O]
AT QLD BOARD.
Setting at 07 Natice and Parker [ R:Ps.; TA 2 00 02,1 e 178 = HFY.5
Parker and Notlee  ( ° 261 51 01 .2

B

oL
® @0 Moticeand Parker { ) TACOM 0YE —07B=00"0 posgp.  ohneER

Parker and Notice o 7
075
Triangle.
Gettingat 0° Motiee . . . . . #32%z:av
Parkar + . . « . 68 BT B

b
L a0 Old Beard. . . . . 7 OB 00 .2

The mean difference of the two sets at each station was Mﬁo-— the greatest difference peing .50, The
mean core, for the three circles was —o™.33,  The triangle filled 180® o0’ 00™.2. 1 had no difficulty in reading
the hmb to 20, Heretofore, I have looked for such pesults from a so-inch Gambey. This is the only triznghs
I have examined, but we have repeatedly obtaived results of combined angles t-quaﬂ!r tifying.
. Very respectiully, L,Bi-[‘. ‘FAET ORDEN.
¥ The Instrument referred to is the No. 4, Transit, described on pp, 160 and 1461,



AvprryviLe, Maas., Jan 8, 1858,

Dear Sirs ; — Por many years I have been of the opinion, reasoning & priori, that
the limit of precision attainable in the ordinary field operations of the eivil en-
gineer might be attained, other things equal, as well with a small as with a large
instrument.,

This opinion is confibmed by the vesults of some recent experiments with in-
atruments of your make, to which I shall now call your attention.

For several weeks I have boeen engaged in the design and eonstroction of an ap-
paratuz for determining the exact equivalent foci of lenses. This apparatus in-
cludes a collimating telescope, in the principal focons of which are two vertieal lines;
and the accuracy of the reaults obtained with it depends upon the aceuracy of the
measurament of the angular distance between these lines as viewed through the
collimator obhjective,

The first series of measurements of this angle was made with my 4-in. theodolita
built by you several years ago. This instrument, described in your eatalogue as
“ Nou 4a,” has a horizontal eirele graduated to ba read to 17 of arve by two equldis-
tant vernlers; bat it is easily read to 307 by estimation. As to its general design
and workmanzhip, there are no changes I should wish to have inade.

The fivst series of measurements of the “ eollimator angle” were made in the
following manner: vernier 4 was set at the (P gradustion of the limb, and twenty
sats of twelve repetitions each (six direct and six reversed} were talen io the diree-
tion of inereasing readings. This covered the Ilmb up to 295 and the resulting
mean apgle wag 19 14 27 497

By the second sories, the eollimator angle was again determined by precizely
similar measurements usiog the 8-in. theodolite built by you for the Massachusetts
Board of Harbor Commissioners in 1877,

The horizontal clrels of this instrument is graduated to be read to 107 of are by
two equidistant verniers; but it is easily vead o 57 by estimation, The resulting
mean angle is 12 14 37,667, differing only 0,177 from the mean angle obtalned with
the 4-in. theodolite.

The angles resulting from each set with both instrumoents are arranged side by
slde in the following talde :

RESULTS FOR COLLIMATOR ANGLE.

Heef, din. dnstrament, Page LG Biw, dnstrament.  Page 16885
No.db. XNu. 12,
PSRl [ 5, L R e sy i, (o | L. L
7 Bl Saars 7.7
-1 - o 21.3
T T e e e 2.6
a0 ... 0.7
1 T b ]
BHT e AN ek w e s R 2.4
. 2.7
27.5 2506
.0 . 23,5
- s B SR S e bR
25.0 4
= 8.3
BT crarniiiin e e 7.1
.1 I B 28,1
215 o]
-2 P P e 9.4
a1 7.1
27,5 .7
a7 7.7
Mean ; 17 147 27 407 1% 14F 27.aE

The probable ervor of the mean angle with No. 154, as computed by the method
of least squares, is & 0.107.  After the observations were finished as above, Sect.
VI was repeated with No. 154, the rezulting angle being exacily the same. I am
inclined to think that the small variations between the angular values resulting
[rom each set are due to the graduation rather than to errors in pointing. In any
case, they are eertainly well inside of what might reasonably be looked for in the
best instrument of its size. Very truly,

Frawors BLAKE,
Late Assistant UL 5. Const Survey.



23 Couvrr Sterer, Boston, Mass,,
Jun I 18,

Messrs, C L. Biroer & Sons.—Tt lately became necessary for me to bisect the angle at
Powderhorn *= between Boston State Honse and Governor's Island 25, T had the six-
inch transit, No. 1665, lately constracted by your lirm. I give you the resultant
figures : —

P M, n. A Mean of Mean of Correction
Virmers.  Angle Seconds.  to fill Cincle.

Gavernor's Island %) 1.00 3 o an a0 0 B o
Ames 5} Dy 42 2 T

b — 5y o 1 1noge 11 30 4 T8 55.0

H — 146 22 3o 22 30 22 30 5000 N

6= 39 1 0 i o TR et b
Ames 5 6 —z2g2 a4 3o 4 33 5o )

Angle, 42° 11" g1 14

Btate Howse 2 T o= 296 g3 30

6— 3ty 33 3o i3 e 33 3> 408 ﬂ-'.--'f"ll

6= 34 3t 15 ETE T a0 -

§— 7 ol F ad 4% ol 4% 1.0 it
State House (2 b= 31 56 3o 6 30 % 30 of 518l : e,

Angle, 4 o8 og's

Governor's Island 35 1 — 345 36 30 sl i

6= 1% E7 oo 57 00 7 oo 31§ 40 0g |

6 — g 7 39 57 18 57 30 =41 5

§ - :‘I_','; 55’3 = 5% oo 5% oo n'g,!' T-no == =T

& —a3m 5B 3o ¥ oaa §% 30 as |

Angle, 3 3% 40" o479
The apparent dizerepancy was found to be cansed by the fact that the pole at Gover.
nor'a Island 42 was three inches off the ecentre in & line towards Karney &, and the true
angle was computed. This result was produoced by eareful manipulation of the transit,
ghading it with an ambrella, and protecting its adjustments from all jars by the most
delicate handling after it left your shop,

Yours truly,
Jouw K. MoCumwrock, A, M.

More — Read from Jeft to right, Subtract down. The reading of the first set of six angles, viz., 245% 117 30",
tlsy 11 30,
divide by six: .y [, g, ontinue this method.  The single angle is recorded 1o pive the number of de.

grees and minutes, and is called the rough angle.

Orrice oF Cousty BunvEvoR
oF Ounay Coosty, CorLonapo.
Ouray, CoLo, Aug, 28, 1801,
Merssrs, O, L. Berckr & Boxs, Boston, Mass.

Gentlemen : — At the time you sent solar transit yon asked me to inform you of its
merits, It is withont donbt the beat T have ever used. I have used it constantly for
the past six months and tested it repeatedly on a stellar meridian, and always checked
within less than one minute of are, and have never apent one minute adjusting it

Yours truly,
F. L. BipDLECOM.

Loudsorlle & Nashoile Raidroad Company, Office Readmasier,
Gaffetin, Tewu., Fuly 2, rigo.

C, L. BerceR & Sows, g Province Court, Bostan, Mass,
CGentlemen i— T have your favor of the 22d of June accompanying transit number 2056, T find this to e
a very fine instrument of courss, as 1 have boen advocating the purchase of transits from your firm since
uly 1, 1887, 1 had thres years® experience with your instruments oo the Mew Croton aqueduct ot New
ork and when 1 come to the L. & N.R. K., in 15387, 1 urged the purchase o one or more of them Tor our use
but this was not dane as we had a supply of other makes on hand. Dhuring the past year we have pun:ha:erl

i think they have given great satigfaction.
e e v '!l"ml.g :rul*?. A J. LAME, Roadmaster.
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ol RivorT or THE C"”:m-‘“‘m”““‘ To mis ExceELLEncy THi Goverkor or MASSACHUSETTS,
OF THE TOroGRAFHICAL SURVEY 0F MASSACHUSETTS.

= Waskingten, D.C., Peconsder, 1863,

Lo m‘:‘TTLi:F:T:IkrirLLAL Survey Comsttsstoners oF M azsacHUSET TS, e i » 180
secently run by I_h i the honar to submit the Epllowing repart of the doulde line of * precise wye levels”
I:i.nguigE them [mE ﬁhﬁe“ the cities of Baston and Albany.  These levels are colled * precise wye™ 10 dis.
between them ﬁTd.mth m] lhe_nr\dl..ar:,r wye levels and thase known ns * preciss bevels,”  The' distinction
things considered “."__: :':::':i‘r "‘j"!"‘“m 0 instrument and methad than in results, for 1 am inelined 1o think, all
at & great sayvin of tim ';’ a Intll‘: obtained wen: fully up to the best Amerncan and German precise levels

The Fallowh 55 bri E";n A W A5 A Comparative examination will, 1 think, prove.

made by Hm,;-% EL' B gtglplmn of the instrument, rods and methad : — The instrument is 2 new lovel,
with Mr, Berper, at d rger ons, of Boston. For several years 1 have been discussing a micrometer fevel
» SEMEeN, and at last he said he thought he had designed ome which would be saccesséul, My idea
:\;;ls:\ell;:.:ﬂln;drr_mu -.:-LLLIu_-In could be finally Jevelled with ome screw nearly under the eye-pivce, with an axis in
the forward e t” endicular te it, and the line of sight placed at point of o an, anstend of wnder
WAT a3 enls As seon as | saw the castings and wnliniahed parts of 1

level T Eel e Lagrman :ns.l:ru.u:'.
e T o pennecded instrument of high grade would be produced. For a description amd dimensin

the level 1 guote from Mr, Berger. - i

he rods wsed were of special desi ; : -2 i
L L special design and material, and made by Messes, Curley, « e N 0
drawings made by me. They were non-extension rods 1I||:|I.<Ii'c ::f sL y d :h’:ﬁ 1N:::|L|) " Iillll::}al i:i-r_a -:i:t:f:l
?;i F‘Z:Ell-'ﬂrl'ilﬁ“'r‘f_ and then plunged in boiling paraiffine. The gencr ign was suggested o me by Asnislant
‘}1'“ d"n the Coast n.n:fi Gendetic Survey, and the examination of a rod designed by | far the Coast Survey,
& dimensions, target and a part of the construction T designed with this A
Messrs, Gurley made some valuable suggestions concerning the mechanical
wods are a little aver ten feet bong, made of three picces bolted together, the cross-sects
?L’i‘"’* piccs, an the edge of which is the graduation, is 178 by = anches, and the sile striy ach 1 by 1 inch,
e targels are square hlack ||:||.-'Il|bi with vernier on one edge of square hole in the face, Tt los thres
horizontal white sttipes, the middle one being zera,  The target is bandbed with sy cnedless chain runming
aver ]'li'u.llll.'!." in eich end of rod,  The bottom end of el b5 protected a stee] plate gronnd e be exnctly
?1:“:10:11:{ ﬁ.-'.ﬂ;f.“uf:f{:" The plate is held by four screws, in hapd-wood dowels, ghiedin, The geaduation is
The olservations were made and the records ke cibh wey " I L ..- i ine af
first, back-sight, then height of insa r'.ll'll:.-'nE.l'tll'I::: il::-giag?'.\::L|Iu':}b?_.];_-li:!a;tll:l_"k;'lllj:?::ﬂll,; 1IIiI:._-r:l‘;.-I,II“.ﬂ?;tlr'-::-i:;;
?:n'légeﬂmi I'f.lll'lllfls. ExtﬂTﬁ thenll:;:ltl‘l-““'l.rh-hg[lrll':.” records were kept, ane by each rodman, ong by the bubble
s ancd ane by mysell, thus reducing the chance of a numerical mistake v & mimimum.  “The function of
the bubble-tender was to adjust the level while 1 made the pointing.  The work was begun on _'|L|||'u.- ::. I|I$q_1,
%Eﬂ'lﬂmllﬂ Ak Imn::l'_.\ on the Boston Art Muscum steps, 14.717 feet above mean sea level, and 5,300 oot below
oston datum,  Thiz height was kindly furpished me by BT, Minoe, of the ity surveyor's oifice, as being
E PoUnt iy '-h‘-"]'-"-'”"'I-"l'”’e E"‘C'“t Trom the Charlestown Navy Yard bench. It has been determined many times
uring several years and supposed to be nearer the truth than the present ane at the Navy Yard, I touched
on ather points in this same scheme and found them in excellent accord, The party consisted of twoe rodmen
a hubble-tender, as described, and myseli. [ think the duty of bubble-tender a 1.'}l."r].' important nm:.1 ns the
observer is always liable to disturh the instrument in changing his position from levelling to shserving, a
danger not wholly overcome with the attachmient of a level reflector, The method vsed was one of two simul-
P-rltf-l'-'l! lines, now ilFﬂ by the 'L:n:lt:ld. .‘i:.nbus 1..'iiasl: and Geodetie Burvey.  About once in o mile & commion
urntng point was used for a common bench as well a2 3 permarent check, though net necessary for ficld check,
.E: EVERY I'I'_::EELDE I-'Iif]:._mmeﬂf if common to both lines.” {ireat care was used fn put the insfrument midway
tween the rods, 18 was readily done by counting the rails.  The lengih of sight was regulated by the
condition of atmosphere and constantly changed, I usually sent the mds as far as T could set the targes
accurately. The work was pushed west, with now and then such internaptions a8 my sther duties in the sur.
;:3" ﬂEET{*ﬁﬂﬂd.mﬁﬁé‘wmA ewton l‘;mlﬁtl‘iﬂi on ilx’-llﬁf Ibelwhh:h"ﬂ: was in the Boston datum, with a dif-
FEoE Lt o ot. gain, at South Framingham I touched the water-works henches, with a difference
of about o.300 oo, T believe they have since been brought into cloge accord by finding a difference in the
datum plapes. Al Springheld 1 touched Generzl Ellis' (United States Engineer) bench, with a difference of
:';1;&“;' HHIMIEXEIE::;!I'I-L!E?TF. d'lg‘:'liﬁ W:.'lblfl bench in a line of levels run up immlHnrtfn'rrr], aiving the
t above sea-level ng Tsland Sound. 1t is possible that this accord may be closer, for the height de-
fcn«icd upon a low-water determination at Hartford, a thing upcertain to o100 or oo ool At Fprinngﬁcld
hcm:sed the L'ml.l'b;:m'-!l-t w":li‘e three douhle lincs, J'.‘.'ﬁ‘l::lm Trom pierhead to prerhead on the railroad bridge, and
then from every other pior, the extreme difference being c.oofi §oot, a most satisinctory necord, and, T think,
showing that we were not affected by refraction, On November o [ reached East Albany, and commected with
ome of h'lﬂ benches of the State and the Coast Survey.  The following day T crossed liul.' Hudson with four
lines, with a difference of o.004 foot, and connected ‘on one in Albany differing very slightly frem the one on
tI:IE ather side.  As this bench I?ad heen under WARET Many times 5i1'||:!= being checked, 1 q::nu_'!pdu;:] the =light
dt!’gzwﬁamknf al']mu:_l nm-quaml;mz:]h waz.hduu 1o settling, and w t-rm'e it, the next day 1 ran a circuit aboue 13
miles back o the fArst-named bench, with a difference so slight that this accord was conskdered exact, thus giv-
ing a good check on the whole line,  From a ET:I a little west of Pitsfield we turned off and mn e Perry's
Peak,' ﬁé‘-{vll‘ll in the main triangzulation, the st Survey paying the Exil:’c_lrm. as i thie Mow York Survey
from the State line to Albany.  In crossing the mountans we attained a beight of 1,458 feet, and 2,050 feet at
f' Perry’s Peak.” The twn Il_ne-s crossed and r_crrrm:g-:l each |:!h.n‘.'r ithe tntin: distance, and in no case separal-
ing more than o.qi.:hiﬂu!. This featurs of crossing st In1|:n;|u i= sirong f"-‘ldt‘llﬂ:li' of the excellsnee of the whole
line, [For list of benches see A ndizz.)  The Albany bench is uncertiin. [t was determined from New
York by a line run in 18¢7, and already a mistake of & half fcor has been discovered,  This line will prabahly
re-rin by the Const EUT;EE' The instrument was set up ey tmes, and ooy pointings mado, not count-
ing the side ]in:s_, Twenty-three m]"i[her If_lnbes ware d.v_et:rmiped.. amrd 183 permanent 'I.n.'n_che:.. n.ru]_. all, when
necesaary, described and sketched,  The distance run, including Perry's Peak, was 2oq miles.  This does not
include the running to all ponds of considerable size which came within ene-hall mile of the track. The copper
plates were placed ar the principal stations: the other henches were generally cut in rock.  Bince completing
the work, I have been called to Washington by the Superintendent of the Coast Burvey to test the instrument,
rodds and method ower o test line, a line about 1% miles, around the Capitel grounds,  Van Lean and bMe.
Clintack are assisting. I have just completed ten rounds, and the results have heen pronounced better than
the precise-level resules, thus putting the Coast Survey’s commendation on the ** Masachusetts levels,
Vary respectivlly submitted, C, H. VAN ORDEN, Aswsfend, nited Stafes Conrd Suroep.
Your Commigsioners are gratificd to quote the Ellowing letter, received from Dr. T, C. Mendenhal,
Superintendent of the Crast and Geadetic .‘Surr\ci:;:: tx;l:l’“.‘:-b‘ill? iz judgment of the accuracy and valuwe of what
we shall term e ** Massachusetts levels,” and the quality of Mr. Van Ornden's observations, a3 tested by the
results of his later level work in Washinglon: —
UmTen Stares CoasT axn GEODETIC SuRvEy, Waskisoros, I C., Jan. 5, 18o4.
e, Hexey L. WHITING, Chafrers Meioecfuredds r?zfogm drad Srvey Comanesrion, Soxfen, Mris.
e
1 L

=

WA A “The

AR SIR — I have examined witl great inferost the I of tha lime of Jevels pecently ruis by M, ¥as Usden. beiween
Boston, Mass., and Albany, N.Y. The agreement botween & 1 aimnuliassoes lines s rmn.wk.:.l-l{ch-sh rivipg ovidence that
the wheds i an excellent pece of work, [ have seeently tested the aement and mathod ssed -ﬁ- 3dr, Van en, arel the
result is such &s to glve me great conficdence in the line which he hasman. 1 do not beliove that s fng a ding has gree befone
T rum combining 8o high a degree gd’ a&n:.;mr.y urjrlh 0 slr:a.l‘l_:\: cost, 0§ will be of preat valac 1o he State of Massachusets
i thans. e may arise im the futurs.
L B e o2 e R oiee Faihtull . [Sigeed] T. €. MENDENHALL, Seperintendent,



REAL IMPROVEMENTS.

LATEST STYLES.

>
-
L
o
<
>
-
1))
L
-
<
i
o
O

a
Z
<
I
<
o
>
-l
-
Z
<
-
(1))
Z
O
&)
o
O
o)
=
(1))
-
0
Ll
O
ci
|'
—

eanilrocted fos the

with heliostar,

= | [

L | 4
Eoy5 % 0
ENE o
£ 35 2 Eq

a
g
|
il
5 82
:
ke
]
-
a
-
B

u
ound and graduated Si
n




MUV HAVHL







ASTRONOMICAL INSTRUMENTS.
ENGINEERS TRANSITS. ENGINEERS. LEVELS.

HAND-BOOK AND ILLUSTRATED CATALOGUE

OF THE

Engineers’ and Surveyors’

INSTRUMENTS of PRECISION

MADE EY

C. L. BERGER & SONS,

successors 10 BUFF £ BERGER.

NO. 9 PROVINCE COURT, BOSTON, MASS., U.5.A.

Written aml Edited by (. L. BEEGER.

FPART I.

A FULL DESCRIPTION OF THE INSTRIUUMENTS AND COXCISE DIRECTIONS HOW
T TAKE CARE OF AND AIWUST TIEM.

PART II.

ILLUSTRATED CATALOGUE AND TPRICE LIST OF EXNGINEERING, sURVEYING,
AND ASTRONOMICAL INSTRUMENTH, MANUFACTURED AXD
AOLD BY . L. BERGER & =0Xs



C. L. Berger & Sons” 307 Auntomatic DMyviding Engine,
Built entirely of Leen amil Stesl.

Thiz engine is aleo arranged that circles can be gradusted in the centesimal denombnatbons,
Chreumlerence = jqoa centesinal degrecs,

Dhegree — o B minisbes.

AMinute = 103 " seconds.



PREFACE,

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

are all of our own design and regular manufacture. Full supplies of Engineers’

: El.lld Surveyors’ Instruments will be kept on hand. The demand, however,

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

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

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

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

Uur long experience in the manufacture of Engineering and Astronemical
Instruments, enables us to unite in our Instruments the high accuracy and finish
of the European makers, with ¢he lightness combined with strength, steadiness,
practicebility and portability required by American engineers.

Having three well-equipped automatic dividing engines, with ecircles 2, 23 and
3 feet In diameter (the last-named built by the late J. H, Temple, of Boston,
Mass.), we are enabled to make graduations of rare excellence. We also have a
machine for engraving the figures, ete., on our circles and plates. Our adjusting ap-
paratus, consisting of nine collimators, for the purpose of testing our lenses, and for
correcting and adjusting the telescopes, ete., and instruments of our manufacture,
marks a new epoch in the manufacture of accurate Engineering and Surveying
Instruments. With the aid of this, we can test our instrumentz in so thorough a
manner as only the most rigid tests in the field conld reveal. In the possession of
an apparatus of this kind, we believe, we stand entirely alone, hers or abroad. It
is the invention of Mr, C. L. Berger of this firm.

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

ImrorTip IsstrumesTs.— We have made and do make Scientifie Insbrus
ments, such as Cathetometers, Spectrometers, ete., but owing to the somewhat
limited demand, and the fact that their manufacture entails chiefly the employ-
ment of hand labor, for this reason we find that we eannot produce them of equal
quality and completeness at prices prevalent with Dbest makers in Europe. In
order, therefore, to enable customers and scientific institutions to proeure these in-
struments at the lowest priees, we are giving our special attention to their impor,
tation. We refer more particularly to those used im the bigher branches of
Geodesy and Astronomy. When a greater demand for such instruments exists, jus.
tifying the introduction of special tools and machinery for their manufacture n
numbers, we will make onr own designs and improvements, and ineorporate them
in our regular line of manufacture. These instroments we can import to the
order of schools and colleges free of duty. Approximate cost will be given on

application.

. L. BERGER & SONS,
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PA RT I.

DESCRIPTION

UF THE

Essential Features of Qur Instruments.

sl

Graduation.

This very important part of a good instroment we ruarancee exect and accurately
centered, opposite verniers reading the same. The hoes are straight, thoroughly
black and uniform in width. There are two double verniers in every transit to Teml
angles with great rapidity as well as to make four separate readings at every gight,
when extreme gccuracy in the retetition of angles is required. ™ The horizoneal
circle is graduated from OF to 360° with twe setz of figures, rnning in op ite
directions (unless ordered ditferently. ) and the verniers ave marked & and B, The
figures are large aud distinet, and to aveid mistakes in reading, the figures of these
two zets of graduations, and those on the verniers, are declined i opposite divections,
thus lndicating the directions in which the verniers should be read.

Instruments intended for mining and mountain use can have the verniers so
placed that they may be read without changing the position of the engineer after
gighting throngh the teleseoge,

Glass covers protect the are and verniers from exposure,  For ease in reading
the verniers, we have adoed to mozt of onr instromentz foeo plates of growed glase,
which cast a very clear light on the verniers, in any position.  We recommend this
addition to all of our more complete tranzits, The cost will be 53 additional.

The graduations on our transits are elther on brass and silvered, or else gradu-
ated on solid sifeer.  The former we can only recommenid for the more ordinary
instruments, since imperfectionz in the brass or composition eastings frequently
impair the sraduations, and the silvering is apt to tarnizsh with thme and exposure,

To graduate on sofid sifeer adds 310 o the fivst ontlay for the instroment, but its
many advantages, great permanency and smwoothness of surface render it the only
gatisfactory surfuce for fine graduations.

The Telescope.

All of its lenses are ground especlally for uz, by the best opticians. The teles-
eope I8 perfectly achromatic, and dezigned to furnizh a Terge, fat field of view with
Righ power and yet withont logs of Mght, For thiz purpose the carvez of all our
lenses are ground by speeial formulm, The telescopes show objects right side
up, unless ordered otherwise, 4

The object-glasz has a very large aperture, and is foenssed by rack and pinion,
but the eye-picee is foenzzed by shinply tarning its head to the right or left in an
improved serew-like manner.

By & method of constroetion peeuliar to ourselves, we are enabled to guarantee
the line of collimation correct for ol distances without making use of the very objee-
tionable adjustment for the object-slide by meang of inner rings, which time amwl
experience haz proven to wear loose too readily, thons rendering thiz adjustment
worse than none at all.

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

8]t shauld be remembered that the focal length of the ebjsce glass is limited in engineering instruments and
that a high power is obtained only at the sacrifice of light. Lo obiain the [ullest ﬁtiiﬂtliiﬂl. telescapes intend-
ed for close work, as in stadia measurement, ¢1¢., should invariably be ordered to be inverting. The

brilliancy with which objects appear in sach a ule::nge. cowing 1o the amount of light gained by
;;-.,-i,nE two lenses in the e-=-piece 1s vary marked as compared with one of the same power and facal length

shiowing ohjects ersct.
+This rack and pinion motion i now 50 placed upen our telescopes that it is more easy of access by either
hand than when placed at the side, as shown in most of our cuts,




The Collimator Apparatns for testing Objectives and adjusting
Telescopes,

The Collimator unsed for testing Objectives of larger Telescopes,

Co L Berger & Sons” Auxilinry Apparatas.
Weed during ihe constroction of Lheir Tasteawents of Precision.



The telescope of the transit
; 2lese d reverses at both the eye and object ends, and i
ti.n}lﬁ::;ughl].' b:ilﬂllﬂ(!ll when foenssed for o mean q]i_t;.tmmt?, e Lo
cenm:_emt‘f‘etlfsﬂ;:pf of the_w;.re and dumpy level is also balanced each way from the
at..mehed o :: vertical axis when focussed for mean distance and with the sui-ghode

i Spirit-Levels,

@ Bpirit Levels used i - lnstr are carefully or i :

by us . Sf:mm_ sed in our instroments are cavefully ground, filled and tested

b i]l::::.?dﬂ'ﬁhe ’,t‘?_‘“?’“ f"lﬂfi.'il:.lr engim:erlug \1‘!:1:!{ are sometimes provided with an
Ty which the length of the bubble can he reralated according to tem-

perature. The levels for astronomical instrmments have ai ehambers, andd ave filled

with ether, but in field instruments ether is not admizssalile, owlnge to t_'hé high

degree of expansion and contraction in that Huid with chanees UF:..."l.p,m“.-._.,

For these we use o composition fluid that we have found to e more ser itive and

quick-neting than that used in instruments we have seen of other wekers.

Our aztronomical levels are so avound that a depression throush one gecond of
are canzes a displacement of the babble through abont & of anineh.  The enrva-
ture or gensitivencss of our levels for field instroments we adapt carefully to the
Instraments and the kind of work to which they are to be applied.  With too sen-
sitive a level the position of the bubble woull e too uneasy to work with, while
Lo lalw a sengitiveness wonld not reveal the foll qualities of aninstrument,  Persons
prr.iul-.n;i instruments of us will confer a favor by stating for what purpose they are
intended, whether for water works, for railrodds, or for general use, so that we
ean use our judgment for theis hepefit,

Gradienter Serew.s
[Description to b found eliewohers ]

This is attached to the clamp of telescope of all of onr tranzits except the plm‘n
tranzit.  This attachment waz first introduced |y Prof. Stampfer, of the Vienna
Polytechuie School. It does not add to the weight of the nstrument, and onee
uzed we have found it to be universally approved by our customers. By means of
it grades can be establizhed, and kovizontal distances, vertical angles and diferences
af fevel can be meazured with great rapidity.  Indeed thiz attachment to an en-
gineer's transit is one of the most usefnl introdnctionz in practieal englneering.
It is so universal in its application to railroad and general work, that when onee
used it will afterwards form an indispensille part of an engineer's oulft.

Fixed Stadia Wires for Distance Measurements.

We have specially devizsed an optieal and mechanical apparatus for the purpose
of placing fixed, or non-ndjustable stadia wires 2o acuurumfy upon the diaphragms
of our telezcopes that their distance apart will read 17: 1007 + on any leveling rod,
ag with the gradienver serew, thus dispenging with a special rod.

It is well known that adjustable stadia wires are so apt to change their distance
apart with every change of temperature. that no relianes ean e placed npon them
unless previously adjusted.  With fixed stadia wires, annoyanees of this kind are
obviated —they are reliable at all tines.

Ag reganrds the degree of accuracy attainable by the nze of fixed atadia wires,
experiments with our powerful telescopes, made optically as perfect as the moss
advanced optical amnd mechanical skill enables ns, warrant to say that with soma
experience and proper care the results obtained will approximate and even aqual
thoze obtained by chain meazurements, The price for this accessory in any new
ingtrument iz only $3.00, bnt if inzerted into a teleseope 2ent to us for that purpoese,
we mnst charge §10000.  We advize to order hoth the gradienter serew amd the
fized stadia wires, as each in itself, separately or jointly, will prove of great valoe.

* Stamplers Gradienter attachment for leveling instruments, as introduced by him in the year 1838 (see
Bauernizin '-;_ "p":rrnesr:nnga'l:u.m{clr s, I'_.\r.ku'tr.. mechanically mire ."uu.plh.'utm] TS tvuu.ur_;.-cl with Gur ow,
Asto .“m'l:r]u:ny of design and mampulation, we beleve, our Gradienter Arachment, as applied to sur transits,
i5 unequalled.

f In all stadia waork, the constant, which iz the distance from the center of the instrument to a point in front
wf the ohject glass equal ta its focal length, must be added to every measurement.  Thus the constant in aur
transit IWo. 1, with inwverting lulﬁcnr-q. measured from centre of the instrument, is 1.3 feet; same instrument,
relescope erecting, I-15 feet.  “I'ransit; size as in Noo 2, telescope inverting, 1.15 [eet; same instrument,
telescope erecting, o.g4 feet.  In our 18-inch Wye level, telescope erecting, this consiant is 1.78 feet.



b

Tangent Serews,

These are made of Aluminum bronge, or phosphor bronge, and sometimes of per-
toan silver, and are provided with strong spieal gprings of german silver, which take up
all the dead motion, no matter how long the serew may be in nse, or how worn.
Thay are fras liable to get out of order. by blows or accidents, than any of the ex-
isomg tangent serews, aml require little ar o attention on the part of the engineer.
Tlere is no strein on either plate when the instroment iz elamped, so that the levels
are mhalfected.  They ave set and turned with the greatest ease, following the move-
me 182 of the finzer instantaneonsly with mathematical precision, awd do not seratel
the plate in revolving mstrament. We confidently recommend this form of con-
struetion to thoze who have not need onr instrnments, as the best possible ; super-
sedifig the nznal methods by means of two 0pposing screws. or ball tangent serew,
grestiy in point of convenienee and accuracy, anld equalling them in point of stendi-
ness, By this construction we are also able to fit onr upper and lower eirele plates
a0 suugly that it is impossible for dost to enter between them.  OQur leveling instru-
ments have the elamp and tangent serews so placed that they can be reached by
either hand with the same readiness.

The Compass.

The Compase eireles are graduated o hall degrees in quadrante from 07 to 807,
The needles ave made of superior steel, and tempered all over. A coil of fine wire
attached to the enid pointing South balanees the needle for onr latitnde, which must
Tz pe-halanced it the instrmment 12 nzed forther north or south of this latitode, and
mnst he entirely reversed if uzed on the southern hemisphere of our e:ll.l't.h. Ata
eozt of H10.00 a variation plate ean be placed upon our surveyors’ transic to set off
the variation of the needle for any particalar loeality. A stationary pointer just
above the gradoated ving at the Sonth end, and proteeted by the glass-cover of the
compass, indicates the line joining the vertical plane of the line of collimation of the
telescope, By weans of o milled-leaded out, alse at the South end of compase,
gerving hoth as o handle and ag o elamp-zerew, the gradoated ring can be turned
pazt this polncer towards East or West as the case may require.

} flfripod.

The form we adopt for our instruments is an improvement over what is com-
monly termed the = split leg ™ tripod, nsed extensively in Europe, which unites the
gredteat steengti cid steadineas with the least weight, The tripod-head is cast ina
single casting, to avold all small serews, as well as to attain greater stiffness.  For
the lers we use the best fine gradned white ash, taking partienlar painz that the
grain of the wood ronsg in the diveetion of the leg,  They are still farther goarded
against all possible aceideats by having wooden tongs inserted at their top.  ¥When
folded, our tripod is better adapted than the ordinary form, for carrying on the
ghoulder without frvitating the place on which it rests, The good gualities of this
over the ordinary round leg tripod provided az that iz with anyielding brazz cheeks
to “tighten™ the legs, are so great that there is but one opinion regurding its real
advantages, and wea gladly hear the greater expense incurred in its manufacture. The
cast-stee] shoes have projections for the foot, to aid in pressing the legs into the
ground,  Our levels and transits both ft the same tripod, and are of equal length,

Shifting Tripod.

We have also adapted to all our engineers’ transits the shifting tripod or shifting
certer, by whicl. alter an approximate setting of the tripod, the traonsit can be
immediately bronght over o poiot on the gronnd.  Thiz deviee we alao attach to
our instriments with three leveling serews in o most perfect and simple manner,
and without impaliving their steadiness and portability,

Adjnstable Plumb-Bob.

We furnish with all our transits 2 small brass chain and hoolk, which are
eonnected to the centers of the instroments. The cord of the plumb-bob ean he
readily attached or detached from thiz hook, and by weans of o neat, small and
ghuple device, (alzo fornizhed with every instrument,) the plumb-hob ean be ad-
Justed over the ground at any height, with hardly any effort on the part of the
elginaer,




INMumination of Cross-Wires,
For Mining and Tannoel Transits.

Thiz consistz of a small hole drilled thoongl the transverse axiz of the teleacope,
and closed at each end with small glazs plates, to prevent dust entering the tele-
seope.  Lnthe center of the teleseope 12 placed o small mljustable reflect rrhw TITCTIT]
of whirh the cross-wires can be very readily illuminated in the mine or tunnel by
tha reflection of the lizsht of a lomp placed on o small table, which is attached to
the etandard.  This lamp is provided wicth o gronnd lens,  Thiz method of illomi-
nating wires 18 the best known to astronomers 3 it i3 the engiest to operate without
assiztance, or a change of lamp or position of the telescope. It can be applicd to
all our transits.

[See IFoad Cud A strenommical Susivruments.]

Arrangement for ﬂﬂ*sett-inﬁ at Right Angles.

Upon unzerewing the small adjustable reflector in the center of the teleseope,
which iz explained in the foregoing paragrapl, a yurli'r't Line of sight is had at right
angles to the telescope. By shmply sighting through the axis, offsetz may be
conveniently established withont l“!—illl.]'hﬁlf: cither clunp or telescope when the eye
is brought cloze to the instrument; its applieation is, however, limited to even
ground, To uze it onan uneven ground it is neeeszary to place the eye at a dis-
tanee of twelve or fifteen inches from the instrument.  The head should then be
moved until the eye is in line with the openingz of the transverse axis.  An offses
can then be aligned irreepective of the height of the instrunsent,

Quick Leveling Attachment.

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

Protection to the Object-Slide, &c.

A rain and dust guard for the object-slide is now furnizhed with all of our
telescopes, and to insure smooth working of the object slide and teleseope tube
hoth are made of a non-friction metal. The gradoation of the horizontal eirele,
the centers and such other important parts that are liable to injury by the action
of duszt and water in the teld-use of an instrument, are entirely protected.

General Construction.

In regard to the general constraction of our instroments, the dead weight is
removed wherever it iz shown to be not essential to the stiffiess of the instrunent §
but we have at the sane time strengthened the parts most likely to be injured by
an aceldent or fall.  “Lhas the base of the standards, the veraier plate aud eirele, the
petrallel plates for leveling screws, the felescope dris, the fanges of centers, cross-har
af tevel, ete., are made ezpecially vigid and provided with riba.  Instead of findzhin
the smaller pleces of anlnslroment separately and then joining them with emall
sorews, or solder, each screw or joint being a weak place in an instroment, we have
adopted the opposite principle, (at an lnereased expense to us, ) anld aim to unice as
many pieces as possible in o single easting, whicl casting, by means of vibs Is made
as light as consistent with strength.

We also eall attention to the exceptionally fard bell-metal and phosplor browze
need for onr centers and telescope axiz, which are fong and wnyfelding, and the
remaining parts are of a composition metal, which is itsell korder than hammered
brags, or red composition, used ordinarily for centers, ete. It is more ditficult to
work, but we avoid the objectionable softer brass in its use. Expericnee has
proven that soft, or hammersd yellow brass is unfit for a good fleld or astronomieca
instrnment, since it is more liable to fretting and y!ei ing f enerally, and in the
hammered state its unequal expansion and contraction a, different temperatures
may be so marked as to impair the reliability of the adjustments.

Alominnm hronze eontaining 907 copper, is also extensively applied in our instro-
ments on acconnt of its great tensile strength, . :

Almuminum alloyed with small percentages of silver or copper must be uﬁedl with
caution on account of its softness, [See Aluminung: for Instruments of Precision,
page  25.)



The Focal Length Apparatus,

Used to determing the Tocal length of an objective from the optical center, as well as from Lhe
seennd principal point.  The latter by attaching o micrometer microscope at one end of the grad.
mated bar and measuring with it through the objective the wire interval of the collimator A.

. Lo Berger & Son=" Anxilinry Apparatus,

Taed dwring the construciion of iheir Tastruments of Preclsjon,
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The Finish.

It is a well-known fact that the black finish has one ohjection. It abisorbs the
heat veadily, and therefire is apt to expand on instrument unequally, and theveby
deranges its aljustments.  We therefore consider it necessary to tinizh certain parts
of an instrument In a bright but seof gloring fieish — Ineluding the upper plute, the
standards and the telescope in the transit; the eross-har and the telescope in the
wye level, ete.  All other portions may be fludshed and bronzed before laequering.,
Thia finish gives o vory fine appearance to the whole fnstrument ; it wears better
than black, and iz in better taste,

Customers desiving to have their instruments finished entirely in bronze, how-
ever, ean do so by notifying us of their wizhes,

Cloth-Finish.

It iz so ealled becansa the parts of an instrument 2o finished have the feeling to
the hand of being covered with eloth of o very close texture,—there is no further
resemblance to cloth however.

The prineiple is borrowed from astronomical instroments, where it iz neceszary
to cover the surfaces with smne non-condneting material in order to avoid disturb-
ances in instrumental adjuztments canged by anddenly varving temperatures.

We have adopted this prineiple with the view of secaring the smne resnlts for
onr finer transits, wye :me dumpy levela, Some of these levels are sensitive to a
depression of a single second of are.

Imztruments finizhed in thiz manner heat up or eool down very gradually,
canging the minimum derangement of the adjustiments, and being of o dark brown
color, this finish unites all tﬁe advantages of a bright finish with the convenience
of having a dark eolored Instrmment to use in the sunshine,

As rezards dorability, 16 will not gnite equal the bright finish, bat is superior to
the bronze or black ; this fact, eonpled with the ease with which it can be restoved
at any tlme, leads us to recommend it in all cases where engineers do not care so
much for an elegant appearing instrument after a number of yearz, as for an
instrument in which every precantion is taken to avold the intiuence of sudden
changes of temperature. : ;

In finishing an instrument in this manner, we are not obliged to polizh itz
gurfaces so finely, and thus can offer onr transits with standards finished in this
manner at 85 less than when finished in the other ways.

Packing.

Tn putting onr instruments in their enzes, none of them separate above the leveling
gerews,  They stand erect, and ave ready for wse upon unlocking the caze.

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

In conclusion, wo wish to say that we aim to secure in our engineers®
instruiments —
Simepdieity fn aeenipeladion.
Lightness, combined with strepgih.
Acewracy of dinision.
Achrematic teleseope, anith kigh power.
Steadiness of edinstinents wiler varying temperatures,
Sriffuess ) to avoid any Lremor even Gy @ strony wind.

L

Anid we would add, that since all our leveling, tangent.and gradienter serews
are cut with precision in our engine lathes, and then run throngh a slze plate to
ensure wnitormity and perfoct sinoothness, that we are able to replace any such
‘part of onr Instruments by mail. The apiral gprings. and most other small parts
of the instrument, ¢an be supplicd in the same manner,



The Longitudinal Dividing Engine,

Apparztus for gradunting the grooves for spliler threads on the diaphragz

ol telescopes.

C. L. Berger & Sons” Auxilinry Apparatus,
Used dwring the construction of their lostruments of Preciaion.
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Care of Instruments.*

a.ndr;;::rﬂgt;fim—mtth‘? lrgs‘ of your tripod to play loose on the trip_ovr] head; keep nuts
| 3 always well tightened up against the wood. Examine the shoes from
time to time, and sharpen them if necessary, also serew the shoes tight, if wear and
tear loosen them. Te sure your instrument is well secored to itz tripod befors
uzing it. Brmﬁ all four leveling serewz to a seat before shouldering instrmment.
Let the needle down upon its pivot as gently as possible, and allow it to play only
when in use; if too far out from itz course’ check movementz of needle earefull
by means of lifter, Never permit playing with the needle, especially not wit
knives, keys, ete.  Be sure to arrest the needle after nse, and serew it wel up against
the glass cover before shouldering instrument. Do not clean the glass eover or
the lenses with a 2ilk hawdkerchiet; breathe over the compass-glass and rewdin
lens if one iz uzed, after cleaning.  Examine the buttons of your coat with 1'ug.'|rﬁ
to iron that may be concealed in thew. also beware of nickel-plated watch chains,
ete. To elenn the object-ginzs and the lenses nze u fine camel hair brush, If
dust, or sticky or fatty matter eannot be removed with the brush, take an old
clean piece of 2oft linen, and carefully wipe it off. Lo not unserew the object-glass
unneceazarily,—this iz apt to dizturb the adjustment of lne of collimation.  The
lens nearest the eye of eye-pilece, s well as the front side of the ohject-glass, need
eareful brushing with fue biush from thne to time.

If dust settles on cross-haive ol become troublegome, unserew the eye-pices
and object-glass, andd gently blow throngh the telescope tube, cover up both ends
and wait q few minutes before inserting the eye-piece and object-glasz.  Be sure to
ltve the object-glass cell sevewed well wpp against its showlder, and then exaomine the
adjustment of line of collimation {=ee adjustment of line of collimation.) Do not
grease the object-slide of telezcope, or Bepews that ave exposed to dust; nse a sttt
tooth brush to clean elides or threndz if dosty.

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

To focns the eroza-hairs, tnke hold of the epepiees eap and turn it in a screw-like
manner until eross-hairz appear distinet, and a2 if fastened on the object when the
head is breing moved.

Shoulil there be any fretting in the telezeope glide, take it out, and endeavor to
gmooth the rongh part with the back of o pocket knite.

To clean the threads of leveling or tangent serews when working hard, use a stiff
tooth brush to first ¢lean the threndz of all dust, then apply n little oil, and work
the zcrew in and out with alternate brughing to remove divt and all oil nntil it
moves perfectly free anid smooth.

sSerews for the adjustment of cross-hairs shonld not be strained any more than
necessary to insure a firn seat s all straining of such serews beyond this simply
impadrs the accuraey of instrment and reliability of adjustment.

When in the fleld always carry a Gossamer water-proof for the instrument in
wour pocket, to put over itin case of a shower or dust elowl.  On reaching office,
after use of Instrument, dost it off geoerally with another fine brush; examine the
centers and all other principal movements to gee if they run perfectly free and
ensy, anid oil them if necessary: also examine the adjustments. Thiz will save
expense and many hours of vexation in the field.

Care of Centers and Graduation.

As the centers, the telescope axis and the graduations require greater care to
preserve thelr fine qualities, perhaps it is not amiss to say 4 few words concerning
their treatment.

Upon finding that the centers do not revalye as free as usual after exposurs of
the inztrmment 1 an extremely hot m;' nﬁht weather, they should be eleaned as 200n

fme permits, and then proceed as follows: J I
- ttlusefe wthe miJ]mH:enid nut at the extreme end of the eylindrical tube containing
a gpiral spring, which iu_ opposite thre. upper tangent screw. l_m I:t. Ela‘aincwhnt Im‘u:
tinusly, or the spring will lli-'_outl. Then unserew a small c}rhmr rical case, whic
also hns a milled edge, and which is at the bottom of the centers. This caze contains
a small triangular spring to balance the upper weight of the instrument within a

* For additional suggestions ses . 14,
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i i hich is besl

few Ibs. Be careful to keep the face of this spring up fu its case, W
iudicated by a bright point in its center. After unscrewing the nut ?;;mli??ﬁ ﬁlz :ﬁ
inner center, a gentle pressure upwarids will 1|I:t-t.l1e vernier 1r1|ulc_4:rut ; 1:-{ i
part of the instrument.  Take a fine canel hair brush, and withit clesn "lg G
tion, the verniers and the inmer part of the instrument,—but donot rub t"";ur"“ Ay t.elr.‘
especially wot {ts edge,—then take a stick of about t!m gaine taper a8 t:m m:cr l'l'.!-,'t[d 5
wrap some wash-leather slightly gogked in fine oil urr-u_ml it, aml clean t:uilnzufl 23
of the sockets as earefully a5 possible; then remove this pieee ?t 11ru5|1-]11.1_‘1L1 ﬂi’:]'l.
wrap a fresh plece without oll around the stick amd elean drvy.  Proceed similar w

centers and their flanges,
mc]i-::ﬁ}r}ihnppl}-ing fresh and pure wateh oil, however, care El}uu}d hﬁitﬂ!it!zl that
not a particle of dust or other forefgn matter iz left in the sockets, on the centers,
or on the sraduation.  This caution having been talken, the fresh oll should be well
distributed on all the bearing parts. 1t will be well to alzo exaumine the arw ofr!,hc
clump serew of the eircle and telescope axiz, and if necessary clean by removing
washer,  After the instrument 3 thoreughly eleaned anel oiled, the nuts and gprings
serewed hack to o froe seat, the instrment must mrm perfeetly free and yield at
the slightest tonch of the hand, :

To remeve dirt and oxyd that may have serumulated on the surface of a solid
silver graduation, apply some fine watch-oil, and allow it to remain for a few hours;
take a coft piece of old linen and slightly rub until dry, but without teuching the edge
of the graduations, If, after cleaning, the solid silver surface should show alter-
nately brighter spots, which would interfere somewhat with the accurate reading of
the rraduation, bavely moisten the finger with vaseline and apply the same to the
surface: then wipe the fnger dry and lightly rul it once or twice around the
graduation, Aveid touching the edges as much as possible.  Buch cleaning, however,
must only be resorted to when absolutely necessary, and then only with the greatest
care, as it i3 too apt to reduce the minuteness of tha graduation, and spoil its fine
appearance, 1E, after such cleaning, dirt and grease has aecumulated on the inner
eilge of the graduation and veriers, gently wipe clean before restoring the vernier-
plate to lts place. Remember, alzo, that the centering of the graduations of the
eirele and verniers is o most delicate adjustment to make. These should never be
unscrewed from their flanges by anybody except a maker.

Care of Telescope Lenses.

Az duse and moisture, as well as perspiration from the hands, will settle on the
surface of the lenses of a telescope, it becomes necessary that they shoold be
cleaned af times. A neglect to keep the lenses free from any filn, sceratehes, ete.,
greatly impairs the elear sight through the telescope.  To remove the dimness,
produced by snch a filin, procesd thos : — Brush each lens carefully with o camel’s
hair brush, wipe gently with a elean piece of chamois leather moistened with al-
cohol, and wipe dry Il‘!fug a elean part of the chamois skin on every portion of the
leng, to avoid grinding and zeratching. When perfectly transparent brosh again
to remove any fiber that may adbere to the lens.  The tubes in which the lenses fic
should be brushed, aml if |I.-u11'||1. ghould be dried; thiz done, vestore exch lens to
its original place as marked.  To remove dampness in the main tube of the teles-
cope. ke out the eve-plece, cover the open cnd with cloth and leave the instrument
i a dey room for 2ome time.

If an instruoment has been exposed to & duamp atwosphere, or water has pPene-
trated the telescope, moisture may settle between the crown aod fint glass of
which the uhlir:rt-"[]u!as is composed. I such is the ease expose the lustrument to
the aun for a few hours, but i€ in the winter, leave itin a warm room some distance
from the stove, the moiztnre will then gencrally evaporate.  However, if not sue-
cessful, unserew the object-glasz from the telezcope, and heat it slightly over a
stove or open fire.  IF a film settles hetween theze rlasaps nothing ean be done ex-
cept gending the instruwent to the maker. The two glasse: form one lenz only
and mnst not be digturbaed, as upon their relation to each other the definition and
Mt&rumatmlt}' of the telescope depends,  Much depends also on the stability ‘F'l:ith
which these lensez are mounted in their cell, as any looseness hetween them or the
call will affect the adjustment of line of collimation, — Of course, If at any time th
object-glass has been unscrewsd from the telescope, this latier adjustment r.u.us?
again be verified before the jnstrument is used.
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Additional Instructions concerning the Care of
Telescope Lenses, ete.

Ever since the introduetlon of the Ligh power in the telescopes of ¢
struments, now used by the best malmrla, eomplaints are frluqu-:uuﬁymn}-iﬂg iont
the loss of light in such telescopes and of the lhazy appearance of objects
viewed through them, the latter in particular when an instrument has seen service
in the field for some time, Now, while the loss of light is wholly due to the greater
power as compared with the low powers formerly in vogue, and to the useof ereat-
ing eye-pieces (see page 33), the © haziness' is prodused principally by films
of dirt, settled on or between the lenses of a telescope, and becomes even more
marked as more lenses are used in a telescope,

Perhaps it Is proper to say here, that when eomparisons are made hetween low
ani high-powered telescopes of geodetio lnstruments, other thinga belng equal, the
first named, as a rule, will incite favor, because, as in spy-glasses, the inage of an
object seen through them has a brilllancy never attained by telezcopes ol higher
power.  But, whenever the results of stadia work, or finelevelling, as obtained with
the more powerful telescope, are compared with those obtained by o lower power,
it will be found that, though less brilliant, the defining power of a high-powered
telescope is superlor to the other within the customary range of distances had in
the ordinary engineer's and surveyer's practice.

On the other hand, owing to the less amount of light with high powers, it is
necessary that the fine qualities of the superior lenses required for them should be
preserved, and on this account a more frequent Inspection and a more eareful
treatmeot of them is needed than when lower powers are used, — inazmuch as the
least impairment of these lenses by films, or dust, ete., will reduce the defining
power accordingly. A little extra eare, as consequent upon the use of high-powered
lenses, is, Lherefore, imperative, but in =0 doing one is more than eompensated by the
satisfaction of having a finer and more penetrating telescope,

To prevent an untimely settling of o film on the lenses of a telescope, and par-
tleularly that apt to form on the inner surfaces of the lenses eomposing an object-
glazsthat has not been cemented together — such film  being so futal in an object-
glass becawse it eannot ordinarily be reached and without disarranging the cross-wire
adjustments —the treatment of an instrument should be strietly in accordance with,
thainstruetions given under ** Prevention better than Cure,” page 21. Unless these
conditions are complied with, the greater eflicacy of o telescops composed of supe-
rior lenses will be entirely lost.

Upon finding that, after earefully eleaning the object-glass and the lenses of the
eye-piece, the telescope 12 not as clear as when first received from the maker, then
tha cause of it is generally a film between the lensez of the object-glass — we take
for granted that the lenses are not seratched or otherwise impaired—but, as a ruls,
it takes several yvears (with careful usse sometimes many years) bafore such a film
has zafficiently developed to lmpair the transpavency of these lenses. But when-
ever it iz found that a film hassettled between them, then it is best, if the distance
is ot too great, to send the whole insfrument fo ils moker, and if this is not feasible,
then the telestope, at least, well and soft packed in a box, should ha sent.

Cemented Object-glasses. — To prevent the settling of a film between the
lenses composing an object-glasa, and to avoid disturbing reflections of light from
their inner surtaces, such films and reflections imparting to an object viewed
through a telescope the hazy eppeocrance noticeable in high-powered telescopes,
we now, sinee 1889, cement these lanses together, so a2 to form one lensonly., The
lenses 5o treated are more efficacious in many rezpects than when separated by
three thin pieces of tin foill, as has been the custom of mearly all instrument
malkers up to date,

The cement, however, nesds some five or six months to harden, and until it has
hardenad sufficiently, an exposure to a cold atmosphere canging a greater contrac-
tion of the metal ce?l than the glass, the lenses are very apt to wurp, which may
lead to a distortion of an object, when viewed through such an objective.

The proper treatment of an object-glase freshly cemented (2 to keep the instro-
ment, when not in use, in a room having a mean temperature of about 68° F., or
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glightly above, The same treatment should be followed if it s found that the
image farmed of an object is slightly distorted ; only in this case the temperaturs
i which it is kept ever night should be vaized to about 75° or 80° F. This treat-
ment applies only to normally mounted objectives. If they are too tightly fitted
the lenzes cannot be reatored to their orlginal efficacy without belng attended to by
a maker.

Objeut-glasses that are cemented are very apt to show some specks, or, with ill
usage, cracks in the cement, but, unless the specks are Very numerous, 80 as to
pover almost the whole area of the object-glass, the opacity caused by them does
not sensibly affect the eficacy of the telescope, and therefors need not disturb the
mind,  Our experiencs is that ihe usefulnesz of an instrument is greatly enhaneed
when these lenses are cemented together, and that a few specks that may appear
aftor an exposure from a sudden change from hot to a very eold atmosphers, or vige
versa, are a lesser evil, as compared with the 11l effects produced by o film that in
time will settle hetween these lenses if separated by pieees of tin foil, or even when
brought in direct contact with each other, as such a film will have much the same
effect as a fog, In preventing vision. ;

When, after carefully cleaning the lenses of a telescope, the object-glass of which has
its lenses separated by pieces of tin foil, it is found that the image is not as clear as
originally, it is & sure sign that there is a film between its lenses, and that it has been
exposed to a danp or impure atmosphera, either by injudicious wse in the field, or by
belng left too long a time in the paeking box, in which it is protected by cushions of
paper or shavings, both of which attract moisture, or by storing it away in its box in
such an improper place as a basement or cellar, Such film being noticed, it will then
he well to send the object-zlass, or much better, the telescope, or, heat, if the distance is
not too great, the whole instrument, to the maker, in order that the lenses may be
cleaned by him, and, if deemed advisable, be cemented. The slight expense incurred
of a few dollars will be more than juatified by the advantage gained.

When the objectglass, or telescope is returned after the cleaning or eementing of
its lenses, the cross-wire, spirit level, and vertical arc adjustments of the instrument
will require a thorongh verification before it should be used. In case the whole instru.
ment has been sent to the maker, these adjustments are attended to by him. If the ob-
ject-glass has been cemented, the telescope should be watched for a year to see that there
15 no distortion of the image. If there is a distortion, it will indicate that the object-
glasa has been too tightly fitted, of which fact we should be informed, as also whether
after comenting the object-glass the instrument retains its cross-wire adjustment the
same a3 before the cementing tock place. If the cross-wire adjustments have to be
more frequently made than before the lenses were cemented, it indicates thal the object-
glass is not t.iﬁhtl].r fitted to its cell ; and if such is the case it should be sent to us to be
more tightly fitted, after a lapse of about ten or twelve months, when the cement will
have sufficiently hardened to allow of a tighter fit of the object-glass in its cell.

In telescopes of very high power it is of ag great importance to keep the lenses of the
eye-piece free from grit and films as of the object-glasa.  Therefore, whenever the tele-
scope does not appear to be clear, the lenses of the eye-piece need moat careful cleaning
{if necessary, every four weeks). The eleaning must be done by first wiping gently
with a clean piece of old linen barely moistened with aleohol and then wiping dry, using
a clean part of the linen on every surface of the lenses. (Please read the various
articles on this point on pagea 13, 14, and 54, of our handbook and catalogue.) To re-
move the eye-piece, unscrew the German-silver screw at the eye-end of the telescope, —
Of course, after cleaning, every lens must be put back in its tube precisely as marked,
and then the onter bearings of the eye-piece in the main tube must be greased with
tallow before the German-silver screw iz restored to its place,
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Additional Suggestions Pertaining to the Care and Pro-
tection of Instruments in Field Use,

In field use, an instrument has te be neceszarily exposed to the heat of the sun,
and to the action of dust and water; all of these, however, singly or combined, hava
a tendency to affect its aceuracy and endurance.  While our instruments in particular
have been designed to guand against injuries resulting from exposure of this kind,
yet glaring abuses, such as to allow it to stand for hours in the hot sun, ete., withouta
covering or shelter of some sort, maey often lead 1o a permanent injury to its most vital

To preserve the finer qualities of an instrument, via, the lelescope slide, the
lenses, the edge of the groduotion and vernicrs, the centers, ete,, any unduea unegual
expansion of the different varts should be prevented, A bag thrown over the instro-
mant when not in use, or any shelter that can ba had, is to be recommended.  While
in use, an umbrella or seresn held over it will insure grester permanency of its ad-
justments, and the results obtained will be more aecarate and uniform than when
carelessly exposel.

To protect an instrument from the effects of salt water, when nsed near the sea
coast, o fine film of watch-oil rubbed over the exposed parts will often prevent
the appearance of oxyd. To remove suech oxyd-spots as well as possible, apply
some watch-oil and allow it to remaln for a few hours, then rab dry with a soff plece
of linem. — To preserve the ouler appearance of an instroment, never usa anything for
dusting except a fine camel's hair brush, To remove water and dust apots, firsl use
the camel’s hair brosh, and then rab off with fine wateh-ofl, and wipe dey 3 1o let the
oil remain would tend to acenmulate dust on the instrument,

Lubricating, ete.— An instraoment, used in atropical or semi-tropical eountry,
or during the warm 2eason in a northern latitude, requires more frequent cleaning
and ofiing than in the more temperate elimes and seasons; but so long as an instre.
ment works well and the centers revolve freely, it is best not to dizturk it. However,
if nocessary, procesd as deserlbed under © Care of Centers, ete.” A fow additional
remarks we mive here: Should the centers or the object-slide commenee to tfret, they
shonld be expmined as soon as possible.  Onee commencing fo fret, i grows worse voapidly
and oftenfumes is then beyond repodring,  Never use emery or emery-paper on them, as
this will enuse everlasting trouble afterwards.  After a thorough eleaning of the slide
and tube (taking care not to break the eross-wires), endeavor to smooth easrefully
the injured parts with the bacl of a pen-knife, and barely apply enough tallow to
prease the surface of the injured part,  If this does not remove the trouble, a little
seraping of the roughened parts on the slide, and, if accessible, on the inside of the
tube, may become necessary, and apply a mere trifle of finely-powdersd pumice
stone moistened with oil.  Replace the elide and grind a little by moving it in and
onty clean thorewghly, anl witha plece of charcoal molstened with oil smooth the parts
thus Hmund on the slide, This process of Frinfiing is a most precarious operation,
and generally vequires the hand of a skillful workman; it should be resor to only
in casa of utmost necessity, Whenever permizaible, recourse should be had toa
maker. These remarks apply equally to the centers.

The centers of a transit should always be lubrieated with fine woafch-oil only, and
after a careful cleaning ; never apply fresh oil before thorooghly wiping off old
gritand oil. Rendered marrow is a most excellent lubricant for instruments madea o
brass and the many kindred alloys of copper and tin.  In the varying climes of o
northern Iatitudes thig lubricant hecomes rigid in cold weather, and an instrument so
treated will often become unmanageable in the field. Its application, particularly
to the centers of a transit, is therefore restricted to the warmer zones.  The use of
watch-oil for the finer parts of an instrument, invoelving freedom of motion, is
imperative fn our latiludes. : y

Many parts of an instrument, especially these whoze metal compositions are
elosely related to each other, may sometimes cause trouble if Hlmslll:l-'l oiled. If they
begin to fret and grind, but are otherwisa free from grit, ete., the judicious application
of a little marrow may prove very heneficial, but it should be eleaned off agaln as
much as possible. The rack and pinion motlon and the telescopa clamp should
alwavs be greased with marrow, but the elamp, tangent and leveling serews, should
receiva as little of 1t as possible in the Northern States, i

Vazeline, not having as preat a tendency to rigidity under similar eircumstances,
may prove an excellent substitute for marrow, and may often be applied to level-
panters, whers wateh-oil would not glve t,hefeoessary rigidity in the use of the more
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ordinary nstrumentz, but it must be repewed quite often. In the finer class of
loveling instruments, the renters should be lubrieated with ofl only, as in transits.

A preat deal of anuoyance iz coused to the engineer if the eye-piece or the object-
glida of the telescope move too fresly in their tubes, requiring a re-focussing of the
cross-wirez and object at every revolution of the telescope in altitude.  If the eye-
pives can e retained in its socket, with sallicient friction to keep it foenssed to the
cross-wires, no matier how much it may wabble otherwise, this impertfection {in ald
instruments) will not lead to any  inacearaey, but if there is not sufficient friction to
lgeeps it fovussed to the wires, a little vendered tallow or marrow applied to its bearing
surlaces in most cases will remedy this evil, Wabbling in the object-zlide, however,
leading to inaccurney of colllmation, or back-lash in its rack or pinion motion, can he
remedied only by o maker; ot if the ehject-slide moves too freely in and out of its
tubse only, this may ba remedied by applying a little tallow to the bearing parts of
the rack and pioion, or by tightening the serew o the pinjon-head.  IF not entively
suceessinl, a thin disk made of parchment, or o thin leatherwasher, both gropsed
with tallow, amd inserted between the fanges of the pinion-head and its socket,
will insure the desived resnlt, — These latter remacks apply to transit and level
telescopes of the customary desige. In telescopes, where the object-gloss is mountod
permanently to the telescope-tube, the eye-pices tube, contesiing the oross-wires,
becomes 1he slide with which to focos the object. Ttz motion must be in a line
parallel to the optical axis.  Any wabhling in this eye-piece slide would lead to in-
accuracy in sightlng through the telescope, hence It requires the most careful
treatment on the part of the engineey.

Care in the Use of Spirit-Levels.,

Spirit-levels are very suseeptible to the least change in temperature, nz will be
readily seen by the difference in the length of its bubble in varving temperatures,
Hence, to guard agalpst inaccuracies from Lhis source, it is necessary that the
bulinle should lengthen svmmetrically from the center of its gradouated seale (sup-
poseil to be made by the maker), and that both of its ends should be read.  Soffi-
ciemt time must also be allowed for the hubible to settle belore o reading is made,

The fuid ordinarily nsed for levels is pure aleohol, and requires, sccording to
curvature, diameter and length of tube and length of bubhble, from twenty sec-
onds to one minuate to attain it: equilibrivm.  The composition fluid vsed in our
levels for fleld instruments requives only from five to Gfteen seconds of time ; those
filled with pure ether, a few seconds only.

A great source of ervor in spirit-levels, however, inereasing with their greater
semsitiveness, is oceasioned by am wecgiel! heating of the level-tube, as the bubble
wild oleoceys meove fowards the woarmaee apaf o el thereby imparting to the inztrument
an insccnrate position.  Thi=s most he attributed to o chaneed condition in the
adbesiveness of the fuid in the level-tube, and pot to a change in the form of
the tube itself.  Therefore, to guard against inaccurney resnlting from sudden
clhiunges of temperature, a apirit-level, while in nse, should he protected from the
sun, nnd wo part of it or its mounting should ever be touwched with bare fimgers;
neither shonld it be breathed apon, nor the face of the observer come too eloge to
it.  For this reason, in the finer instriments the mountiners of onr spirit-levels
are cloth-finished, and if the levels are detachable they arc provided with wooden
handles, s the case may requirve, and slass covers are placed over them whenever
desmed necessary.

If at any time during the progress of ficld-work a spivit-level lus bheen improperly
exposed, it iz best to cover it with o cloth for from five to ffteen minutes, befors
proceeding with further work, '

Mounting Spivit Levels, —To prevent any undue strain and change of
curvature in spirit levels used in astronomical instruments, they are mounted by ua
in wyes, as shown in the cuts of these instruments, and are proteeted from injury, or
inacouracy causel by the breath of the observer and other air eurrents by & SOVar
of glazs placed over them. Buch a mounting, while most suitable for such dalicate
levels, would, however, require eonstant atteution and expose g Spirit level to break-
age in field instruments. To guard against this danger and to lessen the expenan
and weight, the spirit lﬂ:"ﬁl& for feld instruments are mounted in a brass tube; but
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owlng to the difference existing in the expansion and contraction of glass and brass
at different temperatures, a splrit level so mounted may sometimes become loose, o
volving inacouracy and unrellability of adjustment. — Upon finding that the adjust-
ment of & spiric level in an even temperature 1s not as stable as desirable, the level
lastenings, tube, screws, ote. should be exomlned, to goe i any of thom are loose, 1t
Lha trouble is in the screws, tighten theo up; but if the splrit level ean be shilted o
its tube by a touch of the finger, take it apart; soften the plaster of paris in water,
aod remove it with a sharp polnted stick of woml,  Cautiously move the spirit level
with your finger, at first only a trifle to amd fro, inevensing Lhe length of stroke litLla
by litele, until it ean ba safely taken out without breaking; — clean thoroughly,  Cut
pieces of white paper, of the width of the radius of the tube, and somewhat shorter
than the length of the spicit level, bot longer than the opening in the brass tubse, and
insert these of sufficient quantity ab the bottom of the brass tube, Lo il up the space
intervening betwesn the glass and the brass tube, The uppermost layer of paper
should, however, be so wile, as to envelope the spirit level up to the opening in the
brass tube. Now insert the spirit level, taking care not to toueh the glass eods that
are senled up, and plaes the division or other morks, indicating where the level has
been ground to a troe curvature, uppermost in the bepss tube, The level must be
pushed in with sofficient friction to provent slipping in the tule, yet not so tizht as
to causa a crack at a subsequent low temperature, as brass will contract more than
glass, Ko part of the spirit level should touch any part of the metal tube,  Now
propare some plaster of paris with water, of the consgistency of paste, and pour in at
ench end enough to fill up the space hetween the end-pieces and the glass, stircing
it sulficiently to make a perfect contact by it and the glass and the brass, but leaving
the spirit level ends exposed. Now put the level together, and adjuzt as deseribed
alzewhare.

There are other canses, such as centers and flanges that have been bent by falls,
ete., or that have been worn out —unequal expansion or eontraction in different tem-
peratures of the wetals smployed in the constroetion of an ipstroment, or o won-
aymmetrical lenghtening or shortening of the air-bubble atdifferent temperatures —all
of which, singly or ecombined, tend to impair the adjustment of spivit levels on
instruments, Of these we will not speak bheare, as it requires o most thorongh mechas
nician and instrument-maker to trace the canse to its proper sonrce,

Being assurad that the level is mounted az explained above, our advies is, oot to
meddle too frequently with the adjustment of a spirit level. Though it may appear
to be out one day, it may e in pecfect adjustment other days, It 1s the funetion of
i apirit level to indieate the changes taking place In an instrument, so that the
engineer may make proper allowanee and apply his corrections, as the eharacter of
his work may require.  The finer an instrimnent, the more sensitive the spirit levels
must be, in order to admit of eorrections to arrive ot closer resnlts. As a rule, a
apirit level that does not indleate changes taking place in an instrument, i2 too in-
sensnitive for the character of the instrument, and in many cases entirely unfit for
ren=onably good work,

teplacing Broken Cross-Wires,

The eross-iiues in our telescopes are bong fide spider webs (exeept where plati-
cum wires have been speclally ordered).  In case they should be broken, they may
be restored in the following manper: clean the reticule frame of all foreign matter;

ut it on a sheet of white paper with the euts on its surface uppermost. Frepare a
ﬂtt.le shellae by dissolving it in the best aleohol and waiting until it is of the con-
sistency of oil, From the spider's cocoon, (those from a small black waondl-spider
preferved), which the engineer has pradently secured at some previcus time, select
two or three webs, each ahout two Inches long and of the same appearance. Attach
each and of these webs to a bit of paper or wood to act as weights, and immerse
them in water for five or ten minutes. Remove one web from the water, and very
gently pass it between the fore-finger and thumb nails, holding it vertically to re-
move any particles of moisture or dirt. Stretch the web carefully over two of the
opposite cuts in the reticuls frame. Fasten one end by a drop of the shellac, —let
talf?;entl from a bit of pointed wood or the blade of a penknife. Wait & moment
for this drop of shellac to harden. See that the webls etretched tight across the
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frame, and apply another drop of the shellae to the o i ith i
] y pposite cut with jts enclosed
weh, Wall several minutes before cutting off the two ends of the web, and then

{:ﬁpoeed In the same manner with the web which is to be placed at right angles to
is one,

Nore — The fine spider-threads used were tarmerly taken fram the cocoons of the small Back wacd-spider)
now, hewever, we abtain them from the croaons of a species of spider found in RMichigan, Thess threads are
almost opagque, and not apt to relay their tightuess if properly placed on the diaphragm, and as they retain their
‘L"““‘"’.i’.' they ars preferable o platinum wires, which have a tendency to break, owing to their great brittle-
ness. The best spider-threads are those of which the spider makes its nest.  These pests are vellowish.brown
balls, which may be faond hanging on shrubs, ete., inthe lave Gl or early winter, The nest shauld be torn apen and
the eggs remaved ; ifthis s not done, the yaung spiders, when hatched will eat the theeads, The fibers next b the
egs are to be preferred on account of their fineness apd darker color. A it bs Imporant to get the proper kind
ol spider-web, we subjein an_extract from & letter addressed 1o us on the subject by Prof, J. B, Davis, Unl-
wversity of Michigan, Ann Arbor, Mich,, 1o whom we are indelaed for cur sapply, ¥

** The species of spider of which T send you cocons i= not difficult to findin Ann Avhor=— Lat, 427 26° N,
==as far as my experience goes, and is npumerous on Beaver [sland, oot in Lake Michigan — about 469 N.— at
St. James. 1have also always succeeded in hunting it in our Michigan woeds, in places of concealment, — urder
tark of dead trees, in cracks and holes, about old stumps, logs, and e like, 13 is especially parsial to painted
woodwark, It roosts high, — the hicher the gable the more numerous the cocooms ; hut it 2 also found on fences
quite numerously, as [ am bed to thiok it is quiet rather than security this spider seeks. The body of the female
is three-fourths of an inch, I guess, long, and nearly half an incl wide across the abdomen, The male {4 about
the same length, but far slimmer. They are baoth entirely harmless. I never knew any one to get bitten by
either, and many persons in my observation have had them freely crawling aver their hands, face and by,
They may be certainly g\entl{ handled without the least Lharm. They both {male and female) bear a plain
escutcheon design on the back of the abdomeni female much the more beastiful, —in browns. Colors all
brown and yellowish brown. The cocoon is a soarl of webs, and is sttached under ledges of window-zills, cors
nices, projections of gables, and the like partly sheltered places. The color of the threads you have is of a light
corm-tolor, distinctly separating it from the white cotton-like cocoons o comman evervahers.  The threads are
riik:.r, not like coltan. M late years | keep one oF two nice cocoons where they can be reached, You know ong
can wrap them in a bit of paper and carry them in the pocket, or any such place, and they are always ready,”

Prevention Better than Cure.

It cannot be denied that instroments frequently meet with serious aceidenta
which, with a little care on the part of the operator, could e prevented. It cer-
tainly dees not betoken proper care to leave it standing sweguorded i o steeel, voad,
o pastire, or in elose viciity to blosfing, or to expose it unnecessarily to the burning
rays of the sun, or to dust, dampness, or rain at any time. Such carelessness must
inevitably result in deterioration of the accuracy and efficiency, not to speak of the
durability, of an instrument.

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

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

When taking an instruoment from its box, it is not immaterial where und how to
take hold of it.  To lift it by the telescope, elreles, standards, or wyes is improper,
and while it may not he attended at onee with any serous conseguences, vet it ma
sometlmes lead to some permanent injury, and it certainly is always fraught wit
danger to t.helflprmanunc].‘ of the adjustments.  In handling, it is always best to
place the hand beneath the leveling base. ; , ;

When mounting an instrument on the serew of Its tripod, or serewing any of its

arts together, it is important to turn the part in the direction of unscrewing until it
}; pereeived by aslight jar that the threads have come to the point where they en-
ter; the motion may then be reversed, and the parts serewed together.

T secure an even wear of tangent and micrometer serews. they should be used
equally on all portions of their lengths.
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Carrving an instroment in eold weather into 8 warm room, without the pro-
tection of its box or bag, will cause a swiden exchange of alr within the hollow
gpacez, and carry with it dust and other substances through the minutest openings,
The vapor, alse, that will thus condense on the metal surfaces, it it were not pro-
Lected, will have a tendeney to gettle a film on exposed graduations, making them
indiztinet and difficult to read,

Failure to protect the lenses of the cye-piece and object-glass of a telescope,
when not in actual uze, from the effects of moeisture, dust, ete,, by the covers pro-
vided for them (eyeplece-lid and cap) will result in & more frequent settling of a
thin fillm, which, like the fatty substance left by the touch of the fingors, greatly
impairs the ciearness of vision. That the too frequent cleaning of the lenses must
in the courze of time be detrimental to their brilliant polish, and lead to a corres-
ponding loss of transparency se essential to the proper working of a good telescopa,
is apparent.  Too much care cannot be taken to guard the lenses, and partleolarly
the lnner aurfaces of the lenses comprising the objective, against any film that may
gottle on them. The ill effects of such a film are especially noticeable in high-pow-
eredd telescopes of first-class geodetio and astronomical inatrumentz, In short, it
should be remembered that the slightest film, seratch, or dirt will, according to their
naturs and loction, impair the sight through a telezcope, and often render it unfit
for accurate work.

The glass covers protecting the compass, are, and verniers from exposure need
very careful brushing and eleaning, the same as the lenses, az any scrateh or film
will impair their transparency.  If at any time the ground-glass shades should loze
their pure whiteness, by either dict or film, and will not act as illuminators of the
verniers and graduation, take them out of their frames and simpiy wazh them with
eoapand water,

To prevent loss of magnetism in the needla of instroments provided with & come.
pa=s s when storing away, allow the needle to assume magnetic North and South;
then, by means of the lifter, raise it from the cepter-polot against the glass cover.

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

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

Loose or detached resting-blocks in the instrument-box, or any looseness of the
instrument in them, are very detrimental to the instroment and its adjustments.
Cracks in the instrument-box, the abscpce of rubber cushions under it, worn-out
straps and defective buckles, hinges, locks, and hooks, should never be tolerated,
as the remedy is 80 easily applicd by any mechanie. Buch defects and imperfections
are known to lead Lo injury of the instrument.

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

Transportation of Instruments,

DURING the progress of field work the more ordinary and portable transits and
levelling lustruments, ete,, can generally be carvied on their tripods forease and
dizpatch. Nothingin the way of procise instructions, however, as to the best me-
thod of carrying an lostrument @ whether on the tripadl, in the arm without the
tripod — placiog the hand beneath the leveling base — or in the box, can ha sug-
gested here. The nature of the ground, the surroundings, the size and :wuight and
the thm:?rmﬂ_tu s traveled over, and last but not least the Aneness of the instri-
ment, will dictate to the engineer the best means of eonveying it from point to poiok
o order to protect it from injury, and its sdjustments from derapgement,
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; The finer and finest classes of field instroments, such as those pravided with
micrometer-microscopes, shonlid always be placed in their boxes for sale conveyanoee
— oo ieatter how short the distance — for fear of improper handling, and because of
danger of unequal expansion, temporary as it may be, of such parts as woulil come
in contact with the hody or fingers,

Carrying an instroment on its tripod without slHghtly clamping itz prin-
cipal motions, will wear out the centers.  When carrving on its tripod,

e 10 TERARSIT, when placed on a line with its centers;

uintup beleacops | in LEVEL, when hanglng down.

When carrying an instrument in the box it is important that it be placed therein
exactly in the position and manner designated by the maker, Therefore, upon re-
ceiving a new instrument, the ficst step should be Lo study its mode of packing, and
if necessary a memorandum should be made for future guidanes and pasted in tha
box, ‘This will save time and vexation, a2 some of the boxes for field nstroments
must necessarily ba crowded to be light and portable.

Before placing an instroment with four leveling serews in ite box, the foot-plate
ghould be made parallel to the instrument proper, and then brought to a lrm
bearing by the leveling serews,  The instrument must also be well screwed to the
slide-board, if one is provided, as is the case in most of our transits.  Having {mt
the instrument in the box in such a position, that no part of it will touch the sides,
the principal moticns are now to be chegked by the clamp screws, Lo prevent o
tion and striking agaipzt the box, With fgstruments not standing erect in their
boxes, but which are laid on their sides in resting-places, padded with cloth, speci-
ally provided for that purpose, their principal motions must not be clamped untll
the instrument has been secured ln a complete state of repose in these receptacles,
50 as to be entirely free from any steain.  Care must be taken, too, that all of the
detached parts of an Instroment, as well as ils ageeasories, are properly secured
to their receptacles before shutting the box, X

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

For greater safety in transportation by express, the instrument-hox itself should
always ba packed in a pine-wood box one inch larger all around.  For the ordinary
gize of field instrument the packing-case should be provided with a strong rope
handle, which, like the strap of the instrument box, should pass over the top of the
case and through holes in the sides, the knots being within the case and strongly
secured. In cases where the gross weight of the entire package, as prepared for
shipment in the above manner, exceeds 40 or 50 Ibs., then two men should handle it,
au(_Ft,wl‘J strong rope handles, ane at each end of the packing-case, should be provi-
ded,  In order to check jare and vibrations while en route, the loose spaee hetween
the instrument-box and the packing-casge iz to be filled with dry and looze shavings,

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

m largs black letters:
THIS SIDE UP.

aanpreE wiTE Grear CARE.
Bcientific Instrument.

Mr. George Brown,
36 MWest Street,
Vaiue $ Cleveland,
Ohio.

From JOHN SMITH, Chicago, Illinois.
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The upper halves of the four sides also should have * CARE? and ! KEEP
DRY * marked in lapge letters on them.  These precautious arve dedispensalie for
safe convevance while in the hands of inexperienced persons, as withoul them mes-
sengers will often carry them wrong 2ide up,

The tripod needs packing simply in a close-fitting box.  If rot placed ina box,
it often hoppens that legs or shoes are broken off while en route, or that the tripod
bhead becomes bent.

Many hundreds of instruments, packed as explained above, have been shipped
by ug, travelling over thowzands of miles, over rough roads, on stages and on horse-
baek ; sl the instances are so rare whers one has become injuredl (and then only
through gross careleszness), that this mode of packing must be regarded as the
only proper one for conveying instruments of precision by express or olther publie
carriers.

Arviving at {ts destination, an instroment should not remain packed up with
cushions, ete., any longer than absolutely necessary. The atmosphere in such
boxes natorally must e close and often moist, and consequently bas a tendency to
produce the il effects by moizture mentioned in preceding paragraphs.

Some Kemarks Concerning Instrument Adjustments.

The mechanical and optical condition of instruments nsed in geodesy, and their
adjustments, although satisfactory when they leave the maker’s hand, are liable to he-
come disturbed by use, It is therefore of vital importance that the person using an in-
strument shonld be perfectly familiar with its manipulations and adjustments.  He
should be able to test and correct the adjustments himself at any time, in order to save
trouble and expense, as well as to possess u thorongh knowledge of the condition of the
instrument. It is evident that if 1Ec character of an instrument is not properly under-
stood or if the adjustments are considerably ont, the benefis due to superior design and
workmanahip may be entirely loat,  Under these circumstances an instrument may
be little better than one of lower grade.

In the best types of modern instruments the principal parts are so arranged that
they can be adjosted by the method of reversion. This method exhibits an existin
error to double its actual amount, and renders its correction eazy by taking one-half
the apparent error.  Thus errors of eccentricity and inaccuracy in the graduations are
readily eliminated by reading opposite verniers and reversing the vernier plate 1807 on
the vertical center and taking the mean of the readings , and by repeating the measure-
ment of an angle by changing the position of the limb so that the measurement will
come on different parts of the gradustion. The striding levels and levels mounted on
a metal base are readily tested by reversing their poszition! end for end. In the
tranait plate-levels the adjustment is azaured by turning the vernier plate 180%  Errors
of the line of collimation are detected or eliminated by reversing the telescope over
the bearings, or through the standards, as the case may be. In short, an instrument,
the important parts of which are not capable of reversing in one way or another, cannot
be examined guickly and aceurately.

The adjustments of an instrument, and particularly those of its cross-wires, should
be taken up successively in a systematic manner. The proper way is to select a place
from which they can be conducted in succession without moving the instrument, as
none of the adjustments should be completed independently of the others, This wethod
is followed by the maker, and will zave time and vexation. Any auxiliary apparatus
that may be available, such as collimators, ete., will be of great service and expedite
the work. Omne of the most important considerations in making adjustments (when
the same are greatly disturbed, as when new wires are to be inserted), is to place all
the respective parts in an approximate adjustment without introducing any strain
except what properly belongs to the action of the adjosting screws themselves, The
more natiural the method, and the less internal strain introduced in bringing these ad-
justable parts into position, the more lasting will be the final adjustments, provided the
istrument i3 otherwize in good copdition,

It is important that all adjusting serews and nuts should fit traly on the surfaces
againagt which they operate, with only a mere film of tallow between them, so as
to insure a trug metallic eontact, and that they be brought to o firm bearing, vet with
ot excessive strain.  Oppoaing screws and nots should always work somewhat freely,
g0 that ome can feel when they come to a true bearing. A moderate pressure
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?1p1tllfdu‘:éu:1§£ %illtfaﬂlllg pin about one and one half juches long, and held between
G atelinger, will then make a perfect contact. For instance, after the
Opposing capstan-headed screws of the cross-wire reticule have come to a bearing, it is
only necessary to give them each a slight tarn, say from 200 to 509 {with the 115u:1?|1}itl:h
of these serews) in order to insure such a tightness that a moderate I.II'L":E-E-I:I.I'H of the
finger upon these screws, or an aceidental gliding of the hand over them, eannot change
their relative position.  On the other hand, if one pair of these opposing screws be
fastened tightly during the tentative process of ailjustment, there will be, in all likeli.
liod, at the end, an excessive strain exerted upon the pair of opposing screws at right
angles, which will make itself felt at any change of temperature, or whenever ﬂ"i]},
external pressure may be momentarily applied to them. It is but natural that these
continual changes in the resultant pressure must affect the adjustments in 2 like man.
ner. To obviate such changes the procedure should be as follows : —

: 11%“'“_:53 placed spproximately in position the prineipal wire of an instrument: viz,
In a transit, the vertical wire in a plane perpendicularto the horizontal axis of revolu.
tion, in a level, the horizontal wire in a plane perpendicular to the vertical axis
of revolution, the other wire should be approximately adjusted for eollimation
with the capstan-headed screws only m.-}dc:'ufrlfy tightened.  This accomplished the
capstan-headed screws of each pair in succession should be unscrewed about one-
quarler turn, and again screwed tight the same amount. Now if the two pairs of
opposing screws have exerted no undne strain upon themselves, the telescope tube, or the
wire reticule, the principal wire will still be in the perpendicular plane : but if Ll‘lE:EI:'[‘E"-'-'S
have been nsed too much the wire will have slightly moved out of the perpendicular
plane. Therefore all four capstan-headed screws will have 1o be released again, say
abont } tarn, so that they may be moved simultaneonsly until the rincipal wire is
again in a plane perpendicular to the axis of revolution, and then each pair in succes-
sion must be again Uglitened an equal wmeunt.  The adjustment of the wires for colli-
mation must now be made in turn — the less important wire should always be taken
up first — by slightly releasing the :apslau-hea,dcguscww aweay ® from which the wire
must be moved, and tightening the opposite screw the same amount, and repeating
this process until the adjustment is gradually perfected, If during this operation either
or both of these wires bave become so much displaced that the capstan-headed screws
have to be moved more than a quarter turn, it would be advisable to slightly release all
four of them again, in succession, and commence anew.

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

. Infollowing the above-described course, the cross-wire reticule occuples a position
in the telescope free from any excessive side strain; the result of which is found in the
greater permanency of these adjustments ; and although it may requirea little more time
for an inexperienced person to make the adjustments in this manner, the satisfaction
derived from their greater permanency will more than recompense for the extra time
apent on them. The adjustments should be made at leisure, and should not be
meddled with, unless they appear to be permanently deranged; when, ordinarily,
the adjustments will merely require a very slight turn of the capstan-headed scraws
and opposing nuts in the proper direction.®  Unequal exposare of the instrument to the
sun, or expostre to sudden changes of temperature, may for a time expand some
parts more than others, so that the Instroment may seem to be slightly out of ad-
justment.  In such a case it would be better to stop temporarily and eover the
instroment with a bag to allow the temperature to become equalized, instead of at-
tempting adjustments that would need to be repeated when the instrument is
again in a normal condition. The use of metalz of different eoetficients of expansion
in the construction of correzponding parts of an instrument will naturally lead to o

1 Wi refer here exclusively to the more common instruments of American manufactore, where the
shoulders of the capstan-headed screws bear again=t the suter tube of the telescope, and where the adjusting
threads are contained in the wire reticule. In other designs where, as in maost instroments of Continenta
Europe, the capstan-headed screws are made to butt agsines the wire reticule, the capstan-headed screws
fomvarat which the wire must bhe moved, must first be loosened.  In tse latter case this action is identical
with that of opposing nuts used for the adjustment of most 1elescope levels on American instriments.

2 Hes foot-note on page 4q.
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permanent derangement of adjustment ; such also will be the case when the temperature
of an instrument is greatly altered after the adjustments have been cnmpletﬂ#- A
similar resnlt is canged if the bubble of a spirit level should not lengthen symmetrically
from the center of its graduated scale in varying temperatures, ‘These imperfections,
however, seldom ocourin instruments of modern make (or if they occur, they are gener-
ally cansed because the prineipal constituents, glass and metal, are substances of
widely differing co-efficients of expansion), and are generally so slight in well made
instruments, a3 to be of little practical value, and may be overcome by adjusting the
instrument while at & mean temperature of an entire season.

If an instrument does not remain in adjustment a reasonable length of time, the
eanse that leads to the trouble, such as a loose object-zlass or cell, loose object-alide,
Worn out screws or bearings, ete., must be found and remedied. If this is beyond the
seope of the operator the corrections should be made by an instrument maker.

Some Facts Worth Knowing.
The Line of Collimation.

The expression “ Line of Collimation,” usually defined vagnely in treatises on
geodetic instruments, E;ene,rally means any line of sight in a telescope given by the inter-
section of the cross-wires, whether they are in perfect adjustment or not. The term
“ Line of Collimation,” should, however, be conlined solely to the line of sight defined
by the cross-wires when they are in perfect adjustment, with reference to the optical
axis of the vbject glass; and any difference existin% hetween the optical axis of an ob-
ject glass and the actual line of sight as delineated by the geometrical axis of the instro-
ment is the * Error of Collimation.”

The principal optical axis of an object-glass is the line passing through the D}:IIEI:&].
oenters formed by the curvatures and the thickness of the two lenses composing it.
Thus it will be zeen that it is a well defined axis, giving direction to the Iight. passing
through an object glass, and that, when the intersection of the eross-wires is placed in
its prolonesation at the focus of the obiect glass, it becomes the axial or fundamental
line by and from which all measurements by telescopic sighting are made. 1§ is the line
of coliimation.

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

In the Inme;fnndetin and stationary astronomical instruments, the telescopes of
Which are arranged only for distant sighting, this condition is readily obtained ; but it
becomes very ditficult of attainment in the smaller geodetic instruments, since, owing to
the varying position of the focussing slide when set for different disfances, the optical
axis may not always remain traly eoincident with the geometrical axis of the telescope.
Hence in these instraments, corefully adjusted for distant sightz, there is frequently an
error of enllimation when nearer sights are taken. In the latter case the intersection
of the crose-wires remains no longer exactly in the optical axis, its displacement
being the cause of the error observed —disregu.n]jng momentarily the other and more
Emnpl:icmeﬂ features of different instruments, upon which the line of eollimation alzo

e pends.

In the Engineer's transit, however, the line of eollimation must also lie exactly
at right angles to the axis of revolution of the telescope, so that when this axis
is placed in a horizental position, the line of eollimation shall describe a traly vertical
plane, whether the teleseope be mounted in the centre of the instroment or outside of
the plates, or whether it be focussed for long or short sights. In the more COmmon
instruments of this class, where the telescope 1s situated in the center of the jnstr.
ment, the intersection formed by the line of collimation and the horizontal axis of revo-
lution i2 also required to lie truly in the prolonzation of 1he vertical axia of revolution
s that there be no eccentricity between the vertical axis of revolution and the line uf
cnl]iTntiﬂl1 whenﬁs@hm are taken at objects nearer than 200 feet.

n transits of this latker type, and in which the above condii y
gights taken would at onee llx']lzml.' the true angle, and no ]-4_.1,-:.1:5;];::1,5 (r,‘fril{:]ﬂ]l;géﬂﬂ::
would be necessary, were it not for other reasons. On account of 1he necessity f11'
eliminating the eccentricity and error of graduation and verniers, as well 48 for ,;q".,t,‘jn;::
ing errors arising from an inaccurate adjustment of the line of eollimanion wnd of lILLu.
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adjustment of the telezeope in t]]:e vertical plane, an instrument should be reversed and
an angle should be repeated. Theze remarks apply equally to transits made with the
telescopes in an eccentrie position.  If the line of collimation is truly at right angles to
the horizontal axis of revolution, the amount of the offset from the line through 1he
center of the instrument to the line of :ullhnmt:ion willequal the eceentricity of the latter,
and will remain the same whether the sizlits be long or short.  As a rule, Lhowever, the
small geodetic instriwents of the latter class cannot be construeted with the same de
gree of perfection as those with the telescope in the center:and in consequence the
enginesr using such instruments will have ta rely upon methods of observing that will
eliminate all instrumental errors.

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

Ditlicult of attaininent a5 the foregoing conditions may seem, it is proper to say
that improved tools, and & generally better understanding of the winciples governing
a telescope and its relation to the instroment, have done so much toward the perfec.
tion of geodetic instruments, that while it may not always be possible to make an
instrument in which the line of sight for both wires remaing true for all distances, that
rezult can gencrally be zecured, for at leasc the principal wire, without requiring any
other but the regular cross-wire adjustment. ;

By the foregoing explanation it will be readily undersiood that it is of great im-
portance to have the focussing alide of such a telescope fruly fifted, in order that the
optical axis of the object-glass may coincide with the geometrical axis of the telescope,
whether this slide moves in the main tobe and carries the object-glass, as is the custom
now in the smaller inatroments ; or whether it moves in gpecial rings provided for it in
the main tube at the eye-end, where it will contain the eye-piece and the cross-wires,
as s the case inall larger instruments.  Any lateral motion in the focussing slide (hat
carries the ebject-glass or the cross-wires, will, therefore, derange the adjustment of the
line of collimation. However, it is equally as clear that a wabbling of a focussing slide
carrying an eye-piece which serves only the purpose of a compound microscope for
elose observations of the wires and the image of an object, is of no account save that
guch lateral motion may be so great that the obliguity which the eoptical axis of the
eve-piece may at timez have with respect to the optical axis of the telezcope, may canse
gome parallax, if the wire and image under observation are not sharply focussed to-
gother. In concluding, it may not be considered amiss for a full understanding of
this subject, to also mention in this connection, that any transparent substance, such
az prisma,* ensea, or shade-gplosses introduced  between the object sighted at and the
object-glass, will deflect the line of sight from its troe course, unless such parts can
be e optically and mechanically perfect, which is rarely the case without elaborate
adjusting apparatus. The introdoction of a lens or lenses between 1he object-glass
and wires, or that of a glass micrometer, will also have the tendency to deflect the
optical axis aml affect the line of collimation. For this reason * Porro's telescope,™
which requires a lens between the objeet-rlass and the wires, complicates the above
conditions of & measuring telescope ; and while it may prove of some value in stadia
measurements, can never be adapted for the engineer’s transit so long as the proper
functions of the transit telescope, as explained above, are considered of the greatest
importance, The successful performance of an instrument should not be sacrificed
for the sake of some doubtful novelty,

The proper way of attaching prisms and eolored glasses neceasary to make sun
and star observations is to put them upon the eye-piece of a telescope.  After the rays
from an object have passed throush the object-glass and the plane containing the
wirea, the line of girht as fited by the object, optical axis, and the wires, cannot he
changed by additional refraction. The best way, therefore, is to apply prisms and
shade-glasses between 1he eye and the lens nearest the eye.

Aluminum for Instruments of Precision.

In consequence of recent improvements in the production of pure alominom and a
corresponding great reduction in its cost, we [requently receive mquiries as to the adapt-
ability of this metal for the manufactiure of engineers” and surveyors” field instroments.

We may be permitbed to say, that while we were among the earliest advocates
of alnminum and its alloys for mathematical instruments (=ee Scientife merican,
Feb. 1, 18685), we are not so sanguine concerning its adoption for the finest class of

* The abject prism, so called, attachable 1o the object end of a minil}s telescope to aid in steep sighting,
from its position between the object glass and the cbject sighted a2, must of necessity be of very Llimited useul-
viss, since the slightest change of the prism or its mounting or a change of the position of the telescope itself or
of its cbject slide wall almast certainly deflect the line of sight Erom ks true course and give no sasisfactory results.
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geodeiic instruments, as these inguiries would warrant us to be. There are certain
advantages devived from the use of the lighter aluminum instead of copper and its
alloys,—the metals now employed for field-fustruments ; but the displvantoges are
that pure aluminum, although very rigld, i2 nevertheleas a very soft metal like tin,
and that, when alloyed with 10 per cent. copper, to make it harder, it becomes very
brittle, but when alloyed with 20 per cent. ov 30 per eent. of copper, it becomes 2o
brittle as to break like glass. Therefore, we believe, in the present state of its
development it 15 not a =uitable material for precision instroments.

An alloy of 95 parts aluminum and § parta of silver by weight has been found to
give good results, being more rigid and hacder than the pure metal, and bt little
heavier, while it is almost ag resiztent to corrosion, polishes well, and is said to
he better for gradustion; but, the fact that it contains silver, will, of necessity,
limit its u=e to the more exceptional elass of work.

Very lttle 1s gained in the way of reduclng the weight of an instrument by em-
ploving aluminum bronze (90 per cent. eopper anid 10 per cent. aluminum). The

arts of instrument2 made of the latter metal might be easily redueed somewhat
n thickness on acccunt of ita greater righlily as compared with eopper alloys; yet
to lessen the tendency to vibration, and also in order to withstand the wear and
tear of the field use of an lostrument, such parts need a little more mass, or dead
welght aa it may be called, Itis then I‘Dunn‘l that the weight of an instrument re-
maing materially the same as ever, An exception to the rule may exist in the con-
strugtion of the larger and stationary astronomical instruments, where aluminum
bronze may e used to a certaln extent to advantsge. Itz adoption is, however,
restricted to non-revolving parts, sinee, when closely fitted into bearings made of
the softer copper and tin alloys, the friction and wear of these parts is so marked
that we would never think of substituting it for steel, bell metal or phospho-
bronze, or for any work requiring a smooth and accurate motion.

There ean be oo doubt that aluminum possesses great utility over brass in the
construction of instroments of minor importance.  Sextante, reflecting clreles, and
the more ordinary compasses,® parts of plane-talies, ete,, can he made of it with
propriety.  We have used It oceasfonally for many years, but for reasons already
stated above, we are not prepared to advocate its general adoption for instrumenta
requiring greater precision, such as the finer transits, theodolites, ete. It is only
in rare rases when & judicious vse of this metul may bo a necessity for the suecess-
ful comstruction of an instrument, as for inatance in our new style of mining transit,
permitting of vertical zights vp and down a shaft without the use of an extra side
telesoope, where certain detachable parts of the instruments are mounted in an ex-
gentric position, and unless such parts are made of aluminum they would require a
heavy counterpoise.

It is principally the indiseriminate use of aluminum that we would warn against.
Wo are aware that transits have been made of alumioum, but aside from their nov-
elty as such, little or no merit can be claimedl for them. To malke this tully under-
stood, it will be necessary to explain that all the finer bearings of an instrument
made of aluminum, such as centers, alject slidea, leveling and micromeler serews, ete.,
will have to be beshed with a bhooder and noo-friction metal, to guard against friction
and wear anil to obtain the close fitting of such parts, and permanency of adjust-
ments 0 neeezsary in instruments of precision.  Now, to male Lim principal
bearings of an instrument of different metals will have the tendeney to wealzen the
parts so teeated, to make them less secure, and to render Lhe adjustments more
Jiable 1o derangement on aceount of unequal contraction and expansion hetween
the two metals, Tt simply means, then, that the present high state of perfection
in gemletic instruments, which retain their adjustment in the varying temperatures
and climes of our gone, shall be abandoned, and we go back many years to when
the indiseriminate use of widely diferent metals often made an instroment entively
unrelinble, except when used in the temperature in which it was adjusted.

Modern instroment-making has, howover, already achieved great results in re-
dueing the welght of fiell instruments. By improved designs and by the use of
harder wetals in place of Lhe salt brass, remarkable changes have been brousht
about in the weight of instruments,  They are no longer the heavy and formless
structures of soft or hammered brass as of yore, but are of the type and character
of a long-span steel breidge, ag compared with an olid-fashioned wooden structure.
Every important member of an instrument is pow caleunlated with regard to its
strength, and the waterials are partienlarly chosen for the part they are to perform.

* Commrercizl Aluminam, unless oltnined from reliable sourees, often contalng o small amount of T,
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Gwmg to the ma_n:.- iprovements made in the desizns, the use of better materials,
the application of specially designed tools and machinery, it is no longer necessary to
use large and beavy instraments. A instrument of about fx-.-c-nhjnia'lh:rsiru and wef rt:t
of those made ten or filteen years ago will now do the same class of work. It is by [.l!l-%}iﬁ
methods that lightness bas been gained, and to them we must look for ﬁ:h-m}myirl the
futura. U_ti]&sa the gize of uninatroment is decreased, the resistance of its {:'xl““.“ﬁ"] BILT=
fuces Lo wind pressure, cansing sudden vibrations or tremor in the instroment, will of
necessity require a certain awmount of weight to secure the needed steadiness, and if this
wmgh_t. is not in the instroament proper, it will have to be in iis tripod I-.u_;';a_ This 1.5
especially true in this era of high telescape powers and sensitive apirit-levels.  What i=
needed is that engineers and surveyors should have more confidence in instruments of
sialler size az made by the best mnkers,

Wherever less weight is of great importance our patrons should not hesitate to order
our smaller Transits Nos. 2, 3, or 4, weighing 1013 and & 1bs, respectively, in preference
to a larger instrument made of Aluminum and divided to single minutes, but of equal
weight. These small instruments are just as durable and capable of doing just as close
work as the larger ones.  Being made of a like metal throughout, whose eoelicient of
expansion® is lower, they will retain their adjustments better than larrer ones made in
whole or in part of Aluminum. — Suppose an instrament is adjusted in-doors and im-
mediately is taken into the cold atmosphere of winter : other things being equal, if the
coefficient of expansion of some parts differ the adjustments will very likely be
deranged. —Eeail es, the instrument being smaller, the boxes are likewize smaller, thus
reducing the weight and making it more portable at the same time.  The same, in a
measure, can be said of the tripod, u[t]mugﬁ it is amainst our conviclions to use & lichter
tripod with a small transit than is used ou the larger ones. -

The ooly exception to the above exists in the Telezcope, which, of course, being
corresponidingly shorter in a small instrument, will have a smaller aperture and less
power. However, to seeare the same aperture and power for Transits Nos. 2 and 3
{No. 4 being inverting), as for our Transit’ No. 1, with an erecting eyepiece, it iz only
necessary to order an inverting telescope Lo attain these conditions,

There are other reasons why makers should be somewhat conservative in the adop-
tion of aluminum as a material for 1he finer class of surveying instruments, hat as they
relate principally to the treatment of alominum during construction : gradunating
process, ete., they may be omitted here. In conclusion we wish to say that the foture
developments in alloying it as a base with other metals or combination of metals, will
be watched by ws with due eare, and that whenever such developments will warrant
their adoption in the varions parts of instruments, we will only be too glad to avail
ourselves of any superiority such alloys may poisess,

* The Loeal metal for 0 Suvoeping Daptriment & Ghat whick kas @ coeffesrnd of expansion sgnal te that of
s glasr pardr, go ar fo refadr fhe doinrimenis i varving feamgeralures.

Coefficient of glass per linear foot, IEn:\cr |"‘I F.. 4 . 3 a.000054 inches.
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Alominum is farthe=t removed from the above nqui.rem:ln!:. steel or cast iran heing nearest, and alss
Ef'hur and harder than brass; and non-friction metals would be more generally adopied were it not [or the uss
the compass and the labilicy 1o rust bn the field,

Repair of Instruments.

We are often applied to for corvecting new and repairing old instruments made by other
makers. We will here remark, that as workmanship, material and constraction of different
muekers' instroments vary from one another, it is oftentimes impossible to vepair them in an ens
tively satisfactory manoer without going into an unwarrantahly great expense, or withont mak-
ing such alterations ns would practically make a new one, We will alwoys ruarntee in such
cises to put the instrument in as good order and adjestment 43 the character of itz construction,
workmanship and material, the extent of damase and the mencral wear will permir, and that all
ropairs are promptly and conscientionsly made.  The charges will be acconding to time con-
sumed, and as low s iz consistent with good work.,  Parties sending ipstruments should poiat
aut in detw] whatever parts they wish to have repaived ; but the best course to be pursued is to
have the instrument puf in thorough order and ediustment, implving, az it does, that the firm
should make such warrnntable reprirs as will make it as serviceable as possible,  This course is
always move cxpensive, but the mest satisfactory to insure good work, apd it is alsothe cheapest in
the enil, — Our own instrumenrs, whepever practicable, should always be sent 1o us for repairs 1o
insure Fullest satisfaction. Much time and money is frequently saved by so doing, as we are ina
pogitinn to duplicate parts from steck on haod, Inseoding an instrument to us from & distapce it
shoulid be carefully placed in its dor and then again in @ packing box, as explained wnider * Trans-

reation of Instruments,” Part L, in order to coolorm to the rules of most of the large Express
ompanies, which will admit it to single rates.
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The Level-trier,

Appuratus usedl in Lhe manufactore of spirit«levels to try the choaracter and approximate
sensitiveness of the eurvature gromnd in the glass twbes before they are finally filled and

sealed.  Also o accurabely detecrmine the valee of one Jivision of level in secomds of are.

. L. Berger & Sons’ Aunxiliory Apparatus.

Tged during the constrection of their Instruments of Precision,



_ Engineers’
Instruments and Their Adjustments.

Written especially lor this Catalogue by Dr, LEowarn WaLoo,

General Remarks,
THE OIFTICAL FART.

In the eonstroction of telescopes for engineers’ instruments, several diffienlties
presont themselves.  To be portable, the teleseope mnzt be of small apertare, and
of short forms,  T'o make it of short foens ol yeb retain snfliclent aperture to give
the light necessary with the eye-pleees uzed, requires especial eave on the |1.-u'"E af
the maker, both in zecuring the true eurves for the evown and Aint glass lenses,
which make up the achromatie object-zless, and in adapting an eye-piece which
will secure a flat field, with the least distortion. 5

0f the many forms of eye-pieces known, Messrs, €. L. BERGER & Boxs, after care-
ful experiments with the formulas suggested by the distinguished astronomer, Sir
George B. Adry, and the late Mr. Kellner, of Wetzlar, (the two best formulas
known,) have adopted the latter.  Mr. Kellner's forwula employs four lenses,
monnted separately, and 20 arranged us to seeure o tlat leld of L]JLI_' [:Il.:u'p:r.-'-t dlefini-
tion, to the very edra,

The magnifying power of the telescope dependz npon the relation between the
focal length of the object-glazz and the foeal length of the eye-pices, considered as
a zingle lenz: Thus—

it

F = focal length of the ohject-glass,
= an i) an f:l'k‘-]_:'i{‘k“l‘.

i
Then !1':#= magnifying power of telescope.

It iz readily seen that the magnifving power may be inereased or diminizhed by
altering the focal length £, of the eye-picee; bot it the maker increases the power
too much. zinee only a fixed amount of light ean enter the object-glass, this fixed
amount of light iz spread over too mueh surface in the field of view, sl the ohject
seen ig therefore too faint.  IF the maker gets the magnifying power too small,
then the engineer has a diffienlty in pointing the telescope aceurately.  Some other
poiuts in regard to the magnifying power will be referved to in the deseription of
the transit telescopa. Messrs. C. L. BERGER & BONS, have found about twenty-lfour
diameters to be the most satisfactory power for their Engineers’ Trausit Telescope,
and for levels the powers inerease in proportion to the size of the instromcents.

Very much dependz npon the optical part of any Instrmment., and very little has
been pit into the hands of the practical engineer by which he may rigidly test it
The following suggestions may be found eonvenient. .

The telescope should come sharply into focus, and a very little movement of the
foenssing serew, either woy, shuu!h canze the image to blor. When it is gharply
foenssed, covering any pavt of the object-glass without alterin the focuz, should
not alter the sharpness of definition but merely eot off light. "hq peneil of lag]lt
which enters the ohject-rlass, should come out at the eye end.  To ascertain this,
see whether a polnter which yon plnccﬂ‘llsj. in contact with the edge of the object-
glass, ean be wholly seen in the amall disc of Tight which you will notice at the
small opening of the c{e end when you draw your head back some inches from the
teleseope, and point the telescope towards the sky, If the polnter eannot be geen
up to t}u: very eilge, then the maker has inserted a diaphragm which cuts off light
from the object-glass, and, very probably, to conceal the faultz in making. In this
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pasethe real aperture of the telescope Is found by moving the pointer over the object-
wlass until its point is just visible, and measuring from the inner edge of the brass
cell hielding the object-glass to the pointer. Twice this distance subtracted from
the distance between the two edges of the brazs eell, will give the real or clear
aperture of the telescope.  The clesr apertore, divided by the diameter of the 2amal]
circle of light at the eve end. when the telescope iz foenssed on o distant object,
will give the magnifying power of the telescope.  Thus the clear aperture of 2 tele-
geope, measured by means of a pair of dividers and a scale, was 17 33, while the
diameter of the circle of light at the eye end, was, 0% (6. Inthis case, the magnify-

135 5
ing power of the telescope was S 22.5 diameters.

Another way to determine the magnifying power, is to measure the angnlar
distanee between two points with & transit, and then measure the enme distance
with the telescope of which the power ia to be ascertained, placed so that the tran-
#it must point into its object-glass and see the same angular distance through the
gecoml telescope ineerted.  Then ealling the fivst angle A, and the angle a5 geen
diminished throogh the introduction of the second t.elesiope lnverted g, we have

tan. 14
o Thus the angle sub-
tended by a window sash, several hindred feet away, was measnred by a transit
instrument diveet, and found to be, 1958750, When a Y level, previously focussed
on & distant object, wrs set hefore the transit, with its object-glass towards the
teangit, the same sush was measurcd and the angle was found to be but 3°30% In
this case, therefore,

the magnifying power of the second telescope

fitn bl
ol EiF RN
2 sl T—34.0 dinmeters.—

TS tan. 0P 1 4%
Id?l.( 2 )

Or. for an approximation. a eard ent one ineh wide may be set up aerces o room
by the side of a easare graduated to inches.  Then, the nomber of inchez on the
measnre seen by one eye, covered by the image of the white eard seen through the
telescope by the other «ye, will give, roughly, the magnifying power.

it ig dditienlt, without months of uze, o fully test an inztrument in all its parts;
but in ehoosing an instrument the engineer should bear in mind that the making of
the tranzit and the level are considered to be foats of mechanical akill, 1t should
be remembered that there is no machine 2o delicate that it can finizh the ezzential
parts of an instrument, The Inst zstages in its making must depend npon the peraonal
gkill of some mechanie, whe hag a reputation for that pavticular work ; and we are
gorry to add, that 2o diffienlt iz it to secure the mechanieal skill and patience re-
guired in the finishing of the interior parts. the only essential ones, and so easy is
it to add the Inequer and polish of the outside, that the market iz full of instruments
gold ata price enongh lower than the best makers can work, to seem to effect a
large gaving of the fivst cost; but sneh o saving is money borrowed at the highest
rate of interest, when the cost of annoal repairs i= considersd. It iz better at the
outset to buy of 2 maker who is noted for the conselentions ncenracy of his worl.
An imperfect rack motion; a gerew turned home on the wiong thread; a wabblin
of the object-slide or eye-piece ; o slight 2pace between the edggp_ of the vernier an
the limh of the efvele; in fact, any mechanical defect, no matter how slight it may
seem, may be taken as o pretty sure indiention that the work has been slighted in
other partz as well, aml should have 2 strong influence in guiding the selection of
an instrument, in the absenee of o test by work in the ji;-_]:l%

The Engineer’s Transit.

In the first part of this catalogue, Messrs, . L. BERGER & Sows, have pointed out
the peculiarities aud improvements in this instrument, as constructed by t.hen; In
speaking of the adjustments of these instruments it iz well for the &n ingfl:r to
remember that the eonstruetion is aimed to be such that if the telescope nﬁld lovels

are carefully adjuzted they may remain so for even a number of yo =
the mstrumwent suffers no rough usage, years to come, it

the magnifying power of Y level ==
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Deseription of the Telescope.

i %‘:fg?ﬂ:cb%ﬁiﬁ:ﬁ anhlmunatic-. belng made of two lenses, one of erown and one
o st 6t whlt;;ahansaﬁ are made of the celebrated * Jena " glass (inlro-
o B Befos | has a greater index of refraction and power of dispersion

_ ore this time. For the most part, thatis, whenever the diameter of
these lenses is not too large, we — sines 1850 — cement them together so as to
II:IB‘-I'IL_E one lens UIIJJ:'. In =0 llﬂing thie {l.iahu'hi.ng reflactionz from their inner sur-
faces, and the settling of a film between them is prevented, besides securing to the
telescope an additional amount of light equal to about 8 per cent. The eurvatures
are computed from special formule, so that the telesco, e may have the largest
aperturs possible with a short focal length,

The engineer will appreciate the slightest gain in the diameter of the ohject-
glass, sinee the amount of light received from any object varies as the square of
that diameter. Thus an object-glass 1} inehes in dlameter will admit half as wueh
light again a8 an ﬁhjeﬂt-TJFle one inch in diameter.

Tf}ﬂ fyae-plece, or ocular, as it is sometimes called, is the combination of lenses
used in the telescope with which the image formed at the foeus of the ohject-glass
is viewed,

The simplest and most commonly used eye-piece in the telescopes of instro-
ments of precision, where spider-threads and mierometers are used in making
measurements, is the Bamsden astronomical or pozitive eve-piece, It consista of
two plano-convex lenses, commonly of the same focus, placed apart at a distance of
two-thirds the focal length of either, the convex sides facing each other. It has
the advantage of being placed hehind the foeus of the object-glass. It is almost
free from spherical aberration, and gives a perfectly flat field of view, so that the
spider-threads can be seen distinetly throughout their entire length, Unfortun-
ately it is not entirely free from chromatic aberration, that is, not strictly achro-
matic, and therefore the Kellner and Steinheil eye-pieces are frequently preferred, as
in them the chromatic aberration is sensibly eliminated, =0 that a bright object
viewed with a normal eye will appear achromatic, a condition as important in the
iye-picee as in the object-glaza,

The Kellner eye-piece, also, consista of two lenses,  The one nearest the eyve, or
aya-lans, is a compound lens composed of crown and flint-glass, as in the objective,

th are cemented together so as to make one, to prevent loss of light consequent
upon a ray passing from one substance into another.  In its common form the eye-
lens iz plano-convex, with the plane side nearest the eye, while the second or field-
lens iz double-convesx.

In the Bteinheil eve-plece both lenses are compound, as in the eye-lens of the
Eellner. The parta of each lens being eemented together, they form two double-
convex lenses, and therefore it may be designated as an achromatic double eye-pisce,
There are some deviations in the construction of the three eve-pieces mentioned
above, but mainly ag to the proper eurvature of the lenses and their proper distances
apart, depending as they do on the index of refraction and power of dizpersion
of the glass wsed in the construction of the object-glass and eye.piece, hut the
principle as above explained, by which an achromatic image s obtained, underlies
all of them.

The Ramsaden eye-piece is geperally preferred on account of its greater simpli-
city and its Hat field of view, which latter condition is more difficult to be obtained
with the Kellner and Bteinheil eye-pieces in powerful telescopes of limited length,
on aceount of the somewhat larger field of view pozsessed by these eve-pieces,
Moreover, the compound lenses are lighle to be affected after a while by opacities
cguaar.l by a vrystallization, as it were, of the cement uniting the parts composing
them.

Objects esen through the above-mentioned eve-pleces are, however, inverted,
and telescopes so constructed are often objected to on this account. It neverthe-
less is the most proper telescope to use where fine telescopic measurements must
be made, as the image is more brilliant than when the objects are shown upright,
and it requires but little practice to get accustomed to its use. The inverting tel-
ezcope has 2ome Obhera£"al3tﬂ.;.,'ﬁﬁﬂllbt should be mentioned here. The eye-piece
being shorter, an object-glass of greater foeal length is obtained in the same length
of telescope, thereby favoring the eonditions imposed to secure the best definition
where the telescope must be short and powerful, Any increase in the focal length of
an object-glass adds to the magnifving power in the direct way, without entailing
the loss of light consequent upon the use of an eye-plece mads unduly powerful.
On the other hand, an increase in the magnilying power of the eye-piece magnifies
the least imperfection that may exist in the object-glass, and makes the ¢rosss
wires appear too coarse,
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In practice, however, many enginears prefer the erecting or terrestrial telescope,
Buch telescopes must be made with an eye-piece consisting of four lenses, as by
adding two more lenses, objects are shown right gide up, as viewed with the naked
eye, In the construction of an ereeting eye-piece the chromatic aberration can be
corrected by the two additional lenses required to secure an upright image ; but in
the ease of short and powerful telesoopes the difficulties presenting themselves to
seeure a perfectly flat field of view are very great, and recourse must often be had
to a compound lens,  In the Kellner terrestrial eye-piece the third lens, reckoning
from the eye, is therefore compound, and both parts are cemented together,

The Huvghenian eye-piece is used toa very lmited extent in the more modern
telescopes of instruments of precizion. It is most frequently met with in the
large telescopes used in physical astronomy, where objects are merely viewed, but
no measurements made, The field of view is large, but not quite flat. The amount
of light is greater than in the other eye-pieces. The eye-piece consists of two
planc-convex lenses with their convex sides facing the object-glass. The main fea-
tures are, that in thiz eye-piece the second lens is placed between the object-glass
anil its foeus, and that it brings the image to a focug at a poiot half-way between
the two lenges of the eye-piece.  The focal length of the second lens is three times
larger than that of the eyve-lens, and they are placed apart at a distance equal to
one-half thelr combined focal length, The image 12 viewed by the eye-lens. It is
called a negative eye-piece, because the image is formed at a point between the
lenzes,

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

The magnifying power should be such that the least perceptible motion of the
bubble of a level, or change in the reading of the verniers, should eause sufficient
maovement of the cross-wiges over the object in the field of view to be readily notice-
able, A hizhor power than this is worse than useless, since objects are less brilliant.
A lower power would not develop the full eapacities of the instrument. Messra.
Q. L. Berger & Sons adapt, therefore, the magnifying power and aperture of their
instruments to the sensitiveness of the levels, and the fineness of the graduation,

In the telezeopes of the instruments manufaetured by C. L. Berger & Bons, the
main tube hag a much smaller diameter than 2 usual in proportion to the sizeof aper-
ture, This is acecmplished without cutting off any light derived from the object-
rlass, slnee the peneil of light within the telescope is eontinually diminishing in
diameter until it comes to a focus at the plane of the spider-lines. The danger of
an ipereasae of reflections caused by bringlng the interior surface of the telescope-
tube nearer to this penell of rays, is neutralized by the introduction of several more
disphragms 1>r4'rper?' placed, and by the use of a specially dead black coating for
the interior. By this method of construetion the weight of the telescope is greatly
reduced eompared with the large apertures used by them, and theretors there is
leas wear on the horizental axis of revolution, and less friction of the object-slide,
Thers is, alzo, on this account, less surface exposed to the wind, and the instru-
ment is consequently mors steady, 0. 1. B.

The Graduations,

Engineers’ tranzits bave various graduations on their eircles, according to the
requirements of the different branches of civil engineering.,  These varions gradua-
tions are read by opposite verniers, which mway be either single or double,  Ameri-
can instruments have ususlly double opposite verniers, commonly reading the
cirele to single minutes or to thirty seconds.  For a higher grade of work, requlred
in the larger cities and on eitended lund surveys, they should, ]Lu'l.'l.’ﬂ"‘f;" read to
twenty or ten seconds, .

The customary graduations of C. L. Berger & Sops’ instruments are, First, —the
cirele divided to hall degrees, tne vernless rending to single minutes, Hecunﬂr— the
cirele divided to twenty minutes, the verniers readiug to thirty seconds. Tﬁim s
the eircle divided to fifteen minutes, the verniers reading to twenty ﬁecon'du.
Fourth, —the eirele divided fo twenty minutes, the verniers reading to twenty
H;muﬂs, Fifth, —the cirele divided to ten minutes, the verniers reading to ten
geconds.,
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" -
of [{::I:roe‘j:g'pﬁss the r:rlut:l_ou bet“:ecn the vernier and cirele divisions, let d=the valus
il vizion of the eircle ; d =the value of one division of the vernlery d-'=

ﬂ&Easgi‘gl:,:::;%f?tlmfwrl||er, or, in other words, the smallest reading of the eirele,
i et rof 2paces of the vernder which correzpond to (n—1) spaces of

We then have the three formulas ;

1. e M. -
ay  wmoft

(2.) Wz Bl oy

il
3.) Ay L S
"

Thus, for example, snppose the cir L el f. i i

ran g Hem;pd=]:‘|l;1p ¢ the eirele was divided to 15, and i was desired tn
d—g’, or, the leazt connt == 20"
Then, by formula (1)
o= _".“L;b'_ i
cim'}']’ﬂl'ﬂfﬂl‘h 43 gpaces of the vernier must correspond to 44 or(n —1) gpaces of the
o,

Buppose again the are to be divided to 207, aud to be read to 207, In thiz cass

we have

il 2060

=

There’ie:'i-, 40 spaces of the vernier must correspond to 38, or (n—1) spaces of

the circle. These are the graduations which Messrs, . T Berger & Sons usually
adopt, for engineers’ transits,

40

The ¢ut ghows a portion of the ecirele and vernier, to illustrate the method of
reading to thirty seconds.

The lines marked 130, 140, and 150 dencte 107 each,  The shorter lines half way
between them denoté 135° and 145°  The next shorter lines denote whole degroes,
while the shortest lines are one-third of a degree, or 200 apart.

The vernier comprizes the upper serieg of lines.  Of this seriez only that half
Iying to the right of the vertical arrow, or zero, and having the fizures 10 and 20
inclined in the same divection as the 130, 140, and 150 of the are, iz to be used in
connection with these figures.  The vernier iz double,—one half to be used with
one get of graduations of the ave, the other half to be used when angles are laid off
in the opposite direction, and then the lower set of figures, 210, 220, and 230 are used.

It iz to bhe especially remembered that the figures on the vernier are inelined in
the same direction as the figures on the are to which they belong.

To read the vernier, first note the whole degrees, and 2 spaces lyving between

the last 10 degree divizion and the zevo division of the vernier.
Thus in the cut, using the upper line of figures. the zero of the vernier has passed
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the 130° division, and moved on until it is between the 20 and 40° space beyond the
138° mark. The lirst part of our reading will theretore be 1587 20, G
Second, look along the vernier, begiuning from the zero point, and in the direc-
tion in which the grmin;;.r,iuu of t.hefurc TN, qutit one llthie utlélui vernier is found
pmz to be a prolongation of an opposite line on the arc. .
wmé!nlni?der each of the Turiiﬂ‘ Epaces tll:'llj'l'l.'{'l}ll the veruier zero and sueh a line.
J0 of are. 5
s ﬁﬂﬂlﬁm nmmber of minutes and geconds thus obtained to the first reading.  The
resnlt will be the reading of the circle. ; :

Thus we notice that the vernier zero isa trifle over half-way of the distance
between the 20° and 40° marks of the arc. ) .

And looking along the vernier to the rvight. we nofice that the lines of the ver-
nier gradnally approach the lines on the are until the twentieth line of the vernier
iz precizely opposite a line on the are. Of course, sinee each vernier space ti_enﬂte.a.
30", the alteruate ones made a letle longer in the et will denote single minutes,
and on the vernier therefore the twentieth line would eorrespond to 107007, and
since our first rending was hetween ¥ amd 40F, this vernier reading iz to be added
to that first reading.

Thusz, 1358° 30’
T (0"
155* 307 02" will be the reading of the vernier,
uzing the wpper graduation.

In the same manner we proceed to the left in reading the lower %'rar.luntiun. in
which the fzures are inclined to the left,  Thus in the eat, we shonld find the zero
point of the vernier is beyond the IEEI“ 20° meark, and the line of the vernier, which
is seemingly a prolongation of a line of the are, eorresponds to 100 007, Then we
h-:“"ﬂ- 221!‘1 )

0 0
2217 30" 0 for the reading of the vernier, nsing
the fower gradoation.

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

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

Thuz in the fignre the vernier gero iz about half way between 221° 20 and 221° 407,
the engineer therefore immediately looks about half way along the vernier and
finda the 10° 007 divigion to be the one sought,

When the graduation is to thirty seconds, the engineer will find that it he only
chooses, e can work to minutes with thiz gradoation quite as rapldly as with a
transic gradnated to minutes, by simply disregarding the sLurtest linez of the vernier.

The second vernder, which is distant 150°, or exnetly opposite the one vead fivst,
may also be read.  Not so mueh to eliminate any {'{'E‘(":I‘IEI‘;{‘]T:," of the circle and ver-
nhers as to afford & valuable check npon the angle meazuared.

Greater accuracy in the measnrement of any angle may be obtained by the
principle of repetition.  In this case, hefore and after an angle has been repeated o
number of thnes, all fonr of the verniers should be read, and if, for example, the
graduntions procesd from right to left, the left haml gide of ench donble vernier
shonld be read a5 nsnal 3 bot in the vight hand 2ide the line now marked 20 on the
vernier should be considered 0, and the arvow on the vernier 200 Then, with this
convention, only the minutes and zeconds of the seeond vernier should be useol.

But it should be here remarked that the repetition of anglez is not now held in
zuch repute by our best Pngint--:l's._ as it was hefore the present perfection of the arg
of graduating and centering the cireles and verniers of engineering instruments,

he engineer who has not used them will find the grommd-glass shades o great
convenlence in reading the vernier.  They are so placed as not to be readily broken
and they shed a elear, white light upon the sraduationg, i

Graduationz on zolid slver are much to be preferred to graduations on any

known brass alloy.  The surface of the zilver can be worked very plane, zinee it is

of uniform texture. The grodostions can be eut with th i
width of line and spacing. . BN A o
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The Centers.

Quite as important as the i ;
7 a3 the graduation, is the exact fiet
E_ﬂll Ll cénters of the iljﬁtl'l.i'llin:EJI;' i.e t.i'l:3 :1.11: Eeli:;uti 1LHII'|};" ”r What the Hniora
"-‘-lrﬁBlt! and the veroier plate tuen, | ' ealetal axis, about which fhe
oth axes must be exaetly ¢ i wi
5 Rt HONRENLYie 4 v 7 ]
R TiE Boatec of o |]U'I'i:f.-l.ill.lfr:l|. S :In:i:.lllv:»fl_]jl:?m'h; n_t l,lu-; |-:4.|J|:_:1tml virele,
ment. The most sensitive level gl : £ Yy position of the instro-
& 3 L aboul the instrment 2ol
b i 2 10 ‘it 2 It show any displace-
“1‘3'1':1 ‘;‘-]’:I'}“Llf U“: ‘-'1‘-_l'~‘-£ﬂ='-t'-']il-‘- beld, anid the lower plate moyed by the ‘iul{::l“hmwt
matruction of the inner center, the hy !
: nter, urdest bell-metal should be use
:'E:if:;:l!f tll_t‘?t center i red composition metal of the best quality, To ll;-;u?'e ]L
I'IEEJESS.'II';': ﬁl :‘:LEIE-:.'D:; t]liJI :Lxml, .-llml consequently of the Hmb and vernder, it is
: ik tlie wnhd each be tnrned in o dead conter lathe :
own axis, T A6E the contoy toas fl center lathe, ench about itz
: T 2, they should turn w slighte Ay, 4
yet with very little jriction. 3 without the slightest play, and
s :llL‘ﬁh}‘ﬁ. {_'!.] L. EFnr:_'iﬂ' & Bonstake the precoution of casting the outer contor, olpele
veriter plate in the same moald avoid any diffor eitic
e tabhs 1 i » T avoid any difference in tlhe composition of
F . i H i
le.lllllu.;ig!:p;tg't|trhu':_ .-*-Iu{ui}l not be lummered, sinee this wonlid alzo effect an unegual
EAEH L W metals moextreme temperatares, canzine the vernier
o g AL : ging the vernier to read too
¢ the platez are put together, the verni i
er amd limb shonlil revolve in the
game plane, to aveid pavallax. The space between the limb and vernier should
have the appearance of o uniform, fine, black e,

The Compass,

i I running old lines, and as a check in running new ones, the eompues is frequent-
Iy a very important part of the transit, Itz needle shonld e temnpueread Lhieongrhont,
and of hard steel, to retain its waguetism. 1t should be thin, aml itk il Uit same
fime have enough surface to be strongly wmagnetic. It should be EWIIE s
awelled eenter, and so nicely fitted that wlen at rest, with the Instroment, levellil,
the two extreme points should just clear the graduation of the compass box, and
read precigely 1807 different in any part of the graduated are,  The pivot on which
it swings shonld be conical, and hardened so that it may ewing upon o zharp point.
without having this point weal. )

The needle zhould also be 2o sensitive, that when drawn from its peinting by
the outside attraction of a picee of ron held in the hand a foot or so away, it will
settle to the snme reading several thnes in enceezzion.

Thiz zensitiveneza dependz upon the form and sharpness of the pivot, the strength
of its magnetizm, and its bearing on the jewelled center., =

If it slonld Dbe found that 2 needle has lost itz sensitiveness, it is probably not
2o mueh owing to its loss of magnetism, a2 to a dulling of the pivet. Since this
ey happen when the englneer is without aecess to the maker, and an instroment
otherwize be in good eomulition, it shonld be reinarked that the pivot can be sharp-
ened after removing the needle, by taling a fine ofl-stone, and while turning the
instroment with one hand, grinding the pivet, with the oil-stone in the other ; being
eareful to incline the grinding sovthiee about 25° to the pivot.  The pivot iz orlsi-
nally turned and sharpencd in a lathe, and in grinding by hand, great care should
ke taken to preserve itz conieal forimm.

The two extreme points which lis next the graduation, together with the point
of 2uspension, should lie in one straiziht line.

The eenter of gravity of the needle should be as fae below this line as poasible.

The guivering of a needle so eonstroeted is not annoying, sinee the center of its
quivering motion is in the line through itz two extreme points, which are, therefore,
stationary.

T i]et}.ermi.nn whoethor the transit itself has sny iron in it to dizturb the needle,
it is a good plan, after setting the nstrument 2o that both eompass-necdle and
vernier rends 0%, to go rowud the eivele, 2eiting the vernier ten degreea ahead each
time, and noting whether the compass-needle alzo deseribea an are of preciscly ten
degrees.  If it does not, theve is gome local attraction.
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The graduations on the compass box should begin at the North point, and run
20 in both directions; then decrease to 07 again at the South point. II!_ D_I"l:EE-'f that
the needle reading may indicate the direction of the telescope, the line joining the
zeros of the ordinary cowpasz ring must be in the same vertical plane, “'lnl'»lt_ et
line of collimation of the telescope; and the letters denoting the eardinal points,
East and West, must be tranzposed ; £ ¢, when the letter ¥ is towards the nrt,l:}.,
the letter W should be towards the East.  OF course the needle indicates magnetic
north, and in the caze of instrumentz unprovided with means of setting off the local

variation of the needle, all the readings of the needle must be corrected for this
loeal deviation. ———r e

Spirit-Levels,

The spirit levelz, as regards their senzitiveness, should e in striet keeping with
the optical power, and the gradoations of the instrament, but the guality should be
of the begt. A level-bubble should move uniformly over the same diztance, when
the telezeope iz made to point on two objects alternately, differing slightly in alti-
tude, by the leveling serews alone, In change of tewperature the bubble should
lengthen symmetrically from the center; and no matter what its lengeh, it shonld
move guickly, without any of the hitching, which is cauzed usnally by a little dév
introduced when it is filled.

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

The tezt of the fitness of the various levelz for the eapacity of the instrument
should lie in this: that after carelully bi-gecting an object in the field of view, in
gueh a position of the instrument that all the levels can be read, and then slightly
deranging them all with the leveling serews, the hi-section will be aceurately made
after restoring the levels to the exact position they before oveupied, by the leveling
BErewWs Jaie, e e

Leveling Serews.

Mesaps, O, L. Berger & Sons usually cat their leveling sereaws with 32 threads to an
inch provide the nsual four serews in opposing pairs.  The plates onee set firmly
apurt by tightening two of these sevews on the sone side, the leveling of the instru-
ment iz easily accompdished by turning the two serews of an opposing pair 8o that
both thwmbs shall move toward each other (when the bubble will go toward the
right), or both thuombs away from each other, when the bubble will move towand
thoe left,  Instroments inteonded for triangnlation, 1. e., veading to 107 or less, should
however be supported on three, instead of upon four gerews.  In thiz ease the in-
strwment is rapidly leveled by bringing one level parallel to two of the serews, the
other level will now be at right apglea to it.  Level both levelz ot the same time
by turning one of the gerews to which the firgt level is parallel and the screw
which is at right angles to this level, Of conrze the instrument may now be
reversed to guard against non-adjustment of the levels,

Three Leveling Screws versus Four..

To thestudent of the progress in Engineers® fleld lnstruments, the question often
presents itzelf s to the comparative merits of an instroment provided with three,
over one having fonr leveling zerews, It should be here |'¢I:||:|i'|lurt! that the greater
portabilicy exizting in instromentz provided with foar leveling screws still com-
mends itzelf to all nsing the wore cnztomary elugs of instrumentz. However, the
finest cluss of field instruments, requiring spirit-levels corresponding to the fine-
1ness ol '.}._‘!I'xll:lluT-ll'Hl. cannot he :au!'.';u.t,:u_-_-:-umqu eanipulated with  toor leveling
gerews.  LUhe results thus obtained wonld be 1itkle better than those obtained with
a more ordinary instroment.  To insove the full benetic of a finer instroment, 2uch
a8 nzed in triangnlation, the maker will prodently apply three leveling screws,
monnted o borsia farvger then is usnal in instroaments with fony sorews,  So, while
four Jeveling serews have the advantage of greater compactnezs and less welzht
three serews have the advantage for clozer setting, giving better resnltz. The
malcer will therefore adapt vither the one ov the other kind to Lis instruments as
the case may require.
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Quick Leveling Attachment.
[Far ifiustration see plsewhere, |

Az all devices of this kind detract more or less from the stability of an instru.
ment, it seems they never have been regarded with much favor by the engineering
prnl'easlm_l at large.  There are cases, however, where the use of such a device, in
4 mountainous country, or in underground work of a close character, becomes very
desirable. Messrs. O, L, Berger & Sons' deviee, unlike deviees of a similarkind form.
ing a part of the instrument proper, consists of a coupling with a ball and socket joint
which ean be serewed between the instrument and tripod.  As this intermediate
piece forms no part of the instrument itzelf it can be readily astached or detached
at will. thus adapting the instrument to the circumstances and to the clasz of work
in hand. For this purpose the threads of this coupling or quick-leveling attach-
ment, atnd those of the instrument and tripod are identical ; and a2 all their transits
and levels with four leveling serews arve uterchangeable on any of their tripoeds,
one such coupling is sufliclent for an engineer’s ontfic.  In fact one extra tripod
permanently provided with thiz quick-leveling attachient may be kept ready for
oeeasional uze in an office where there are & number of their instroments, ’

To use this quick-leveling attachment proceed as follows :—Screw it to the
instrument, and then serew both to the tripod in the u=zual manner, taking care
that the conpling becomes fivmly fastened thereto. Now to operate it, elightly
unscrew the instrument from its fald npaon the flange of the coupling by means of
the milled edges provided for this purpose, and move it approximately into a level
plane, then again serew the instrument firmly to the coupling game a2 before,
This being aceomplished, move the instroment over the given point on the ground
by means of the centering arrangement dezeribed later on, and level up earefully
by the leveling screws alone. It will be seen that thiz quick-leveling attachment
iz operated entirely independent of the leveling serews or centering arrangenent.
Of courze, when this device is to be nsed for several dava in suceeszion, it is not
necessary to detach it from the tripod every time the ingtriment is to be removed,
In such cases the instrument only should be detached from the eoupling.  When-
ever it becomez dezirable to detach the conpling from the tripod, it can best be
performed by allowing the instroment to remain faztened to the coupling, then by
taking hold of the milled edge of the coupling nnzerew in the nzoal manner. In
cages where the coupling haz been permanently attached to o tripod, the amall
serews eonnecting it to the tripod head must first be removed,

To secure the greatest poszible stability to the instroment. the outside diameter
of the hollow hemisphere is equal to the distanee between the leveling screws of
the instrument; and to securs a 2mooth and resdy action, leather washerz are
provided in the socket which act against the hemizphere. However, when the
instrument is clamped to the fange of the conpling theze washers recede, and the
metal surfaces are brought into direct contact with each other.

The Gradienter Screw.

This very convenient attachment consists simply ina screw working against
the clamping arn suspended from the horizontal axis, and on the opposite sidy
from the vertical are. A gtrong epiral spring is set directly opposite the serew,
and presses the clamp arm against the end ofit. This serew s eut with great care
ina lathe. Ithasa large silvered head graduated into fifty equal parts.  As the
serew is turned, the head passes over a gmall silverad scale, so graduated that one
revolution of the eerew corresponds to one space of the seale, ; )

Obviously then, the number of whole revolations made by the serew, in turning
the telescope thruugh a vertieal are, can be azcertained from this seale. I !13 F[ﬂ”"p
arm of the telescope has its clamping screw just above the horlzontal axis, in the
usual manner. When this serew is free, the telescope may be revolved; but when
it is elamped, the tele.y:{:f:e can only be moved by the gl':ri.:.i'lE.'illt&I' gerew, which thus
takes the place of the ordinary vertical tangent screw. The screw is cut with such
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a value of a single revolution, as to eauge the liorizontal cross-line of the telescope
to move over a space of & of a foot, placed at & distance of 100 feet, when the
serew is turned through one of the smallest spaces on its graduated head; and
sinee there arve fifty guch spaces on the head, it fullows that one revolution of the
serew iz equivalent to o of a foot, at a distance of 100 feet. The numbered gradua-
tions on the serew head are then each equivalent to & of a foot in 100 feet ; and two
entire revolutions of the serew would be twice f, or 1 foot to the 100. It is readily
seen that grades can be estahlizhed with great rapidity with this serew. 1t is only
necessiry alter setting the gradienter screw to zera, and leveling and clamping the
teleseope, to move it up or down a2 many spacez of the head of the gl‘;uLIL'II[!‘[' BCTEW
15 there are hundredths of feet to the hundred, in the grade to be establizhed,
Thus. to establish & grade of 1™ 85, the serew head is turned through three whole
apaces of the seale, which eorresponds to 1. 50, anil through three of the numbered
divisions, and five of the shortest ones to make up the entira rending of 1.% 85,

For measuring distanees this serew takes the place of stadia lines, and is more
convenient; sines for any approximately horizontal distance, the epace on an ordi-
uary leveling rod expressed in IL!1|LJ1‘(*Lf:I.s of feet, ineluded In two revolutions of
thegerew, will be the number of feet the level rod is distaut from the center of the
instrument.  Thos the difference between two readings of the level rod was 2, 96d
when the teleseope wasg moved n altitude through two revolutions of the serew.
The rod therefore was distant 206.5 feet.

t is unnecessary even that a leveling rod be nsed. A ranging pole or walking
stick, or any arhitrary length which can afterwarids be measured, will suflice.  Thus
a sticlk, which was afterwards meazured and found to be 3%, 35 long, was found to
Be gubtended by 35 revolutions of the serew at an unknown distance,

In thizs caze the distance was—

.85 b
—— == 213 . 9 feet.
1_53xluu 13 . 9 feet,

In caze, however, the distance to be measared is not approximately in the same
level plane with the transit telescope, it is neceszary to compute the distance, from
the readings of the rod.  In taking guch rendings at an altitude, it is enstomary to
ineline the rod towards the telescope, and by trial fld the least gpace subtended by
two stadin Hnes, A skilful rod-man will plusd a rod more remlily than he can
incline it at the proper angle, and a reading of the plomb rod ean be taken with
ereater accuracy, 8nd in less time than with the inelined rod; but it ordinarily
tnvelves some additional computing to reduce such vertical readings to horizontal
diztunces.  With the view of redueing the computation to a simple multiplication,
the following table is appended with the trignometrical areument on which it
depenids.  The engineer will notice the solution is not rigorously exact, but is suf
ficiently 2o for all casesz n practice., :
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In the above fizure,

T'H =the transit horlzontal sight Ui
Ll A na.
The angle HT'B = the mE;lc of elevation of the telescope to the foot of the rod

g *  BTA=the angle subtended by any number of revolutions of the
eradienter serew = (.

AD =the length of the rod included by the angle G, when the rod
is vertical = R.
CE iz drawn perpendicular to TH.

Then, CBA=DLTH=E TAH e= ) — (E<4 )

E:sin-&‘-‘f— EE+{:‘I-\J cos B coz G —=in E =in G.
AR sl (0 G o8 L. -
e ]3.(;=Rh(c&s E—tan G sin E.)
L}
tan G=— where k is the height above a hovizontal line, subtended by
one revolution of the gradienter aerew at a distance a.
i 2 the number of revolutions made in any given case.

S ey ki -
Bl_“h'ﬁf_ _EE L’n.-:rsE--FFqu}

]

.'.B’E=R(%cnsE—squ\] e R R R W R

HT=ET coz E
.'_HT-:R(&M;‘E—}&&}EE) ;B oY e i ow o ML

Formulas I and IT are general formulas for ey gradienter serew,  In €. L.
Berger & Sons’ transits the serew is eut and placed so that when o= 100, for
n =2 and h=4, by substitution these formulaz become,

Wl =R {100 cos E—gin E.
I =1 (100 cos "E— 14 sin 2 .

Where BT =the direct distanee from the eenter of the horizontal axis of the
tranzit to the foot of the vertical rod.
HT — the hovizontal distance from the center of the horizoutal axis of the
transit to the plumb line dropped from the foot ol the vertieal rod.
R —the space included on the vertieal rod by two revolutions of the
gradienter serew.,
T —the elevation of the foot of the rod above the horizontal sight line
of the telescope.

When the angle B becomes an angle of depressicn instead of elevation, then the
point B iz the upper end of the part of the rod used. A B. The distance BT in
thia ense is the divect distance between the center of the horizontal axis of the tele-
geope and the npper reading of the yvertical rod in the valley.

The distance H T iz, as before, the horizontal distance between the eonter of
“he horizontal axis of the telezcope, and the plumb line wolonged in this case
upwarils from the upper end of the vertical o, The plumb line in all cases coin-
cidles with the direction of the rod.

By means of the following table, it 1= only necessary to multiply the factor
sppozite the angle of elevation, by the space inclnded upon a vertieal rod by two

radienter serew revolutions, to obfain either the direct or horizontal distanee of
EIE genter of the horizontal axis of the telescope from the foot of the rod ; or the
same diztance from the upper reading of the vertical rod in the caze of an angle of
lepression.
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Gradienter Screw Table L.

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

. i pefuls

o 100.00 100.00 53 96.33 93.05
I 99.96 09.04 15 30 g6.09 92.59
2 99.90 g9.54 16 95.85 g2.14
3 90.51 99.67 6 3o 95.60 o1.66
4 99.69 99-45 1y 9534 91.17
5 99-53 9915 | 17 30 95.07 90.66
[ 9534 o8.80 13 o4.80 0o.17
7 99-13 98.30 | 18 30 9451 89.63
8 9589 97.93 19 9422 Bg.o9
9 98.61 9741 19 3o 93.93 88.54
10 g3.31 ofi.o1 20 6363 87,08
10 10 g8.15 o5t 2o 30 63.32 Syt
I 97.97 o6.17 21 93.00 86.83
I 3o 97.-79 95.82 21 3o 02,57 86.22
12 97-60 9547 | 22 92.34 85.62
1z 3o 0741 [ g5.11 22 3o §2.01 85.01
13 97-21 |93 23 91.66 84.37
13 30 g7-o1 9433 | 23 30 91.31 83.75
14 96.79 l 93.92 24 90.94 83.08
14 30 96.56 9343 4 30 90.59 S2.43
15 66.323 | o0 25 oo 00.21 S1.56

|
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In practieally applying thiz table, it is preferable to take the mean of several
readings of the rod in eacli position of the gradienter serew,*

Thuz, with the target near the foot of the rod, and then moved to correapond to
two revolutions of the gradienter screw, throe readingz in each pozition were a2

follows
I. II.
Altitude 157 My
ft. n.
0.625 3.320
0627 3.376
L625 3.378
Means, . . . LG26G 3.378
0,626
Difforonee, = & o . . 0 F o e . ow NTER
Faecvor for direet distance for 1587 == 04,50 For Horizontal Distanee = 90,17
“ ) vOISHI=0451 - 5 =063
Differences, . . . =020 a4

Therefore, the factor for 18720 will be for the divect distanee 94,580,—25 of 0.29
= 9061, and for the horizontal distance, 90,17 —25 of 0,54 = 8051,

Then we have, 2.752 » 4061 = .37 = the divect distance.
2.732 » 8D.8] = 247.15 = the herizoatal distance.

I'hiz direct distance being the distance from the position of the foot of the rod
or the lower target to the center of the horizontal axis of the telescopet and the
hovizontal distance, the one vanally desived, that distanee redoeed tooa level line.

The mean value of two revolutions of the Gradienter Serew in are, is 347 257,
Henee the value in are of one of its smallest divisions on the head is 20 nearly.
Vertieal angles therefore may be lald off with facility when they are confined to
the range of the serew,

Ty insure at all Himes accarate results, the telescope axis should revelve free, but without any locseness in
the bearings.  The engineer should examine these bearings fram time to time, and, if necessary, fresh and pare
watch oil must be applied,

To make a measurement with 8 micrometer scraw, its praduated head should be set back slightly, then bring
# up to the readings in the same direction in which the measurement must be effected.

* Should the engineer desire the direct distance betwoen the foot of the rad, and the podur ooer whickh the
ilnaseboad {5 suppemded, it may be found by the following formula

a= A g i EL

or putting it in a shape adapted for logarithmic compufation,

b= p] i g (0 By
X== e Whers tan =212 ey .\.",,IIJI
Where & ==the distance fram the peint under the plumb-hob 1o the [eos of the vertical rod.
o = the direct distance cbiained as above., i
#=1he distance fram the center of the horizontal axks is to the point under the plaab-bo.
E emthe angle of elevation of the foot of the tod, as abave.
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The suhjoined table affords a ready means of expressing any number of revolo-
tlons, and parts of a revolution, in are; and the couverse, of thgIEH:S.. minutez and

seconds, in revolutionz of the gerew

Gradienter Screw Table IT.

To convert a reading of the Screw

To convert Arc into a reading of

intae Arc. the Screw.
ZAL 3
Gradienter A Gradienter Gradienter Gradienter
Screw. TC. Sorew. Are, Arc SoTEwW. Are, Screw,

Rewv. Div.|® ¢ ¥ QRew, Div. | "

o o|loo ol 2 o |o3g 25
o 1 0 20 3 o | 5I 35
o 2 o4o] 4 o |1 345
o 3 1 ol 5 o |I 2§ 3%
o 4 I g 6 o |T 42 10
o5 I 45 7 0 |2 o020
o 6 z 58| 8 o |z 17 35
o 7 2 25 o 12 34 45
o 8 2 45|10 o |252 o
o g 3 5]l o0 |3 910
o 1o 3:3‘130 3 26 20
o 20 6sol13 o |343 30
030| 020814 © |4 ©O45

Q40 13 45 15 O

s

Iy 55

1 1o | 20 40

I 20| 24 0f I
1

I 30 Ii 27 10

I 421 32 55

2 0 3:'_ 23

2 ©° 0

o

. # | Rev.  Div,

Bod ¥ I'Rev.. Dir.

o olo owolo 8 ool o215
o1o]lo o5|o 8 30| o250
oz2olo l.o|o g mr o 26.0
o3o|loc 1.5|0 9 30| o275
o4o0|lo 2o |o 1o o0 o250

o50|lo z.500z2000| 1 8.0

1000 3.0|o0 3000 1 37.0

I 30fj0 4.5]|0 40 oo 2 10,0
:oojo G0 o 5o o0) 2 55.5
230|0 %51 00o00| 3 243
joofo gol2o0o0 6400
3 30| 0 105 |3 00 00|10 23.5
4 000 120 |4 00 oof 13 48.0
4 30(0 13.5|5 00 00,17 22.5

oy
8
=
n
o
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Thus, the telezeope being levelad, the liente
: 3 4 gradienter serew was turned through a
gpace of 11"* 23 required (he are: .

11 revolations, =3 9 107
20 divigiong, =0 & 50
3 e =0 1 0

The whole are, . . . =317 (0¥
Conversely, it waz dezived to turn off a vertical angle of 4° 35 40,

Then we have —
4_\:! ﬂr ﬁ.'.l=];:|:mr. -l$""",l.|
N =1 a7 .0
i 0 = 15 .0
di) = 2.0

The space on the head of the serow = 1= 22 g

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

It will be seen that the vertical gradienter can be nsed for a variety of purposes
measuring distances, grades, differences of levels, vertical angles, and iz o useful
check againzt errors of rod or chain measurement.

Messre, C. Lo Berger & Sons have also applied the same principle to thelr hori-
zontal tangent serews, By graduoating a silver head attached to these sorews sah-=
divisions of one minute of are are readily madao.

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

Stadia Lines.

The gradienter serew i2 so universal in itz application and can be so readily used
for angular, distanee o1 grade meazares, thuat it will generally be found best to have
it upon trunsits designed for current work.,  There are some cases however where
stadin linez are more expeditions in use than the grodienter serew, and give guite
ag exact results.

Stadia lines, for instanee, where an instrument is to be nsed for distance measares
alone, comimend themselves for their greater simplicity.  Forsuch work, non-udjost-
able lines, in connection with an inverting eye-piece, rive the best results. 1 the
lives are adjustable, in the field usage of an instronent they may alter their distanee
apart; and there is o rapidity of work with fixed lines, and & rod gradoated for
telemetrical work. which is not reacled in aony other way.

These lines may be webg, or platinum, or they may be ruled on glagz. The lat-
ter are extremely accurate, but the use of Lthem is necessarily limited in the tele
spropes of fleld instruments for the following reasons ; thin as the glass may be on
which the lines are ruled, and interceptiog only a small amount of light, yet the film
of dampness and dirt soon collecting on it will intercept a great amount of light
which in time may become a very serious impediment in the use of the telescope,
Another objeetion to their general adoption consists in the fact that as the inmﬁe
of an object is focussed in the plane of these glass-lines, a portion of the light of the
image will become reflected from the polished surfaces of this glass, causing at
times a disturbance in the clearness of vision, FBesides, this glass-" micrometer,”
a8 placed in most telescopes, is very difficult of access and must needs be removed
for cleaning, thereby increasing the liability of becoming broken, or detached from
its mounting.

Cross Section
of Telescape showing the
Wire Diaphragm

in natural Size.




406

Plumbing and Centering Arrangements.

it mow remains to speak of several conveniences of the instrument under con-
gideration. By a simple mechaniesl contrivance the plumb-hob when suspended
from the instrinment can be set immediately at auy desived height. It is suspended
direetly from the center of the instrument, and not from the tripod head. This
precaution shon®? be taksn “vith every instrument, since otherwise, when there is
difficulty In setting up an instrument, and the legs are unsymmetrically placed, the
plumb-ling will not pass throngh the center of the instrument. ¥

The instrument s provided with the ghifting tripod, better known az the ehifting
eenter, by means of 'l.\';Iil:‘l!I.. when the plumb-hob of the instrument is within a fraction
of an inch over a point on the ground, it may be brought immediately over it, by
moving the body of the instrument on itz lower level plate.  This iz probably the
createst time-saving arrangement which modern makers have introducedin engin-
eers’ triangits.

Shifting Center for a Transit with Three Leveling Screws,
As made by . L. Bercer & Sons.

In this devies, as shown in the eut, the leveling serews rest in receptacles on tha
piece made 1o slide on the tripod head, A clamp-nut, provided with a large flange
anid handles, serves to secuare this sliding piece to the tripod in any position in the
range of its lateral motlon,  The center-plece, bearing the hook for the plumb-bob,
iz like that shown in the p. 179 cut; the milled-head, at its lower end, serving to fasten
it to the lnstroment; while its milled-hoaded put, acting against the spiral epring,
fuztens the instrument. to the tripod.  In use, the pressurs of this spring needs to be
suflicient to take upthe back lash orany looseness that may exist in the loveling
sorews: but to secure the necessary stability of the instrument to the tripod, the clamp-
nut should be well fastened to the sliding plece. To operate the shifting center, both
the spiral-spring and the clamp-nut must be released slightly from their hold upon
the telpod and the sliding piece, when the instrument can be moved over the wiven
point on the ground,  This devica adds about 2 1hs. to the welght of the tripod.

C. L. B,



47
Arrangement for Offsetting at Right Angles.

The most common off-set with the transit is one at %0° to the line of =ignt.
Beveral methods hive been nroposed for doing this without disturbing the teleseope.

Messrs. C. L. Berger & Bons have a very neat one; it consigts in simply per-
forating the horizontal axis, so that by drawing the head back [fifteen or twenty
inches 'ﬂ"-'_“! one end of the axis, the eye may be placed so that the eye, the horl-
zontal axis of _Lhu. telescope, and a rod set beyond, may be readily placed in the
same straight line, at right angles to the line of sight of the telescope, no matter
at what altitude the telescope may be pointing.

. In off-setting h?r the arrangement pmpuselfl above, the rod iz made plumb by
lining it with the plumb-line of the instrument itzelf.  The advantage of this methoi
is, that it holds equally well for any inclination of the telescope. The disadvantage
is, that the engineer ig obliged to leave the eyve-end of the telescope at each off-zet
made,  Where the engineer iz willing to bring his telescope nearly level before
each off-set is made, Messrs, 0. L. Berger & Sons will adapt a simple combination
of two prisis to the telescopes, by which the rodi may be made plumb, and set
at an angle of 90 to the loe of sight.

Setting TUp.

In setting up a transit, push the iron shoe of one leg firmly into the ground, b
pressing on the other two legs near the tripod head. ﬁ:wing gecured a frm fcm:dt
ation for this leg, separate the other two legs, at the same time drawing the tripod
head toward you. Then set the two remaining legs in the same manner as the first
one, If the ground is pretty level, merely noticing that the tripod feet are equi-
diztant, = ill insure that no unsightly appearance will be given to the leveling screws,
If the ground iz uneven, however, nothing but practice can %mdune a graceful
position of the instroment. The plumb-bob attached to the instroment showld
swing within say half an inch of the point on the ground, and the{}zjlatu on which the
luveLﬁ:g gserews reat, ift possible, should be approximately horlzontal, when this
sm.ie. iz completed.

vow with the level gerews not tightened up, after leveling approximately,
bring the plumb-bob exactly over thsﬁt;lut. on the groand, by moving the body of
the instrument on its shifting head. n complete the of the instrument,
and it is ready for work.

The Adjustments of the Transit.

Tn o theoretically perfect transit instrument, the following peints are established :
1. The ohject Blraﬁd eye-glasses are perpendicular to the optical axis of the
telescope at 2l distances apart. ; ,
2. !i‘he line nl‘eoilinmtfun m:rmcnlﬁslmth]the Tpt]i‘.ﬂl nlzcis..l
8. The line of eollimation iz parallel to the telescope level.
4. The line of collimation passes through, and is perpendicular to the horizontal
axis of revolution. i ;
mﬁ. The vertical eirele is perpendicular to the horizontal axis.
6. The center of its graduated arc lies in the horizontal axis.
. The are reads zere when the line of collimation iz perpendicular to the ver-
ical axis of the upper plate. ; .
ttcal& The 1vcutslulf t.hg: horizontal axis of the telesm‘-{)_e are circles.
9, The bearings for these pivotz are of the zame diameter ov otherwlse exactly
imilar.
) 10. The line of collimation moves in a plane perpendicularly above the center of
tiwe horizontal graduated circle. . ;
11. The hm—%mutal axiz iz perpendicular to th;a gxis of the upper plate.
2. late is perpendicular to its axis. :
%; giﬁ: = i{ nes wh uhpﬁurrn the graduations of the clrcle and verniers are
equi-distant at the same distance from the axis of the upper plate, and pass through
this axis.
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14. “I'he levela of the upper plate are perpendienlar to its axis.

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

16. The lower plate is IJf:l']}L']llJiL"L'lLu' Lo s axis.

17. The eenter of the vernler plate lies in the axis of the lower plate.

1%, The axis of the plumb-bob coincides with the vertical axiz of the instrument.

Of the above points the maker attends to numbers 1, 2, 4,5, 6, 8, 9, 11, 12, 13, 15,
16, 17, 18, as a part of the gkillful manufacture of the instrument ; and the engineer
has no facilitiez for adjusting them, away from the shop.  Points numbered 3, 7, 10
and 14 are attended to by the maker when the instroment leaves the shop ; but owin
to their Hability to derangement, from accidental rough usage, the maker leaves It
in the handz of the engineer to restore them at any thoe. It s to these adjustinents
only that the following remarks ave confined.

Adjusting.

If the instrument iz out of adjnstment generally, the engineer will find it profit-
able to follow the makers in not completing each single adjustment at once, bug
rather bring the whole instrument to a niee adjustment by repeating the whole
gerics,

After setting up, bring the two small levels each parallel to a line joining two
of the opposing leveling screws. Erin‘%‘ both bubbles to the center of the level tubes,
by means of the leveling screws.  In dolng this, place the two thombs on the inner
edres of the two leveling serews, parallel to the bubbles, and the fore fingers of
each hand on the outer edge.  Turn the leveling serews so that both thumbs move
inwardz or both outwards, In the former case the bubble will move toward the
rizht, in the latter caze toward the left,

Now turn the instrument 180° in agimuth. If the small levels still have their
bubibles in the center of their tubes, these levels are adjusted, and the eireles are
respectively as nearly horizontal and vertical as the maker intended them to be.

If the bubbles, however, are not in the center of their tubes, then bring them
half way back by means of the leveling screws, and the remaining half by means
of the adjosting serew at the end of each of the level fubes.

It may be necessary to repeat this adjustment several times, but when made, the
instrument onee leveled will have its small levels bn the center of their tubes throagh
an catire rotation of the cirele,

There iz one adjustment comanon to all telescopes used in surveying instruments,
that of bringing the cross hairs to a sharp focus, at the same time with the object
under examination, the adjnstment jor Poralla:.

Polut the telezcope to the sky, and forn the eye-plece until the cross hairs are
gharp and distinet.  Sinee the eye liself may have slightly aceommodated itself to
to the eye-piece, teat the adjustinent by qu‘king with the unaided eye at some dis-
tant point, and while still looking. bring the eye-piece of the telescope before tha
eye. Ifthe cross hairs are sharp at the frst glence, the adjustment iz made. Now
focng in the usual manner upon any object, bringing the cross hairs and image toa
harp focus by the rack-work alone, A point should remain bi-sected when the eye
is moved from one side of the eye-piece to the other.

To make the vertical cross-line perpendienlar to the plane of the horizontal axis,
Bimply bi-sect some point in the center of the field of view of the telezcope, and
uote whether it continnes bi-sected by this eross-line throughout itz entire length
when the teleseope is moved in altitude, I it does not, and the point iz to the right
of the line in the upper part of the field, the adjnstment is made by loosening the
four capstan-headed serews, and rotating the reticule in the direction of a left-handed
gorew, ntil the cross-line is moved over half the distance between the point and
the line. Again, bi-seet the point by meanz of one of the tangent serews, It zhould
now remain bisected thronghout the fength of the eross-line.,

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

“On a tolerably level piece of ground, drive in three stakes at intervals of about
four or five chains, calling the flrst stake g, the second b and the third ¢, Place the
instrument half way between the stakes @ and b and read the staff {leveling rod) A,
placed om the stalke o, and also the staff B, placed on the atake b eall the two readings
A and B then, although the instroment be out of adjustment, vet the points read off
will be equidistant from the earth's center, and con sequently level. (Supposing the
mstrument to have its vertical axis vertical.) Now remove the instrument o a point
half way between band e, Aeain read off the staff B, and read also a atafl placed on
the stake C, which call staff C (the one before ealled A, being removed to that situa-
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tion.) Now by adding the difference of the readings on B (with its proper sign) to the
reading on C, we get three points say A I, O equidistant from the earth's centar, or
truly level, DPlace the instroment gt any short distance, say half a chain beyond A,
and using the bubble to merely tozee that you do not disturl the inatrument, gt a
reading from each of the stakes @, b, e, call these three readings A”, B, C*. Naow, if
the stake b be hall way between o and £y then ought,
O — O — (A" — A =2 [B" — B (A" — AN
but if not, alter the serews which adjuat the dinphrasin, and consequently the horizontal
ling, until such be the ease, then the instruoment wr]_[' be adjuzted for collimation.*
“Toadljust the spirit-bubble, withoot removing the justrament, read the stafi, A, say
it reads A", then adding (A" — A%} with its proper fign Lo B we get o value, say BY
* Adjust the instrument by means of the parallel platescrews (in a transit use the
telescope's tangent-screw), to read B on the siafi B,

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

“The instroment will now be in complete practieal adjustment, for level, enrvature,
and horizovtal refraction, for any distance not excesling ten ohains, the maximom
error being only vbmth of a foot.”

Examprie. — The instrument being placed bali way between two stakes @ and & {at one chain [ram each),
the staff on a or A’ read 6.53, and stalf on & or B read 1.3, placing the instrument half way between the
stakes & and ¢, (thres chaing {mm each) the staff on & read 4 o1, and the staff on ¢ read 511,

Hence, taking stake @ as the datum, we lave

Stake.  Above Datum. Stake,  Above Datum, Stake. Above Datum,
d0r A" = owo Cbar B = 3.4 cur = 1%

This instrument being now placed at of (say five feet from @, but the closer the Letrer, ) the staff on aar A
read .ot on & or BY, (o3, and on e or O, "I::[L- Now had the instrament besn in complete adjustment (ander
which term corvature and refractiog are ||'u:'|:I d), when the reading on staff & was 400, the readings on & and
£ alwould have been respectively o.%2 and 2. 12

The instrument therefore points upwards, the error at & being o.x1, and the error at ¢, cogs: now were the
publble ooly in error, {as is supposed in all other methods of adjustment) the errer at aught te be Four fimes as
great as at &, but 4 3 220 = 0.8y only, there is an error therelore of 0.95 —oa.8s = o 11 not due 1o the bubble,

Faor the purpase of correcting this error (and be it remembered contrary to former practice, for this pug-
poss onlyl, we must use the capstan-headed screws at the eye=end of the telescope, and neglecting the actual
ETFOY Dl':re vel we are only to m:.ic the error a1 & one-fourth that of ©.

After a few trials, whilst the reading at a continued 4.01, the reading on & became o 75, and that on ¢, 1.5,

Nowa.8a ——o,75 = coog, and 3,13 — 1.84 = .28, il

And as 4 3 o.07 = .25, the telescope is now adjusted for collimation,

All that remaing to be done, is to mise the objectend of the telescope by means of the parallel plare-
serews (or the telescope’s tangent-screw ), until the staff at  reads 2,02, and then by means of the outs which
adjust the babble-tube to bring the bubble into the centre of its Tun, .

It is the vertical wire, however, which in the transit is the wost lmportant,  When
that is to be alone adjusted in the field, it i3 usually done aceording (o the following
simple directions : Select two distant points in opposite directions from the instru-
ment, such that the vertical crossling will biseet them both when the telescope
is pointed uwpon one, and then the telescope is reversed around ita h u::r:r_.out.al_ axls
After bisecting the second point selected, revolve the instrument 180° in azimuth,
and Dbizect the first polnt again by means of the tangent serew. Heverse the tele-
scope aronmd its horizontal axis again, and if the second point is now bizected the
adjustment for collimation of the vertical wire is correct. If it is not _l;:lﬂect.?l’l,
move the vertical wire onefourth of the distance between its present position and
the point previously bisected, Again bizect the ﬁrg.t point selected, reverse the
telescope and find a new point precisely in the new line of sight of the telescope;
thess two points will now remain biseeted when the Instrument is pointed upon
them in the manner described above, if the adjustment is correctly made. If T[hfe
two points are not now both bisected, the adjustment must be repeated until this
be the case. :

justing for collimation, and one which recommends itself becauss
itis hfffh;ffrﬁ]r';ff? ?l'fﬁfﬁ'f:ﬂhff :'I-T-.-afdcﬁj:r::ﬁb ?rset up the transit and level with their abject glasses
toward each other, and they need not be but a few inches apart.  Cover the :E'.-wplece of the level '-'Hl:|::i=l plE“I_
of white paper, and illominate this paper with a lamp. By a slight metion the two bt_el-esmn-ﬂ. ahng u.;se ﬂ-
the transit focussing screw, the cross-lines of the level will be seen sharply defined against the whise back

d of the illuminated paper over the eye-piece,  Bring the transit cross-lines :m!lla.t_ l|'!e1r intersection is
s j i i i E hich had better be tommed in its wyes so that its
precisely over the intersection of the cross-lines in the level, w kel bia e ¥ i
cross Jines make an % with the horizon. If mow either instrument is not collimated when the focus of the leve
is altered hy its focussing screw, half an inch or more, and 1he transit is again sharply focussed on its cross-
Tine l:"r i aj‘ he transit cross-lines will no longer exactly cover the intersection of the level o oss-
I!ju‘:::' d}f the letal Tas I‘:-eznrmrdul.'lj adjusted by the methods given further on, then the displacement is
whaolly dug to error of collimatben in the transit.  This must be corrected by the adjusting screws.  When the

» i i limation in a telescope shetingy ohivcts erect, the diaphragm bearfog the wires
must b?t;::\!:;ti:.h:hrlﬁrfmﬁ in which the ervor 15 observed o if tu_'m-:n-&ase the sl 'EJE¥;T:Zé*ﬁ¢“
l ; i t be moved in the direction lessening the error obse .=
iﬂﬁﬁﬂ”ﬁf’% ?:s::::iemreu:mtlr:: capstan-headed screws at the side of the 'EJ-HWPi]. l“ﬂhﬂmw fo&
cwmapqndlrrng eoree the one on the opposite side, To move the horizontal wire, make sse caly of the vertica
capstan-headed screws on the telescope in the manner described. — C, L. B.



The Collimator Apparatus”

For adjusting the Line of Collimation, ste., in the Telescopes of Gepdetic Instraments,
In use sinee 1872,

Note, — A eollimator is an optical instrument whese function is 10 furnish a peneil of rays of light the
axis of which is in a given direction, The collimator is commonty arranged so that the rays shall be parallel,
as if emanating from an ebject at an infinite distance ; or it may be arranged so that the rays shall be
divergent, as it emanating from an clject at a given finite distance.  These changes are made by moving the
object-slide of the collimator to previously determined positions, as in fecusing a telescape,

Tl pencll of rays emanating from the collimator is received by the telescope of the instrument te 3
adjosted, precisely asif it had emanated from a fived star, or from an object ac a given finite distance, and 1he
telescne must be manipulated precisely as if it were pointing at nataral objects.  This renders the adjuss-
ment of the telescope, its wires, level, etc., very simple. Ewven where the necessary long sights are oon-
venient apd the state of the atmosphere is favorable, the use of a collimator is 10 be recommended on account
of the greater ease, sharpness and accuracy with which the collimator objects car be seen as compared with
wrdinary objects,

. Lo Berger & Sons” Aaxiliney Apparatuas.
Tued doring the congiraction of their Instruments of Precision

* Foo a more detailed description, see article in Sedtackrift Air fuotrumentent unde.
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adju=tment is mades the two sets of o i ould colnet ire fou
ross-lines sh feide thro uglmu.t the entire focussing mation of bath
td:m- It r |-|.I,51. be barne in mind, howey ha ki e y ot
= - i ry that ¢ appl i} i
and BEI[GI‘!., in which the method of it 1| is method {3 ':"I‘:I' applicable vy instruments like Bufl

] ) v preclisdes the id i ibde ch i axi
when the focussing serew is turned from ane end u:ur:ir:: T;;..:T:wr:rut t;l:.'lfq: osfnTrl i
It should be remarked here that whenever the e

o i ngineer lkas a level and transit with him at the =ame time,
1% & preat convenionce to use either one for adjustiy

. | 1z the ather. It requires a little patience at the outset 10
m‘i‘:r‘;‘:rﬁh? Erft other, 5o that the cross-lines in botl instruments may be black and sharpagainst a dead-white
ﬁ“_“h fod Mﬂiﬂ accustomed 19 using these methods, the cross-lines are so sharp, and their motions so

y controlled by the srews of the instruments, the engineer usially prefees them.

T'v determine whether the standards are of the same height, suspend a plumb-Tol
by means of a long cord from a helght say of from thirty to forty feet. The plumb-
bob may awing in a bucket of water to keep It steady,  Level the nstrament cavelully,
and point npon th_e plumb-line at its hase, If the plumbeline remaing bi-sected
thronghout its cutive length when the telescope is moved in altitude, and then the
telescope veversed and again made to bi-sect the Hoe throughout its length rom its
base upward, the adjustment is correct.  Otherwize make the adjustment by means
of the eapstan-lieaded serew directly nnder one of the telescope wyes, lo osening or
tightening the small screws in the pivot-cap at the same tine,

To adjust the telescope level in the field, set up the tranzic in the middle of a
tolerably level piece of ground, and carefully level it. At equal distances, in
opposite directions from the transit, dvive two stakes, so that the readings of u level
rod held suceessively on each of them will be the same when the telescope level
bubble iz brought to the center of itz tube by the vertical tangent serew in each
eaze, and the instrument i2 turned in azimoth., Take wp the instrument and re-zet
it over one of the stakes: measure the vertical distance from the conter of the
horizontal axiz of the telescope to the top of the stake over which the instrument
iz get. Set the target of the rod to read this distance, Hold the red on the diztang
stake, and bi-sect the target with the hortzontal cross-line.  With the target thus
bi-gected, turn the eylindrical nuts at the object-zlass end of the level, till the
bubble plays in the middle of its tube, Test the adjustment by re-zetting half way
between the two stalies, and noting that the bubble remains in the same position,
and the rod gives the same reading when the instrument is turned in azimuth alone
upon the two stalkes. Bometimes it is eonvenient to use o sheet of water for the
same purpoze,  T'wo stakes ave driven into the water bed at different diztanzes from
the transit, until their tops are even with the snrface of the water,  The transit is
leveled up near one of them, and its telescope altered in altitude until a vod held on
each successively gives the 2ame reading. 'Ulen with the telezcope clamped in this
position, the adjusting nuts are altercd as before uatil the bubble plays in the
middle of its tube. The methods of this paragraph asswme the horizontal wire to be
adjusted for collimation,

This adjustment alse permits of being made by an suxiliary Jevel in the office.  Set up the transitand a
level, as described in the adjustment lor collimation, and after both instroments are in coilimation : take the
precantion ta set up the instruments so that when Lhe tziescopes are approximately level they will point inta
each uther, and thz cross lines may be made to coincide by means of the leveling serews of the transit nstru-
meent, after the beve. has been carefully leveled. Now make the transit bisect the intersection of the level
n‘_"uﬁ!»:li.nas. and bring the bubble of the telescope level into the middbe of itz tabe by means ol 1he capstan-
headed screws, it is obvlous the telescope and level axis are both truly level.

It now remains to adjust the vernier of the vertical arc to read zero when the
telescope is level, to complete the adjustments of the transit. Viring the telescope
level bubble in the middle of its tube, and with the bubble in this position, set the
zero of the vernier to colncide with the zero of the vertical are; loosening the
capstan-head screws, which secure the vernier to the standard, in so doing.

NOTE.—I the vernier for the vertical arc is single, made to read both ways, in reading it proceed tothe
right or l=ft on the upper Jine of figures in the direction of the graduation used, and if the coineident line of the
vernier is beyond the 157 line, continee on the lower line of Agures on the ather half of the vernier, 50 that the
whale graduation from o tn 3o’ lies in the same direction.  Messrs, L L. Borger & Sons pow make double
verniers for their vertical arcs, similar to those described on pp- 34 and 5.

The Wye Level,

The deseription of the telescope of the engineer's transit applies with the fol-
lowing modifications to the telescope of this level. . 4
It has a clear aperture of 134 inches focus, and is17 or 18 mehes long over ail,
the sun-shade excluded.
The bell.metal eollars which rest in the wyes are about 10} Inches apart and
134 inches in dinmeter. _
%Ou account of the extreme length of the telescope tube. four eapstan-headed
rs are provided for centering the eye-piece. N
Bm}ﬁm nbjfm—g]nss forussing serew is In the middle of the tube. I'he eye-puece is
foeuzsed by turning amilled ring at the eyesenid, The level attached to the tele-
scope is about 8 inches long, 1!.151 about 584 inches e:s:m:rscd, over which is placed
the metal scale for reading the position of its bubble. The level-tube is suspended
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from the telescope-tube in sich o manner that at the ohjeet-glass end it can be moved
in azhuch, with reference to the telescope axiz, and at the eye-piece end it can be
moved in altitnde with reference to the smne axis.

Its eradiated geale has its graduations set earefully oppozsite each other on its
two zides, and they are numbered from & to O to 5 at each end of the bubble.

Sipee it iz nob necessary to construct a level which shall have absolutely the
game value in ave for the swme wotion of its bubble throoghout it2 length for
engineering 1111:'!11_;31-5, the graduated seale is so set that the slight deviations from
the are of o cirele may be equally distributed on each side of the zero of the scale,
The bubble tube is gronnd eylindrical.

The level-bar is about 12 inches long over all, and at its two extremities sup-
ports the two wyes which rise about 815 inches from its upper surface, One of
these wyes iz adjustable in altitude. The level-bar is attached to a long conical
center of the hardest bell-metal, which may be clnu1||}r.*d tor the upper level plate, mul
then o slow motion in azimoth may be given to the telescope, by o lew motion
gerew which presses the elanping bar against a stift spiral spring.  With the sun-
shade on the telescope, the weight is equaly distributed from the eenter, each way.
This is necessary, sinee o genzitive level, in the nicest work, iz affected by any
nnequal strain, though it may seem to be, practically, imperceptible.

The haze, on which the leveling serews rest, has as great a diameter as porti-
bility will permit; and the leveling screws are euk with a fine thread. These two
points add to the ease with which the instrmment may be accurately leveled.

A stop is g0 arranged that the telescope may be veadily zet with its horlzontal
eross-line level, when the instrument is in adjustment.

The instrument complete is not separable when put into its box, Messrs. . L.
Berger & Sons, believe this condition to be necessary to protect one of the essential
adjustments of the level —the adjustment of the wyes—from needless derangement.

This instrument i= sometimes made by Messrs, O, L, Berger & Sonz in a differ-
ent form. Omne of the wyes is movable in a vertical line by a milled-head serew.
Thiz enables pointing to be made with greater accuracy and facility.

The Adjustments.

I a theoretically perfect level the following points are established:
1. Theobject and eye-glasses ave perpendicular to the optieal axis at all distances
apart.

9, The eptical axiz coincides with the axis of rotation in the wyes.

2. The axis of collimation colneldes with the optieal axie.

4, The axis of collimation iz parallel to the teloscope level.

5. The eollurs resting in the wyes are circles of the same dinmeter and eoncen-
tric with the line of collimation of the teleseope.

B, The wyes are exactly similar, and simi!url_r place] with reference to the ling
of collimatinn of the telescope.
7. The level bubble moves over equal spaces for equal displacements of the
telescope in altivude.

8. The level bubble expands or eontracts equally from the center in both
direetions, during changes of temperatre.

& The vertical axiz of revolution is perpendicalar to the Hoe of collimation of
the telescope.

OF tha above, the maker establishes points nombered 1, 2, 5, 7 and 8. The
remaining points, 8, 4 and 9, are eztablizhed when the inztroment lenves the ghop.
but being liable to derangement from rough usage, they e adjustable In the

.

Adjusting.

After the engineer has set up the Instrument and adjusted the eye-piece for
arallax, ag deseribed under the englneer’s tranzsle, the horzontal eross-line had
etter be made to lie in the plane of the azimuthal rotation of the instrument.,  This

may be sccomplizhed by rotating the reticule, after loosening the capstan-headed
gerews, until & point remaing bi-seeted throughout the length of the line when the
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iﬂeicﬁ?n}ilumlved 1iuu lur.imuth. In making this adjustment, the level tube 1s to be
1t1£jachmﬁt} g:lclz:'ul:;r. 1 F]rI.E telescope-tube,  When made, 1I.IH:I small set serew
E: ] e wyez may be set 2o that by simply bringing the projectin
pin I'rml! the teleseope agalnst it, the eross-lines will be respectively parallel ung
perpendicular to the motion of the telezcope in azimuth.
huilu]l'i:r? first -:-nEfmth_ng {r.f the instroment may be made using an edge of some
& or any profile which is vertical. Make the vertical crossline tangent
o any such profile, and _ﬂlt’ll turn the telescops balf-way round in its wyes, I the
vertical cross-line is atill tangent w the edee selected, the vertical erossline is
collimated

Belect some horizontal line, and ecause the horizontal crossline to be brought
tangent to it Again rotate the telescope balf-way round in its wyes, and if the
horizontal eross-line is still tangent to the edge selected, the hovizontal cross-line
iz collimated.

*Having adjnsted the two wires separately in this manner, gelect some well defined
proint \flur:h the eross-lines are made to bi-sect. Now rotate the teleseope half way
tound inits wyes. If the point iz 2till bi-sected, the teleseope is collimated. A
'-‘El"{ excellent mark touse is the intersection of the crozs-lines of'n transit instrument.,

enter the eye-plece by the four copstau-beaded serews neavest the eve end,
Thiz is done hi.' moving the opposite serews in the same direction until o distant
abject under cheervation is withont the appearance of a rise or fall thronghout an
entire rotation of the telescope in its wyes.  The telescope Iz now adjusted.

Next, bring the level bar over two of the leveling screws, focus the teleseopa
upon some object about 300 feel distant, and put on the eun-shade. These precat-
tiong are nece2ary to a nice atjustment of the level tube, Throw open the two
arms which hold the telescope down in its wyes, aud carefully level the instrument
over the two level sorews parallel to the telescope,  Lift the telescope out of ita
wyes, turn it end for end and carvefully replace it.  If the level tube is adjusted, the
level will indicate the same reading as before. If it does not, eorrect half the
deviation by the two leveling screws and the remainder by moving the level tube
vertically by means of the two eylinder nuts which eecure the level tube to the
teleacope tube at its eye-piece end.  Loosen the upper nut with an adjusting pin,
and then ralse or lower the lower nut as the case regoirea, and finally elamp that
end of thelevel tube by bringing home the upper nut.  This adjustment may require
geveral repetitions before it 1s perfect.

The level is now to be adjnsted so that its axiz may be parallel to the axis of the
telezcope.  Totate the telescope about 20%in its wies, and note whether the level
bubhle has the same reading as when the bubble was wider the telescope. Ifit
has, this adjustment is made. If it haz not the same reading, move the end of the
level tube nearest the object-glass in a horizontal direction, when the telescope is
in its proper position, by means of the two small capstan-headed serews which
secure that end of the level to the telescope tube,  If the level bobble goes to the
object-glass end when that end is to the engineer’s right hand, upon rotating the
teleseopa level toward him, then these 2erewsa are to he turned in the direction of a
lefi-handed gerew, as the engineer gees them, and vice versn. Having eompleted
thiz adjustment, the level bar itself must now be made parallel to the axis of the
level.

1'o do this, level the instrument carefully over two of its leveling screws, the
other two being get az nearly level as may be; turn the ingtroment 1507 in azimuoth,
and if the level indicates the same inclination, the level bar iz adjnated.  1F the lovel
bubble indicates a change of inclination of the telescope in torming 1807, correct
half the amount of the change by the two level gerews, and the remainder by the
two eapstan-headed nuts at the end of the level bar, which is to the engineer's Jeft
hand when he can read the firm’a name.  Turn both nuta in the game direstion, an
equal part of a revolution, starting that nut first which iz in the direction of the
desived movement of the level bar. Many engincers eonsider this adjustment of
little importance, prefering to bring the Jevel hubble in the middle of its tube at
each sight by means of the levelling screws alone, rather than to give any eonsid-
eration Lo adjustment, should it require to be made.

* Sog Note p. 40,
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The Dumpy Level,

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

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

Adjusting.

A theoretically perfect dumpy level has the same points established that are
mentioned under the head of wye level; Tut since its constroction differs from the
wye level, the methods of adjustment are not so convenient, rescmbling closely the
adjustment of the transit telescope and s attached level.  After adding the sun-
shade and serting up as nearly as level as may be, and setting the eye-piece so to be
rid of parallax, the two crosslines shonld be set one at right angles to line the
telescope axis describes in its horizontal revolution, and the other crossline parallel
to such a line. ‘Ihis is accomplished by loosening the four capstan-headed screws
near the eye-piece, and rotating the reticule until a point remaing bi-sected when
the telescope is moved in azimath,

To adjust the level, bring the level over two of its foot screws, and bring the
bubble to the middle of 8 tube by means of the foot screws alone. Revolve the
ingtrument 180¢ in azimuth, and if the bubble remains in the middle it i3 adjusted,
if it does pot, then correct half its deviation by the capstan-headed adjusting screw
at the eye eml, and the remaining half by the two foot screws, Repeat the opera
tion over the other two serews, until the instroment may be revolved in any position,
and the level bubhle will remain in the middle of its tube,

To adjust the telescope for eollimation, any of the methods given for the
horizontal erosz-line of the transit tela&enpeigscc page 48) will apply to the dumpy
level,  The nanal method is to use a gheet of water, or where that is not available,
two stakez which are driven with their surfaces in the 2ame level plane,

T make the adjustment with the stakes, set up the level half way between two
points lylug very nearly in a horizontal line, and say 300 feet apart.  Point upon a
roul lmlnfut one of them, and bring the level to the middle of its tnbe.  Drive a atake
at thiz point, and take the reading of the rod wpon it, Point the telescope in the
oppogite direction, aeain bring the level to the middle of it2 tube, and drive a second
stake at the gecond poing selected until the rod held upon the second stake gives
the same reading as when held upon the first stake.  The tops of these two stakes
now le in the same level line.

Take up the level and get it within a few feet of the firzt stake. Read the rod
upon the first stake, and then upon the gecond.  IF the two readings agree, and the
bevel is in the middle of its tube, the collimation iz correct.  If the two readings do
not agree, correct nearly the whole of the disagreement shown when the rod is
lield om the distant peint, by means of the upper and lower capstan-headed serews
near the eye el of the telescope, and repeat t.llm operation until both rods read the
same with the level in the middle of itz tube.

The telescope and uprights arve in o single casting. which is finished and fitted
L the level bar, so that the line of collimation may be permanently paraliel to it.

The dumpy level will then be in adjustment, sinee the adjustment of its vertieal
crogs-line is of no importance,

Adjustment of the Dumpy Level' —and attached level of
Transit Telescope.
Twi=FPer Method.

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

1 Contributed by Prof. B, Fletcher, Thayer Schoal, Dartmouth College.



On elightly ris-
ing ground loeate
four points, a, b,
¢ and d, on the
same line, nearly,
making e = e,
and ad any con-
venient distance,
S preferably not much less than ea, and in some sim ple
ratio with it, for ease of calenlation afterwards,  Sef the instrioment
e siat:;t.i}:anremigngs &&' and B on a and b respectively, carefully leveling hefore
zht, en, unless the instrument i is jil :
ia the true differerice of level of @ and B e oo Ot of adjustment, (—A)

. Nexl set up acd, level earefully, and take readings A" and B on ¢ and b respec-
ln:'ely- [Ip_strlctnpss the centre of the instroment should not be set aver o, bk beyond
by an additional distance = principal focal length of the objeet-lens + the distance from
l.hf}t lens to the centre of the tripod.  {Bee the Manual, page 87, Fir. 211 Then (B —
A") — (B — A’} = B*'= error of eollimation in the distance ba, that js t}m error due to
the vertical angle between the line of gight and axis of spiritlevel. Now, by similar
triangles, we have T T e e
[l e I.'ﬂ. =
which is the error in the distance and j ed to th i o
rod to read (BY—B~). Then: il g TR R eAIE

3 For Adjustment of & Dampy Level.

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

Adjustment of Attached Level of Tramsit Telescops,

The rod being held plumb at b, with target set to read (B" — B, move the tele-
seope by verticel tangent-screw until the line of sight bisects the targes ; clamp securely.
Then Lring the bubble to the middle of the tube by means of the level-adiusting nuts
alone. Test as in the other case.

Remanns — The diagram shows a special case, viz., when (BY— A7) » (B — AN,
or the ancle subtended by B is one of elevation. If (B”— A" = (B — A) the line of
sight is already level and no adjustment is needed. If (B" — A" ¢ (B’ — A"}, Biv sub.
tends an angle of depression, and is to be added to BY I0 the latter case, if the slope
of the gronnd js slight, the difference (B” — A”) may be either zero or a very small
qgaqt[t]:;. positive or negative ; but in all cases it is added algebraically to (B A7) to
obtain B,

As in all other methods of adjustment, we assume that the maker has done his part
go well that the line of collimation will not be disturbed in any movement of the ob-
jective for focusing. Let us suppose that the line of collimation is made truly hori-
zomtal, and thatin its prolongation we have set the centres of two targetls, one over q
and one over b, the instrument being at d. If now we focus upon the farther target, the
image will be bisected by the borizontal spiderline.  Then change the focus so as to
view the nearer target.  If the centre of the objective has not moved truly in the line of
collimation, the new image will not be bisected at the focus, and the nearer target will
appear to be ount of level, when in factit is not, Henee, sinee this adjustment requires

iange of focus, it eannot be made if the above defect, in the movement of the ohjective,
exigts. If, however, the distance ad be not too small and the defeet alluded to be only
guight, the ervor in changing focus for b and @ may be hardly appreciable. The adjust-
ment once made approximately, we need not remark that, in the field worlk, any further
error of objective is avoided when taking equidistant sights.

The Plane Table.

A description of this instrument, as modified in plan by H. L. Whiting, Esq.,
assistant U, 8. Coast Survey, and constructed by C. L. Berger & Sons, may be found
in the Coast Survey Report for 1865,

The following description of its adjnstments, by A. M. Harrizon, Esq., assistant
U. 8 C. 8., is taken entire from the same paper:

“Topography is that branch of surveying by which any portion of the land surface
of the earth is mapped in plan on a specified seale or proportion of nature,
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With the plane-tahle such & map is constructed on the ground Dy at onee drawing
apon the paper, which is Ejll‘l*:ﬂf upon the table, the angles subtended by ditferent
o#eots, and determining by interseetions their relative positions, instead of reading
off the angles on graduited instruments and afterwards plotting the lines by means
of a protractor, s is done in other methods of surveying. The practice with the
plane-table has in this respect & grmt advantage in directuess and precision, The
measurement of distanees and of vertical angles are uzed, in cm]_}uuetlt_ru with the
method of fntersections, to obtain all the data for rﬁpruscutin% the horizontal and
vertical features on the map, which is drawn in the field with peneil, the detaila
being filled in according to established conventional signz. |

# A djustments,— From the nature of the service In some sections of the coun-
try the plane-table is often necessarily subjected to rongh usage, and there is a
constant Hability to a disturbance of the adjnstments | etill, in careful hands, a well
made instrument may be used under very unfavorable conditions for a long time
withont being 'feruept.ibl}r affected.  One should not fail, however, Lo make occa-
gional examinationz, and while at work, if any difficulty be encountered which cannot
otherwize be accounted for, it should lead directly to a serutiny of the adjustments.

W], The fiducial edge of the rule.—Thiz should be a troe, sirafght edge. Flace
the Tule upon a smooth surface and draw a line along the edge, marking also the
lines #t the ends of the rule. Reverse the rule, and place the opposite ends upon
the marked points, and again draw the line, If the two lines coineide, no adjust-
ment I8 necessary ;. if not, the edge must be made troe,

SThere isong deviation from & straight line, which, by a very rare possibility,
the edge of the ruler might assume, :mfyﬂt. not be shown by the above test; itle
when a E.:u-t. 18 convex, and a part similarly sitoated at the other end coneave, in
exactly the sane degree and proportion. In this case, on reverzal, o line drawn
along the edze of the rule would be colneldent with the other, though not a true
right line; this can be tested by an exact straight edge.

wi, The level attoched to the rule,—Place the instroment in the middle of the
talde and bring the bubble to the center by means of the leveling screws of the table
draw lines along the edge and ends of the yule upon the board to show its exact
position, then reverze 180°,  If the bubble remain central, it is in adjustment; if nok
correct 1 one-half by means of the leveling serews of the table, and the other hall
by the adjusting screws attached to the Ievel, This should e repeated until the
bubble keeps it3 central position, whichever way the rule may be placed upon the
table. This presuppozes the plane of the board to be true.  If two levels are on
the role, they are examined and ntl{ustfd in a like manner.

“Great cire ghould be exercized in manipulation, lest the table be diztorbed.

“3,— Paralles.— Move the eye-glass until the eroza-hairs ave perfectly distinet,
and then direct the telescope to some distant well defined object.  1f the contact
remain perfect when the position of the eyeis changed in any way, there iz no
parallax; but if it does not, then the focus of the object-glass must be changed until
thers is no displacement of the contact.  When this iz the ense, the eross-hairs are
in the common focus of the object amd eye-glasses. It may oconr that the true focus
ofthe cross-hairz iz not obtained at first, in which eaze a readjustment i3 necessary, in
order to see both them and the object with equal distinetness and without parailax.

The Striding Level, its Use and Adjustments.

In tramsits reading o minutes and halbmioutes, the plate-level i B
|  E ] i ate-level in front of the telesc
lr"l-l-ﬂ‘-bCIH'lH_'.' sensilive to asure good work.,  However, an inﬂ:r:l?q:m of the class as shawn gn.jn ¢5¢:§:dn:l:.d1lg};
. 1,y shoald always be provided with  striding bevel, to insure o degres of accuracy i keeping with its
reater capability. e sensitivensss of this striding level is equal o that of the leng level an -;{: telescape.
hus it will be seen that in & traneat of this description the plate-levels serve only the purpase af leveling up
Ezrsera.'llg,r. and that m all pases where the abjects vary considerably in beighe, the atriding level only should be
pended on at every sight. The striding level of this instrument vests o twe eylinders of equal diamezers
at paints herween the standards on the erssaxis of the telescope: and, unlike the methad described on page 4o
t-cr_::"e_:. a.'lﬁ'. Llhc purpose of adjusting the telescope by mevolve in o vertical plane.  As shown in the :Iut,.l. i
::Jr_l ing lewel can be left on the cvaes-axis when the telesonpe s pevolved in altitude. — To verify the
1 ﬂl{ltlpcrlt ol the striding level [in other words, to make is axes parallel to the cross-axis) level up the transi
“'1' nnlg_thlf bubble to the middle of its tube, reverse the striding bevel on the cylinders and see whether it Teads
thE a.:lTn... o not, remove hall the errer by the leveling screws, the other half by the capatan-headed screws at
e end, and repeat until corrected.  Ta venfy the side adjustment of the level, revolve the telescape 2o or 49%
and ot whether the reading of the bubble rémains the same, if not, corect the error by the n:r?ps.tan-heg';ad
Enruﬂ;_ ?: the side.  Ta venfy the adjusiment of the cross-axis of the fele e for right angles to the vertical
ﬂ.'\tl_;_ i‘t transit, revolve the instrument 1507 in azimuth, and assuming that both cylinders, on which the
Sfrvle ing l.;v:lgl rests, are equal in diameter, a change in the reading of the bubble will indicate dowble the amaunt
rror @ correct i1, remove hall the ervor by the leveling screws, the other half by the Wye adjustment of

the standusd, — e ber, that th i J ; i
16 that of the Wye :cll.itE:mre'r::: -:Il'q'n': mﬁ:ﬂﬁnitzz capstan-headed scrows against the level tube acts similar

For more information on this subject, see pages o8 and following, of this handbook,
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1 .
C. L. Berger & Sons' Solar Attachment.
Written for this catalogue by H. C. Prarsons, O, E., Ferryshurg, Mich,

L1 Y H T i 5 1 1 "

o ;Ellrcrsniﬂj;:i:???:"?mﬂ]f of which the following is n dezeription, is o modification

H}*lth the view of reducing the weizh® and cost of this attachment, the deelination
are is dispensed with, using, in its stead, the latitnde are for setting off LI;“-‘ ;lu_-pi
lination. N .

_Am’l to attain o greater degree of precision, n small teleseope with eross-hairs, and
o dingonal eyve-piece. have been introduced in place of the lens-bar and r'm_-n].];l:m-

T]]!.‘-j. attachment i= an appliance to the sorveyor's transit, for the porpose ¢.|.['
finding the astronomical meridian. Combised with that fnstrument, it becomes
purely ;15t_rm1n11|if;:11 in itz character — indeed, a portable Equatorial, and an '|.]r..
Azimuth instrument combined, hewee o few astronomical |lu:l]1iTlir-u.- :;-;-l:l]-| T
he requisite. o

In the accompanying cuf, the instrument is represented in position for an ob-
gervation: and in north latitude (as in these instructions we will suppose the observer
to he) the view is as from the west.

1.1 The line through the vertical axis of the trausit represents the pole of
horizon, and is called the Vertieal.

The lne perpendicular to this represents the Horizon.

(2.} The transit telescope, having its optical axls in the merldian, and having
ite south end (whether object-end or eye-end) elevated so that the vertical-are reads
the eo-latitnde, will have its optical axis in the plane of the equator also; viz, the
optical axis of the telescope will then represent the intersection of the plane of the
meridian, with that of the equator, This line is called the Eguntor.

{3.) The lpe perpendicular to the equator — that around which the solar
telescope revolves, in following the suu in his diurnal course, iz the pole of the
equator. — It is parallel with the earth's axis, and i= called the Folur Axria.
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{4} The are distance from the equator to the vertical is the Lafitude of the ob.
server, — whenee the distance from t.rllw vertical to the polar axls, is the Co-Latitude.

It will e observed that these ares oceur alternately aronnd the entire circle; sp
that the student should make himself familine with their relative position with regard
to the horizon, and the vertieal, in order to avoid mistalies, when setting the polar
axis of the instrument up to the pole of the equator. ,

(5.1  Astromomical Trinngle, The height of the sun iz menzured in a plane passing
through the * Vertical ™ and the sun, and is called his Altifwde, whence his distanee
from the ** Vertical 7 is his Oo- Alfifude. )

In the same manner, the distance from the sun to the *Pole," is his eo-dec-
lination; and the distanee from the * Vertical " to ihe pole, is the observer's (b
Lotiude.  These three compliments form what is called the Astronemical Trinngle,

Thus we have the three sides of a spherieal triangle, from which to find the
saveral angles, iy

{6.) The angla at the Pole, contained between the meridian of the observer and
that passing through tho sun, is called the Howr Angle, as it gives the distance from
the sun to the observer's merldian, in time or ave, and is osually represented by the
letter H.

(7.1 The angle at the * Vertical,” or at the cheerver's zenith, contained hetween
the meridian and a vertical plane passing through the sun, is ealled the Asimuth
Angle, and is usually vepresentod by the letter Z. ;

This angle is the ona particularly important to surveyors, as from it the place of
the meridisn is readily determined. \

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

s toz 8 cos (B—pind
cos} Z=( T e h ) ¢ v - fa.)
ain {8 — Ly sin (8 — h))
sintz={ 1¢cu¢sLmh P!- : (b.)
in which
L = Latitude. Z = the required Azimuth
d = Declination. P = Polar Distanee = 90° — .

h = Height of the sun's center, corracted for refraction and parallax,
B=4L+h+n)

Mo, — The corrertion for parallas, which §s wsaally about 6”, and never exceeds oY, may be neglected
excepd bn work of great precision,

To solve thesze equations numerieally requires much computation, but the Solor
Tronsit golves them for Z, mechandically, with no more com putation than that required
to deduce the declination for the longitude and local time of the observer, from that
given in the Nautical Almanacfor the day.

From the above definitions, it i5 readily seen that the following conditions, or
relation between the parts of the instroment, must be estahlished,

(4.} The polar axis must he Vertiend, when the vectica] are (latitude are) repds
zero, and, consequently, perpendicnlar to the oross axis of the transit telascope.

(B} The horizontal cross-wire of the solar telescope must be parallel with the
plane of its votation avound the polar axis; 4 e it must be purmllel with the plane
of the equator.

(€)  The plane passing thromgh the vertical wire and the optical axis of the
solar telescope must be at right angles to the eross axis of the solar telescope,

(0.} The bubble of the level-tube on the solar telescope must be i the middle
of it= tube, when the optical axis of that telescope I in the plane of the horlzon.

These conditions are obtained hy the following

Adjustments.

[Aa.) Having attached the zolar apparatus to the oross-axis of the telescops, as per
instrurtions under the head of © Remarks,” and having leveled up the transit {sup-
posed to b in perfect adjustment) carefully, set the vertical or latitude are to zero,
oheerving that, upon rotating the whole instrument 180° in azimuth, the hubble of
the level of the transit telescope is In the middle of its tuhe, Clamp the polar axls
firmaly to its collar by means of the clamp serew st the lower end of tha polar axis in
& position approximately vertical. Then, by means of the vpposing tangent s
also at the lower end of the polar axis, bring the bubble of its level to the middle of
its tube, and repest if necessary,
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Revolve the polar axis 180° to =ee if its level on top 18 in proper adjustment;
1f not, remove half the error by means of the opposing tangent serews at the lower
end, and the other hal¥ by the éapstan-headed serew of the level tube, (This condition
must beattained, before the polar axis can be set to the latitude of the sheerver: and
being attained, it needs no further attention than to be cxamined at times for
verifieation.) Now turn the solar telescope 909, 80 as to e parallel with the
cross-axis of the main telescope, and observe if the bubble remains in the middle of
its tube. If not, make the requisite correction by means of the eapstan-lieaded
sorews near the lower end of the polar axis, some of which draw, while others pudd,
taking care not to strain them,

This last adjustment brings the polar axis ioto a vertical plane perpendicular to
that of the first adjustment, and parallel to the vertical plane containing the optical
axis of the main telescope. It is made by the manufacturer, and, thereafter, needs
only to be examined at times,  And if the above adjustments ave properly made, the
Dnclible of the level on the polar wris, that of the Teeel o the transit teleseope, wd those o
the plate levels on the transil, il oll e in the centre af their tulwes, and the verlical arc u'iﬁ
vead zero,

{Bb.) Bi-sect some distant object, and turn the solar telescope sufficiently to the
right and left, around the polar axis, to make the image of the object fraverse the
field from one side of the tube to the other, The image should remain biseeted hy
the wire. If not, loosen the four slot-headed screws of the diaphram, carrving the
eross-halrs, and turn the diaphram, till the above condition is attained, and fasten
the screws securely.

(Ce.)  Direct the zolar telescope to bi-sect a distant object, revolve the transit
around its vertical axis exactly 150% in azimuth, and withont distorbing the polar
axis reverze the solar telescope on its cross-axis.  [Fthe vertical wire again bi-sects
the same object, the adjustment i= made; if not, move the vertical wire one-fourth
of the error by the slot-headed screws at the side of the telescope, and by means
of the tramsit’s lower tangent screw, again bi-sect the object first selected, and
repeat as described above wntil entirely corrected. The solar telescope showing
objects inverted reguires the cross-wire diaphram to he moved az deseribed in
the foot-pote on page 44 of mannal. “If for the above operation the polar axis
revolves too freely in its socket, the operator may insert a thin plece of paper
between it and its zocket, which afterwards must be removed,

(fl.) Bi-sect any distant object by the main telescops, Then, hy means of the
clamp and opposing tangent screws on the solar telescope, hring its cross-wires to
hi-sect the same object. Now level the main telescops by means of its elamp and
tangent screw, then, by means of the capstap-headed screw, hring the bubble of the
level on the solar telescope to the middle of its tube.  This being done, the optical
?xee?- of the two teleascopes will lle in parallel planes, and the instrument s veady

07 A

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

Before the 2olar attachment Iz available for foding meridiar, the observer muost
know his Letitede, and the sun’s Declination for the day and hour of observation,
corrected for refraction, whence the

Reduction of Declination and Refraction.

The sun's Declination is given for noon of every day in the year, in the Washing-
ton and Greenwich Ephemeris of the sun, for these meridlans. The maps and charts
in uze will give the difference of Longitiede to all the precision required, and tables in
this manual give the required Refraction,

An example will best illustrate :

Required a declination table for the different hoors of the day for April 25, 1885,
Lat. 44 N., and Longitude 979 W. At 167 to the hour, 897 of longitude s ahout
6} hours of time, and as this longitude is W., 12 o’elock, or noon, at Greenwich will
correspond to 5% 4. AL at the place of the obhserver. .

The declination, as given for that day, in the Greenwich Ephemeris, is 74° 20
A4 N., and 1s shown to he gaining at the rate of 407 per honr (se¢ column headed
Difference for one Hour, with the sigos 4 for sun going North, and — for sun
golog South).
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1t now. to the declination for 5% 4.M., we add the hourly rate of change succes-
sively, we shall lave the declination for the severa] hours of the day, observing that
the first inerement is for only half an hour, thus: —

Form of Daily Declination Table.
ATRIL 25, 1883

Hourly difference Dee. 4 407 | Hourly difference + H

Diec, 5L A M. i’. TR " T 3 1Y L U - | P . PO Dec. = 13% 26° 117 <4
L .. . 13w 2m o4 20 . .. W =1% 27 00 4+
He § i .. . 15 2117 4 3 ¢ e =15 27T 44
P L TR S 1 R Ces v =18 26 58 =+
wogom .. . 13 928Es 4+ O ¢ L. =13 2097 4+
S |1 I D13 mdd | 6o L. wo=1% 30 16 +

| 1+ S .. . 13 #4as L T 5 o =18 31 05 +

M. * . o« - 13 25 22

The ahove tahle must he corrected for the effects of refraction, before it is set of
on the vertical are of the transit. Refraction increases the apparrnt altitude of an
i . 1 __increasing | ;
object, and thereby affects the deelination of the object diminishing | the declina-

tion when of the rr;#:“;‘ﬂ]t : pame with the latitude.

From the 4= sign of the = difference ™ of declination, we see that the declination =
of the same name a8 the latitude, whenee the corveetion is an fnorement, and aceordingly
the + sign as saffixed,  This sign belongs to the relraction.

When the objeet is in the meridian, refraction affects declination by it= full
amont: but, if both the observer and the object were in the plane of the equator,
refraction would have po effect on the object with regard to refraction; whenee, be.
tween these limits, only a part of refraction is effective in changing the declination.

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

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

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

To Find the Latitude.

Having prepared the declinatlon for the day. as above, level up the transit care-
fully, TLevel the main telescope, obaerving that the vertical are reads zero, and sot
the polar axis to o vertical position by means of i1z level.

Theae points being attained, =et the main telescope, pointing south.  Then for a

north | : i g ;
Eouth .iﬂrlt'"ﬂ-'lt-mn. nlufml,e the south end of the talescope, till the vertical ave in-

dicates the declination thas found,

Then, having turned the solar telesenpe into a vertical plane parallel with that
containing the optical axis of the main Ltelescopse, level it earefully and elamp it, and
see that the friction spring, at the lower end of the polar axis, is sufficlently taut to
hald it in position,

A few minutes hefore the time of the sun's ealmination, bring the telescope into
the vertical ]]ﬂall(‘ passing through the oheerver and the zun, and * fed the sun " with
the salar telescope.  This iz readily done by varying the altitude when the sun's
1t‘|ml|.I:n~. will n||l]'u~au'I0u the disgonal eye-piere,

aving ** found the sun,” biseet his image with the vertical wire :
azimuth with the tangent serew of the translt plate, or with that u:"Thlutyn:ilH!crﬁ:EE
.'Luc]_. 'il[llulll'l.[ll.'n1lh'-|._‘.', tollow him In altitude — tha horizontal wire hisesting the i;:: : e‘
- till it ceases to rise, then clamp and read the vertieal ave, This readin ghﬂTm
fie .F.f.u_- s of the co-letitiude e refractim, the refraction being that doe to the I:EPI'[(“'IH
altitude of the sun, which is the slgebraic sum of declination and :-.;;.-]atifur.le_ .Fn';;m

ihls reading the Iatitude is readily deduced, Wit i i
gy S ¥ h the latitude und declination
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To Find the Meridian.

ia.} As for finding latitude, level up the instrument carefully, the vernier of plate
elamped, reading zero.

(b} Point the teleseope to the sun to find his altitode for the refraetion, This
can be found with sufficlent accuracy by torning the telescoye, 1l the shadow of a
peneil held aeross the end, or till the shadow of the screws oo the side, aee parallel
with the tulee.

ie.) The vefraction corresponding to this altitude must e moltiplied by the cor-
responding coefficlent, for the time from noon and the latitude, anl applivd o the
declimation, as per instructions above, for the coreected decliadion.

(.1 Polut the telescope to the south, llllf'l'!:jl?lr]'lu Ythe south enid for 1:::‘:;“':; doli-
natiou, till the vertical are reads the corrected declination, and clamp the vertieal
are.

&) The wain telescope being dipped to the corvected declination, level the salar
telescope by means ol its level, being caveful to do =0 when it is in o vertieal |||ﬂ_||;3
parallel with that containing the optieal axis of the main elescope, For only when it
is in this plane can the declination e propecly set off,

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

1g.) ** Find the sun " with the solar telescope.  This is done by turning the whole
instrument in agimuth, on its outer eenter, simultaneonsly with o motion of the anlar
ts'lmn% in right ascension, till the sun’s image s seen in the eve-end of solar teles-
Coe. i-sect the image, as nearly as may be, by the two motions above named —
clamp and complets the bi-section, by both wires, by means of the transit’s lower
tangent screw, and by tapping the solar Lelescope gently with a peuctl or other light
stick., If the lmwage of the sun should be 20 large that it cannot all he seen from one
position of the eve, look around it by moving the eve around it in such a manner as
1o see the entire circumference, and bring the cross-wires on the lour sides of the
image, normal to their respeetive sides, by means of the motion in azimuth, and the
motion of the solar telescope, as above described.  This being attained, the optical
mria of the main telescope showld be dn the astronomical mevidien.  Hefer to an agimuth
mark, and repeat the operation.  The above is called a direct ob=ervation,

(h.} To make areverse observation.  Having made the direct observation, turn the
whole instroment 150° in azimuth, and set the co-declination off, on the opposite 2ide
of the vertical are.  Also turn the solar telescope 180%, and proceed as before, The
object of vepetition is to eliminate personal non-precision, and possible errors
in manipulation, while the object of reversing is to eliminate any possible remaining
orrors of uf];ugtment, of the instrament. he pradent surveyor will not trust his
work without such verification, and be will take the mean of bolh ohservations.

Remarks.

» the solar apparatus from the packing-piece, at the bottom of the
hﬂé_‘ljl’-‘hf:tmr:fl:;ﬁ'a both. the !-{amp and the tangent serews, and then turn the milled
out, at the bottom of the box, a few times to the lft.  To affack the =olar attach-
ment to the instrument, tuen this milled-headed nut, from left m‘r‘l:,:ht.__nru-urgd the
serew on the instrument (the end of the cross-axis, nmr_ked No. 2, om right 51{!:9 of
instrument) but without revolving the solar apparatus.  To _:!I'IHI:IF!IS n ]u=lrt4.-c1, cuntndl.t. {::1'
the flange of the collar against the shoulder of cross-axis — involving, as it J:N'_:s.,
the adjustment of the polar axis in the direction of the cross-uxis of the malr._ teles-
copa — it s necessary that the parts be kept elean of dust, geit, ani dirt of any .Jnmll._

(2.} The auxiliary, or latitude level, ilmu:hfs frt:ct!‘:‘:n::l:ﬁzl:;:l: of the cross-axis
1 g side of the vertical are, in g ! .
{marah\]edTilf:i:d&r&:h]Mal is used Lo facilitate the resetting of the lnstrument to the
en-latitnde — the teleseope being adjusted to lts position, with more facility and pre-
clsion with the level, than by veading the vertical arc.

il i il . 8 geen in im0 prades.  Twoof
:hggﬂm:mf::;ﬁ:giz iuh::se'|::tcf':f'::?I-'Ian-;ii:f:c::f?;;ﬂ:;;l:mﬁ— n;lﬁ:!:{::l:hgs:dgr—ur one an each
dof the crogs-axis of & transit telescope, and one of them being adjusted to the wg, |!1.e ather 1o the JI‘..Iifln_{ Frade,

::q enginesr may wark in either direction on his grade, with the same fcility that be woubd on a level line,
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{41 In an emergency, the level on the solar telescope could also he dispensed
with, hy utilizing ihe lovel of the main telescope, in the same mauner as the latitude
arc is utilized for the declination are. By bi-secting some distant object with hoth
teleseopes, thelr optical axis will be parallel.  Then, when brought to a level, thelr
lavel bubbles should both read zere.  Then, the level on the solar telesecope being
kept level, and the main telescope lipped or plevated to the required declination, the
diffevence of their vertical angles will be the required declination, 4

i5.1 It will he ohserved, that in this ** Solar” the polar axis is fi-r:fmciar ta the
optical axis of the main telesrope, while in the Pearson’s +Bolar” these axXes aro
poendiel, whenee the different ares found by an obaervation for _lal:tude, and the
different angles to be set off on the latitude are in finding the meridian.

i6.) The latitude having heen found, for the initial point of a survey, it may be
found for other peints, within moderate limits, by allowing 92 chains of northing or
southing for 17 of latitude, o

(7.} The object of bringing the telescope iuto the meridian by means of the
motion on the gpindle, is to have the zero line of the horizontal plate in the merid-
fan, 50 that the azimuth or bearing of lines can be referved direetly to that line,

i8.) If, for any cause, we are obliged to work with an uneertain latitude, it is
better to do 2o with the 2un as far from the meridian as practicable, for the follow-
ing reasons: . .

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

Indeed, witih the sun precisely in the pole of the meridian, meridian 1s determi-
nate independantly of latitnde.

(0.} in making the several adjnstments, or rather in verifring them, the student
shonld have a true merddian established by some other means than by the “solar
transit,"—as from the North Star, by some of the methods given in works on sur-
veying. He should compare the resultz of his observations with this meridian at
difforsnt timez in the day, and under different, states of the atmosphere, till he has
learned any peenliarity of the instroment and the ntmost precision ebtainable with
it, az well as the ordivary limit of non-precizion.

Degree of Precision Required.

(10.) This, of conrse, depends onthe eharacter of the work to be done. i the
17, 5. Public Land Surveyz —which are, withont guestion, condueted on the best plan
the world ean afford,—only compass lee are reguired. AS 0 congequence, @ wide
wargin for non-precision is given.

_In gub-dividing a block of townships, the surveyor In courzing a random of f
miles, iz required to make hiz objective point within 3 chains. Charging the half
of thiz ervor to lineal meagurement, we find the error of Conrsing sizst be within 107
of the frue covrse, )

(1L e Monitohe, the anthorities, having fallen in love v ith onr systern ot Pub-
lie Land Surveys, hove adopted it but they require greater precision.  They re-
quire clear transic lines, projected with the best six-ineh silver lined instruments,
graduated to 10%,

In eonrsing a 6 mile random in the sub-division of a township, the surveyor
st make his objoctive ]}'.-uiut within ese ehain, in order to save reviewing hizs work,
charging, a2 before, one half of this error to the lineal meszurementz, we find the
maximum ervor allowed in coursing fo be betereen 3 and 4,

(127 With the = New Solar,” as manufactoved by Messrs, C. L. Berger & Sons,
the surveyor will be surprised and delighted to see the focility and corfainty with
which he can bring hia werk rfor within the above Hmil,



i3

Inclination of the Meridian.

(13} - In projecting ares of a great circle with the “*solar transit,” it iz of the
ntmost importance thatthe surveyor be able to tell the inelination of the meridians for
any latitude, and for any distanee of eastings or westings.

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

In the following figure, let the two ares A G, and B G
be two arcs of a quadrant of the mevidian, 1° of longitude
apart. Let A B = the arc of one degree of longitude on
the equator = 69,16 miles.

Let D B be an are of longitude on any parallel of
latitude.  Alzo, let T H and I H be the tangents of those
meridiang meeting in the earth’s axis %-cduecd, o eor-
responding to the parallel of latitude D B,

hen the line E Fe=D Fe=cos L=rcos AD or B E.
Alsg, the angle D F E=1°and the angle D H E=the
inclination of the meridians, which Iz the angle we wish
to find, and which we will represent by X% And because
the two triangles F D E and D H E are on the same hase
E D, and izosceles, thelr vertical angles vary fnversely as
thelr sides; and we have the eguation,

=

I

1°x EF=X*xEH, But

E Fescos L, anid E H=¢ot L, hence

¥ oot L=1" cos L, or

X¥=rcos L == cot L =sin L, - ¢ i ; g 3 ()
That iz to say,

. The inclination of the meridians for any diference of Tongitude, varics as the sine
af the latitude.

(14.) Since the sine of the latitude iz the inclination in decimalzs of a degree, for
one degree of longitude, if we multiply by 3600" we shall have the inclination in
geconds of are. Then, if we divide this by the number of miles in one degree of
longitude on that latitude, we shall have the inclination due to one mile on that
parallel. Thus, for

Latitnde 43% . . . s . . log. sine=0.833783
Multiply by 36007 . ; & ‘ : i = 3.550808
Divide by 50066, = 1% long. on that T, log. == 1.704653
457,48 = inclination for one mile of long. 1685404

(15.) The nse of the Inclination, a8 found by the preceding article, is to show
the gurveyor how mueh he muost deflect a line of sun‘e¥ from the due east or west,
to have it meet the parallel at agiven distance from the initial point of the survey,—
for it will be remembered that a parallel of latitude is a curve, having the eotangent
of the latitude for its radins.  And the line due east or west iz the tangent of the
nur%ﬁua’ on latitnde 43° I wish to project a six-mile line west, for the southerly
line of a township. )

Eemembering that in an isnsceles trlm'-igle, the angle at the hase is less than a
right angle by half the angle ot the vertex, I deflect my line fowards the pole by the
inelination due to three miles,— or in thiz case 48%.40 x 3=1.23", {. ¢., Defection =
14 Tnelination. .

16} Table No. IIT, which was computed from the formula {g; Art. 37, Ft{es the
Tnciination for one mile, and for zix miles on any parallel, from to 60% of Iatitude ;
also the Convergency for six miles, on any latitude.
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(7.0 The Convergency of the meridion s veadily foumd for any given distance
frown the corvespouding Inelination, by moltiplying the Siee of the inclination by
the oiven distanee.,

Thus, for latitnde 437, the fnelination for one mile iz 487,46 the sine of which is
A00235,  This, multiplied by the nomber of links in o mile, which = 3000, we hayve
the convergency for one mile.=1.88 links,

Multiplying this by the number of miles in a township.==36, and we have the
conyvergency for a township =G7.68 links,  In this manner were the convergencies
of table IIL eomputed.

(18 Defectinn gf Bange-Lines feog meridion.  The gecond colmn of table 11T
alwws the 2urvevor how much he must deflect the range lines between the several
aeetions of & township from the meridian, in order to make the consecutive ranges
of gections in a township of wniform widch, for the porpoze of throwing the effects
of “convergency™ into the mostwesterly rangeof quarter sections agrecably to law,

Thus, say between 437 and 553° of Tatitude, the inelination is practieaily 17 for
every mile of easting o1 westing., Then. bearing in mind that in the T.5., the sop-
vevs are regarded as projected from the Enst :|I|1Tﬂﬂllth to tle West and Norths the
suryveyor st project the gest resge-line between the seetions of a townzhip in those
latitudes, 17 fo the ot of the seeridion,

Tl seeond, 277 the third, 33 and g0 on to the fifth, which must be 5 to the left
of the meridian on the enst side of the township.

By this means all the convergency of the township iz thrown into the sieth, or
westerly range of aections, as the law directs,

The fourth column of the above talle shows the amonnt of this conver ENCY,
I'hiz column is alse nsetul in El:IHlitEdiug a block of tervitory embraced by two
setandand parallels” and two “ouide meridians” into townships.  Thus, starting a
meridian from o standard par.'l'l_lvl on latitude 43* N, for the western boundary of
a range of township.—say the first one west from the goide meridian,—and runnin
North, say 4 townships, the surveyor must make a point that is Eest of the six—mirz
point on the northern “standard parallel™ 4 = 67.7 links= 27008 links, The secoml
meridinn ghould fall 8 % 67.7 links to the #ight of the Lwelveamile point, ete.

(19, The Verintion 5f the Needle, This iz easily determined by noting the
rl::ld_ﬂ:_;; of the peedle when the solar transit telescope has been brought into the
maridian.

o e

C. L. Berger & Sons’ Solar Attachment for Mining
Transits.

Thi= Solar Attachment, designed and patented by the fivm, illustrated on page
168, ronsists of an equatorial adapter, an auxiliary telescope, and a striding lﬂ‘-:El-

The equatorial adapter made to fit to the upright post, on mining transits
with style I interchangeable auxilinry telescope, where the auxiliary telescope
ordiparily goes, receives the auxiliary telescope and converts it into a solar
teleseope, permitting it to move in the eguatorial eircle about a polar axis,
and in the declination cirele of the sun. The adapter consists of two plates
providel with leveling serews working against opposing springs which permit
the polar axis to be adjusted to the zenith when the main telescope is level,
and econseguently to poeint to the pole when the main telescope is elevated in
the plane of the meridian to intersect the equatorial circla. The lower plate of
the adapter serews upon the ecentral vertical post of the mining transitc which
was originally designed to carcy the auxiliary telescope when used as a top
telescope,  The upper plate of the adapter carries a small level and the socket
which moves around the polar axis. This socket carries an arm in which the
ileclination axis ean be made to revolve,  The declination axis has at one end a
threaded stud similar to those provided for the auxiliary telescope when used as
a silde or top telescope and to which the auxiliary telescope ean be serewed,  To
ilor this it is only necessary to slightly release the innermost oot from its fasten-
ing against the upright and then by turning the declination axlz by means of
the outer milled-headed screw, the auxiliary, now the solar, telescope can b
securely fastened thereto.
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To use the solar attachment, serew the equatorial adapter upon the central post,
%anl up the transit by means of the plate levels, and assuming thatall the wd-
justments of the transit and those of its motion in vertical plane have previously
been verified, attach the counterpoise and the anxiliary teloscope to their serew-
5.t.ltl:!,l.=|- a5 already explained, l.lr'mg the maln LI:'-II!I.-M:HIH: lewel-bulble to the middle
of its tube, when the zero of the vertical cirele should eoincide with that
of its vernier. Level up the equatorial adapter by revolving it, hy means of
its level and the two milled-headed serews acting against the opposing springs in
the lower plate provided for that purpose. This is necessary in order to make
Lhﬁl polar axis truly at right angles to the line of collimation of the maio telescape,
This adjustment once properly made need ooly be repeated for verification of
adjustment from time to time as deemed necessary,  The twao L|_JJ_|'|;.'\,|-|::||“-5 ahould
be placed in the same vertical plane by bisecting with both telescopes some
distant object. When the polar axis is clamped, sct off on the vertical eirele
the declination and refraction of the day and houwr of observation; bring the
auxiliary telescope into a nearly horizontal position and clamp the declination
axls tightly to the upright by means of the ioner milled-headed nut, previously
taking eare that the stud between the two opposing serews shall be nearly in the
center. Place the striding level upon the auxiliary telescope and by means of
the two opposing screws place the bubble in the center of its tube and then re-
move it The two telescopes now occeupy a position with each other egual to
the declination and refraction of the day and hour of observation. Set the
vertical circle to correapond to the eo-latitude of the place of observation and the
solar attachment 12 ready for work.

The wire arrangement in the auxiliary telescope is a square somowhat smaller
than the disk of the sun which is illustrated in diaphragm D on page 168, The
outer wires forming the square are equi-distant from the horizontal and vertical
central wires and parallel thereto, They are very coarse to distinguish them from
the wires marking the line of collimation of the telescope, to avoid mistakes on
the part of the observer when the auxiliary telescope is used in the mine,

The striding level will prove a valuable adjunect for the setting of the auxiliary
telescope when used as a side teleacope to read the same level loe as the main
telescope,

The equatorial adapter being in part made of aluminum and of brass, weighs
only nine ounces, the same counterpoise used for the auxiliary telescope may also
he used for the eguatorial adapter by the exercise of proper care.

The ohservations with this splar attachment are exceadingly simple to make,
The equatorial adapter raising the auxiliary telescope considerably above the ver-
tical eircle, ohservations can frequently be made, if desired, without the use of a
prism, by simply serewing the eolored glass furnished with the instrument upon
the eve-piece,

The ohaerver should set the tripod firmly, giving the legs an unusually wide
spread.

Observation for Meridian with the Berger Solar
Attachment,

Written for this catalegue by GEo, L. HosmeRr, Massachuectts Institute of Techoelogy,
CALCTULATION.

Before hﬂginuing the obzervations the followlng computations must be made,
1. Take from the Nautical Almanac (table IL for the month) the sun's < apparent
deelination,” for Greenwich Mean Noon of the date of the observation. If it is
north prefix a slgn, if south, & — slgn. 2. On the same line, in the next
column to the right is the @ difference for one hour,” with the proper algebraie
sign before it. 3. The local time corresponding to Greenwich Mean Noon may be
found by subteacting the west longitude of the place * from 13,7 e.g. at the T5th
meridian. This would give 7h A.M.; at the 80th, fh AM.: ete. 4 Next com-
pute the declination for each hour by adding algebraically the “lifference for 1h™
to the declination for the preceding hour, 5. Next correct each of these declina-
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tions for refraction, wsing the tables given in this catalogue, or snch as ave given
in Prof. J. B, Johnson's work on surveving, Careful attention should Le paid to
=igus,
Wa will assume for the present that the latitude {2 known, and procesd to the
description of the
FIELD OFPERATIONS,

1. Lay off on the vertical are the deelination setting for the time of observation,
tipping the telescope io such a direction that the small telescope will point above
or below the equator according as the declipation iz N, or 8, 2, Level tha small
telescope by means of the striding level, and then clamp it. 3. Next change the
sotting of the vertical cirele so that it reads the eo-lefifude of the place. 5. Tsing
hoth the horizontal and the equatorisl motions, point the small telescope at the
sun, making the four segments cut off by the eross hairs equal.  The main tele.
spope i8 now in the meridian.  To be certain that the settings are correct wait o
few momentz apd gee if the dise follows the equatorial wires perfectly. Both
plates should be elamped while the image is in the center of the fleld. The line
may then be brought down to the ground and marked.

EXAMPLE OF COMPUTATION.
Long. 5h, Wesat,, Lat, 4+ 407,  Jan. 10, 1800,

Drecl, for G, Mean Noon == — 217 507 047,
Dift, for 1h, = 4 22°.25,
TIME. DHECLINATION, REFHACTION BETTING,
Th. AM. 217 597 04"
] & 08 43 5' 40" 21° 53¢ 0@V
] H 6E 20 ¥ E 21 56 2
10 L 57 &7 2 o7 21 56 50
11 o 57 35 17 517 21 56 44
12 M. 67 13 (1547 {21 56 26)
1 .M, H6 51 1" 51T 21 556 0
2 78 o I8 207! 21 B4 21
a L hE 06 2r 51T 21 B3 15
4 e 53 44 5 40 21 G0 M

The co-latitude may ba found by measoring the altitude of the sun's lower
limb at noon, i.e. by measuring the maximum altitude.  This angle must be cor-
rected for refraction, semi-diameter and declination.  The result is the co-latitnds,
The co-latitude may alse be found, very nearly, as follows :— Make the angle be-
tween the telescopes equal to the declination setting «f noon in the same way as for
any other hour.  Bring the telescopes into the same vertical plana, and Fﬁ'int the
small telescope at the sun. By varying the elevation angle of the main telescope
keep the small telescope pointing at the sun until a maximum elevation is reached.
This angle is the co-latitude, already corrected for refraction, semi-dismeter and
declipation. Thiz method is not quite as accurate s the former,

A TEST.
The following observations were made by the writer with whe Berger Solar
Attachment, The plates were clamped st zero degrees and the mecidian found Ly

solar observation,  An angle was then turned to a mark 1 mile away. The re-
sults are as follows: — .

Tiuk. Aw. ANGLE
A M.
8130 2407 07!
LEl 05
5 -5 05ty
HIE 1T ne
.M,
323 B4 {15
3 0 3
Clouds prevented further ohaervations.
The true azimuth as found aftercard by an observation on Polaris was 240° 05

ane,
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Table I.

Mean Refraction of Celestial Ohjects for Temperature 500,
and Presaure_zﬂ*{i inches,

Alr, Rkr, Al Rt
o o33 ol 5329 5
10|31 ] 40 5 54
20|29 Fo 50 5 41
32|28 23] 6 of § 28
40127 o 10| 8 13
59125 421 20|85 3
I ©f24 29 Jo| 7 51
IO| 2% 20 4o 7 40
20|23 1§ 50| 7 30
J9| 21 15 ? 0| J:,r 20
4olz20 18 10| 7 11
50|19 25 20| 7 2
2 ol18 351 30| 6 53
1017 43 40| 6 45
2o(17 4| 0|6 37
30l16 24| 8 o| 6 29
40115 45 Io| 6 22
fof15 g 20| 6 1%
31 o|14 36 ol 6 8
1014 4 4ol 6 1
200113 74 52| 5 55
3ol13 6] o o|5 48
4212 401 10| 5 42
go|1z 15 20| 5 36
4 ©Ofr1I 51 3ol 5 a1
10|11 29 40| g 25
zol1r 8 50| 5 zo0
30|10 4S|o o 5 15
4.0 I 29 20 5 5
50|10 11 40| 4 56
i 9 9 54|11 ©| 4 47
10| 9 38 20| 4 39
0| g9 23 40| 4 31

Alt

12 0] 4 23
20| 4 16
40 4 9

13 0ol 4 3
20 -3 57
491 3 51

I4 0] 3 45
20 3 ‘1_|:|-
491 3 33

15 0 3 30
20| 3 26
40| 3 21

15 o 317
20| 13 12
40| 3 8

I7 013 4
20| 3 1
40| 2 57

13 o 2 54
20| 2 51
40| 2 47

19 0| 2 44
20| 2 41
4o z 38

20 | 2 33
20| 2 32
40 2 2!}

21 o| 2 27
20| 2 25
40| 2 23

2z Q| 2 20
20| 2 13
40| 2z 16
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Correction to the Mean Refraction given in the
preceding Table.

fl?.'
z0° | 247 | 287 | 32°
=] L /+ﬂ' J'_i_l'f f+""+|'-"
o ofz 4D|: 18/t 55|t 33
o 200z 25z sl 44)1 24
o golz 1 530t 34 16
ool sgie 4301 2500 g
1ozofr 4800 a3l 17 3
L 401 3gir 25 LN &7
2 ofr g1t 18t 5 53
3 o 1t 1) s1f 41
4 ©f s8 49 41 33
5 o 48 41 sl 28
6 of 411 35 39 24
7 9 36 311 =26 =1
B o 32| 29 23 19
g o] 28 24 zo 16
to o] 260 =2l 13 15
(2 zif 18 150 13
14 18 15 13l 171
16 160 14 12 9l
13 14| 12| 10 8
20 I3l 11 O 7
25 100 8 7§
30 8 © & 3
35 76 5 4
4o 6 5 4 3
5 5 4 3 3
S0 4 3 3 =2
55 3 3 A 3
0 3l 2 2 =
5 2l 2 3 1
e z III 1 I
1 1 1 o
0 o 0 s
Height of :;b
Barometer. ks

36°

4o
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111
I 4
55
53
45
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4z
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K
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20
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L
5
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13
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Height of the Thermometer,
44“’.43'\’52;!565 6o°|64°| 65°| 2] v6°| Bo®
_{_J.l"z_l_ﬂ' Y DY B O S R R
jrjtolrofzg {48/t %l 25t 43z 1f2 19
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ExamrLE I,

What is the eorrection for refraction for an altitude of 3% 5, the thermometer
standing at ME0® aml the barometer at 20467 Inelwes 7

Answer (hy inspection] .. s - ve 00 2HY:
and therefore,
Apparent altitnde o o == 5* 5
Tefraction i i 25 = — &Y
T'rue altitude o i i 7 F-EE

Examrre 10

What iz the eorrection for refraction for the smme altitude, the thermometes
standing at 44 and the barometer at 20043 inches?

LIS
Thermometer correction for altibmle 575 = £ U 6
Barometer diten w53
Corvection for both iz .. e o = + 0
Mean Refraction i " s = — G2

J4 Troe refection .. 5 iw = — 621

(=] ¢ "

Apparent Alrituds i S 51 = 5 5 0
True refraction E— o= —012l

True altitude o - .a 7 ohd 39
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Table II.

Coeflicients showing the per cent. of Refraction to he applied

to the Sun’s Declination.

Haours from the Meridian,

Hours from the Meridian,

Lax 1H.|2H. |3 H.|4H

10 [56)33)24]|z20
12 (63|30 28|24
14 |69 )45 33|27

18 | 78| 55 | 42 | 35
20 | 81| 60| 46 | 39
zz | 84|64 | 50|42

26 | Bg | yo | 57 | 49
z3 go | y2 Go | 51
30 | ot |74 |63 |54
33 93 | 7% 66 57

34 | 93|80 |6 |61

i H. Lat. 1H. |2 H |3 H.
i a
17] 36 |94 7t
21| 35 |95 7+
24| 40 |95 77
25| 42 |96 79
3| 49 |96 S
34| 46 |97 53
37| 45 |98 85
41| 50 | o3 56
44| 52 |98 88
47| 54 |99 90
50| 56 |99 91
53] 55 |99 92
56| Go |oag 93

.| & H.

For the construction of the above table, zee p. G
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Table ITIL.

Inclination and Convergency of the Meridians.

2P g s ¥%
Inclinz- | Inclina- &E.E'T‘_f Inclina- | Tnclina- Eg.Elj Tnclinat! Inelina- 'E.'-.E.E'g
Lat. | tion for |tionfor| 8 25 | Lat. | tion for | tien for] 5 S5 'E) Lac. |; e "F;“ tiem for | § 2579
pne mile, kix miles = © e gne mile. six miles| 2 5 £.2 or one Mile-Liy miled £ E £
= Eh Chal _n“; =

L = ) = o

— i« 2 —_—

L L f ¥ | Liwgs. ) ® L #OF |Lewgs] @ |5 ¥ £ ¥ | Luies.
o| 9.18| s55|13.0|27]26.52|2 30| 36.0| 44| 3or9|501| o1
11| 10.13 |1 o1 | 14.2 | 28] 27.66| 2 46| 38.6| 45| 52.00|512| 726
1z | 1107 |1 06| 15.5 | 20| 28.85 | 2 53| q40.2 | 46| 53.83|5 23| ¥s5.2

13| 12.02 |1 12| 16.5 | 30| 30.03 |3 00| 41.09| 47| 5567|534] 778
14| 12.98 | 1 18| 18.1 |31 |31.26 |3 07| 436|453 57.67(546] Bob
15| 13.96 | 1 24| 19-4 | 32| 3249 |3 15| 454 | 49| 5953 |559| 835
16 | 14.93 | 1 30 | 20.7 |33 |33-83 |3 23 [47-2 |5

17| 15.92 [ 136 |22.0 [34]35.17 |3 37 [40.1| 51| 1 0417|625 | Soy
18| 16.91 | 1 41| 23.4 | 35| 36.50| 3 39| 50.9] 52 1 o567 |6 40| 930
19| 17.93 | 1 47 | 24.9 | 36| 37-83 13 46| 52.7| 53 [ 1 0917 | 6 55| 964
20| 18.94 | 1 54| 26.5 |37 |39:17|3 55| 54.7| 54| 1 16.67 |7 10| 1000
21 | 19.98 | 2 00| 27.5 | 38 | 40.67 | 4 04 56.8) 55| 1 1433 |7 26| 103.7
17.17 (7 43 | 1076
23| 22.10 | 2 13| 30.8 | 40| 43.67 | 4 22 | 60.9| 57 | T 20.00 Sooli111.8

o|rozoo|6i12| 8365

—

-

221 21.02 |2 06| 20.3 |39 | 4217 |4 13| 55.8] 56

24| 23.17 | 2 19| 32.3 | 41 | 45.17 [ 4 31 [ 63.1 58| 122:00|8 19| 1162
25 24.30|::6 23.8 (42 | 46.85 | 4 41 [ 654 50

26| 25.38 | 2 32| 35.4 |43 | 4852 |4 51 | 67.7| 6o | 1 30.00 |g 0O | 125.7

-

26.66 | 8 40 | 1209

For the construction and nse of the above table, see articles (13,) (1%,) (15,)
(17,3 (18,7 page 63 : ks

For details of instruction in T, 5. Government Surveying, see Hawes' System
of * Rectangnlar Surveying,” and Burt’s *Key to-Solar Compazs.”
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To Find the Meridian from ¢ Polaris.”

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

Tt is also at its extreme distanee, east and west, twice Ina stellar day, called

reatest elongations, east or west,
’ At the tl:gﬁ of a culmination, it would be only necessary to get the bearing of the
star to have the place of the true meridian.  But this would require an exact knowl-
edge of the time, an clement not usually possessed by surveyors. Moveover, the
ohservation must be made with certainty, at the ll:sm;]t, which is not always praf:m-
eable.  On this account, this method is not in fvor with surveyors. g

At elongation, the apparent motion of the star is tangent to the vertical, and
therefors, for o faw minntes, with vegard to azgimuth, 1t appears to stand still, thereby
affording ampla time for deliberate observation. .

The distanee of this star from the pole—ealled its polar distance, was 19 18 168
on January 1, 1885, and is diminishing at the rate of abont 10067 per year, whences
it= distance in following yvears may be known.® } )

The azgimuth of the star, corresponding to any polar distance, is variable with the
latitude. Thus, an observer at the equator would see this star —say at eastern
elongation — in the hovizon, and st the distanes of 1° 187 16 to the wight of the pole,
or trus meridian. b ;

If now the observer should go north, the azimuth of the star woulidl increase with
its altitude, till he should arrive at a latitade equal to the complement of the polar
distanee, when it would he N, 90° E. Between these limits, the bearing of the star,
at elongation from the pole, would vary according to the following equation, in which
Z = the azimuth, or bearing :

Qin 7 — &in Fnlar_l)iat:llloe

cosine Latitude

Az the teleseope of the surveyor's transit is not usually of sufficient power to show
the star in the daytime, the chservation must be mada at night, in which case the
cross-wires of tha telescope must be illuminated by light reflected into the tube, A
plece of =tiff white paper, with an opening large enough to admit of seeing the star
through it, and held obliguely in front of the telescope, will make a good reflector,

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

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

stars are in a line, nearly horizontal, and the Dipper is ;H;; {» of the pole, Polaris ia
at hiz greatest elongation “'Ei: 1

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

A satlsfactory zight having Leen obtained, the telescope should be brought down
to fix o mark on the ground, at & distanee of 300 to 400 vards from the tranait,

This mark shonld be something elear and definite, 1ike a nail set in a hub, driven
L“.“' the groumd, which may he located by means of a plummet lamp, or by means
of A SO lnmp in a box, having o vertical s1it in one side of say 3 or } an inch in
thickness, with a plumb-line suspended from  the slit, and manipulated by an
nssistant.

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

the above equation, and set the resnlting angle off to the }gﬁml of the mark for
wistern | 1
PR e Ilcimmgnﬂun.

It may Im:_:-ju-n: that the resulting azimuth may have an odd numher of seconds,
or fraction of & minute, not eonvenlent to e set off with a vernjer eradusted to

* Small correctlons to the distances thus calg

S e ki e
all; see a Mautical Almanac, ulated are neoded, but do not ameunt 10 more than ECE



71

single millut.es.._ In this case, find the distance carefully hetween the transit and the
mark, and multiply this distance by the tangent of the azimuth, This result set off

rizht ¢ western ; ; . S
to the 1e | for At Eeluugatiuu, will polot out the place of the true meridian.

Meridian from Equal Altitudes of the Sun.

If the sun, like the stars, were stationary, with regand to declination, the meri-
dian could be found by simply hi-secting the angle between the hearings of the sun,
at two consecutive cqual altitudes, at forencon and afternoon.  But the declination
i constantly changing, so that o reduction is required, before meridian can be found
from the daily motion of the sun.

The sun 1s going worth in declination for six months in the year, or from the
winter zolstice; in Decesmber, to the summer solstice, in Jueie, and doring the next
slx months, rom June to Deceniber, he is going south.

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

To an observer, in north latitode, when the sun is going ::;';E:; ] in declination,

the meridian, as deduced, from the hi-sectlon of the angle between Lwo consecutive
equal altitudes, would be to the E%tht} of ita true place.

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

By multiplying the time elapsed, in hours, by the corresponding hourly rate of
change, we have the change of declination during the time hetween the two equal
altitndes of the sun.  But declination is measured in a direction parallel with the
earth's axis, which makes an angle with the horizon equal to the latitude. Whence,
the change of declination must be multiplied by the secant of the lotitude mm order to
find itz valuoe, 42 seen in azimnth in the horizon.

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

From the foregoing considerations, we have the following routive of work for
finding meridian with a surveyor's transit

i1.) Having set up the instrument and leveled it carefully, take a sight on some
ohject, preferably to the left of the sun — the plate vernier reading zero — for an
azimuth mark, and clomp the plate frmdy fo e spindie.

2.} Having set the telescope to a convenlent angle of altitude, alore that of the
sun, follow the sun in azimuth by the upper motion of the instrument, keeping the
vertical wire of the telescope hi-secting the sun, by means of the plate tangent, till
the sun's lower limb fowches the horizental wire of the telescope.  Clamp, rlllid neete e
reading of the vernier, keeping the telescope, also, earelully clamped iu altitude, and
aote the time of day. ) J

i3.) In the sfternoon, turn the telescope, and bi-sect the son's dise, as in the
morning, with the vertical wire, and when the sun's lower limb comes down to the
horizental wire, clamp the horizontal plate, note the veading of the vernder, and fhe
time of the duy.

(4.1 From the table of the honrly change of declination take out the rate for the
day of the month, and multiply the same hy the time in hours between the times of
equal altitude, and by the secant of the latitude, or if there are no secants at hand,
divide by the cosine of the latitode, This last result, diminished hy ahout & per
cent. of itself, as above explained, will be the correction to be applied to the last
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plate-reading, before finding the angle hetween the bearings of foremoon and
alternoon observations.
north | subtracted

1&.) If the sun is going sonth | in declination, this correction must be added
gom ! the plate-reading of the last observation.

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

EXAMPLE.

Date of observation, April 10, Lat. 45° N,
FPlate reading at tirst altitnde, 137 26° (right of mark).
g o1 “omecond 148~ 14,
Time between observed altitudes, 93 hours.
Hourly rate of change of declination (see table), 567,
Total change of declination north = %4 x 66" = & 52",
Multiplied by secant of latitade = 8° 52~ » 1,367 = 12" 12",
This, 12" 127, is the amount by which the change of declination changes the
gun's place in azimath, and is sebtreciive, because the sun is going north, whenee,
U R T 18 10 A0 g
o “;3 L L =617 17" 24" = the angle between the bearing of the
firet altitode and the meridian. Or from the assumed azimuoth marlk, the angls
would be G4° 177 24 4 13° 26" = R0° 43° 24~. It s best to use the double sign ¢ be-
fore the corrections of the last plate-reading, in order to avoid mistakes.
A+ Davig’ Sereen,” or a prism-attachment, to the telescope will add greatly to
the facility of making observations, :
With good appliances. this method of finding meridian will be found very efficient
and satisfactory — indeed, one of the best in use. The computations arve few and
simple, Moreover, the resulting angle for the place of the meridian is affected hy
anfy ene-half of any uneertainty in the correction for change of declination, The
greatest objection to this method is the amount of time required,

Hourly Motion of the Sun in Declination.

].I.E{h.[]m' Feh. (March.| April. [ May. | June. July. | Auvg. Sepe. | Ot HNowv. Dec

I §+121 43 | 57|58 |45 | 21 | 10| 38 | 54 | 58 [ 48 [ 23

5 | 17|45 | 58| s6 |43 | 17 | 14 | 41 | 56 | 58 | 46 ; 1G
10 |l 22 | 40 | 59 | 54 |39 | 12 | 10 | 44 | 57 | 57 | 42| .14
15 IES 52 |50 |52 (36| 7 |2a|a7| 58] 326 | 38| 8
20 | 32 | 54 | 59 | 49 | 31 | +2) 28 | 49 | 58 | 54| 34 —z}
25 1 37 | 56| 59 | 47 | 27 |—4]| 32 | 52 | 50 | 52 | 30 |+ 4
30 | 41 |58 | 46|23 9 | 36|54 |59 |49 5] 10




Transit Solar Attachment.

For running Meridian or other llpes by the San,

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

1. Remarks. The attachment herein referred to iz the Davis and Berger
solar sereen, prism, and colored shade glass, used for direct solar observation.
These inventions have been devised by the Mr. Berger, of the firm of ¢, L. Boerger
& Song, and by the writer, They are simply for the purpoze of enabling omne
to muke an obzervation directly upon the sun’s centre. This observation being
geeured by readings of the horizontal and vertical eireles, is reduced g0 as to
give the direction of the line of sight of the transit at the instant of the observa-
tion. Thus knowing the direction of the line of sight at a given instant it becomes
simply necessary to turn off the angle which this line of sight makes with the
mertdinn, to ascertain the pozition of the meridian.  This angle i2 what iz obtained
by reducing the obzervation, as above mentioned. A brief reference to the history
of theze devices will bezt explain them. It oceurred to the writer to see if an imag‘e
of the zan could be formed behind the eﬁ.rt.h iece of a telezeope at the same time
an image of the cross-wires was, and the Ji‘at,ter image be made Lo quarter the
former, by allowing the sun to shine into the object end of the teleseopes and thence
directly through it.  The experiment was made by holding o plece u} white paper
hehind the eye-piece, and adjusting the focus of the eve-piece and object glass.
The very tirst trial was readily snccessful.  The next thing was to see if the posi-
tion of the instroment could be located by this means 02 near as the cireles wonld
read. By the same zimple meanz it waz soon found that 2 motion given to the
teleseope by either tangent screw might be 2o slight that the eye could not detect
it upon the cireles, ot evidenee of it would he apparent in the position of the imagea
with reference to each other, ~ This fact at onee settled the guestion of whether
this would be a suffielently delicate means of observation. It showed that the
abservations would be cloger than the eireles wonld read.  After some triala and
some months rest these facts were bronght to the notice of others, and finally wera
aubmitted to Mr. Berger for his opinfon,  He me a sereen which the writer
exhibited af the first annnal conveution of the association of Michigan Engineers
and Survevors at Lanzing. The matter was further studied by Mr. Berger. The
gereen waz much improved, and the mechanical construction of it brought to
the standard of the work done by this firm.  Mr. Berger soon conceived the
fdea of making the zereen of ground white glass in a brass frame, a2 shown in
figs. 1 and 2, s0 one might ohserve the position of the images directly npon it,
and thus secure not only the comfort of an easy pozition in obzerving, ot the
consequent accompanying acenracy.  The arm of attachment was perfected from
time to time. The sereen of ground glass is monnted npon an arm that admits of
all adjustments of position, and is 20 attached to the side of the telescope tube that
it can he turned up ont of the way when not needed.  The reflecting prizm
can be gerewed on to the eye-piece cap %‘rur observing at high altitudes.  This alzo iz
adjustable so as to look in any desired direetion from the telescope tube. The
disgonal eye-piece also has its movable eclored shade Flass asabove stated.  With
theze attachments obaervations on the 2on ac all altitudes may be made in two
ways. By looking directly at it through the simple colored glass for low altitudes,
or through the prism and its shade glass for high altitudes.  The other way is to
receive on the sereen the images of the cross-wires and the sun and make the image
of the cross-wires just quarter the image of the sun by means of the slow motion
serews Lo the cireles of the instrument.  For this method the colored shade glasaes
are not to be used.  With this complete ontfit one may work whichever way seems
best.




C. L. Berger & Sons' Inproved Prism and Colored Glass Attach-
ment for Solar Observations.
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These devices are being more and more perfected, and will be protected by letters
patent, and Messrs, C. L, Berger & Sons make and sell them exceluslvely.

2. HRemarks. Certain precautions are necessary in the nse of this method
of finding the troe diveetion of o line as well us i any other. 1t is not wise to
obzerve the sun, read the eiveles, note down the readings ad leave the instrument
standing there while making the reductions, It will get out of place in some way,
very likely. Therefore, az soon as the obzervation is t'.‘]ll]l']l.""-l":{ and the readings
of the circles noted, set the line of sight on some fixed point and read the plate
again, noting this reading,  Of course the two plate readings will give the horizon-
tal angle from the sun to the line,  This will enable the obeerver, after finding the
direction of the line of sight when et on the sun, to readily aseertain its direction
as geb on the fixed point referred to, thus determining the direction of the line from
the point over which the instrument is get to the fixed point.  This line may be
chosen before beglnning the observation, and become the reference line for the
work in hand.

3-_ Remarks, TFor the purpozes of reduction the process by equations is
used instemd of one by vules. The introduction of symbols and signs is 4 much
simpler matter than many suppose. It is nothing but this. We agree that a char-
acter of some sort or other shall represent a eertain thing and nothing else.
Whenever this character ocenrs, thevetore, it 2imply means lﬁu thing we have set
it for. That is all there is of symbalical representation. These very words hero
printed are all symbols.  The method iz universal.  We here, as olsewhere in
algebiraic processes, make a special application of it.  The rules for a case of this
kind wounld be very cumbersome and give the user fir more trouble than will be
neceszary for mastering the few equations given below,  The record of the pro-
cessed 18 hereby reduced to a few lines, and one hag not to go searching through a
page for a poiot here awd there, but places his eye at onee upon what he wants,
where all will be found in & ecompaet form. OF conrze one needs to read each word
and each sign.  Nothing muost be slurred over or migsed,  The record as set forth
below is exact, complete and relinble,

4. Remarlks. All computationz should be thoroughly ehecked, and check
equations and devices arve given, These shonld always be applied, without fail, as
no one can implicitly trust a computation by a single process, unrepeated, even if
simple. No one should who is a surveyor or engineer.  Several cheelis arve given.
One wsed is sufficient, nzually. IF one distrusts the check becanse it shows the
waork to be wrong, it may be of some satisfaction to use another or more than one,

5. Remarks, The direetions preparved below arve Intended for nze, word by
word, and step by step. It is hoped that they will prove in convenient form for
uze a5 a chart to direct the effocts of the observer in his first use of these attach-
ments and this method., Therefore It is thought that one may safely do as told,
trusting the next step to the next statement.  They have been prepared with this
view.

6. Using the Screen.

@. Directions. Set the instrument 8o the 2un ean 2hine in at the ohject end
of the telescope, and directly through it. Run out the eye-piece and adjnst the
sereen behind it, by itz sliding arm, so that a dizstinet image of the eross-wires can
be seen on the sereen within the lighted spot made by the =hining sun, as shown
in fig. &, Set the object glass g0 as to clearly define the image of the sun on the
gereen, Repeat these trials, and adjnst the parts of the telescope and screen 2o
that the elearest image of hoth the cross-wires and the sun will be obtained that
the telescope will give. Mark the slide on the arm of the z2ereen and the eyve-nicee,
g0 they can be ensily et thereafter for an observation.

#. Remarks. The eye-piece, when all is in exact position, will be found to
be congiderably farther out than for anordinary gight. The marking of the sliding
arm and eye-plece will zave time in the future. These trials, when made with a
new apparatuz, should be conducted at lelsure and with extra care, for the purpose
of fitting the apparatus carefully to the telescope, A few trials may he needed at
first in order to aceustom the observer to recognize the best definition of the images.

This zolar sereen is especially adapted to the ordinary surveyors’ and engineers®
transit telezcopes, with erecting eye-pieces. It is not adapted to beused with invert-
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ing or astronomical telescopes, unless during an observation the aperture Iﬂf.the
olhjective is cut down to 3 inch diameter, by means of a diaphragm placed in front of
it, when the image can be seen as sharply defined as those of the erecting telescope
or the observations must be made with the shade glasses and reflecting prism alone.

7. Using the Colored Shade Glass, )

. Directions. Attach the colored glass shown in fig. 4, to the eye-piece,
to ghield the eye from the sun aml look direetly at it, setting the cross-wires 5o az
to quarter it.

b. Bemarks. This will be found entively satisfoctory when the sun’s alti-
tuide is 5o low a2 to enable the observer to bring hiz eye in apposition with the eye-
piece of the telezcope with ease,

8. TUsing the Diagonal Eye-piece.

. Directions, Screw on the prizm. a2 shown in ﬂg. :_", (€1 the_en-:l_ of the
common eye-piece. Look directly through the shade-glags, it observing in that
way, LLLJ'Jllil%’ the prism either way =0 as to make it convenient to look into it,  1f
any trouble 1s experienced in finding the sun with it. let the sun first shine through
the telezcope, the colored shade-glass being turned aside, till the brilliane lighe
perceived in the apertore of this eye-piece shows the tele.ecuﬁm to be rightly
direeted.  Cover the aperture with its shade-gluss and proceed.

b, Remarks. Dy attaching the reflecting prism to the eye-piece of the tele
seope, the light is reflected at vight angles to the the line of sight of the telescope,
and it thus becomes what is termed a diagonal eye-piece, y s

Thiz prizm can be nzed for divect observation when thetaittt-uﬂﬂ of the sun is
too great to allow the eye to be applied directly to the eye-piece of the telescope,
and not 20 great as to bring the eye-piece too far over the plate. bt through this
range of altitudes the solar sereen can be uged without the prism, as shownin fig. 2,
and it will wsually be found advantageous to do 2o.

Sinee the prizm in effect withdrawsz the eye abouot half an inch further from the
eye-piees of the telescope than itz natural pozition, that being abont the distance
traversed by the light in passing through the prism, the high magnifying power
uzed in O, L. Berger & Bons’ transit telescopes malkes the usa of the reflecting
prism for decest observation a little awkward, and it will usually be found more
satizfactory when using the prisin to use the solar sereen with it

. Using the Reflecting Prism and Solar Screen combined.

a. Directions. Attach the prism, and direct the telescope as in 8, Then,
leaving the aperture of the prism nneovered, adjust the aolar sereen 50 a5 to receive
the images of the sun and the cross-wires, as shown in fig. 1.

. Remarks. Forobserving the sunat high altitodes it will be found that in
thiz, otherwise most diffieult of all peeitions, the use of the solar zereen combined

with the prism will ecable the engineer to make his observation with the greatest
ense and precision.

10. Making the Observations.

. Directions. Direct the telescope to the sun, and by means of the slow
maotion serews, canse the image of the eross-wires to exactly quarter the 2un’s image.
Read both circles and record the readings.  Refer the position of the instrument to
gome fixed line, and onee, gfter the above work, by another plate reading.  Also
note and record the exact instant of thne of the observation by the watch.

&b Remarks, This observation with the wateh may be used ss hereafter
indicated to simplify and lessen the amount of work in muk?ng the reductions. A
fair watch of ordinary acenracy is suffieient.  The entive work ean be earried on
witheut o watel at all, bot it tnkes some more figuring,

11. Use of the Nautical Almanac,

@, Remarks. In order to use the observatlons, made 2s above directed, it
iz mecessury Lo find the sun's apparent declination for the time of observation.
I'hiz iz done as divected below.

L'wh;vnqu?ngglﬁﬁ%ul&ﬁ%ﬂlﬁ{hu algebraie signs be carefully observed throughout



¢. Directions. For finding the Sun’s apparent declination.  Look in the table
of Washington Solar Ephemeriz against the date of the observation, and take out
the following quantities.  First, the san’s apparent declination, with its sign, 4
when N.. — when 8., from itz eolumn.  Second, the hourly change, with its sign,
from its colomn.  Find from a map or otherwise, the "difference in longitude
between the place of observation amd Washington, as near as one-half hour, or
geven and one-half degrees. This is 4+ when W, and — when E. of Washington.
Add to this difference of longitude the time of the observation from noon, this time
being 4 when the 2un is W.oand — when E. of the mevidian,  Multiply the hourly
change by this result, in howrs, noting all the gigng. Apply thiz |u'-.u]!m~l L regarding
its sign, to the sun's apparent declination as taken, from the table, for the sun's
apparent declination at the time of the observation.

d. Hxample. Date, 1881 —6—14. Hour, Bh—326m—21s, a.m.  Longitude
about 40 minutes East of Washington, considered in thme.

@‘5 apparent declination. 1881 — 6 — 14.
Washington mean noou, - 23 157 157
Led 1

Hourly motion, -
Time of observation from noon, —2 hours 30 minntes, abonat.
Longitude East of Washington, — 40 minutes,
Taotal time of correction, — 3 hourz 10 winutes, = 314 hours.
Amonnt of correction = —d1g = 1.'” = — Eg:.,"
(s apparent declination from table, <+ o 18 15

(='z apparent deelination at time of observation, 4 2437 1T MY nearly.

12, Reducing Ohservations,
a. QConditions, Let &' = the zun’s altitude, as observed.
Let ¢ == the latitude of the place of observation.
Let 4 == the sun’s apparent declination at the time of ohser-
vation, found as above directed.
Let &= the sun’s ohzerved zenith distance.
Let & =the sun’s true zenith distance, always 4.

Let & and & be two anxiliary angles nzed in the reductions.

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

Let ¢ = the sun’s apparent hour angle at the time of the ohaervation, that is the
local apparent time fiom apparent noon plug the change in the sun’s right ascension
between apparent noon and the time of the observation. This i3 - when W, and
— when E. of the meridian, or 4 for P.a. and — for a.u. times. The mean or
wateh time is sufficient for use in 2.

Let p = an anxiliary angle uzed in some of the reductions.

Let all zigns be faithfully regarded. Let logarithma be nsed.

b. Directions. Forfinding ¥ from 27 Uze the following equations.

& = Q% — R A ; A (11
ze= ¢ 4 55"tan =z’ . 4 i ; : (2
e. Directions. For finding A when ¢, 0 and 2 are given,
Find tan 14 (k—&) =cot Iz (94 9) tan 1o (p—d) eot 12 7 8 (3
When ¢ < J and of the same name find k=15 4 15 (F—1") i E (4]
When o= and of the same name find&'= 15 s — 14 (k—47) . i (5]

When pand § have different names find &= j% 2—14 (k—17) . ¢ {ﬁ}
Then find A from Cos A ==tan & tun ¢ or tan & tan p 5 z . % (7]

Checks.

i Sine o5k
When (4) is nsed S GOk . : o . . 4 " (&)
SBing Sind (9

—_— = C0F . N " . N
r cos & voak F
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; W Bineg  cosd’
When (5) or (8} is used - = o

Sino  Sind

AR e

Ty Y A W R el
Find Sinp=sgindecosd . . . W« & & {17
Sin p and coz p are at the same place in the table,
d. Example. g== 497 147 307 N, =07 43" 30"

=187 13" 20" N.
§ = d = L0° 207 50~
g—de==324" 510"

La (g4 d)=00P 14" 55"

4 (p—8)=12° 1" 357

1 &= 247 21° 45%
i

Cheeke.

CotTa( ¢4 41 = 02342185 Tan g = 00336273, Sin¢=10.8278148 Cos ¢ = 0,8601875
Tanlg(s—d) = SIZEHET0 — Tan &'= S.24TT030. Cos 3 e 99032068 Sin A == 09043070
Cot 32 2 ==0.3048785 — Cos A= B.206H212, Coe p="0E345080 Sin p—"7 B634954

Tanl4(k—k )= 15675500 a=i4, —_—
HAG 415, At same place in tahle,
01 A =007 15 2375
15 (k— k") = 36° 23 450 Bin ¢ =0.8278148  Cos & = 0.0033068 -
1 2 =267 21" 457 Sin d = 94951325 Cos & e OLGR0G2T2
F—=—T1F = 0" IR es 1.3320836

fr= 02745 30

. Remarks. Look ont tan ¢, cos ¢, and sin ¢, at one search, Usze either check
ag may be preferred. This operation need not be performed oftener than the
Jemands of the work require, the plate being used mean time.

13. Remarks.

The obzervations and reductionz can be alwavs made, aceording to the procesa
given, without & wateh, but the latitude of the place mozt be known, It must be
carried on as the survey proceeds, by meazorement, or an ohzervation made to
determing it with the instruoment. It it becomes necessary to find the laticude it
may be done as follows:

14. Finding the Latitude by the Sun.

. Directions. For Obsersations, Near noon begin to obzerve the sun
a little before it reaches its greatest altitude., By means of the zlow-motion
gerews keep the sun’s image exactly in place on the sereen. or by direct sight keep
the eross-wires exactly on the sun.  As it moves upward just carefully follow it,
recollecting that the object is Lo gel its greatest altitnde.  Be careful to stop fol-
lowing it when it turns and begins to descend.

b. Directions. For Reductions. Find 2 a5 in 12, b, Find the sun's appar-
ent declination, ¢, as in 11, ¢.  Then

24 =g, the required latitnde. : - : 5 (13)
Be zure to observe the Algebraie signs, as § may bhe 4 or —.

. Remarks. Having the latitude in this way, the obzervations and redue-
tion2 may be conducted aceording to the processes alove given. The latitude once
cirefully ascertained by this or some other method, may be prezerved by the dis-
tance traversed noeeh or seuth of the point of the last observation for latitnde, It
will at onee appear that the measurement and observation may be made to check

ench other.  The method of reducing the change in lationde by linear measurement
may he aa follows

15. Finding the Latitude by Linear Measurement.

«. Conditions, Thelatitude of the point measured from, or reckoned from,
must be kuown.,  The measurements st be reduced to the north and gouth
direction from the reference point.  Let reduced distances north he —+. and thoze
south be —.  Let all signs be observed.  Let the true bearings, or directionz of all

lines with the meridian of the reference point, be given.  Let any numbe
be run in any direction. E ¥ r of courses
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. Directions. Fuor reducing the novth or sonth distances, Multiply the
length of each course by the cosineof its bearing, the results being given signs
as above indieated, - for northerly courses, and — for sontherly conrses. Snm
these rezults regarding the sigus.

'c;:_ Remarks. Thiszum will be the distance north or south of the reference
point.

d. Directions. For veducing feet to minutes af Letitude.  Find the length of
i minute of latitude for the place by this equation, =

R Sin2(p—457)
1 _Lu.ﬁ..sh(l +5== 300 J . . . . [14)

Then divide the traversed distanee novth or sonth of the veferenee point by the
value of m found from this eqguation,

e, Remarks. The resnlt will be the minutes and decimals of & minote of
the new point from the veference point,  This value of @ will be in feet, henee the
north or south diztanece muost be in feet,

16. Remarks., The latitude may be dispensed with doring o day'z work
after the fivst sutistactory observation, Tt may be for a longer period it the wateh
is to ve depended upon. It will be well to find the ].'ILiT.lIIE'. anid check the work
oeeasionally. where the wateh iz nsed.  Inorder to prepare the watch for this work,
procesd as follows :

17. Correcting the Watch.

. Directions. For corvecting the Watch by o Noon Observation. Havin
ascertained the beaving of a line without the aid of the watch, as at first dirmttelﬁ
near noon set the line of gight in o meridian.  Set the telezcope 8o the 2un can be
seen in it, or received on the screen as it passes the meridian.  Note the time by
the watch when the 2on's west gide comes in apparent contact with the vertieal
crogs-wire. Note the wateh time when the east side of the sun just touches the
vertical wire,  Find the time half way between these two noted times for the time
of the meridian pussage of the sun's center, or the time of apparant noon, by the
watch.

B, Remarks. The time as above found shoold differ from exact noon by
just the equation of time for that date and time as given in the Naotical Almanac.
Chaerve the sign there attached to the equation of time.  The wateh may then be
2¢t to troe time if not correct.  That is, it may be set so that the time of the sun's
weridian paszage will be just the equation of time, with its sign, from exact noon.

¢. Remarlks, The watch may also be corrected direetly from an observation,
reduced as ot frat directed in 10 and 12, Here it will be necessary to take the
wateh time of the obzervation, as directed in 10, Having done so, anel redueed the
abservation by 12, proceed as follows:

. Directions. Forcorrecting the Watch by an observation af any Hae, Hav-
Ing found A aud 2, and knowing 4, find ¢ by the following equation.

e sim A sin = .
Hint= W . a a . B (lg}

This being in are, reduce it to thme at the rate of four minutes of tine Lo one
degree of are.

¢, Remarks. Thisresalt should differ from the wateh time of the observation
from mean noon, by jnst the equation of tme, with (s sige. I it does not, 2et the
witeh 5o it would have done so had the observation been made with the corrected
wateh.,

18. Remarks. Having corrected the wateh by the last method. the value of
£ in time may be found from the value of ¢ at this observation by noting the time
by the wateh of another obzervation, and thence finding the elapsed time.  This
applied to the first valune of ¢ will give its valoe for the lust observation.  Thus the
villue of ¢ may be carried forward as long as the watch runs true.  OF conrse it will
oceur to many at once that the wateh can juzt as well be used to measure the
elapsed time without being corrected. This iz too carelezs.  The better way i2 to
keep & carveful oversight of the watch by correction.  Thereby it may be known
how muech the wateh is to be trongted. It is always best to establish a routine gys
tem in these matters, as soon as practicable, and adhere falthfully to it.
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19. Remarks. When the wateh iz corrected by either method, it will give
he value of ¢ in time directly as follows : Note the time of an observation. APE'.’F
to this time the equation of time with its sign. as given in the Solar Ephemeris Tabls
of the Nautical Almanae, ‘Uhe vesult will give the apparent time of the observation
from apparent noon, -4 when the sun iz west of the meridian, and — when it iz east.
This found is the required valoe of 7.

20. Reducing Observations.

. Conditions. Let the notation be as before. -

Let ¢ = the zun's apparent hour angle at the time of the obgervation, that is the
local apparent time from apparent noon  This is 4+ when W, and— when E. of the
weridian, or 4+ for P.oL, and — for 4. times.

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

. Directions. For fuding A when & ¢ and 2 are given. Find A from the
following equations. e

. cos i gin ¢
Sin A = T g % . i . « - (18)
Sinz  &in f
- —— = = : 14
Check. o0 sinA (14)

¢, Example., §=18730"20" N, =053"43" 30" =053 40" 3275
Cos A =59776554
Sin ¢ = H9174225
) TR 99231146 &
0,5950778 } LJ 9.,:_“14&} Check.

Bin s =0.9007700.) | 7
Bin A ==0.5933079

A =090 15722%5

20. Remarks. Thevalue of A a2 determined in these examples is greater
than 90°, hecause the sun is south of the zenith. The value of £ nsed in the second
example was found from the first, hence the exact check. It may be noticed how
much less fignring iz reqnived in the second example than in the first. Tt should
be noted, however, that more than one check is figured out in the first example,
and o more than the necessary Agures shown, The value of A is earried out with
exactnesa in order that the process may be fully illustrated.

21. Summary. Several courses are hereby opened to the surveyor.  This
iz done that he may have the more checks at his command, and 20 make certain of
hiz work, It may be well toindicate these courses in a catalogued form for easy
reference.  T'he courses are

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

The proeesses of 10, 12, and 14 or 15, and thence
16, a, or 146, «, and 18 or 19 and 20,
22, Cautionary. HKeep the levelz and the vernier of the vertical cirele in
goml adjustment.  Also keep the adjustment of the axes of the instrument, the
transit axis and the vertieal axis, in good order.

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

For this renson no extra adivstments are required.  The aceuracy of the observa-
tion in no way depend2 on these attachments, which are merely conveniences to
enable one to make 2olar observations with the ease and precision of ordinary
terrestrial worl.

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

Vith thisinvention all these sonrces of anxiety are avoided, the solar ohservation
heing made with the telescope of the transic itself, while it haz the advantage of
heing applicable to every surveyors” and engineers’ transit, is so light as not to add
appreciably to the weight of the instroment., 8o simple as to require no speeial pro-
vizlon for its care, and so cheap az to be within the reach of every surveyor,
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An instrument for measuring the areas of plane surfaces, by passing a pointer
arcund thelr periphery. It is of great convenience to all clazzes of englneers, and
practically applicable to a great vaviety of purpozes. To measure the areas of
figrires thilt are Bounded by irregular lines, guch a2 (—drainage areas; lotz bounded
Ly rivers or crecks; contour lines of pouds, ete.; to get the true average of ohser-
yations taken at rregular intervals; to measure indicator and other disgrams, and
for many other portions of engineering work.  As these instroments will not only
give the area of any figure, but also any multiple u!: suel area, and the sum of any
nmber, or series of sueh wultiples, at one operation, they may be used to very
ereat advantage in the caleulation of the cubical contents of zolidz; as in the ca
cnlation of earth-work, ete.  See on this point an article by Clemens Herschel, Eaqg.,
in the Joweie! of the Franklin Institute for April. 1874, The planimeters graduated
by vs are vated to reml square lnches of area, square centimeters of arvea, any mul-
tiple of these areas, aml 50 as to ﬁ:i\-'ﬁ the eubie yards in any eut or fill, if used
aceording to the diveetions that will accompany each instrument, Two consecn-
tive measnrement2 of the same arep need never differ by more than 0,02 of o 2gquare
inchy and by repeating the measnrement in the sgame manner that angles arve re-
preated with o transit instrument, the error of observation may be reduced to but o
small fraction of one hundredth of a sguare inch of area,

Tl above illnstration represents the planhmeter, a2 sold by uns, rendy for
uge, The total length of the instrument is about nine inches.  The graduated
bar ¢ & can be glid in and outin a 2gocket formed at the top of the frame, the thumb-
gerew fbeing nzed for fine movements of this sort; by this means, and by the
zenzible form of graduation adopted, the planimeter may be made to do the varions
operations spoken of above.  Theory requires that the pointer o, which iz movei
arcud the periphery of the figure whose area is to be measured, the pivot &, at
the junetion of the two arms g hand €4, and the main axizs e b, upon wﬁinh turns
the measuring and counter wheel ¢ should all be in one and the same straight line;
for this purpoze, our instruments have both the pointer d and the rear part
of the frame which earries the rear bearing of the axis e b, adjustable. ﬁu:]:
reading of the instrument congiats of o record of the nuniber of revolutions of the
counter-wheel ¢ read to three placea of decimalz ; the whole revolutions are read
on the wheel I, the tenths and hundredtha on the wheel itself, and the thousandth
o1 the vernder s, With such simplicity of construction and of operation, the accu-
racy of work done by this Instrument is one of the most surprising things about it
I'he fignres griven above in relation to aceoracy of work arve, however, reliable;
being devived from the experience of geveral years in the use of the plapimeter for
many kindz of work.

._l'bra:'ws seale sent with aur phni.meuun.n b uned to prove the correct working of the instrument. Ts
use it drive a fine needle as an axis through one of the small holesof the scale Lo the paper, then put the
trager into one of the ether holes and describe a circle.  In this manner barge and small circles of knowr areas
can be arcumscribed with perfecs sccuracy,  This operation should be repeatsd in the opposite direction, and
if the results agree the instrument is correct. However. il the results differ eorrection may be made by

means of the twe adjusting screws by which the tracer can be maved to right Teft
ihe case may be. jght or left of the graduated bar, a5
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THE FOLLOWING DEMONSTRATION OF THE WORKING
OF THE PLANIMETER IS FROM THE PEN OF VWaL
D. GELETTE, CIviL ENGINEER, FORMERLY OF

Boston,
hs ol
g Case I. When the anchor point is outside of the
'E#‘;-—-..‘ figure to be measured., Let X he t;‘w_ ﬁgl,l.l'l'r;f.l L:F

measured, and let @ be the pole or orizin, and 1 the
i rading of ﬁmlnr co-ordinates of the point ¢ in Fie. 1.

Andlet R, be the radius of a second point ¢, on the out-
line of the figure X, amd let # be the nnghzﬁs et f—then
the area of the triangle ¢ r1=I-:—]{‘,,mnI - But if @ be
= taken so zmall, that for the s:ualf distance ¢ 2, the
radius R may be taken constant, then area t @ f, — wﬂ.
. I..’ - i i
By polar eo-ordinates the area X == P—j" : I T )

Let a be the anchor point, ¢ the tracing poing, # the o e v
flange of the wheel of :F pol.{r 1)1:1!1|ltll’.ll=;?i =:|u{m|?:11llnrlzlj: =“;:-f Aﬁ’itg?ﬂff};ﬁfi}r;ﬂ:ﬁ
the angle &paw = gihen after the motion of the tracing point ¢ to ¢, the poknt i
comes to py, w0 to w, and the angle ¢ changes to e, But when, as in this ease. it is
supposed that doring the small motion ¢ ¢, the radivs B is congtant, then for the

same lengil of motion, ¢ will be constant and pap, will =4,
Expressing R in terms of y, 5 and e we have T2 (¢ w) it laptpm)ie
(z4yoos ) *-f (¥ sin @)= -2 2y cos &P eogf a4 @ sinfe Butb sin® ¢ - cos

=1 and RP=2'422y cos e-+#*. And the area ¢ a sl=1_i:_f_j.". ‘9__&;9_‘_
2rzycosesEin ¥ sind f faind EZzyenspsind -H’Ehl b.
5 3 and X =X 3 3 +—3 But in

the smmmation, owing to the fact that the instrument voturns to the same position
from ‘gt'hich it started, the E gin 8 muost = 0 and wherever combined with constants
only, in the above equation will reduce to 0, henee the fivst and lazt terms will dis-
appear, but the middle term which eontains the variable cos g will remain, henee,

X=Zzyeosusing o - . ) . . . " . . (2)

It will be seen by reference to Fig. 1 that £ sin ¢ =p 3, when ¢ 1s very small, .,
2 gin f co8 g =p p, €08 w=p, ¢ which iz the component of the motion of the whee!
which iz atright angles to its axiz, and iz therefore the part which represents the rota-
tion of the wheel for a small motien ¢ of the tracing point.  And this component
multiplicd by the arm y gives 2 ¥ 2in § cos g which by equation (2) expresses the area
of X after summation. But £ 7 sin # ¢os ¢ iz the resnltant rotation of the wheel
after the tracing point has completed the efvenit of X, henee the area X = distancs
rolled by the wheel multiplicd by the length of the arm g, Calling the eiveumfer-
ence of the wheel e, and the number of resultant number of revolutions made durin

the measurement n, we have X =y cn. . = . s . . . .
+ I

And if the instriument is graduated so as to record ¥ ¢ w, and we call the record of
the instrumeant #, we ghall have, X.=n»
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Case IT. When the anchor point isin.
gide the figure to be measured,— and the
rotation of the wheel is forward or plus
with reference to the figures on its eircum-
ference,— it will be zeen that there will be
one position of the arms ¥ and =, which,
while the poiut { deseribes o circle around
@ a8 4 center, (see fig, 23 will prodoce no
rotation of the wheel. The condition
| anderwhich thiswilloecur willbe fulfilled
when the angle ¢ w o= 907, in which case
Rie @ — <} (g FYP=2"+3 ¥ F+95
and the arca of the civele described wnder
these conditions =x [Ps= w2¥- 2wy fof
Tyt 2 Y 2 s . (4]
Cull this the cun‘ect[u;._mmle. In (fig. 2)
the aren of faf= F—-—S:ib ¥ the area of the

i
whole figure X =2 7 Rigy, i as befors
RF= =} 2 2 yeos o4 Fand hence X=
i
3#:’3%-}—3 Dm0 ftﬁ-}-E T
IR L 1

But i the smmamation the instrument makes & complete revolution around a,

the g of E;%DF 1, and when eombined with conatants only, will not appear in
the result a2 a factor.  Teoee we have
- - ST 5 [
l=f:'+5(-’--wymaumr/]-l-wy* . ()]

Now follow ont on the dingram in Fig. 3. the motion
of Lhe wheel, which corresponds to a motion of the
tracing point from ¢ to ¢ first dividing that motion inte
two partz ¢s amd # ¢ swinging the arm y aronnd the
point puntil it beeoues parallel to ¢, p while = remains
fied, produees the tivst motion and eauses the wheel
. i ta roll bucloward to s and ag the path of its motion
g everywliere perpendicular toits axis, & w will repre-
sent rotation or distanee rolled during that motion, but

as & pr=0 the diztance s w=2 Tr_r:i%ﬂ which iz the

backward or minug rotation of the wheel.

I'he gecond part of the motion iz by woving the am
yivom 55 to f p, during which the wheel moves fron s, to o, and this motion i part
sliding ad part rolling, the rolling component iz p g, and eauzes forward or plos

rotation of the wheel, the value of pgiz 2z g i COS 4, and tho resultant rotation

of the wheel is on completing the cirenit= = (2 T COR %n)—x Aris nndd the aren
. wil 3
expressed by the wheel az by Caze I s

E[ﬂfrsg.rcu.*if:ﬂ%j)—.‘i:lﬁyj' . . . : {7)
Comparing the area expreesed by the wheel which we will eall r with the teoe
area of the figure as given by Eq. 6, we have

X=re4Z (ﬂ'-'rarg,rlrnsui%i)-f-wy’

¥ x (ﬂ-r.t yeos aa%) —2gyf
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K—r =i+ 2w fy+ =y which is seen to be identical with the expression
in Eq. 4, for the area of the corrective civele.  Henee, calling the aren of the correc-
tive circle C, we have for Case 11

X—r=0CiamdX=C+r ., . . . . (&

. It \:l'ill be seen from the above equation that when 2 cos ¢ =, the forward rota-
tion of 1:11_!3 wheel just balances the Eackward rotation, and the result is 0 for a read-
ng. Thiz oceurs when the trﬂuhjg wint moves on the are of the corrective cirels
and the area passed avound 1= X =0, When 2 eo2 6 s less than 7, then the baek-
warq rotation preponderatez over the forward rotation, and the result 1= o minus
reading ;3 thisis Case 111

GPSE IIL. When the anchor point iz inside the figure to be measured, and the
rotation of the wlheel is backward with reference to the fignres on its eiremnfer-
ence. Inthis case r is negative, and instead of X =C4v, we have N = —r,
Hence, we have for Case I, X =v, Case II, X =CL ¢, Case 111, X = —y,

Suppose it to be required to make the instruoent record 100 for every squate
ineh passed arcumld by the tracing point.  As the wheel is divided onits eirenmieor-
ence into 100 divisions, and by the vernler can read tenths of these, then o of o rev-

olution will give a reading of 100, make X =1 sq. in., and o = ].l—uihpu-.l}}'E:l. g _|.-;_!“

10 —
=1, aml = = the length of the arw varies inversely as the reading, so for any

other realling we mny obtain the length of ¥ by simple proportion. Suppose it s
required to read @ for every sqg. in. pussed arownd, we have
104 1000

— = _from which y=——
v 10 ¥ cr *

e

The range of the arm renders it imposzible to get it so that for one sq. in, of area

it shall read more than 25, or lesa than 50, go the value of ¢ must lie somewhere

between these limits. Huaving determined the value of ¢ for any particalar scale,

the value of C may be found by substituting in Eq. 4; the values of 2 and §being
measured on the Instroment,

A New Prismatic Stadia.

Devised by Prof. Eobert H. Richards,
Massachusetts Institute of Technology.

In this prismatic stadia there is placed in front of the objective a prism or wedge
of glazs which half covers it,

If we hold up sach a prism with a narrow angle, say 1% to 2°, and compare the
trapsmitted image with the image seen above or below the prism, the former will be
found to be thrown to one side by an amount varying with the angle of the prism.
Speaking of the two rays as the direct ray and the bent ray, we may say that when the
hisecting plane of the prism is at right angles to the line of sight, the angle between the
direct ray and the bent ray will be constant for any given prism.

W \Lﬂ BLEL 200 FT. BT, #00ET,

Fig. 1.

If now we place a prism in such a position that it half covers the objective of a
telescope, as seen in Fig. 1, we shall obtain, upon leoking through it, two images of
every object seen —one image by the direct ray, which comes through the pumo?grml
half of the objective, the other by the bent ray, which comes through the prism. The
angle of divergence of these two rays will be constant and unalterable, whether the
teleseope is directed to a near or a distant object.



Bh

These two rays form the basis of this method of measuring, and the distance from
the telescope to any given point will be proportional to the space between the lines at
that point (see Fig 2).

Fig. 2.

In the prismatie stadia the two spider-lines are dispensed with, and in their stead a
prism i2 nzed in such a way that a double image of the target i3 formed. The observer,
by means of a auitable adjustment, then brings the two images to coincide, whersupon
the desired distance is read, either directly or indirectly, upon the rod,

Sinee the angle, Fig. 2, between the bent ray and the direct ray is constant, the
employment of the prism obviates the variation to which the angle is subjected by the
use of the spider lines,

The telaacope for use with this stadia must be chosen to auit the purpose in view.
For a hand telescope, 10 dinmeters magnifying power s quite powerlui’en&ugh. On the
ofher hand, if a substantial tripod be usged, the higher the power, up to 60 diameters,
the better. However, telescopes of 20, 30 or 40 diameters do excellent work, The
telescope should give ample light, and upon a tripod an inverting telescope can be used
quite as handily as a terrestrial one, provided an agreement i3 made with reference to
the targets s0 28 Lo avoid confusion.

The two images, produced by the direct and bent rays respectively, have a strong
analogy to the {wo images in a sextant. The sea captain brings down the sun's image
with one glasa till he gets contact hetween the sun’s disk and the horizon, and the angle
ia then read from the vernier of the instrument. With the prismatie stadia-telescope
the lower image i3 brought into juxtaposition with the upper one, and we read the
amount that the lower image has cut off upon the upper one. This reading gives us the
dizplacement of the image, and from Wbis we can compute the distance.

Prof. Richards found that a prism having an angle of 1: 100 gives the hest re-
sults for long or short distances, and that a telescope of about 30 diameters is the best
power, although good results can be obtained with other powers,

The advantages claimed for this prismatic stadia-telescope a8 compared with the
usual forms n:udil_f gpider-lines in the telescope are :

lat. The starting-point for the messurement is within the prism, instead of being st
an imaginary point =ome distance in front of the objective.

2d. Only one observation s required for measuring a distance, and there i there-
fore only one personal eguation instead of two,

#d. The portion of the self-reading target which is to Le read is the ouly part that
iz distinet. It is therefore unnecessary to hunt for the reading.

4th. The prismatic stadia-telescope can be nzed in the hand for short distances.
Thls-!-ghlm[:n:lss!hlu with the 3}3}}1‘1&1‘-1511& instrumenta.

ath. Long distances can be satisfactorily measured by the tag nd alidi ’
but not with the spider-line. 4 ” T AR R

fth. The extreme variation of this Instrement as found by Prof. Richards is from
2per cent to 082 per cent. The extreme error will therefore be from + .1 per cent
down to 4+ .026 per cent, diminishing as the distance increases, while the error of the
spider-ling stadia may be as high as .4 per cent, and often is 2 per cent, and doea not
diminish with diztance,

. In making an observation we must first focus the two images, next rotats into
Juxtaposition, and finally read the distance,
e target ia made in two forms, the self.reading rod and the tape-target.

Self-reading rods sheould be prepared for each prism aceording to its ratio or factor;
but it appears probable that prisms ean be made that will var only between the ratios
1: 1002 and 1: 895, and thus vary not more than 02 from the ratio of 1: 100
Measures will, therefore, ba taken for preparing rods with standard graduation of 1:
10Ky, which will be near enough for most PUrposes,

If it is desired to attach this prismatic arrangement to an instrument already made
it will be necessary to send ua the felescope.

For a pamphlet giving a detailed description and method of usi - :
Prof. Kichards, Massachusetta Institute of 'll-lechutrll}g:,-. Boston, Ma:sngg?ﬂﬂ]ﬁlf e
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On Stadia Measurement.
Written especially for this Catalogue by Geo, |. SpEcuaT, C, E., San Franclsen, Cal,

A transit or theodolite, which is provided with the so-called stadia wires and a
vertical L‘.h'nle‘. furnishes the meanz to obtain simnltanecnzly the distance and the
hefght of a point sighted at withoot direct measurement, and with the only use of
a self-reading rod, held at the point of which the horizontal and vertieal position
15 to e determined in reference to the instrument-point.

Bezides the ordinary horizontal and vertical cross hairs of the diaphragm of the

tt’-]ESI:‘-D]_JE. two extra horizontal halrs are P]ﬁt‘t"ﬂl parallel with the center one, and
equally distant on each side of it, which, if the telescope iz sighted at a leveling
rod. will incloge a part of this rod or stadia-rod, proportional to the distance from
the instrument to the rod. By this arrangement we have obtained an angle of
sight, which remains always constant.
- E  Bupposing the eye to be in the point O (Fig. 13,
the linea O ¢ and O Eveprezent the lines of sight
from the eye through the stadia-wires to the rod,
which stands congecutivelvat ke, id. he, g b and
S Acecording to asimple gecmetrical theorem
we have the following proportion :

Oa:00:0ec:0d:De=afibhgieh:dizek,
which means that the reading of the rod placed

ot the different pointz a, b, ¢, d and e is propor-
a ¢« d a tional to the distonees O g, O b, Oc, O d and O e,

Fig.l.

The system of lenses which constitute the telescope do not allow the use of this
proportion directly in stadia messurements, because distances must be connted
fmnilu point in front of the ohject glass at a distance equal to the foeal length of
that lens,

B
Fig.2.
af— v s
Lt=_—.— - il
i "
-L——————r-——----r—--—-d!— ————————————————— A

Fig. 2 represents the section of a common telescope with but two lenses, be-
tveen which the diaphragm with the stadia-wires iz placed.

We assume:

F=the focal distance of the object glaze.

# = the distance of the atadia-wirez a and b from each other.
i = the horizontal distance of the object glass to the stadin.
a = stadia reading (B A).

I» = horizontal distanee from middle of instrument to stadia.

The telescope is leveled and sighted to a leveling or stadia rod, which is held
vertically, hence at a right angle with the line of sight. According to a prineiple
of optics, rays parallel to the axis of the lens, meet after heing refracted in the
foens of the lens. Suppose the two stadia wires are the sourees of those rays, we
have, from the similarity of the two trianglez, a” b' F and F A B the proportion :

(d—ritae=r:p

The value of the quotient, 2 p, is, or at least ean be made, a constant one, which

we will designate by the letter &; hence we have:
(d—7)1=F C=kha



HS

In order to get the distance from the center of the instrument N, we have to add
to the above value of ' C vet the valoe .
c=0FL 0N,
O N i moztly equal to half the focal length of the objectic, hence we have

;
c=f+ ;=157

Therefore the formula for the distance of the stadia from the center of instru-
ment, when that stadia is at right angles to the level line of sight, is:

(1) D=ka+e.

m

When the line of sight is not level, but the stadia Leld at right angle to it, the
formula for the horizontal distance is:
() D=lk.a.c08 n 4 o~ om.

S reesling :
The member om = _ sin n; for @ =24, » = 45° the value of o is but 47, and for

== 10, 9t = 10° it iz 0.86"; this shows that om in most eazes may salely be omitted,
Some engineers let the rodman hold the stafl perpendicularly to the line of sight;
they accomplish this by different devices, as, a telescope or a pair of sights attached
at right augle to the staff.  This method is not practicable, as it is very diffienlt.
especially in long distances, and with greater vertical angles for the rodman to gee
the exact position of the telescopes, and frthermore, in some Instances it is entirely
tmpossible, when, for instance, the point to be aseertained iz on a place where only
the staff can stand, but where there is no room for the man., The only correct wayr
to hold the staff is vertieally.

In this case we have the following: (Fig. )

MF=c+4 GF=c+ kCD.
CI st be expressed hy AB.
AB=a. AGDH=2m.

C == 2GF tan.ne.

And finally, after many transformations:

I'=rc.co8 n 4 a.k.cos’s — a k.gin®n tan=m,

The third member of this equation may safely be neglected, as it iz very small
even for long distances and large angles of elevation (for 15007, & = 45° and &= 100,
it iz but (L077).  Therefore, the final formula for distanees, with a stadia kept ver-
tically, and with wires equi-distant from the center wire, is the following :

(3] D' =¢.co8 n + a.k.ooe,

The value of c.eos # is usually neglected, as it amonntz to but 1 or 1.5 feet ; it iz
exact enongh to add always 1.25° to the distance az derived from the formuls
{3a) D= a.keos'n
without considering the different values of the angle .

In order to make the subtraction of the readings of the upper and lower wire
quickly, place one of the latter on the divicion of o whole foot and eount the parts
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ineluded between this and the other wire; this multiply mentally by 100 -
stant k) which gives the direct distance D R B i

In cases where it is not possible to vead with both stadia wires, it is the cnstom
touse but one of them in connection with the center wire, and tlien to donble the
reading thuz obtained. With very large vertical angles, this custom is not advis-
able, as the error may amount to 0,507,

L*"--.

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

We assume in reference to figure 4,

i = height of instrument polot above datum.

MP = I} == horizontal distance as derived from formula (8.

n = vertical angle.

h=FE = stadia reading of the center wire,

Q) = height of stadia point above datum; it s

Q=g+ Dtann—h.

Tne substraction of & can be made directly by the instrument, by siﬁ'hting with
the center wire to that point of the rod, which is equal to the height of the telescope
above the groand {which is in most cases =4.57); ¢ will be constant for one and
the same instrument point ; then the formula:

Q=D tan n;
this in eonnection with formula (3) gives
Q) m= ¢ gin i+ a.k. cos . sin A,
or Q=csin n+ak 5‘-'—‘_;-5

The first term of the equation can be neglected, when the vertical angle iz not too

large; henee the final formula for the height is

&) Q wr.ch. E;fl 2n
The position of the stadia must be strictly vertieal,

The error inereases with the helght of m; (m = height of center wire on the
rod).  In shorter distances the result is seven-fold better when the center wire i
placed as low as one foot than it is at 10°; In longer distances this advantage ls
only double. ol

}Vt is always better to place the center wire ag low as possible. If the stadia is
provided wit.ﬁ a good cireular level. the rodman onght to he able to hold it vertically
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within 500" ; that means, that the inelination of the stadia shall not be more than
0.0223" in a 107 stadia. or 0,034 in a etadia of 157 length. "

Determination af the two constant coaffielents ¢ and k. Although the stadia wires
are usually arranged a0 that the reading of one foot signifies a distance of 100 feet,
I will explain here, how to determine {;hn value of it for any case. Suappose the
engineer roes to work without knowing his constant, and not having adjustable
stadia wires. The operation then is as follows:

Measure off on a level ground a straight line of about 10007 length ; mark every
100°, place the instroment above the starting point, and let the rodman place his
rod on each of the points measured off ; note the reading of all three wires separ-
atelr, repeat this operation four times ; the telescope must be as level as the ground
allows ; measgure the exact height of the instrument. #. ¢, the height of the telescope
axiz above the ground. Then find the difference between upper (o) and middls
[t wire; hetween middle (m) and lower (u)} wire, and between upper (o) and
lower (u) wire, from the fonr different values for each difference, determine the
average valne; then golve the equation for the horizontal distanee (1) D= ka4 ¢.,
with the different average values, and you find the value of & and c.  [n caze the
stadia wires should not he equi-distant from the center wire, there will be three
different constants, one for the use of the upper and middle, one for the use of the
middle and lower, and one for the upper and lower wire.

If the stadia wires are adjustable. the engineer hag it in his power to adjust them
sothat the constant & = 100, or & = 300, which he accomplishes by actual trial along
2 carefully measured straight and level line,

The constant ¢, which iz one and a half times the total length of the nbrj:J.ut.-glass
ean be found closely enough for this purpose by foecussing the telescope for a sight
of average distance, and then measuring from the outzide of the object-glass to the
eapstan-head-serews of the cross-hairs. This constant must be adaed to every
stadia zight ; it may be neglected for longer distances,

Stadia Measurements.
Writben for this catalogue and manual by H. C. Pearsons, C. E., Ferrysburg, Mich.

In view of the great and growing interest in the subject of +* Stadia Measurements,”
tha lollowing solution of Lhe problem is offersd, as applied to inclined measurements.

This solution i2 made from a different geometrical consideration than that nsually
employed, and it effectually does away with the necessity for any subsequert cor-
rections, as with most sehemes in use for inclined distances,

In the following dizcussion, let

R =1the reading of the stadia rod;

D' ='the horizontul distance from plomb Hoe of transit to etadin rod, which must
he vertical.

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

# = the 2ame angle to the lorger reading,

Throungh the point ¢, at the distance of wnity from the centre of instrumen
draw the vertical ¢b. Then the rod A B, being also vertical, the triangles oo
and Ao are similar, as are also the triangles cob and CoB.  DBut ?hﬁ read-
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-ng, It, of the rod A DB is the difference of the tangents of the cogles of clevation,
meand n. Also, the distanee o b bs the difference of the tangents of these angles,
m awl n, to distance unity, as given in the trigonoemerrical tables.

Whenece, to find the horizontal o C = D, we hoave shoply to dicide the reading of

die  Stadie Red " by the difference of the teangents of the angles of elevation,  Or, by
formula,—
13

D=~ -
I'an, i — Tan. wme

If one of the angles should e a du[lrm-'-siutl. or —, we must then divide by the smn
3f the tangents, and the formula would be

R
" Tan. u + Tan. m
Erample.—If n = 13" 10", nat. Tan = 2174805
Yoo 10T L0, = 170328
The difference of the tangents = (38045
Thew if It = 12,26 feet,
o em D=

It may happen that our transit has o vertical cirele, or that we have no trigono-
metrical tables at hand,  In either case, introduce an auxiliary rod, ¢b between the
stadin rod and the plumb-time of transit, and at some known horizontal distanee, —
preferably 100 feet,— [rom the latter, and note the ntercept o b.

This intercept is the analogue of the difference of tangents used in the former
eage, and mnust be usad in the same manner, in dividing the reading of the stadis rod,
when we shall have the distanee, I, in terms of the distance of the auxiliary rod fron:
the transit.

Ezample. — Suppose the intercept a b on the auxiliary rod, at distance 100 feet, is
B45 foot, and that the reading R, of the stadia rod is 12 fect, then

o0 == b = (12 = .540) X 10 == 1420 feet.

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

H=+ D Tan. m,

“n which the £ sign must be used for angies =1 el.vazion, and the — sign for those
m depression. )

Or 1i the auxiliary rod oe usec instead of ine vertical are, note ine intercept a b
an this rod, Hecween the level fine 5 C and toe wne oL sigat to Coe toot of the Stadia
vod, and

Mutapuy his indercept by che vaco =y Lo oe.

Erample — . u :he .ast case, if & = 1.06 (5., s being 130 weet, and 1 = 1620 1t.,
e 1420
\!3;!’4.--.'«'1--::.:~_'!::l = 1.08 " =
a0

= 15,00 ieet.



The Portable Collimator.

For wae with Colllmator A or I, for lm!illg o
manmer Lhese instraments are manipulated in the fleld. It enn be set at any angle or II@’lT
Tt is @ valmable ai adjusting instruments with fixed angles, ete.; and alse serves a varisty
of purposes where distant and fixed sights are a necessity in the shop.

Notu: — The above procedurs of measuring and repeating angles, by sighting at vwo collimator chjects
placed at any desired angle with the instroment, might be profitably adopted in the primary instroction of
amdents at polytechnic schools before putting them on actual practice in the field. For this purpose alone the
collimators mav be of a most '|~u'in|i|:i.1.'= construction.  Any two cheap spy-glasses that can be boaght in a store
will answer, and the field of view can b simply seratched on the silvering of a mireor,  The latter should be
placed in the principal focus of the objective of the spy-glass.  There is no need of a spirit-level.  The whale
apparatus €an be improvised in amy well lighted basement where it is not apt to become disturbed by sudden
jara and vibratkon of the :quln:'li.ug. : Where there is a well-adjusted wye level or transit ar .]i_g-p.c.gal for this pur-
pose only one such collimator will be nesded, and when they are placed opposite each other at a distance of
about ten feet, sa that an strument can be readily placed and operated between them, they will then afford
an excellent means of making the h.'len:up-e adjustments by reversing the telescope of & transit upon A point,
of sicessive points, in the opposite direction as explained on page 49.

In wreating a shmblar subject {also om the same page) it 1= assamed that the geometrical and oaptical axes cf
the two telescopes are traly colnchdent with each other (a condition requiring some skill 1o make) In order o
adjust the line of collimation in a tran=it lelescope. By employing a cheap collimator of the above kind, sothat
the telescope can he reversed on the collimator object, this .‘|>|$||I|'|I.|'|I,||'||| becames, however, invalidated, as the
adjustmenta can be made precisely in the same manney a8 in the eld.  To test tne adjusiments for nearer dis-
tances it will then oaly be necessary to set the collimator chject slide at places corresponding to these distances,

The use of such an apparstus will give the student clearer ideas of pgeodetic instrunsents and the optical
principles upon which they are based, and every large engineering de partment ought o be in possession of
an improvised apparatus of this kind. Much valuakle time, which must otherwise be spent in the feld, can
then be saved,

theadolites, by measuring and repeating angles in ﬂ':

C. L. Berger X Sons” Auxiliary Apparatus,
Used during the constraction of thelr Instraments of Precision.



APPENDIX.

«1VING SOME METHODS, KOT ALEEADY EXPLAINED, FOR ADJUSTING THE INSTRU-
MERTS ERUMERATED IN THIS CATALOGUE.

We feel that we owe an apolo i

& W gy to our readers for the imperfect arrangement of our hand-book and
iliustrated catalogue.  This has been caused by its gradual enlargement as cur business has increased. It is
our intention, should sther pressing duties permit, o rearrange the descriptive part of the catalogue alter the
completion of several new types of instruments which are now contemplated, and 10 bring into their proper
arder the various topics trealed in this boak. — C, L. B,

Spirit-Levels on Metal Base. (See page 127.)

A level plane aurface is required, upon which the adjustment of a level, mounted
on a plane metal base, may be made. Such a level surface wmay be some portion of a
field instrument, as the horizontal plate of a transit or the bar of a wye-level, which
may be made horizontal by the leveling screws. If an instrument is not available, a
plane surface npon any piece of machinery which way be suitably raized or lowered,
may be used.
Place the level upon the plane surface with its edge coineiding with a straight line
Freviou&l}' marked upon the surface, and bring the bubble to the center of the graduated
ines or marks ruled on the glass tube, by raising or depressing the plane surface. Next
reverse the level end for end, taking care Lo replace it precisely in the place that it
previously occupied, and notice whether the bubble returns to the center of the gradua-
tions ; if 20, the level is in adjustment ; if not, correct one-half the error by means of the
two opposing nuts, or by a capstan-headed servew, provided at one of its ends, and cor-
rect the other half by raizsing or lowering the plane surface. Hepeat these operations
until the adjustment is perfect.

Locke’s Hand-Level. (See page 127.)

There are several methods by which this instrument may be adjusted. (a) Select
asheet of water with an unobstructed view of not less than 200 feet, and sight through
the level at an object whose height above the water has been made the same as the
height of the eye. If the bubble is bisected at the same time that the object is bisected
by the horizontal wire, the level is in adjustment; if not, move the frame containing the
wire, by means of the screw or screws placed at the ends of the mounting of the level,
until this is the case. () If an adjusted wye-level Is at hand, set it on itz tripod at a
height corresponding to the height of the eye above the ground, and direct it at some
well-defined object of suitable size, as the target of a leveling rod, distant about 500 feet,
and in the level plane given by the instrument, Now raise the bandlevel to the eye
and notice whether its wire bisects both the object and the bubble at the same time.
If not, adjust the wire as explained above. (¢} Select a tolerably level place where
there are two trees, about 200 feet apart {two telegraph posts or two sticks fastened to
a fence will answer the purpose). Find, by pacing or otherwise, the point midway
between the two objects selected. Standing at this point, raise the hand-level to the
eye, sizht at each object in suceession, and make distinet marks where the wire inter-
sects them when the bubble is bisected. These two points will be appmx_mately in
a level line, althourh the instrument may be out of adjustment. Walking to the
gide of either of these objects, place the hand-level against the mark upon it and sight
at the mark upon the other object. If the bubble is then bisected by the horizontal
wire the level is in adjustment ; if not, adjust it as above,

Hand-Level and Clinometer. (See page 127.)

If the instrument is of the style shown in the cut, it may be adjusted thus. Clamp
the index or vernier of the arc at (¢ and test the adjustment by the methods described
for Lotke's hand-level, If the bubble is not hisected by the wire, the level must be ad.
justed by raising or lowering the tube containing it by means of one of the adjusting
sorews at the end ; — or in some instruments by moving in or out a square tube to whie
the wire is fastened —until the adjustment is made.  This latter tube should then be
tastened by a screw or marked by a scratch, as the ease may be.

If the style of the instrument pérmits of being placed with its base upon a plane sur-
race, as is usual with an ordinary elinometer, the parallelism of the level with the base
should be tested, when the index iz at 0%, by the method explained above for ad_]ust?‘f
the spirit-leval with the metal base. If found to be out, the spiritlevel should be ad-
justed by one of the adjusting screws at the end of its tube. The line of sight must
now be verified as explained for the handJevel. If found to be out, the adjustment
must be made by moving in or out the square tube carrying the wire as described above.
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The Adjustments of the Engineers’ Transit for Leveling
and for Measuring Horizontal and Vertical Angles.

These adjustments differ according as the telescope is provided with a fixed
level, which is the more usuul form in the engineers’ and surveyors® transits, or s
provided with a striding-1evel parallel to the telescope, as shown in the illustration
of the transit-theadolite No, 11a.

1. A Fixed-Level Parallel to the Telescope.

This adjustment consists of two distinet operations. The first is to place the
horizontal wire of the telescope o the combined geometrical and optical axes of
the telescope, orthe line of collimation (see ** Bome Facts Worth Euowing, * Part
1.); the second is to place the axis of the fixed -level parallel to the line of colli
mation,

The precision of the adjustments will depend in a measure upon the perfection
with which the geometrical axis of the telescope has besn made to colneide with
the principal optical axis for all focussing positions of the object-slide. The more
pertect the contlnual eolncldenes of these two axes, the more precise and accurate
will be the measuraments whan the sights are of unequal lengths ; but in practical
laveling, whera sights of aqual length are used, the effect of a non-coincidence of
these two axes is mainly confined to “ intermediate points,” and is of minor conse-
quenee unless the non-coincidence is very marked.

The Adjustment of the Horizonlal Wire. This may be done with snfficient accuracy
in our transits having an erecting telezcope, where the eye-plece is non-adjustable
luterally, in other words, permanehtly centered with respect to the optical axis, by
merely placing the horizontal wire in the center of the fiald of view of the eye.piece.
The cross.wires of inverting telescopes, howaver, being stretened on a diaphragm
which itzelf limits the field of view, they will appear in the center of the fiald whether
tha instrument is aidjusted or not, and therefore another method of adjustment is
needed. This can be done roughly in an emergency by merely placing the hori-
zontal wire by the eye as nearly as possible in the center of the main tube of the
telescope, the eyepiece having been first removed. Another method s that
described by Gravatt, s:cwfgagcs 48 and 4% Butthe method which is the easiest in
our shop practice, and sufficiently aceurate for all practical purposes, s that followed
Iy us, and as it might be followed with profit by the engineer, shonld circumstances
favor, we give it here also. After the wires have beon placed in a position
perpendicular to the horizontal axis of revolution, the telescops iz removed from
the standards and placed in wyes where it can be rotated. Such wyes may be
improvised by the engineer, by cutting the roper shapes out of thin wood and
fastening a palr of them to a board in an wpright position, The distance between
them should be such, that the telescope may rest upon the outsida of the mounting
of the object-glas= where the cap is placed, taking care to rest it againstits shoulder
on the ingide of the wye, and upon the tube near the cross.wires, when practicable, '
The improvised wyes being placed on afirm support and fastened so that they will
not move, the telescope may be revolved in them and the wires may be placed in the
ling of collimetion as in a wye-level, using a distant point,

In somea makers' transits the telescope is s0 arranged that it can be revolved
in the eanter part of the trapsverse axis of revolution, after the level tube and the
serew fasteming it in the center of the hub which keeps the telescope and axls
together have been removed. In this case the horizontal and vertieal wires can be
adjusted approximately for eollimation by turning the telescope in its hub. This
method, however, does not permit of elose work, and besides being clumsy, gen-
erally leaves the telescope In a more insecurs state of stability, than when the teie-
seope and transverse axis are goldered together. On this account, whenever appli-
cable, all our instruments are made in this latter manner. !

There is another method which may ba followed if the prineipal optical axis
passas through the geometric horizontal axis of revolution of the telescops. Select
& place for the transit alongside of a house or near & tree, and with an unobstrueted
view of at least 300 feet. Bet the instrument and level up approximately, Clamp
the telescope, and by means of its tangent-screw bisect a distant point with the hor-
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lzontal wire. Then turn the instrument on its vertical center and find or mark &
point, distant about 50 feet, on the house or tree, carefully focussing the telescopa
upon it. Now unclamp, reverse the telescope, elamp it again and bizect the nearer
mark with the horizontal wire. Then turn the instrument again on its vertical axis
and see whether the wire also biseets the distant point; the telescope having been
carefully re-fovussed. If the wire does not bisect it, correct the serror by moving
the wires, by means of the capstan-headed screws, in the direction explained in the
foot-note on pags 44,

The nrn-aun?: that tha wire should be moved can be determined, by this method,
only by successive approximations. If the horizontal wire is considerably out, move
it an amount egual to two or three times the apparent error, and again test the
adjustment. As the adjustment approaches completion, the wire ahould be moved
less and lesz, until the correct pozition is atiained,

Ag before stated, this method ean only be relisd on when the principal optical
axis passes through the geometrical horizontal axis of revolution. When these two
axeg do not intersect, the amount of error is doubled and multiplied by reversing
the telescops, and causes an eccentric position of the wire when the adjustment
appears to be perfeet. It is extremely rare that an instrument fulfills this condition
exactly, the maker having to rely solely upon mechanical methods of construction ;
and it is not wise for the engineer to place much confidence in this methed of ad-
justing the horizontal wire,

The adjustment of the vertieal wire should now be made, as explained on page
48, by reversing the telescope Lthrough the standards, or over the bearings of the
horizontal axis of revolution, as explained on page 100, The adjustment of the hori-
zontal wire should then ba examined again, and if found to be disturbed, the two
wires should ba adjusted again, in turn, until the position of each ls found to be
correst,

The Adjustment of the Fured-Level af the Telescope. This is to be done by means
of stakes set on opposite sides of the instrument, as deseribed on pages 48, 50 and
54. By this method the axis of the spirit-level is placed parallel to the line of ol
lUmation directly, without depending on the aceuracy of collars or other mechanical
arrangements; thus ensurlng great acouracy in the adjustment.

2, A Striding-Level Parallel to the Telescope.

The adjustment of a transit for leveling, when it has a striding-level parallel to
the telescope, is similar in some respects to the telescope adjustment of the ordinary
wye level. The telescope of the trapsit is provided with eollars, or rings, upon
which the striding-level rests, It may be placed wpon them when the
telescope la either in a direct or in a reversed position, and it can be re-
versed end for end upon them. Ina theoretically perfect instrument it is assumed
that the collars are eylinders of truly circular form and of exactly the sate diame-
ter; that they have a common axis which is parallel to or eoineident with the geo-
metrical and optical axis of the telescope, so that the line of rollimation shall remain
true for all foeossing positions of the object-slide. It is also assumed that the
combined geometrical and optical axle intersects the geometrical transverse axis of
revolution of the telescope. The tests of these assumed conditions will be given
balow,

The following explanations will render the deseription of the adjustments more
simple 1 —

F'r'J:'l-mu interior surface of the glass tube or vial is ground so that it has a slight
purvature in the direction of its length, the radius of the curvature depending upon
the degree of sensitiveness required for any partleular instrument. This grind-
ing gives a symmetrical barrelshape to the interior surface. Conzequantly, if the
tube ba rotated slightly to one side, the bubble will still indicate a horizontal plane.
The vertical plane which biseets the bubbla longitudinally may be called the vertical
axial plana uFtha bubble. The line tangent to the upper longitudinal element of the
ground interior of the tube, at the central point of the graduations, is called the
axis of the spirit-level, It is situated in the plane of curvature of the element, that
ig, in the vertical axial plane, and is horizontal when the bubble has settled normally
in the center of its graduations.



The adjustment of such a transit for laveling consizts In placing the axis of the
gtriding-level parallel to the axis of the collurs, and then, in placing 1he horizontal
wire [n the combined geometrical and optical axis of the telescope by means of the
atriding-level.

The adjustment of the stridinglevel consists of two separate operations, as
follows 3 —

The loteral adjustyient of the St;l'fr‘“uy-f.e?'f.[. This adjustment is the first to be
made, Its object is to place the vertleal axial plane of the spirit-level parallel to, or
colneident with the axis of the eollara, aml is necessary to avold errors in the posi.
tion of the bubble, should the striding-level be slightly moved on its eollars later-
ally during the manipulation of the instrument. The telescope should be clamped in
o position nearly horizental, and the striding-level should be placed with {ts wyes
re-ting on the eollave. The bubble must now be brought approximately to the
center of its tube by the tangent-servew of the teleseope, The striding-level should
then be detached from it fastenings on the telescope, and, while resting on the
aollars, be inclined to one side of the telescope, say about 10° from its vertical posi.
tion, and the reading of the bubble be noted.,  Next, it must be rocked on the eollar :
an equal amount to the opposite aide of the telescops, aml the reading be noted,
If both read ngs are the same, the adjustment is correct, bhut if the bubble moves
towards one end of its tube when the striding-level 1= in one of these positions, and
towards the other end of the tube when it iz in the second position, it indicates
that the vertieal axial plane of the bubble is not parallel to the axis of the collars,
and that the end towards which the bubble moves is elevated with respect Lo the
ax1s of the collars, causing the movement of the bubble from the center of the tubse.,
The adjustment to be made iz to bring the bubble again to the center h{ meana of
the capstun-headed serews at the sida of one leg of the slridinglevel. They are op-
pozing butting serews, and the one towards which the tule must be moved to bring
the bubble again to the center must first be alightly loosened, The opposite screw
must then be tightened until it is perceived that a perfect metal contact has been
astablished, This operation must be repeated untll the reading of the bubble re.
maing the same in both positions of the striding-level relative to its normal posi-
tiemn, dThis will also indieate that the ground portion of the tube is truly barrel-
shaped.

If the level be extremely sensitive, it is sometimes found that the bubble will
run slightly towards the same end of the tube, as the lateral adjustment approaches
enmpletion, although the striding-level may have been inclined at the same angle
when in each inclinel position, %‘his indicates that the ground portion of the tube
iz funnel-shaped, and then the adjustment iz completed by making the bubble run
to the same amount when the striding-level is rooked through equal angles later.
ally. The effect of this deviation of the glass vial from the barrel form is generally
within the lhmits of error of observation with the telescope, but aside from this, itis
impercaptible in most cases, aa the striding-level can rock only one or two degrees
laterally when il is fastened to the telescope, The lateral adjustment is fNecessary
in order to avoid errors in leveling, shoulil the striding-level be moved laterally on
Itz collars during the manipulation of the instrument.

The fhorizontal adjustinent of the Striding-Level.  This, the priveipal adjustment, is
to malke the horizontal axis of the spirit-level parnllel to the axls of the eollars.
Ta do this, bring the bubble to the center of its tube by means of the tangent serew
of the teleacope, then reverss the striding-level end for end, and note whether the
bubble returns to the center, If it does, the adjustment is correct. T not, correct
half the ervor by means of the vertical opposing capatan-headed screws at t{lE- other
leg of the striding-level, moving them as has been explalned for the lateral adjust-
menl, and eorrect the other half by the tangent serew of the teleseops, If upon
again reverzing the striding-level end for amj', the buhble remuins in the center of
its tube, all the adjustments of the steldinglevel are made.  But it is well to verify
tha correctness of the lateral adjustment again, espoclally if the amount of eorree
tion required to adjust the horizental axis of the level wue large, and to repent
both adjustments in the order given above until assured of thelr correctness.

 The wdjustment of the harizontal eross-wive,  After the striding-level has been fully
adjuated, the adjustment of the harizontal wire of the telescope should next be made
Thls adjustment is to bring the horizontal wire into the combined ;..rear:iatricul a“&.
optical axla of the telescope, as follows., TFirst make the vertical cross.wire PETpET
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dicular to the plane of the transverse axis by the process described on pugo 48,
The striding-level is then placed upon the collars nu$ iz secured to the telescape Ly
means of ibs fastenings, The instrument being leveled up, the telescops is clamped
and the bubble of the stridinglevel is brought 1o the center of its graduation,
Mow turn the instrument on its vertical axis and find, throuzh the telescope, a suit-
able and well defined object, distant about 400 teet, which the horizontal wire hlseets
when the bubble of the striding-level is in the center., Then pemove the atriding.
level, and, if the teleseope reverses through the standards, ns is usual in these
trangits, unclamp the telescope and plates, reverse the telescope, turn the instru-
ment on its vertical center and divect the telescope again towards the object provi.
ously bisected, Clamp the telescope, replace the striding-level on the eollars and
bring its bubble to the eenter.  If the horizontal wire again bisects the same object,
its adjustment is correet, but if not, mave the reticule bearing the wires over half
the ereor by means of the capstan-headed serews of 1he teleacope, g explained in
the [ootnote on page 49, and repeat the operation until the adjustment iz correet,
It the telescope is not reversible through the standards, as in Theadolite No. 14,
lor as In most Plance-tables), the horizontal axis of revolution should be reversed
end for end in its bearings, and the plates should not be unclamped. In other e
spects the process is the same as above deseribed. The instrument is now 1o ad-
justment for leveling with the striding-level,  To insure good leveling with the
striding-level, 1t is necessary that its points of contact on the collars be free from
dust, grit, and oxide.

The adjustment of the vertical wire should now be made as explained on page
41, by reversing through the standards, or if the instrument bas low standards, over
the bearings of the honzontal axis of revolution, as explained on p. 100, after which
the adjustment of the horvizontal wire should be examined again, and if found to ba
disturbed, the two wires should be adjusted in furn, suceeasively, until the adjust-
ment of each is found to be correct, See **Some Remarks Concerning Instrument
Adjustments,” Part I. '

Tests of the asswmed conditions,

The Collimation, It has been assumed in the above methods of adjustment that
the line of collimation passes through the geometrical transverse axis of revolution
of the telescope ; otherwise, a change in its helght would oceur when the telescope
ia reversed, giving two parallel lines of sight, of which the distanes apart is dounble
the distance between the line ol collimation and the geometrical transverse axis.

An error from this source ina well deslgned instrament of modern construction
will be very small, and will be manifest only with short sights and in most enses
will ba within the limits of error of ohservation for long sights, sinee the space env-
ered by the eross-wire iz proportional to the distance to the objeet, and will soon
amount to conziderably more than this error. It would not, therefore, affect tha
adjustment, of the instrument. for long sights,

It is also assumed that the principal optical axis coineides with the geometrical
axis of the telescope for all focussing positions of the object-slide ; that is, whether
the telezcopa ba focussed on o distant or on a near object ; otherwise the telescope
would give locorrect readings for objects at different distances ; more fully explainsd
in Part I., ** Some Facts Worth Knowing.”

The existence of these two sources of error may be detected by repeating the
test of the adjustment of the horizontal wire with the striding-level, using then a
very short sight, It the horizontal wire does not: biseet the near object when the
telescope is both in a direct and in & reversed position, there iz an error which
affects readings on near polnts, eaused by one or both of the above mentioned
sources of error. Thiz error may be eliminated with the striding-level, by the
method used in precise geodetic leveling to remove errors of collimation, which is
to take two readings of the rod at each point, one with the teleseops direct, apd the
other with it reversed ; the mean of the two being the true reading.  This process
may be used for distant points if it is suspected that the adjustment of the horizon-
tal wire has been disturbed. This error cannot be eliminated with a fixed lavel ; nor,
as it might ke supposed, with a veversion level, that is, a fixed level accurately
ground and graduated upon the top and bottom (for an illustration see elsewhere)
sinee both horizontal axes of such alevel are adjusted to the line of sight for long dis
ances, and becanse the lavel cannot be reversed on the felescope tufe. The effect of an
error of this kind in short distances can, however, be easily elimipated when
backsights and forezights are equal in length,
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The Equality of the Collars and Flezwre of the Telescope. It has also been as
sumed that the collars are of the sane diameter.  This is of prime importance sinee
inequality in diameter will couse large eivors, If they are of unequal diameters
the ling of eollimation will not define a horizontal plane when the bubble of the
atriding-level is in the center of its tube, although the axis of the collars may
have been made parallel to the combined geometrical and optical axis of the
telescope. The equality of the collara will alwaya exist in our 1nstruments when
new, singe the auxiliary and collimator apparatus used by our firm enables us 1o
detect the least devintion of the collars from a eircular form or from eguality in
diameter, and, conszequently, the ecollars will be of unequal diameters only from
the effects of wear and careless use,

A similar deviation from a horizontal line will exist, however, altheugh the col-
lara arve of equal diameter, owing to the Hexurs of the telescope by its own weiglht,
when in a horizontal position. This flexure of the teleseope is greater in the tele-
seopes of greater lemgth, It is also aggravated when the telescope iz not symmet-
rically monoted wpon its transverse axis of revolution, Thiziz the case to acertain
extent in all geodetic instruments, owing to the changes in the position of the center
of gravity of the telespope when focussing the objeet-slide for sights at different d s-
tanges, or when the sunsbade is removed, slight as the effect of the weight of the
latier may he,

T teat the combined effect of irequality of the eollars, if any, and the flexurs
of the telescope, & method very similar to that used for adjusting the fixed telescope
level, explained on pages 51 and 53, may be used,

After the striding-level and horizontal wire have been adjusted, az explained
above, one may try the methods for adjusting the fixed-level, and see whether ths
line of collimation is io fact horizontal when the bubble of the striding-level is in 1he
center of its tube, If the horizontal eross-wire bisects the target when the rod is
held on the distant stake (ses page 53), then the line of collimation is horizontal, but
if there is any deviation, it may be owing to inequality of the collars or to a flexure
ol the telescope, or to both eauses combined.  To elimivate Lhis error, the operitor
may move the telescope by the vertical tangent-gerew unlil the horizental wire bi-
gects the target of the distant rod. The reading of the striding.level will then be
noted by hﬂtiﬂ% the mean of the readings of the two ends of the bubble, and 1he
amount of displacement of the bubble from its central position will be the constant
error of the instrument, which shonld be applied asa correction in fine leveling,
If this erroris cansed solely by a flexure of the telescope, it may be corrected by
actually making the collars unequal in diameter to an amount which will eause
:hﬁ line of eollimation to be horizontal when the bubble isin Lthe cemter of its

ADe,

It is thus seen that when the telescope is supported in the center only, & atriding-
level i3 no more aceurate than a fized level of equal senaitivenees, unless all of the
above conditions are attalned.  Also, that the methods explained for adjusting the
telescope with a fixed-level, breing direet and avoiding 1he use of collars and elimd
nating the effect of dexure, e-t-:.,Jmeolude the existeros of these errors. The fixed-
level has therefore its specific advantages and a legitimate place even in the best
gurveying instruments.

The Adjoustments of the Telescope’s Axis of Eevolution of the En-
gineer's Transit, by means of the Transverse Striding-Level, so
that the Line of Collimation shall deseribe a Vertical Plane.

These adjustments cousist, fAvsily, in adjosting the striding-l :

51, | ! : -level; secondl
in making the transverse axis of the telescope horizontal, by placing it truly ir{'-
;;gm: angles t:mt é:_ha 'n"e1'ttlca,1“:|qufl ufl revalution of the ipstrument Ly means of the

ansverse striding.level; thivdly, in adjusting the vertieal wi i i
that it shall descrine g vertical plane, . oAb
The adiustment of the transverse striding-level,  In our instruments for general
work, :.::ham the telescope s reversible only through the standards, as is the case
in the Tachymaters, the E!I:.rldlrlj! lewel will rest upon apecial collars of aqual diame-
ters oo the tranzverse axis of revolutlon, as it may then be attached tothe telescope
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and move with it; and besides belng very compact and readily manipulated, it an-
ables us to give the pivots of the horlzastal ux%s a form by which gﬁmtur lnteral
stiffnese 18 secured tor the standards, and without this the teloscope uf thase instru-
ments would not have the required stability.

Tha striding-level of the finest class of instruments, such as Transit-Theodo.
lites No. 11h, 12, ete,, used for triangulation wholly, and Mining Transit No., 5, used
mainly for very steep sighting, will rest directly upon the eylindrical pivots of the
Lransversa axis, at the cirele of contact in the wyes. This latter method is preferrad
for the finest class of instruments, on account of greater simplicity anil acouraey,
although the striding-level is then more liable to injury, as it eannot be attached to
the telescope and must be lifted off whenever the telespope ia moved greatly in
altitude or when it is to be reversed, and is liable to fall off if the instrument is
taken up hastily.

The tranzverze striding-level is adjusted precigely as deseribed, on page wi,
for the adjustment of the longitudinal striding-level shown on page 180, To test
the lateral adjustment, the striding-level may Ue rocked upon the transverse axis,
if it rests upon its pivots; or, if mounted upon eollara hetween the standards and
attached to the telescope, the latter may be moved on its horizontsl axis o few
degrees up and down.  The horizontal adjustment of the striding-level js tested by
reversing 1t end for end.

The transverse striding-level is the most important level of the transit, when
the latter is used for measuring horizontal angles and for ranging straight lines
where objects differ greatly in height,

The adjustment of the fransverse axis of revolution.  The striding-level having been
carefully adjusted, level up the instrument geoerally with ihe plate-levels, put the
striding-level in position and bring ita bubble to the center of its graduation by means
of the leveling screws, then turn the instrument 180° on its vertical axis aml note
whether tha bubble of the striding-level remains in the centerof the praduation. If
it does, the adjustment is eorrect. If it does not, correct one-half the error by means
ol the leveling serews, and the other hall by means of the wye adjustment of
the standard. Repeat Lhe process until the adjustment s eorrect.  Observe also,
in adjusting the wye adjustment of the standarda, that it will be best parformed and
more lasting when the last turns of the lower capstan-headed screw are always ap-
plied in an upward direction,

The transverse axis of the telescope 12 now adjusted for movement of the latter
in a vertical plane. The striding-level, heing very sensitive, i3 the best-known de.
viee for making the transverse axis of tha telescope troly horizontal, The method
agsumes that the special collars, or the eylindrical pivots at the end of the axis,
which rest directly on wye bearings in the standards, as the case may be, are of
equal diameters, and if collars are used, that they are concentrie with the pivots of
tha axis, These conditions are best fulfilled when the striding.level rests directly
on the pivols of the horizontal axis, as in the finest triangulation transits,

Whenever exact vertical motion is desived, as when the objacts sighted at differ
materially in altitude, the striding-level in such instruments should be depended
upon to the exclusion of th= front plate-level. The Jatter is then entirely subordi-
nata to the striding-lavel and should be depended upon merely for leveling the in-
strument approximatsly. The platedevels are also useful in lndlca.tin,':{?ulckly any
large disturbances of pozitlon. When the objects siphted at do not differ much in
altitude, the front plate-level iz, in these Instruments, sufficlently sensitive to giva
gatisfactory results without using the striding-level, Where no striding-level is
provided, the platedevels are, of course, to be depended upon for all work, and as a
rule, in our instruments the degres of sensitivensss of the front plate-level is such
a3 to insure that the plane described by the talescope shall not differ from the troe
vertical plane by an amount larger than the smallest direct reading of the verniers
of the horiznntal eirele.

The adjustment of the vertical wive for collimation. The object of this adjustment
is to place the vertical wire so that the line of sight shall be at right angles to the
horizontal axis of revolution. This operation presupposes that the optical axis
is epincldant with the geometrical axiz of the focussing slide and also that this
combined axia moves at right angles to the transverss axis, so that the line of colli-
mation shall deseribe a vertical plane at all focussing positions of the object-slide
when the transverse axis has been placed in a horizontal position. In which case,
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of eourse, the projeetion of the line of sight will not deviate from a straight live for
intermediate poiuts.  Sec on this poiot " Sviwe Faetz Worth Kuowing. It is also
assumeil Lt the peing of suspension of the pluneh bol is i the prolongation of the
vertioal axis of revolutivn of the instrument, and that the instrument 1§ corvectly
set over the point ehosen for its position.

Tre wethod of adjusting the vertical wire for collimation is sufficiently de.
soribed on page 49, The resull of this provess ks, however, affected by any variation
of the transverse axis [rom & true right angle to the vertwal axis ol revoelution,
when the two objects sighted ot are Dot precisely in the same horizontal plane, a
pondition somewhat inconvenient to mect a6 all times in the field.  Therefore,
in instruments not provided with a trapsverse stridinglevel, it will be best to
gelect two points o opposite direelions thet are as near as possible in the same
horigontal plase, then make the vertieal adjustment as described on page 51, which,
howsever, 15 o ernde substitute for the move perfect methods of the striding-level,
or two collimators srranged in a vertical plane, When this adjustment is com-
pleted it will be necessary in these instruments to again verify the adjustment of
the vertieal wire for eollimation and also to repeat the sdjustment of the vertical
plane, ag neither of them can be made at once correctly independently of the
other.

The adjustment of the vertleal wire of telescopes whose trapsverse axis is pro-
vided with eylindrical beavir g2 vesting in wyes, as in Transit-Theodolites Nos. 11 and
12, ete., may be made by the same provess of reversing through the stacdards, or
by the follewing process,which is the ouly one applicable to instruments having low
standards, such as Theodolite No. 14.

The provess iz as follows.  Level up the instrument approximately ; elamp the
plates; set the vertical wire in a vertical position by the method dezeribed on page
15, Then select a wall-defined distant point and biseet it with the vertical wire,
Next, lift the telescope out of its bearings, and reverse the tranaverse axis end for
end, replacing the axis in the bearlngs with the telescope pointing ln the same
direction as bafore. If the distant point is again bisected by the vertical wire, ita
adjustment is correct.  If not, move it in the direction stated in the footnote on
page 49, by means of the capstan-headed screws, one-half of the distance betwesn
its present position and the point previously bisected, and repeat the process until
the adjustment is correct.

Tests of the assumed conditions.

In the foregoing explanation of the adjustment of the transverse axis by means
of the striding-level resting on special eollars, it has been assumed that the special
collurs are of equal diameters and that they are concentric with the telescope’s axis
of revolution. Now to see whether the line of collimation moves in a truly vertical
plane, after the horlzontal axis of revolution has been adjusted to lie at right angles
to the vertical axis of revolution of the Engineers Transit, proceed thus : —

Having previonzly verified the adjustment of the striding-level and by it that
of the wye adjustment of the standard as well as that of the vertical wire for eolli-
mation, set up the instrument a2 near to a chureh with a spire, or a building with a
well detined objeet elevatad sulliciently to require ihe telescope to move through an
altitude of aboutH0° when it is elevated to the object and depressed to the base of the
building., Now leval up the instrument, bring the bubble of the striding-level to the
center of its graduation, and with the plates clamped bisect the object at the top,
then depress the telescope and find or make a mark at the base which is also
bisected by the vertical wire, Now reverse the telescope, turn the instrument in
azimuth and with plates clamped again bizect the elevated object and upon depress-
ing the teleseope see whether the mark at the base iz also bisected.  If so, the adjust-
ment of the ling of collimation for motion in the vertical plane hy means of the
striding-level is correct but, if not it will show that the collars are worn and that
gorrection of the difference must be made by means of the wye adjustment of the
standard, over a little less than one quarter of the error, taking care to make the
final adjustment by an ugward movement of the capstan-headed sorews. Then
repest this adjustment, and find or make a new mark at the base upon each sueces-
give trial when the instroment s depressed, until correct.

Now pote to what extent and towards which collar the bubble of the stridipe-
ievel has moved and make o memorandum of it 20 that It may be applied az a oor
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:'Esggz. :!l&t*;hna::ui Tﬁﬁc ':-:'nrl-:l.d ﬁ%lmh qlvr_iuti_m_m_, while never existing in our new
Satribiution rO[ wm duiior 1.,~l:tt!3|r J.r utillnfql,ml wear ob the uu]]_ur-a__n:' by wm upesjual
an imperfect adj SfT-: .U- Patis '-LFI‘II’-L“'-‘ ] the Jlurl'.cfﬁtlt:i_l axiz of revolulion, or by
i P =tk E'u menk of the vertleal wice for collimation — or by all thees com-
. 8 [rom this source ean also be eliminated by the wsual method of
raverzing the instrument andg telescope and taking the mean.
: The above test can alan beat Le performed by the use of collimators arranged
n the "._'{:I.'Llul.'l.l plane, L “The Collimator Apparatus,” when of conrse the modies
aperitndi 18 the same as just deseribed,

Instead of being obliged to find or make & mark at the base of o building in
order to test the correetiess of the vertical adjustment of the wyes & trug vertieal
plene may be had by the use of an artiticial horizon. ’

Artifivial Hovizai,  This may e made of mercury placed in o shallow howl of
copper or lron (see page 1940 or 6 may be made of melnsses, or of oil mixed with
fnely powdered lamp Black 3 or it may b made of plane parallel glass suitably
mounted on three leveling sorews, so that it ean be placed in o truly horizontal posi
tion by means of a sensilive spirit-level, In the absence of any of these o bucket
full of water may serve the purpose, although the slightest air currents will cause
a ripple in the water and make ohservations more difflenlt.

To test the vertical adjustment of the wyes with the aid of an artificis]l horizon
proceed thus : —

Having previouszly verified the adjustments of the striding-level and instrument
set it a5 near to an elevated object as can be conveniently observed, place the arti-
ticial horizon within 8 or 10 feet in front of the instrument ; level up earefully and
bring the bubble of the striding-level to the center of it sraduation, Now, if with
plates clamped, the vertical wire biseets both the object and its veflection in the
artificial horlzou, it e proof that the line of collimation lles ina troly vertical plane;
but if mot, remove hall the difference by the wye adjustment and vepeat until cor
rect. Now make a memorandum of the deviation of the bubble of the striding-level
s axplained above in order to apply it as o correction in precise work,

While, with the use of an artificial horizon, it i3 not actually necessary, it will
be well to rapeat this test with the t&iusr.n}m in reversed position to 2ee if the object
and ite reflected lmage remain bisected. If not, it will indicate that the instrument
haz not been properly adjusted belore the test was made,

Test of the Equalily of the Cylindricnl Pivots of hovizontal aris of revolution by neans
of the ransverse striding-level vesting af civcle of contoet i wyes,  Carefully level up the
instrament by the plate level, Next verify the adjustments of the transverse strid-
ing-ievel as explained on page 26 and then make the wye adjustment of the standards
by reversing the instrument on its vertical center and, removing half the difference if
any and repeating this gperat.[nn until the bubble of the striding level remaing in the cen-
ter of its graduation.  Now remove the striding-level, and npon reversing the telescope's
axis of revolution end for end in the bearings and placing the striding-level again on the
pivots, 2o that each end will be on the same side of the standard previously occupled be-
fore the telescope was reversed in the bearings, see if the bubble comes back to its
canter. If an, the pivots are of equal diameter, but if not, remove half the ditference by
the wye adjustment aml note o what extent and towards which pivot the bubble of the
siriding-level moves and make a memorandam of it go that it may be applied a3 a cor-
rection in precise work.

The test of the equality of the pivets at the cirele of contact in the wyes when
the talescope is reversible over the bearings may also be made by any of the methods
oxpleined in the praceding paragraph for verifying the adjustment of the line of eol-
limarion for exast motion in the verticnl plane. In this case, after the horizontal
axis has been aljusted for the vertical plave with the telescope in the direct posi-
tion, 1t is only necessary to reverse the telescope over its bearings, without unclamp-
ing the plates, and to repeat the test for motion in the vertieal plane. If correct
the pivots are of equal diameters; but, if not, the inequality amonnts to one-half
of the deviation of the line of collimation from the vertical plane, and for best
results in very steep sighting, it will be well to reverse the telescope for this pur-
pose and to accept the mean of the two readings as t:ha true result,

On the other hand, however, if the telescope is intended only for reversal
through the standards and turning the instrument on its vertical eenter, as all our
Transit-Theodolites do, then for good results after the eylindrical pivots are worn,
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the wye adjustment should be made only with the telescope in its direct and proper
position in'the instrument and by the striding-level alone, that is, if the latter rests
directly on the pivots as shown in No. 11b.  The telescope must then not be reversed
over the bearings.

In Transit-Theodolites having no striding-level the wye adjustment of the stan.
darvds, after the pivots are worn, must be made only with the telescope in divect
position as explained above and as explained on page 51 for the Engineers' transit.

If the Transit-Theodolite has a striding-level resting on specilal collars (as most
of these instruments are made by ua for the sake of greater compactnezs and
portability) and the pivota and collars have hecome unequal in diameter from wear
and tear, then theinstroment should also be treated as 11 it was non-revarsible over
the bearings and the wye adjustment must be made with ihe teleseope in the direet
position only by any of the methods given for the vertical adjustment of the wyes, and
after completion of the adjustment this difference in the reading of the striding-level
ghonld be noted, ete,, for correction as already explained.

O courze in making any of these tests for equality of collars, pivots and vertical
adjustment of the wyes, it is of the ntmoest importance to have the instroment balanced
a5 the maker intended it to be, as without this none of the above tests can be made.
It will not do for instance, to detach the vertical civcle after the wye adjustment has
been made with it on the instroment, nor will it do, if & solar attachment or a side
talescope, eio, has heen attached to the telescope’s axis of revolution, to suppose that
the eounterpoises made for cach can be indiscriminately interchanged or left off at will
without disturbing the equipoise of the instrument and its adjustments,  All these
parta bear a strict relation toeach other and cannot therafore be changed at will without
also deranging other existing conditions of the greatest importance for a successful
working of the instroment.

Appendiz to the Degeription of the Adjnstments of the Transverse Striding-Level.

The above tests have been given in great detail to create a familiarity with
this subject, on the part of the Enginecr, that he may know the proper method to
attain results consistent with his intentions, Itis important to realize how much
depends upon the degree of sensitlveness of the spirit-levels used, and vpon the
power of the telescope to reveal slight differences in ita pointing. The utility of
the striding-level in the finer instruments will be best understood when we consider
that the method of reverzion, so useful in detecting and eliminating errors of
gradaation and of collimation, is useless in detecting or eliminating deviations of
the plane of motion of the line of collimation from the vertical plane passing
through the center of the instrument. The adjustment of the vertical wire (de-
seribed on page 40) causes the line of collimation to move in & plane perpendicular
to the horizontal axiz of revolution, and the vertical adjustment of the standards,
deseribed on page5l, renders it possible to place that plane in a vertical position
as nearly as tha degres of sensitiveness of the front plate-level or the striding-level
will permit. The actual position of the plans of motion of the line of collimation
being dependent upon the levels, a want of suflicient sensitiveness in them will
cause the plane to deviate from the vertical plane passing through the center of
the instrument. The angle betweesn these planes measures the greatest angular
amount of deviation that the line of collimation can make with the vertical plane,
This oeeurs when the telescope is pointing vertically upwards or downwsrds, —
The angular deviation of the line of eollimation from the vertical plane 1s nul
jwhﬁn t{-]lu:l telecope is horizontal and it increases ag the telescope is more and mare
nelined,

When a horizontal angle s measured between points so asltuated that the tele-
seope does not need to be changed in altitude during the observations, each point-
ing deviates from the vertical plane to the same amount and in the same sense and
the error is eliminated from the observation. This, however, 12 rarely the case,
and when the telezcope is changed in altitude during a set of ohzervations, a de-
viation of the line of collimination from the vertical plane introduces An errot
which cannot e detected and which cannot be removed by repeating the angle
and which s greatest when one polnting is made with the telescope horizontal
and the other with the telescope vertical, whick ean be done with some mining
transits,


http://nia.de

102

The above reasoning assumes that the deviation of the plane of motion from the
vertical plane iz constant or ean be maintained constant during n set of ohser-
vations. This, however, is far from being asaured in ordinary instruments. The
position of the plane of motion depends upon the accuracy of the adjustment and
upon t.?nle degree of sensiliveness of the front plate-level, or of the striding-
level. ‘Their sengitiveness should therefore be such that the plane of motion shall
not deviate from the vertical plane by an nmount inconsistent with the degres of
precision expected of the instroment, * That i2 to say, levels whose sensitiveness is
suitable for an inztrument reading to minutes would be insuflicient in sensitiveness
for an instrument reading to ten seconds. We have seen cases whers the more
ordinary Engineers' Transits were provided with front platelevels which would hardly
indicate five minutes of are in an instroment reading to thirty seconds.  With such
an instrument the plane of motion of the line of ecollimation cannot therefore be con-
trolled within five minutes of are, from a true vertical plane and all horizontal aneles
meagaured by it are influenced by the uncertainty arising from this defeet, i

The importance of knowing the degree of sensitivenesa of the levels of the finer
instruments is very great and on this account, it is usual for us to send with such in-
struments o statement giving the value of the divizions of the levels in seconds of are.
The sensitiveness of the transverse striding-level is made much greater than that
of the plate-levels, and in such instruments the latter serve principally to level up
approximately. Its greater semsitiveness is of especial importance in Mining transits,
a3 steep sizhting is the rule in mining surveving, '

The Adjustments of the Are, or of the Full Vertical Cirele with
Double Opposite Verniers.

In the Enginear's Transits provided with an arc or full vertical circle, the ad-
justment of its verniers to read sero when the telescope and plates are lavel should
b made as dezeribed on page 50, in order to make the instruments serviceabls for
reading vertical angles.

When the vertical cirele is, however, provided with double opposite verniers, as
ghown in No 1o, Style 0, page 147, or as in Tachymeter No. 1g, the adjustment
of the vernier geros for a normal pesition should be made by the two opposing
capstan-headed serews attached to the vernier frame ; but if the telescope is revers-
ible over the bearings also, requiring a separate tangent screw, as shown in our
Universal Mining Transit No. 8, and in Transit Theodolites No. 11a and Xo. 11b,
then the adjustment of the vernier zoros for position must be made by the vernier
frame's tangent screw. See" Instructions for Using our Universal Mining Transit,”

aze 177.
; 3'ﬂ‘]:f tha vertical cirele has a separate level attached to the frame carrying the
double opposite verniers, as shown in Mining Transit No. 8, and in Transit-Theod-
olitez Nos, 1la and 11b, ete, then the adjostment of this level and verniers for
position must be made as deseribed on page 177, so of which we will repeat here
much as properly belongs to this subject. i

Flace the telescope in the horizontal plane by means of its tangent screw, then
move the vernler frames’ tangent screw until the zero line of the double verniers,
marked A, is In eoinvidence with the zero line of the vertical cirele, and now ralse
or lower the adjusting ecrew of this level, as the ease may be, until the bubble is
in the center of its tube. : :

It is now supposed that the zero line of the double opposite verniers, marked
B, is also in goincidence with that of the wvertical cirele. If not, the verniers
marked B can he moved after releasing the capstan-headed serews, until both zero
lines on that side of the vertical cirele are also in colpeidence. However, thisis a
very laborious proceeding for those uninitiated in this work, and as it cannot
always be made quite exact, owing to the mode of mounting the vertical cirele on
the felescope’s axis, it will he found casiest fo eliminate errors of excentricity
in the graduation of the vertical circle and verniers by reversing the telescope and
taking the mean of the readings. The vertical cirele is graduated from 0° to 90°
and back, and the verniers are doubls, so that angles of elevation and depression
can be read with ease and dispateh.
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The Adjustments of the Auxilinry Telescopes of Mining
Transits,

The Detachable Side-Telescope,

This telescope, Hlostrated on page 164, as ordiuarily made, is attached to the
transverse nxis of the mam teleseope by means ol'a hub, which is surewed Wpon & pro-
longation of this axis beyond the standurds,. The hub vontaings an i]JiiB_l'i-l'n ent hori-
zonial axis upon which the sile-teleseope may be revolved, and to which It way be
clamped.  The side-telescops 18 usually set parallel to the mwain telescope, and lool-
ing in the same direction, but it may be set so that it is inclined at 4 given vertical
anzle when the main teleseope is borizontal. A eounterpoise is attached to Lhe other
end of the transverse axis of the main telescope, so as to balance the weight of the
side-teleseope and retain that axis horizontal when the side-lelescope 1z in use. The
side-teleseopn is malnly intended as an auxiliary in weasuring vertical a ngles, and it
i on this aceount that the simple means of attaching it to the tranait, heve described,
has been adopted by us as sufficient for the purpose, although it will be very diffi-
eult to place its line of collimation truly parallel to the main telescope for all focus-
sing positions of the object-slide.  'When greater accuracy and greater permaneney
in the adjustments are deslved, our Universal Mining Transit Ko. 8, page 172,
should be chosen. This has duplex telescops bearings, one set of bearings being
rlaced excentrically, so as to permit of vertical sighting up or down a shaft with the
maln telescope alone,

The adjustments of the detachable side-telescope are as follows: —

1. To place its vertieal wire perpendicular to the transverse axls of the instru-
ment.  Atfach the side-telescope apd the counterpoise to the trausverse axis,
Clamp the side-telescope slightly to its hub, bisect a polnt by its vertical wire and
meve the main teleseope on its horlzontal axis of revolution.  If the point remains
bisected by the vertical wive of the side-teleseope thronghout its entive length this
adjustment is correct. If nof, loosen the capstap-headed screws and rotate the
reticule bearing Lhe wires, as explained on page 45, until the wire bisects the point
throughout its entive lesgth, Then slightly tighten the capstan-headed screws as
explained in ** Some Remarks Coneerning Instrument Adjostments,” page 24 Also
gee footnote on page 49,

2, To plags the Intersection of the cross-wires of the side-telascope in its line
of collimation. This may be done in several ways,

(a) The side-telescope being detachable, it could be adjusted by rotating it in
wyes, were any at hand, Buch wyes, as we have shown before, may be impro-
vised by cutting the proper shapes out of thin wood, and fastening a pair of them
to a board in an upright position. The distance between them should be sueh that
the telescope may rest upon the outsile of the mounting of the object-glass and
against ita ghoulder where the cap is placed, and upon the tube near the cross-
wires whan'fruut'mﬂ,hlﬁ. The lmprovised wyes being placed on a firm support
and fastened so that they will not move, the side-telescope may be revoelved in
them, and the wires may be placed in the line of eollimation as in a wye-level, using
a distant point. The hovizontal wire, being the more important one in the side
telesenpe, should be plueed with some care,

(b} This adjustment for collimalion may be made without removing the side
teleseope, if for the adjustment of the horizontal wire, n small apirit-level® mounted
%]; a metal base, similar to those described on pagel27,is at hand. Then proceed

sz

Adjustment af the horizontel wire, First, level up the instroment by itz plate
levelz, Then, placing the main telescope in a horizontal ition by its level,
find a well-defined object, such as the target of a leveling rod, distant about 300 feet.
Wow clamp the side-telescope when in a nearly horizontal position to its huk, and
placing the auxiliary level, which has been previously adjusted, longitudinally on
the sidetelescope bring its bubble to the center of the tube by means of the tan-

* Such a spirit-bevel mounted in g casteiron Trame, and good enough tor this purpose if carefully selected
can be bought in any of the better eguipped hardware stores, |2 kst i
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gent serew of the main telescope and now, Ly turning the instrument on its verticul
center sec If the horizontal wire of the side‘telescope bisects the oliject or larget
also. If 80, this adjustment is made, but if not, it must be cotipleted by moving the
vertical capstan-headed screws as explained in foot-note, page 19, : =

To verlly "'h:ls adjustment, the "‘jfl"-r"f]"-*"“r"' may be reversed on its horizontal
axls of revolution and clamped to its hub when nearly in the same level plane
Then turn the instrument a little more than 150° o its vertieal ('1’1I'|.I!r*|.". place the
auxiliary level on the side-telescope, same as before, and bring the bulible to the
center of its fube by means of the vertieal tangent sorew, 1T now, when e side
telescope is in the reversed position the horizontal wire bisects the ohjoet alsao thiz
adjnstment is completed, but if it dees not then the horizontal wire must be moved
again to a point halfavay between the Lwo readings.

This adjustment may also be made by the auxiliavy level alone or by means of
n $t,rll.1i|1;.:-l1:_'.'1:1 without the aid of the main teleseope,  (Seo adjustment of Lhe
horlzontal wire of the Eogineer's transit telescope by means of the longitudinal
striding-level, page 95.)

| Adjustwent of the vertical wive. Seleet a well defined object, as a ehureb aplre,
distant 5 or § miles. Bisect it with the vertical wire of the wain telescope, anid
without moving the instrument, look through the side-telescops and note whether
the object is also bigected by ita vertical wire. If pot, make the adjustment by
moving it vertieal wire by the horizontal capstanheaded screws, until the olject
is bisecled also. The distanes between the two telescopes Lelng only a few
inches, the vertical wires will cover so great a widih, if the object be sufficiently
distant, that the effect of the excentricity of the side-telescope will be almost im-
perceptible and the samea distant poiot may be used for each teleseopa.

{e) When a distant object is not available, measare with a pair of dividers the ex-
centricity of the side-telescope, which is the distance between the centers of the two
telescopes.  Then transfer it to the face of a wall as far distant as practicable and
make two marks whose horizontal distanee apart is equal to thiz excentricity. Bisect
one of these marks by the vertical wire of the main telescope and then look through
the side-telezeope and note whether the other mark iz bisected by its vertical wire. If
not, make it do so by moving the eross-wires of the sidetelescope as deseribed on page
41, The direction of the lines of sight should be at right angles to the surface upon
which the two marks are made.

The position of the sidetelescope with respect to the main telescope should be
assured whenever the former is to be used.  This may be done as follows : find a mark
that is hizected by the horizontal wire of the main teleseope.  Then turn the instru-
ment on its vertical axis and notice whether the horizontal wire of the side-telescope
bisects the swme mark. If so, firmly clamp the side-telescope to its hub. I not,
mently tap one end of the sidetelescope, which hitherto has only been loosely elamped,
until its horizontal wire coineides with the mark and thea elamyp the side-telescope to
itz limh. The telescopes are now 26t to correspond with the zere of the vertical clircle,

To place the telescopes at an angle with each other. Level up and fix a mark
when the main telezcope is level,  Then raise or depress the main telescops the required
angle and clamp the horizontal axis. Now move the side-telespope until itz horizontal
wire bizects the mark and clamp it firmly to itz hab. During an extendsd operation with
the side-telescope, the relative position of the two teleseopes should be verified from
time to time to detect any disturbance of the side-telescope,

Transits having the felescope mownted at the end of the hovizontal azis of revolu-
tion are sometimes nsed in mines ; or, a3 shown in the Alt-Azimuths Nos. 17a and 15b,
this eonsmmiction is used in some instruments for geodetic and smaller astroncemical
worl, The adjustment of such a telescope for collimation may therefore be explained
in this connection,  ‘The following method s a2 simple a3 any : —

Select a well-defined object, 85 a church-spire, distant at least 5 or 6 miles. The
_astrument belng leveled, bisect the object with the vertical wire and read the verniers
of the horizontal limb. Then turn the vernier plate =0 as to read exactly 180° different
from the previons reading, and revalve the telescope.  If the vertical wire is adjusted
for collimation it will again bisect the distant object, since the space covered by the
eross-wires on an object at such a distance will be ouch greater than the change in the
position of the telescope as caused by its excentricit{ from the center of the instrument.
If it does not azain bisect the ebject, correct one-half the error by means of the hori-
zontal eapstan-headed serews as explained in the footnote on page 43,
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The adjustment of the horizontal wire for collimation may be made by EBIEL"_ting
ane of the methods hest adapted for a particular design of teleseope, as described
on page 70 for a telescope provided with a fixed level. ¥ the telescope has a longi.
tudinal striding-level this adjustment shoold be made by the method explained on

age D
: gTlna.ml two adjustments should be repeated until both are correct,

To measure the excentricity of the telescope, set up the instroment as near
a wall or other vertical object as possible. Draw a horizontal line upon the wall
at & convenient height. Point the telescope exactly at right angles to the wall,
marlk where the vertical wire intersects the line just drawn, and read the verniers
of the horizontal limb.,  Turn the vernior plate exactly 1H0°, revolve the telescope
and make a second mark where the vertieal wire now iotersects the line. The dis-
tanee between these two marks will be ficice the excentricity of the telezcope,

When using an instrument of this description for short sights, it Is very con.
venient 10 use sighting poles with excentric targets, or an offset at the foot of the
pole correaponding to the excentricity of the telescopa,

The Aunxiliary Top-Telescope,
Now superseded by the interchangeable anxiliary telescope, see styles 1T and 11,

Thia awxiliary, az previcusly made by ua, was mounted in adjustable wyes on standards permanently
frxed fo0 the main telescope, so that both lines of sight could be ms.«!m: parallel,  The weight of the top ke
scope was balanced by a counterpoise attrched to astem also permanently Gxed to the cross-axis of the main
telescope. When the top 1-:L=5.cnii|= was naf in use it was kept in the instrument box, while the smndards and
caunter i stem were permanently faed 1o the main telescops soas to avoid frequent and tedious adjustments.
This leature made the mstrument troublesome and |.|.1|.wi:u||d}' lor the more ordinary work tn mines, and still
le=s convenient for surface work.

This improvement when first introduced by us superseded all other forms of top telescopes as made by
athers whose main object seemed to be simply o straddle another telescope above the main one (4 mere com-
mercial article, not an instrument of precisiond for the purpose of steep sighting.  Bul since the line of sight
aof auch & lt|e:ﬂl|.|e cin never be |1la|:=|:'l tnl]__'r at ri,ThI angles to the cross-axis, the line of collimation does not
mave in a truly vertical plane, therefore horizontal angles measured between points differing greatly in eleva-
ton orin distance are never correct,

It gan also be readily seen thal the telescope of 8 solar ateachment as commonly made, having no means
af laveral adjustment to te main telescope, s insufficient in this respect (even leaving aside its low power and
apertureband cannot meet the reguirements properly.  The adjustment by which :Is(:gline of collimation of top
lu]umupu iz placed in the same vertical plane as that of the main 1g'|ga|,-u|_pe 15 iust as important as that of
the main telescope itself,

C A most convenient and practhcal device laving all the advantages of that former sivle, L e, means of
adjiesting the line of collimation parallel 1o that of the mam telescope, 20 that affer having deen removed
3 ol redadn @y odfusfments when -r..pu'a.r affached, s o0r new maunting of the tup telescope by means of
threaded studs.  This enables the engineer to read I!lnrizuuul anglﬂ when the main telescope canne be
used, obviating the making of corrections for the eccentricity of the telescope.

Patent Adjustable Top Telescope,

This deviee consiats of au adjustable trivet and an auxiliary telescope (see page
165 and an open central pillar, which latter screws to a threaded stud cast on or
permanently secured to the cross-axis of the main telescope.  When not peeded,
the auxiliary telescope and its counterpoise may be returned to the box and the
instrument is free of incumbrances, save the stem Tor the counterpoise and the
stud to which the central pillar earrying the auxiliary teloscope is attached, and i=
ready for surface work. If desived, the 1op telescope may be entirely unserewed
from the central pillar, leaving the latter attached 1o the main t,e]esn:\c'lpe.

The Adfustment of the Auxiliary Telescope used as a Top Telescope: —
It is assumed that all adjustments of the transit proper have been made, that is,
that the plate and telescope levels, the line of eollimation, the vertical pl,;mu ate.,
have been verified and corrected, and that the verniers of the vertical cirele read
zere when plates are leveled up and that the bubble of the telescope lovel is in the
canter of its graduation.

The adjustment of Live of Collimation of Awxiliory Teleseope ! First examine the
colneidence of the intersection of the cross wires with the optical axis. This may
be done by rotating the telescope in improvised wyes of wod (sep p—. 104), or by
]'I'?'.AlLi[tg it in the socket of the ]'rlllﬂ,[ [aﬁ, sometimes made b}.- lIH.] ]}:I' Uﬂﬁ("l.‘ﬂ"'llﬂ"ll.'lg i't-
abiout one turn, when the adjustment is made hy moving the capstan hoeaded
serews ns deseribed in footnote, p. 49, The teleseope must now be serawed to ifs
hearing in such o manner that the cross-wires are perailel to those of the mai.ﬁ
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telescope — to he verified as o I B e o S f P
lar L:ril- the plane of the numiﬁfﬂ'::]ﬁf}' Ic:lt--..T;:I. {ll:::tm' Hre metiosl ipaperpendl s
with tfﬂ?‘g}e&ﬁ:fﬁf QFI;W‘:”“““GH_ uf the auriliary telescape fn the same vertival plane
main telesoane  eom (f o crepe.  Biseet a distant object with the vertical wire of the
Lo ‘-‘f?'—GI"“-a see if the vertieal wire of the anxiliary telescope also bisects the same
ﬁe‘ddéd oL, move the :1||x|lmr_j,r_ teleacope by means of the pair of opposing milled-
L dscr&wuda_tr.a,clmld to its pillar nearer the eyeend until the distant object is
|s.ec:eh‘ at the same time by both vertical wiree., Now focus the main telescope on o
near object and see if the vertical wire of the auxiliary telescope bisecls the game
point as the vertical wire of the main telescope.  If not, make the adjnstment by
means of the pair of Jeapstan-headed opposing serews on one side of the adjusting
trivets of the pillar. Then re-examine both wires for coineidence with the distant
object, using the milled-headed screws, and also repeat the adjustment for near object
if necessary.  The two lines of collimation are now in the same vertjieal plane. '
_ To adjust the top Felescope so that both horizontal wires biseet the same il it nt
object.  Disect a_rllst.a.ut. ohbject with the horizontal wire of the main teleseope, anid see
whether l.he_lmlnmnml wire of the aoxiliary telescope blsects the same i-m'm:.r If tot
make the coincidence by means of the pair of opposing capstan screws in the trivets
near the mlllbd-hemlﬂl’]_ serews.  This being done, both these adjustments should Le
x:iiicatn][:a:'fl?:ﬁ?ﬁ 1:];5 Eef]utsiry. Thesuduci_iTlsunema once carefully made assure
alle oth teleseo i stici L]
(Hbervaly, st oh Ity pes and will not require repetition except at long
The distance between the lines of sight of the two telescopes should be carefully
measured by sighting at a vertical line on a wall — the telescopes being horlzontal —
NALLE e it ot A o s o o Pl o hoxgmes) wiewt s s L w1
I3 eccentricity o top telezeope, for whi i ] i
it cnmgteti. P pi, ch every vertical angle measared with
The adjnstment of the extra level {if any is provided in place of a atriding level,
see footnote, page 168) near the eyeend of the telescope, as shown in the eut p. 165,
is dependent on that of the telescope in the vertiesl plane,  This latter must be verified
as explained on page 51, before this level can be adjusted by reversing, as in case of
the plate levels,

Patent Adjustable and Interchangeable Auxiliary
Telescope.
Style 11 with wljustable trivet, page 165,

In this device the auxiliary telescope = the sapme as deseribed nnder = Patent
Adjustable Top Telescope ™ (see cut, page 167 ), but it is so arranged thatit con be
attached (Interchangeably ) on top or at the side of the cross-axis of the transit and
readily ranged into ling with the main telescope. The excentricity will be the
same in both cases.  One counterpoise will ba sufficient for both positions.

Thiz improvement used asz a side teleseope cannot, however, be carried out
with all instruments, sinee the cross-axis requires an extension ending in a
threaded stud beyond the standards. and this to be enduring can be made only on
the original ingtrument and cannot be attached to an old axis. From this it will
be seen that this is only.applicable to new ipstruments when so ordered,

The auxiliary telegeope detaches from a stem permanently fixed to the crozs-
axis 50 that the excentricity is the same when it is placed on the side. It does not
revolve on an independent hub, as before, with which style there was always
danger of accidentally changing its position, but this deviee is simply ranged into
line with the main telescope by use of the milled-head serews. However, to meet
every want arising in a mine, it is provided with a clamp ring and capstan-headed
serew, by which the auxiliary telescope may be changed on its hub and per-
manently secured in any position. When used as a side telescops the fine adjust-
ment by the trivets is not so essential as 1= the case when used as a top telescope,
where the accuracy cannot ba too great and where the trivets are therefore essen-
tial, since the top telescope is then really the main telescope for measaring hori-
zontal angles.  To use it in measuring horizontal angles it is only necessary to bi-
sect with the vertical wire of the main telescope as distant a poiot as can be found
in & mine, then by means of the milled-headed opposing tangent screws, and by
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slghily revolving the transverse axis of Lhe maln teleseope, the vertical wire of
Ll anxilioey one must also be made to bigeet the sae point.

To e il as a side teleseope for vertical angles the procedure is exactly simi-
lar to the above, aud differs only in so far as the sew horizontal wire of the auxili-
ary telescope must e made to bisecet a polnt previously bisected by the horizontal
wire of the wain telescope. This s done by slightly turning the vernier plate on
its vertical axis and by waking use of the same milled-headed tangent serews,

Thus it will be seen that the ready interchangeability of the auxiliary telescope
enables one to read horizontal as well as vertical angles when the main telezeops
cannet be used, obviating the making of corrections for the excentrieity of the tele.
seape in both positicns,

style I with non-adjustable central post isee page 1675

The general design of this arrangement of attaching the interchangeable tale.
geope and the method of manipulating it are quite similar to that deseribed under
style IL. Tt aiffers from the latter only in so far as it is not provided with an ad-
justable trivet, In this deviee Style I, the auxiliary telescope serews direct upon
an open central vertical post cast in one piece with the transverse axis to secure
greay rigidity, the degree of acouracy of the result depemding in a large measure
upon the degree of acewracy with which the center of the pillar, and the line of
collimation of the prioeipal (then vertical) wire of the auxiliary telescope are
postdles Lo lie in the 2ame vertical plane a= the optical axi= of the main teleseope or
pavallel to lt.  With the care given to it apd gpecial machinery used for it, this
condition, difficult as it iz, = secured to an extent which leaves 1ittle to be desived
for all practical purposes.  As the anxiliory telescape is jinterchangeable from top
to side there is really need of but one wire, which we will designate as the prinei-
pul wire, This, when the awxiliary is mounted on top, is the vertical wire, and
when on the side becomes the horizontal wire, Therefore it will be seen that
when the auxiliney is mounted on top the line of collimation of its horizontal wire
iz hmaterial, az no vertical angles will then be measured. When the latter are to
b muensured the engineer will then mount the auxilisry on the side, when in turn
thee vertieal wire becomes immaterial,  The auxiliavy telescope is provided with
twa milled-headed epposing serews (spme as in style 11, for ranging io line with
Lhe main teleseape,

Biyle T being more rigid, simpler amnd cheaper than style I is now recom-
mended,  In pelther of the two styles does the auxiliary telescope ordinarily
revelve in o sockel for the purpoze of moking the adjustment of eollinmstion, and
colneidencs of the eross-wives and optieal axis must be verified by the use of impro-
vised wooden wyes (see above) should it become necesaary,

The success which the Interchangeable auxiliary telescope has achieved, bhoth
here and abeoad, sinee first invented by this firm in 1805 {2 somewhat phenomenal.
It shows that this combination is the most applicable one in solving the diffienli
problems arising in mine engineering. For this reason every ]L‘rp;]'}ar“‘tjon has
heen made to meet the demand and new improvemsnts are added as experisnce
may suggest.  All our top teleseopes are therefore now made interchangeable,

Crodit is due, in working out the feasibility of using the top and side teleseope
interchangeably, to Mr. Dunbar D. Seott, mining angineer, for several valuable
suggesiions gathered from his experience and needs in mine work.,

The Solar Telescope.

The telezeope of the eommon solar altachments as an auziliary for use in
ateep aightlng in the ordinary mining transit, whether mounted at the side of the
instrument (as usoally made by us), or whether mounted on top of the main tele-
seope, ean hardly he seriously eonsldered as a fit auxiliary for good work in SiE.ht-
ing in mines, In the first place i1s power, though it may be greater than usoal, is
too low for such work, and secondly, becanse the lines of collimation of the t:m:u
telescopes cannot he made troly parallel for varving distances without providing
some special arcangement similar to that deseribed under thé anxiliary top tele-
stope; but such an arrangement will praetically bring it under the same haad.i.n-r'
with the regular top telescope, without any compensating advantages over it 'l.‘r';
over the side telescope.
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C. L. Berger & Sons’ Universal Level Trier.

A most valuable and indispensable Apparatus for festing the sensitivensss and regularity
of curvature of Spirdt Levels used in Engineers' Field Instruments, efc., efe,

Introduetion. The Spivit Leod, ocoupying, next 1o the sraduations and tele-
aeOpin measnrements, so important a place on the Instroments of Precision used in
Geodesy and for Seientific Hesearch, it is absolutely necessary for those using such
instruments to know the senzitiveness of a level as expressed in seeonds of are, and,
whether it bas been ground to a troe curvature as indicated by o uniform run of the
bubble, both of which are necessary in order 1o arvive at correct resulis in the nse of
instruments., To fully anderstand this we refer the reader to the various articles on
this subject printed in our Handbook, notably those o pages 7,385, 102 and 13, As the
Engineer, Surveyor or Scientific Investigator has frequently no means of testine
the character of these levels, we, as a rule, determine it, or its mean wvalue, and
send a statement, to this effect, with every important instroment jzzoed by us,
Indeed, so necessary is it to know the mean value of Spirit Levels, that many of the
larger Schools of Civil Engineering, Physical Laboratories aml Astronomical Obeerve
atories have been supplied by us with this apparatus for the acqoeivement of this knowi-
edge so that the student might understand better the character of his instroments,
However, as a more universal application of this apparatus is desirable at the centers
of learning, and as there seems to be a growing demand for a simple, cheap and ready
device, we have improved our ordinary apparatos and are now prepared to furnish the
above-mentioned Universal Level Trier. DBy a more extended use of this apparatug at
snch zehools we hope, in time, to abate the reprehensible practice of using spirit levels
that are unfit for the character of an Instrument.  We have seen cazes where the maore
ordinary Fngineers' Transits were provided with front plate-levels which would hardly
indicate five minutes of are in an instroment reading to thirty seconds. With such an
ingtrument the plane of motion of the line of collimation cannot therefore be controlled
within five minutes of are, from a true vertical plane, and all horizontal angles measured
by it are influenced by the uncertainty avising from this defect.

Description.  The Level Trier as desizned and made by us is exceedingly simple
and of & more universal character than any we have seen before, and it is especially
aidapted to the wants of Engineering Schools and Laboratories. It consists of an iron
base plate, upon which is mounted an jron bar having at ope end two pivotal centers
resting In receptacles provided for them in the base plate, and at the other end a micro-
meter serew carrying a disk graduated into 100 parts.

The bar is provided with fixed wyes in which levels to be tested may be placed,
also suitable seales are attached ; when the latter are not needed they may be turned
back ocut of the way. At the pivotal end means arve provided for supporting an
entire instrgment or the parts containing the levels to be examined. An adjustable
fork is provided at the right end, which serves to steady the telescope when a wye ]'a.ve!
bubble iz to be examined, If a plate, box, or telescope level of an instrument having
three leveling screws is to be tested, the latter may be placed in the grooves provided
for them, but if an instrument has four ]evelinE serews a special plate can be attached
80 48 t0 raise it above the wyes on the bar. The points of the pivots and mierometer
serew are hardened, and the latter bears on the base plate on a hardened and polished
surface. This hearing iz often made movable excentrically with regard to the acrew
point, so that the point of bearing can be changed in case of wear 0 as to always present
a amooth surface. The arm iz about 15 inchea long and the pitch of the micrometer
acrew one-sixtieth of an inch. The cut will give a clear idea as to the arrangements of
the ts and the pesitions to be occupied by the specimens to be tested.

ounting, The best place to mount the apparatus iz upon a solid masonry
ghelf built Into a wall at a convenient height (so that the operator ean be in a sitting
position), or upon a window sill where direet contact can he made with the stone. A
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well-lighted room free from sudden jars, direct sunshine or artificial lizht iz desir-
able, and the apparatns should be protected by a suitable case of wood and glass from
air currents and the hent of the body of the observer. )

This case must be 50 arranged as to allow ready access to the micromeler screw
and ready removal if the different instroements, telescopes, levels, eto., are to he
put into position entire. Ordinarily, if the shelf is built into the wall, or if the
apparatus is mounted on a “ pler,” the case may have three sides of wood and the top
of glags and the left-hand end open for the introduction of the abserver’s hand when
using the micrometer screw, or at a suitable hefzht above the apparatus a plate of ordi.
nary thick plate glass may be anpported on brackets when in use, and when not in use
it may be buttoned up against the wall,  Another plate can be arranged to be raised or
lowered o protect the apparatng from front and side currents whenever necessary.
Tha serew end must be left open for the operator’s hand,  IE the apparatas is monnted
on a window sill the case had betler be made wholly of wood, with open glass to

Some such protection a8 is above suggested is indispensable when sensitive levels
are to be tested.  Of course, {or the test of levels of low degrees of sensitiveness, such
care may not, in general, be necessary.

Having secured a desirable place for the Level Trier, the next thing is to properlys
mount it,  The heavy cast iron base plate is provided, on the bottom, with three pro-
jecting studa which should rest securely on the stone pier when the base plate cceupies
a3z near a level position as can be assured by the use of a common earpenter’s level
Now carefully place the bar upon the base plate 30 that the pivots shall rest in their
receptacles in the hubs on the right-hand end of the base plate, and the micrometer
serew upom its proper bearing at the left-hand end, and the apparatos is ready for use.

The pointa of contact of the micrometer screw and the pivots should be kept free
from dirt, grit or rust,  The resting place for the micrometer serew will sometimes be
maile 50 that it can be raised or lowered by a screw arrangemant 8o a8 to bring differ-
ent parts into use and prevent local wearing. This resting place can also be moved
excentrically and bring new points of bearing under the micrometer,

Mathematical Part. It is clear that the rotation of the micrometer screw
raises or lowers the bar of the apparatus.  Any point on this bar, rotating about the two

ivots at the right-hand end, moves in the are of circle whose radins is the distance
rom the pivots to the screw point.  Knowing the piteh of the micrometer screw and
its distance from the pivots, it is o simple matter to find how much are is travelled by
moving the divided disc through one or more divisions: in other words, to find the
value of the angle of inclination salended by this motion of the screw.

Erample. Buppose the length of arm 17.9 in,, the pitch of the screw one-gixtisth
of an inch and the dise to be divided into 100 parts.  Through how many seconds of are
will the bar move when the micrometer screw is changed 30 divizions?

There are 206,260 seconds in the are whose length is equal the radius.

Let = the number of seconds required :

T 05
LG il A R L B
oges - 179’ =018

If we wish to know the radius of curvature of a level, it Is necessary to measure the
run of the bubble when the level has been changed o certain amount in are, and then
solve a4 follows:

Example. Obzerved run of bubble for 80 seconds change in are is found to be one
inch. Find radius of curvature of levsl,

Let v = radiug required ©

v 200,205 seeonds
Tineh — S0 secondz = 08160 inches,

or H72.04 ft.

Method of making Tests, The level to be tested is placed in

the bar, which is raised or loserad till the bubble is at one EII:d of the t::ﬂtgy?r 01'1:'
the level has no scale, up to the point which will be the limit of the run of the bubble
in practice. The micrometer dise is then turned over equal spaces and eareful notes of
the run of the hubble are then taken. Having moved the bubble over its course it
should be moved in the opposite direction in the same manner and the whole operation
be repeated several times, and, with very sensitive levels, at differing temperatures, to
ensure accuracy in the results, g
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The mean value of all the ohservations may then be determined and the palue af
ane division of the Level erpressed in miniules or seconds af are, as the case may boi. By
this same process we may tind, as already shown, the radins of enrvature to which the
interior surface of the glass tube has been ground.

For spirit levels having no scale graduated on the tube the german silver scale
graduated to 0ths of inches and attached to the apparatus is to be used as shown in
the cut.  For testing the levels of an Engineer's Instrument as already indieated it is
:FJT, necessary to remove them, but the instrument entive can be placed directly on the

Tier.

The Instrument should then e leveled by its leveling serews, and the level to be
examined shonld be brought parallel to the center line of the bar by the use of the
tangent serews.  (This saves much unuwecessary wear on the fine micrometer screw. )
This done, proceed in the same manoer as explained for the unmounted spivit level, If
we have the case of o wye level bubble that needs examination, the telescope and level
tube may be removed from the wyes of the Instroment and placed on the wyes of the
Trier, asg shown in the eut.  The forked arrangement at the pivotal el which can be
clamped at any convenient place on the projecting rod, will tend to steady the telescope
and prevent it from falling while the level is being tested.

Thiz ability to readily and speedily examine the levelz of an instrument without
detaching them and thereby deranging instrumentsl adjosiments will, we think, be
quickly appreciated.

As already indicated above, a level ghonld be tested forward and bacliward, and, in
casé of very fine spirit levels, such as are nsed for measuring angles, thia should be
repeated a number of times s0 as 10 get a considerable nunber of observations from
which to deduce the mean value of one division in seconds of are.  In case of o level
F‘ovir]ed with an air chamber reading to single seconds of arc as a rule, it will be

ound necessary in making the test to keep the bubble of a constant length (a good
length is two-fifths the length of the tube, excluding that of the air chamber.)

We hers insert specimen sets of observations made npon levels taken from stock,
and auch as are nzed in our engineer’s wye level,

] | Level Scale ! = L Level Scale i T
%E EE £ Readings * Differences, E‘ES,% 'E:T:- E EE‘ Readings. Differences. 'i,n
= 12w = R
== (= E A B B3 5 = ED T A B :E
Zg [F Z[A End | B Ena | 2| 2P EE || 2% |© T |AEd | B End | ghy | gaa | S
L 7 4.5 1.8 Bi.t T 5 7.0 G i 1§
z Iy 14.2 47.2 :'* : 4 B Fl L] 25,0 10.4 i': :; 154
3 ar 15 42,7 -3 3‘ fi.z2 3 15 2349 12,1 ny 1k o
4 37 23.0 3.5 "g : W | B2 4 20 22.2 £3.9 Pl T4 b1
5 it i7.m 542 % Sl 1 i ag | a8 153 vE I [
& 7 LG I 45 +4 | Brg 3o 191 (L] ’:i 1.5 yhow
5 7 558 35 | e e Pl 35 17.8 152 b B
£ 77 402 20 +4 +7 | bz B et FLE ] 5.5 T i ab.o
e s o 45 14.8 g ; P i}
7 E; ;2_: :;; 45 43 li:ru 1] §a 13.% az.7 | :_; :_g ko
3 57 It 02 44 47 br3 re =5 11,8 a4z | 18 L]
5 i ih.;r 14.6 44 4 | gy 13 [ 10.6 258 Lk b | o4
& 317 21.1; ;H-El 4-4 42 gy || b et e Ao, R i LTS
1 17 Wz 2.8 41 +8 | o 13 | &5 4.1 20,5 s L6 | 3B
2 17 o 43t g B, ST 1 12 | ta 1.8 ag 2 b | s | 3o
3 7 a3 Ss 45 +4 | g0 e 1 114 21.6 s 13 Fha
Gag | BL.E o 53 13,4 3.2 1'5 L3 3
; ] 45 15.4 20,7 I:S 1 B
Mean value of differences, 4.36 zoths of an inch. B a9 Jg-l;a 19.2 e i sg.l
g | 35 | B3 | e | 3 cu |3t
*® Tgvel seale is graduated ta 2oth of inches, read- 5] 30 0.7 1.4 3 ; ¥ ; LN
ing right and left from gero at the center, 5 25 2r.3 15.1 LE o 0.3
4 34 22.B 136 P L 36.4
3 5 24.3 1.1 I' "_: 30,4
F 0 258 1 b Ig | (& | =64
T 5 7.4 ] | 3l 4
6 | abor
Mean difference, 1.5 seths of an inch.
Ten divisions of micromeler screw cor- Five divisions of the micrometer screw
respond to 19,2 seconds of arc, therefore = 9.6 seconds of are, therefors one divi-

one division of scale = 11;= 44 seeonds  slon of level = ’:—: = f.4 seconds of arec.

and one division on bubble tube (tenths of
an inch) = 8.8 seconds.
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All levela will not, of course, give sueh resulis, owing to the difference of the pro-
ducts of different makers, or to change of curvature after grinding, or 1o mﬂdﬂ_ of
monnting, too tight packing, ete. A level which seems of good guality when being
tested may be found ivvegular after it has been mounted in its brass tobe, which shows
that the level has been improperly mounted,  We do not wish to be understood as
saying that a level is necessarily a bad one if its Irregularities are too small to be re-
vealed by the telescope whose power is properly adapted to the character of the grad.
uations and other fine features of the instroment.

It the Civil Engineer should wish to know the valee of one division of the tele-
seope level bubble, in minates or seconds of are, it may be readily found in the field as
follows : Iaving set up and brought the level over a pair of leveling screws a reading
iz taken on & rod held perpendicular to the line of sight, and a distance of from one to
two hundred feet and the position of the bubhble noted.  The inclination of the level
to the horizon ia now changed by moving the leveling serews and a new reading taken
on the rod and the new postion of the bubble noted.

Enowing the distance of the leveling rod from the instrument, the difference of
rod reading anid the nomber of divisions and distance over which the bubble traveled,
we may readily write the following: Let

& = the change in inclination of the line of sight.
== the difference of rod readings.

d = distance of rodd from inatrument.

i = number of divisions passed over by bubble,

a = distance passed over by bubble,
It = radius of curvature of inner surface bubble tube,
¢ = number of geconds correaponding to one division of hubble,
tan. & = E
@ in seconds,
o :
[
e —

pr
Erample, — Bubble divided to tentha of inches, Distance from bubble to rod,
200 feet.

Muvemint Bubble, Ead Reading. Dafference in Rod Readigs

Inﬁhﬁ:. iiul_t#_' Feet,
0.3 4.519 gﬁ“
0.4 4.544 028

L5 4. 572 T
036

0.5 4,608 ;i
0.6 4,580 -028
ik i
0.5 4,542 e
0.4 4.515 0o
0.8 4,403 R
Mean, AZh S
For a movement of bubble over one division the difference of rod reading is L0088 £,
RS

500 X oogou; — O-8 seconds.
(000006 §s the natural tangent for one 2econd.

Note —For TESTING LEVELS OF THE HIGHEST GEADE AS REQUIRED FOR ASTROMOMICAL TURPOROS
onLy, ProF. C. A Vouns suggests the follwing modification : To MAKE THE ABOVE DIscRIBED LEVEL
TrIER & REFEATING INSTRUMERT, The base plate of aur Level Trier will be lengthened and, at a small
additional Expense, an u.u.'«:l._ll.al.'!.I screw of TEASONA ale fine pitch and laving a large bt Coarsely Elrilfl.h‘lttli head
for convenient settingz, will pass through it and rest against the masonty dircct.  This will make the Trier &
repetition instrument ; after running the bubble Irom one god of the level Lo the other by thé micromeler
screw, the bubble can be sent back by the aunliary screw, and then the micrometer screw may be gsed apain

ting a new reading on a different part of the screw, 11 this is vepeated until the reading of the gradua

fsc af the micrameier SCrew is the same as That sferfed aitk, it will eliminate an error of rmmrinsg il an
exist, of Ui graduated disc, but what §s more important, that of the serems point nlso, which in a{:rluaur:
always may exist aller careless handling of the instrument, and then it may describe a litthe circle an the
resting surface. 1f this surface i perfectly plane and at rizht angles ta the axis of the measuring screw. this
little excentricity of the screw point is harmless | but since It seldem hagpens that the bearin m:'m ia Il.r ]
at right angles to the screw point, a serious periadic error results,  To make this Arrnngﬂl?u_-ut ke
smvall Tevel will also b= anached 1o the bass plate to bodicate when the latter occupies its narmal pm?;?;?]“f. a




Why do different Magnetic Needles not always point
in the same direction, though observed at the same
place and time ?

Paper by €. Loms Bences, read at Annual Meeting of Michigan Engineering Society, at Lansing, Mich
Jan. r5-17, 1455, = ! -

A close observer of the compasses used in survevine instrumeits v
noticed that the exterlor shape of the mgrnetic needlies, forming |.~:LJ'1ur:!I]LI|‘T:':F:I ];1-I|I-:rm]-::l;l[;r
differs as much as do the styles of the instruments themselves, In some cases th
needle consists of a bar of thin steel, oblong in shape, which vests fatwise on its Alp-
E‘c_wt.mg pin, so that its greateat superticial avea lics in the horlzoutal plane as shown in

ig- 1. In others, as represented in Figs. 2, 3 awd 4, the ahapes are moditications of
the above in a greater or less degree, inasmucl as theip longzer transverse dimensinngs —
whether at the ends or center —also lie in the horizontal divection. Some naenetic
needies carry a graduated cirele or verniers, as the case may be, s seon in Figs, & and
t, whose zero points are supposed to lie in the geometrical axis of the needle : some are
placed edgnwlserm that the greateat .‘su'[}el'lfll.'i:if:irﬂﬂ- lies in the vertical plane. There
are also dipping needles to measure the vertical intensity of the earth's magFnetism ;
short aud stubby needles with aluminum extensions for galvanometers; complex nee-
dles, made in sections, nsed in marine compasses, and eylindrical or tubular forms nsed
in scientific research. (Needles of the last mentioned type are not read by observing
the ends, but by means of mirrors attached at the middle similar to those on a ,,m.nr,mf'_
ometer.] Figs. 9, 10 and 11 show the principal types of the last mentioned needies #

Bince these latter forms are never met with in snrveying instruments, we shall not
consider them here, except to show the different styles of needles in vogue — suffice it
to say that some of the shapes are simply selected by their propounders for the larger
saperficial area which they have, compared with others, according to the purposes for
which they are intended ; for it iz well known that the larger the superficial area, com-
bined with a minimum weight, the move delicate will the magnetic needle be: thus, a
needle made of a very thin steel tube will be capable of receiving and retaining a ereater
charge of magnetic foree, and, also being very light — preventing wear of the 15?;1) and
pi[_x—%]r. is easily influenced to assume the direction of the magnetic merldian in
azimuth,

However, we wish to remark here that it is not s0 important that the needle of a
surveying instrument should have  great magnetic intensity up or nearly to saturation
== which it may receive aceording to its superficial area and derree of hardness —as it
is that it should have as constant an amount as posaible, be it great or small,  Of
course snch a needle should not have a surcharge, which it is apt to receive if im-
properly hardened, because ita intensity is liable to be diminished and the vpeedls
thrown out of balance thereby, from time to time requiring a readjustment of its
connterpoize for the same latitude in which it is used.

It is all-essential that & well constituted needle should have s proper symmetrical
form as regards the longitudinal axis, and that it should be supported on a pivot as frea
from friction as it is possible for human ingenuity and skill to contrive, Besides the
necessity of proper form and suspension, the guality and degree of hardness of the
steel, length of the needle, and Ilasr.l:.r the strength of its magnetic force, whether
imparted by an auxiliary magnet or the more powerful electric battery and eoil, have a
maoat important influence on the behavior of a needle,

Retarning to Fig. 1 we see exemplified the flat bar, and in Fig. 7 the edge bar
needle as nsed in surveyora' compasses, but as all the intermediate styles of needles are
simply modifications of the fMat oblong form in order to be light in weight, partaking
of the same principle that is involved, we shall consider these two forms almost exelo-
sively. It remains therefore, for us to show in how far the exterior shape of a needls
—whether of a faulty design or imperfect constroction — may affect its reading, inas-
much a3 its geometrical axis, that is, the line passing throngh its ends and the center

* Tha largest and mast delicate magnetic needle with which the writer is acquainted is that of the large
magnetometer in the University of Mariury. made of a solid bar of steel two feer long and weighing aboae
vweniy-five pounds, Tt was suspended from the ceiling by a strand of silk fibers, and was provided with
mirrors 50 that any escillation coubd easily be read by the use of a scale and theadolite,  This instrument was
made after the style of Gauss’ instrument, and with it many ohservations wers made to determine the diurnal
and annual changes in the magnetic meridian an that place during the younger davs of the writer,
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point in the needle cap, may not eoinclde with its magnetic axis, which lies in the plane
passing vertically throngh is poles and in which the maznetic mervidian is contained.

~ However, to get a complete understanding of the matter, we must go back to the
ingot from which the steel of the needle was produced, I we remove o portion of the
outer erust of a steel ingot or other casting and carefally examine the surface lald bare
with a magnifying glass, we shall find that what secmed to the naked eye as a solid mass
is now A spongy one, with namberless small and large cavities or blow holes. It iz only
Ly forging and rolllng ints bars and sheets, at the mill, that the metal becomes ot all
homogeneons,  Some of the cavities not being welded, are elongated in the direction of
the rolling, and form veins, fliws or blisters according to size, thus imparting to the bar
or aheet a structural grain or fiber, which, while ulways traceable in poor steel, can only
be detected in degree when the ingot has been converted into fine steel. In the absence
of information to the contrary it is therefore but natural for the writer to believe that
when a needie is being magnetized its resulting magnetic axis will in all likelihom] tend
to run in the direction of the general tread of this grain withont striet rezand to the
geometrical axiz, with which it may then be at an angle. The above diverzence of these
two axes may, therefore, be considered as one cause of the observed fact — fhat ton
neadles, though of the same size and shape, otfier things belng eqgual, wagy wot rend epnctly
the snme when observed af the same pluce el Lime,

If, on the other hand, these two axes (magnetic and geometrioal) do colncide, thers
will be no deviation, and two or any nuwmber of needles will read alike under the con-
ditions above mentioned, if tested in the same compass,

Kotwithstanding the fact that it is, in practice, very difficult to attain the desired
resnlt on aceount of the difieulty of tracing the grain, the writer would and does ingist
that the steel uzed in the constroetion of needles for surveying instruments shall not be
forged, but shall be cut from fine shear steel, in the direetion in which it was rolled, and
be treated in such a manner as to ensure az pear a parallelism of the structural grain
with the geometrical axis az possible.  Yet in spite of the ntmost care and skill con-
asquent minor magnetic poles are probably present, and there is almost certain to be a
deviation of these two axes, and this deviation will vary in magnitude with the quality of
the material and grain, the design, width and length of the needle, and the mechani
cal skill with which itz outlines in azimuth have been made, as also with the desree of
accuracy with which the point of suspension has been located in the geometrical axis,

While it may seem that just here the instrument maker's real work should begin
in the testing and adjusting of these axes by grinding off a little from one side or the
other, as the caze moay be, to inzure & coincidence of the two axes, he, as a rule, will
gtop here either from lack of understanding or froan want of necessary apparatus and a
secluded space free [rom iron and provided with well defined meridian marks estab-
lished by means of collimators or natural objects,

His chief reason for not doing this, however, may be said to be the fact that neither
he nor the survevor wish to bear the added expensze,

For this and other reasons the scientist, not wishing to depend apon mechanical
skill for good results, adopts the method of reversion, by means of which errora from
this souree can be entirely eliminated.

Therefore, the needle nsed in his investigations (Bee Fiz. A) can be reversed by
simply turning the needle upside down (the cap having been changed from the top to
the bottom side of the needle) on the center bearing point, so that be can use the mean
of the readings of each end in both the direct and reverse position as the result
sought.

ugﬁ the surveyor is desirons of making some such test he ean do so readily, not by
changing the center eap as above noted, for he cannot do 5o with American instri-
ments, as the center cap is firmly lixed to the needle, but, by first taking a careful vead-
ing of both ends of the needle, he can, by means of a strong magnet, reverse the poles
of the needle#® and, after rebalancing, read again the two ends, thus obtaining a read-
ing correct in a measure and approximately finding the conatant of his needle, which
he can nse when needed for important work. 7 .

The constant of the needle Is therefore the angle that the magnetic aris makes with
the geametrical axis. ; ) :

If a needle has aluminom extension arms, as in galvanometers, Fig. 9, or a circle
attached as in the case of prismatic compasses, Fig. 6,or if it is provided with vernicrs
ag in some compasses, Fig. 6, then the constant of the needle, or the index error is the

# A ccidental changing of the poles by carrying the instrument on an electric car near the maotor has been
noticed by the wri.‘t,:r.nflncﬁ:a.‘i explained what, at first, seemed to be very queer behavior on the part of the
needle.
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angle that the zeros of the graduations or extensions (supposed to be in coincidence
with the geomelrie nx¥is) makes with the magnetic axis. As a rule, needles of the latter
type always do have such an index ervor in addition to those arising from eccentricity
of graduation and the diffienlty encountered by the maker Lo determine the magnetie

axis.

While the methods of reversion for eliminating errors of eccentricity and non.
eoincidence of the principal axes just described are good for seientific research, they
are (il adapted for the work of the surveyor. :

A surveyor's compasa is ondinarily graduated to single degrees, and a fine instro-
ment iz seldom divided to read to less than onehalf degree directly or from six to ten
minutes by estimation ; therefore it is useless to try to arrive at results closer than
these, A needle will serve its purpose well A the twe principal axes coincide within
the degree of acenracy obtainable with its length sl with the compass as a whole.

The following queation may now properly present itself: What is the best form
for a magnetic needle for the surveyor in order that it shall be so nearly free from
errors due 1o the ahove candes a8 not to require reversion and yet to eome within the
degree of accuracy obtainable in practice? If now we have recourse to Fig 1
and such mwodifications of the shape there shown as is delineated in Figs. 2, 3
and 4, we shall see that since the greatest superficial arvea lies in the azimuthal
plane, deviations of the two axes cannot be infrequent, and, therefore, these
shapes are mot well adapted for sarveying instruments.  Fix 4, in particular,

resents the curious combination of a large surface at the endz and a sinall one at the

ub. This increased spread of surface by the arrow-shaped ends renders the needle
eapecially liable to this defect withont so mueh as compensating for it in greater
magnetic intensity as was probably the supposition, since the arms connecting it with
the central hub are quite narrow and limit the magnetic intensity.  This fanlty desig.
is probably based on the supposition that sinee in a well hardened and well constructed
needle the magnetic intensity is greatest at or near the extreme ends, grardually weaken-
ing towards the center where it becomes quite indifferent, that if the énds are wade blg
the needle will the more readily assume the magnetic direotion. ;

Om the other hand, the edge bar needle as made by C. L, Berger & Sons and shown in
Fig. 7, with its greatest superficial area in the vertical plane, reduces the chances of a
non-coincidence of the two principal axes in the azimuthal plane to a minimom.  In
order to add strength and stability to this needle it is made thicker at the milddle than
at the ends, which are quite thin.

If in the manofacture of a needle of this form the arms are bent s as to be
symmetrical 1o the axis passing through the center of the needle cap and at right angles
to the line eonnecting the ends of the needle, as shown in the exaggerated diagram,
Fig. 8, the magnetic axis will be contained in a plane parallel to the vertical plane pass-
ing through the ends of the needle and a litte removed from it

The error in the reading introduced by this swall distanee will be very small com.
Eared with the error dus Lo the cceentricity cansed by the above mentioned bending.

ut, supposing the caze that in a badly constrocted needle of this elass one arm is beat
more irregularly than the other, 50 as to una_}'mmet.rifaﬂy distribute the mass of the
metul of the needle, then the regultant polarity consequent upon the irregular distribu-
toin of masses of the metal may be slightly at an angle to the line passing through the
ends of the needle, cansing an error dus to the divergence still very small as compared
with the ervor due to the eccentricity such a needle wonld have.

Ho far in the foregoing explanation we have dealt with the magnetic needle alone.
Tt will now be necesgary to treat this task in relation to other funetional parts that go
to make up a surveying instrument, since thers are other canses, which, singly or eom-
I:-inf;]l, may conduce to produce the differences mentioned in the reading of different
o les,

However, before dealing with this subject in its further complexity in relation to
the compass and instrament, we fivat of all take it for granted that there be no loeal
attraction in the instrument itself or by any iron concealed on the person of the
observer.®

* I determing whether 3 instrament ltzelf has any iron o it to disturls the needbe, it is a good plan, after
setting the transit so that both compass peedle and the vernier read 2o, 10 oo araund the circle, setting the
wvernier ahead ten ress gach timee, awd noting whether the compass needle also describes an are of precisely
ten degrees. i it does not, there is some Iocal attraction,  Befure making this test it will be well to first test
thit needle as to sharpness ol pivet — menthoned later on —and 10 breathe on the glass cover of the compass
and on the rubher frame of the reading glaxs 5o as 10 remove any eleciricity which may be present.  Hoth of
these articles being |_||'\-u|$|.|!|'.\fl-la re very easily electrified by the process of cleaning b a dry atmeaphere, therehy
affecting temporanily the reading of the needle,
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. Mext we assume that the graduation of the compass is a good oie and that the
ivol on which the needle rests |5 i e oy i
fhe needle vead precisely 150° itll;.;-lt.l. the center of the graduation, and that both ends of
Next, that the needla will b so senzitive that when deflected from its mointine
the u:su.tshl:_- attraction of a piece of iron held about o foot or suﬁli‘-;lh-ﬁ."lu“i'; E:#;ﬁll,:ﬂlﬁz
to its orizinal pogition several times in suecession,  This sensiliveness depends on tha
form and sharpness of the pivot, strength of it magnetism and its bearine upon the
finely polished jewel or steel eap.  (7¢ is generaliy owing to the dulling of the puint and
:‘::EJ’::T‘!“M“Q af the cap that @ needie beeomes shuggisk and refuses to return fo the sane

Then the extreme ends of the needle should come close to the graduation and,
together with the point of suspension, lie in the sane plane with it so as avoid paralli
in reading. It is also important that the conter of gravity of the nesdle be as far below
this plane as possible in order that the quivering of the necdle, so necessary 1o insure
the proper settling of the needle on the pivet, shall not be annoying, I the extreme
ends of the needle and the point of suspension are in the plane of the graduation, the
quivering maotion will not be anmoying, since the extreme ends Lie in the axis of quiver-
ing and consequently are stationary, a3 shown in Figs, 3,4, T and % In Figs. 1 and 2
the plane in which the needle and its ends are contained is much below the axis of
quivering which lies in the point of suspension and in consequence such needles ean
cnly be read when they have ceased quivering.

With a compass eonstructed as above we see no reason why its needle, or any
number of needles of the same shape as shown in Fig. 7, should not give the same
reading as long as the compass and its immediate surroundings remain nndisturbed.

Our task of showing that in a theoretically perfect compass the needle will always
azsume magnetic North and Soath, — debarring ervatic oseillations due to earth cur-
rents — would, therefore seem to be ended were it not for the fact that in a surveying
instrument a sighting arrangement, telescopic or otherwise, mnsat be provided, by
means of which natural objects con be viewed and their relative positions in azimuth
determined with regard to the stationary pointing of the peedle in the magnetic
meridian, affording a means for measuring angles and tracing lines,  2een from this
atandpoint, it is therefore all-important that the plane passing through the slits of a
SUrveyors comn in which the line of sight is contained, be truly in line with the
zero points of the graduated ring and at right angles to the plane of the same. With
the transit, the line of sight, as defined by the optical axis of the object-glass and the
cross wires of the telescope, must not only revolve in a vertical plane in which the line
of eollimation is contained, but this vertical plane must also either cut the zeros of the
graduations or at least be parallel to the plane passing through them.  This condition
i8, however, so difficult of attainment in instramentz fitted with a telescope, and in
cases where it may exist it is so very apt to become deranged, that the writer is sore
that right here the principal canse can be found for most of the differences obeerved in
the reading of the needles of different instruments, though observed at the same time
aml place, To illustrate this: suppose we bisect a distant natural object with the
erogs wires of different instruments whose lines of eollimation are in perfect adjust.
ment, then the readings of the needles — assumed to have both of thelr prineipal axes
in coineidence — would be the same if the zero pointa of the compasses are contained
in the vertical plane of the ling of sight.  But, if on the other hand the initial points of
the compass are notcontained in the vertical plane of the line of sight the reading must
differ by an amount equal to the angle of this divergence in any one of the different
instruments. This index ervor, while often of no account in ordinary instruments, will
exist nevertheless, and most always be looked for even in the best class of instruments,
since in the field use of an instrument and by rough hanpdling it iz very liable to
change.

his is particularly the case where a telescope is involved, since in Its construction
we have to deal with the optical axis, which, of itself, is of a very compdex nature and
subject to changes affecting its line of collimation in relation to the compass, and
because of the changes ocourring by rongh handling in the position of the standards
carrying the wye bearings of the telescope’s axis of revolution in the customary instru-
ments, Therefors, in order to eliminate all the errors due to the change of the line of
sight with regard to the zero points of the compass, the instrument should be tested
‘before any important work is undertaken with the needle.

Before proceeding to determine the index error or constant of the compass of a
transit, it will be well to verliy the adjustment of 1he line of collimation as well as its
motlon in the vertical plane. Then, having previously established a meridian line by
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three points in line, point the telescope to the mark at the North, read the needle at
both ends, and, 1o order to eliminate all ervors of eccentricity of the graduation or
needle and thereby arrive at correct reaults, the instrument shounld be reversed on its
vertical axis and the telescope again polontled to the mark at the north end as before and
another reading taken from both ends of the needle. :

The avernge of the four results will be the combination of both the index and
magnetic errors and that of the declination of the needle — the latter being the angle
the masnetic meridian mwakes with the astronomical meridian at the place of observa-
tion.,  Naturally, then, in & theoretieally perfect instroment the reading of a needle ata
place whers Tast and West declinations join, woull be zero when the eross wires bisect
the meridian mark, However, as in the field use no iostrument will retain its fine
qualities and adjnstments, it will be best not to depend on them, bhut to determine the
index error and constant of the needle combined simultaneously, from time to time, hy
an obeervation on a meridian as above described, in order to apply it as a correction in
precize work.  Iminstruments fitted with a variation plate permitting the declination
for any particalar locality to be set off, the combined errors of the instrument and
needle can at onee be added to or subtracted from the declination, as the case may be.
But, as these eonstants differ in every instrument it furnishes the explanation to the
question propomnded in the title of this paper: Why do different magnetic needles not
always point in the same divection, though observed at the same thme and place?
Undess these constionts hooe Teen previously defermined end applied in every cose,

There are other reasons, such as the daily variationz of a needle, which, according
to temperature, latitude and season of the year, may amount to from six to sixteen
minutes along, showing why reliance on 1he reading of o magnetie needle can be placed
only within certain limits and that it should be depended on only for general direction
ag required in filling in details, For exact work meridian lines run by zolar or stellar
ohaervations shonld be depended on exclusively, to which end the modern solar attach.
ments give the fullest satisfaetion.

In conclusion, we would say that such tests on a meridian mark, as recommended
above, shonld be repeated often, and that in order 1o facilitate the work such meridian
marlz ghonld be loeated at some convenient place so as to be within easy reach of the
survevor at all times.

In the selection of such a place care ehould be taken that there iz no von in the
vicinity and that there are no electrie wires, particularly these used for are lighting or
the conveyance of power within a rading of three to six hundred yards, or elze a needls
iz apt to be affected by theas currents as would be the needle of a galvanometer.  Such
a place, if properly sslected and provided with permanent meridian marks, could at the
same time b made available for verifving the telescope and level adjustments of the
transit so necessary to its proper use,  For the benefit of surveyaors, the City of Brston,
many years aso, provided such meridian marks on stones deeply set into the gronnd on
Boston Commaon, Unfortonately. electrie wires now pass all around these srounds, and

even iraverss them, so that reliance can no longer ke placed on observations there
made.

The Berger Shoert Foeus Lens Attachment,

A very valuable addition to the engineer'a ont-
fit is found in the short focus lens attachment
which has been brought out, The contrivance 15
simple, but, like many simple deviees, is very
, Effective in  overcoming o practical  diffioulty,
Probably every engineer has béen annoyed by being
oblized to sight a point a little too near for the
telescope to focus. Most transit teleseopes will not
foeus on a point much nearer than 5 or 6 feet
{levels not. nearer than 7 or B feet) away from the
mstrument, while it is frequently necessary to sight
a point on the ground nearly under the transit, at
a distanee which js nsnally less than that,

In mine surveying as well as inside of factory
buildings, one frequently needs to sight a palnt
. overhead or on the walls and very near the transit,
Ordinarily the only way out of the difficalty is to foeus s nearly. as possible and do the
rest by a muess. As a further instanee, one often finds in le';t-.]ing, that it will e neces-
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sary totake areading ona point very near the instrument, and has to resort to varions
means {all of thew inaceurate) of getting sround the difienlty,  The attachment wen-
tiomed eousista of o small aluminmn tabe containing a=imple lens, which is attached in
front of the objective.  The lens is 80 placed in the tube that it ean be acearately
centered by means of 4 adjusting serews.  The effect of this lens is of course to biring
rays to a foous nearer to the objective, and thos enable the observer to focns 4 nearer
object than would otherwise be possible. When the telescope will focus no vearer than
6 feet, the attached lens, marked 1, is ground so that it will focus oljects 6 feet away
when the ohjective tube is drawn away in, This allows the entire motion of the focusing
glide for distances between 6 and 4 feet.  For distances pearer than 4 leet o second
lems may take the place of the fivst and will focus np to abont 2§ feet.  If the two are
used at once the distance is reduced to about two feet i

With this pair of lensez there iz no distance between two feet and infinity at which
objects cannot be focused.  The accuracy of work done with this attachment is in no
way affected by the eentering of the attached lens itzelf, as this is capable of perfect
adjustment.  The ooly way in which error ean oceur is through the imperfection of
the objective tube.  If the cylindrical surface of the object-head of the telescope on
which the attachment is placed is not concentric with the optical axis of the teles-
cope this error will enter into the adjustment of the attached short focus lens.  This
error, however, is never large on an instrument sent out by onr firm.  But even
admitting that there may be some error here, it mwust be rememembered that thiz lens
i8 mever used for objects more than about 6 feet away ; consequently the resulting
error on the point is entirely negligible, and the convenience of the attachment in
many cases i3 8o great that it entirely outweirhs any auch consideration, sinee the
work done at this distance will be entirely consistent with the work done with the
instrument on the longer distances,  The attachment fills o want that has long been
felt by engloeers and is certainly a step in advance in the perfection of instruments of
precision,

To attach this deviee to their old instruments it will be necessary to send the instro-
ment to them, as every lens attachment must be specially fitted and centered.  How-
ever, it can be supplied with any of their new instruments, either Transits or Levels,
made gince 1800,

When attached to transita, No. 1 permits foousing objects to about 34 feet, No,
permits focusing objecta to about 24 feet @ both permit fornsing ohjects to about 2 feet
from center of instrument,

This is g0 important a feature that one trial will convinee one that it is indispensi-
ble to the outfit of an engineer The device is patented. The Messrs, Berger
are also prepared to attach it to thelr Wye and Dumpy level, for focusing nearly ag
close as stated above for transits,.  For prices see catalogue, page 168,
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BFART L[T.

Catalogue and Price List

OF IMFROVED
Engineers’ and Surveyors’ Instruments,

WARRANTED FIRST-CLASS,
MANUFACTUHED LY

(. L. BERGER & S0NS, No. ¥ Provinee Court, Boston, Mass,

NOTICE.

In zeleeting instroments from catalogues, enginecrs shonld not be lad 20 moeh
br a simple eomparison of pricez, as by the advantage offered in saperior merits,
workieg capacity, omd preseveation of fne gualities {n case of severe treatment. We
can cite instancez, whers tranzitz and levelz of our manufactore had zevere falls,
resulting without lnjury to any part of instrument —not even disturbing the ad-
justments.

A greater outlay of 310 or 20 in the purchase of o superior article 5 o greater sar

ing in fime and expense in the end.



Parts of Instruments,
As maie by U L. Berger & Sons.

Ehowin

the extent Lo which

.i.ll:l!mnn hrénzs (contaimin
only & small pereentase of copper or silver, is being utilized

BOE copper],
n the manutactnre of our Insirements.

ar Aluminum alloyed with

| Before ordering &y of Lhe abopr pariy plrase read ' ddwoninan for Fresframernis of Precireews, fage 7.

sy mates Ffalfmmmg],
o de el

Descrirrion oF ParT,
1. Crossbar® for 15-inch Wye Level
2, Tripod Head for Level or Tranat
1. Telescope Standardst for Transit
4 Siriding Lewvei Frame for Plane
Table

& Handle for ﬁ:ﬁdinal&vd

&, Comipass Stand for Mining Transit

7. ¥Verniers and Yernber Frame for
Vertical Circle

B. Vertical Cirdle for Mining Transit

. Sunzhade

10 Tripod Head for Flane Table

11 Alidade for Plane Table

13, Standard Frame for Duplex Min-
ing Transig

13. 1% Standard Frame for Transit
No 1t

14. Tubes for variows purpeses.
® g, & Cross bar for 18 bnch Wye Level
T 3. & Telescope Standards Lur Tran=it

1 Will L= marde 1o arder o
% Wall La cloth Ankshied.

METAL usED.
Aluminum Bronze |Greater tensile sirength
i o W s e

ADVANTAGES,

Saves a few oz, in welght
None
Saves one hall pound in weight

0 e i

one qiearier '
Bk ey %

Saves fraction of ounce bn wi
* fowr pounds in waight

' o and one half pownds)
in weight

wirand one half poonds
in weight
one pound in weight

less weight
of lbs, En weight
P TR T

nl
T urdered hgghly fnished, #1500 Soifa.

Fares of Afemomem whick are not of penerad adopiion are indicated Sy the exiva charge

InEapvARTAGES,
None.,
!

[l adjustments,
Sufuness. —Level i=apt o loss
MNaone.
“

1]

Softness,

Nume,

Bolts and leveling screws may
wear logse, 00 extra.

Soltness. — Edge may wear
comcave, The paper beconses
discolored;  when  vickels
plated o prevent wear and
discoloration, nickel k= apt

to peel off in time.  Price
exlra, S3,00,

Mone,

Momg, — Will he cloth-fin-

izhed. — If ardersd, can ba
finished bripglt or black.
Frice, ®5.00 exira.

Softness. — #5600 extra.
Softness, The screws by which
they are connected to the
vernier plate may wearloose,
endangering  the  mability
and rehability of the whole

insteument  Cloth Fislsh
Frice exora, #8500,
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Parts of Instruments which can be made of Aluminum,
As maile by 0, L Herzer & Sons
Hee Notes on preceding page
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Divers Parts of Instruments,

As mbe by €. L. Bereer & Sons.

showing method of ribbing, ete.; in order to wake Instroments Hght and i
Ing to the mas of the objectionalile alaminum. (Ses ** Leneral Ef-...:r:uﬁiz,nl,::::tg :um
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Spirit Levels.

For the henefit of our patrons we enumerate below the principal Spirit Tevels we are FTEFG-TEE' 1o supply
at short motice,  They are made by us, and are of the same superior quality a8 those [urnished with our instru-
ments.  In the list below we give length, diameter, and degree of sensitiveness. They are graduated, as a
rale, as shown above, — Levels different in size from this list can be made to order anly, and will be furnished
only when order 15 accompanied with fde fwde o oty for andicd see 8 ietended, and nlro stadine the
krnodd of rrestraament f 05 foe, awf the degree of sensitivencss desived, We will positively not make any bevels

on written dimenstons only, but require the tube to be sent in all cases, as otherwise we will not be Tespan-

sible for any failure in that respect.  Flease read pages 3 and 15, Price each, gent
| | o

No. | “gﬁt?n'}_:ﬁgf Y | piameter in Inches. | Sensitiveness, T
&, BGl Lo FLFG OU5h Lo 00 Oise div., (k100 = 107 10 30~ of arc | 4.5 10 500
g | 4.75 A5 b (L, FS i It tome M B0 1o 42000
4. 410 158 bo 00,0 ! i, EOl PR | &
5. | ] (A1 b 0,55 oy 10,141 ~ o 25T .20
. * 4k 001 b 03 L OO C1N ) 1.=00
7. oMb b 225 IR TR B Ll 10,140 s 1.:0
k. Lis (41 to 0,435 S 8 (1] " 1.50

. L. Berger & Sons” Quick Leveling Attachment,
shown as applied to Levels amnd Tramsits,
{See page 49 of Manual ) Price, $5.00r



Spirit-Levels on Meial Base.

Ma re, — For use in_setting weirs, fine machinery elg,,

- 4 Al for Leveling apparatiss in oleere
vhyaleal and chemical laboratories, et eveliiy up apparatss in olservatories, and

Ground Spirit-Level, one division of level about 1 min. of are : mounted on 3
inch metal base, provided with a handle. Level adjustable,  In case.
o Price $7.00
Ground Spirit-Level, ooe division of level abont 0 see, of are; mounted on
Bineh metal base, provided with a handle, Level adjustable.  In ease,

Frice $13.00

Locke's Hand-Level.

drass or nickelplated,  In case : : : : Frice 9,00

MNorm.— This consists of a brass tube 6 inches long, with a small level mounted on itz wop o the left of its
cemter gear the object end.  Undernsath the level bs a horizomal wire stretched upon o frame.  This frams is
mads adjustable by a screw and a spring working against each other, or by two opposing screws placed at the ends
of the level mounting.  In the tube directly below the level is placed a totally refiecting prizm, actinge asa mirror
set at an angel of 457 to line of sight. The imagesof the bubbl: and wire are thus refected to the eye
The pri_gm divides tle aperturs in twoe halves, in one of which is seen the bubble and wire focussed sharply by
a convex lens placed in the draw tube, while the eher permits of an open viow,  Puotting the instrument to
the eye and raising and lowering the object-end until the bubbde is bisected, natural ehjects can be seen through
ihe open half at the same thine, amd approximate levels can then be taken. _T'-'. prevent dust amd Jdampness
fram entering the main tube, botl the object and the ey ends are closed up with plain glasses,  In prefiminary
work this 1s a very useful Instrament,

Hand-Level and Clinometer.
Abney Level and Clinometer. Price %1400,

NMote. — This instrument is similar to the Locke’s hand-level, but the small sparit level maunted on top
tan be moved in the vertical plane and clamped toa dial graduated in single degrees, thus the angles of slops,
Ete,, ¢an ke measured zlsa.
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Pocket Leveling Instrument with Divided Cirele.®

In the ondinacy practice of the Buoilder, Agriculturalist, Gardener, etc., ete,: it
I8 often necessary to obtain relative positions and heights, withip practical limits.  For
such needs we offer this instrument at onee well made, reliable and low in price.

This instrament, shown on the opposite page, has the unissnal advantage that the level babble, cross
wires and images can all be seen at a glance, since the bubble of the level can be seen Erom within the tele-
seope and not from without, 'Uhe bubble (3 somew hat magnified by the power of the eve-piece, and on this
account the efficiency of the instrument is considerably raised and very much surpasses the obd-fashioned water
level. At the same time the handling of it is 50 simple that these who do ool keew how to work with the
ordinary level and telescope may readily become adept in its use.  In the sectional view oppesite, the inner
arrangement can clearly be ssen. The telescope has o magnilying power of g diameters, the objective is achree
matic, bhut the eys-picce has anly a single lens, 3

The instrument can be mounted on any convenient snpport, while for appreximate results, with a Lile
practice, it may even be held in the hand.  Inorder 1o obtain A siable mowsnting, it can be placed on a triped
or jacoh-staff, or can be screwed to a bench, window-sill, or other convenient supposr, By means of the ball
and sacker jont above the fastening screw, the instrement can be approximately placed in a lsrizantal pf-d.lw.

In order to see the image and cross-wires of the tebescope distinetly, the eye-piece slide must first be
mewed out ar in till the wires are very sharply defined, then by turning the locussing sorew move The main tube
oat aF in 1l the image of the abject sighted at alsa beconses very distinet.  For distances of fa leet orso the
main fube should b= moved ouwt till the mark on the tube just shows,  For shorter distances the tube must
be moved out farther, and for longer distances moved in #5880 tll in each caze the imace is distinct
This Last process ¢an best be done by taking the instrament from the center and holding it in the hand.  As
shown by the cut opposite, there is a mirror with a hale in the center, placed at an anele of 457 inshde the
main slide tube. Below this mirror is the level, which haz twao adjusting screws,  Through the spening in the
hottom of the level tube light passez, illuminating the mirror, and ahen the Instrament is horizontal, Dy look-
ing throgh the eye-piece, the bubble can be seen in a wertical position and at the same time the image and
cross-wires can be seen.

In order o obirain 3 horizental positon of the isstrument it {5 necessary to operate the milled-head nut
under the abject=glass untkl the image of the bubble shall appear to the eve a5 much above the cross wire
apening as it does below the same, asillustrated by the small cut opposite. {4 course for every dlilrg\e 1 position
in the horizontal plane, the bi-section of the bubhle must be verlfied.  The eve should be placed very close to
the eye-piece 5o as to be able to observe the whole mirrer surface.  Mear sighted persons, wha, on aceount of
their glasses, cannot bring the eve near to the eye-piece, should take the crosswire opening as the mark and
watch for the bubble above and below the same. [n case the instrument is in a building where the light iz

mrl.:h};bubhk may be sufficiently illuminated by a piece of white paper of the bare hand held beasath the
evel tube.

Price, as above, with terrestrial telescope, horizontal circle reading to minutes,
in Moroceo Pocket Case, and light tripod, . i . 5 . : . R32.00

Pocket Leveling Instrument with Reversion Level*

This instrument, fitted wilh a reversion level, has as eompared with other designe
provided with a striding level, the important advantage that it dizpenses with the Ineon-
venience of adjusting the level, also with the reversing of the telescope in its wyes.

! The telescope maguifies vz times ; it definition is such that less than one-half an inch can be read off at
adistance of yoo feet. The degree of accuracy is : of the distanee,

The reversion level is encased and protected from external influences ; the bubdle is directly visible in
the field of the eve-piece, the whale is mounted on a light triped with a ball and secket joint,

. NoTn, = This instroment, which is intended for accurate measurements, can be used without preliminary
adjustment.  The manipulation is very simple, and is dome thus @ set up the instrument with the level on the
left and take a reading: unscrew the milled-headed screw by which it is Fastened to the horizontal bar carry-
ing the micrometer screw ; turn the instrament upside down with the level an right and fasten in place ; take
another reading and tne arithmetical mean is the correct valoe.

Price, ineluding Pocket Case, $42.00
The Road Builder's Dumpy Level

has been designed by us to meet a growing want for the road builder as well as for
the drainage engineer.  The degree of aceuracy obtained with it is commensurate
with the work required. It will not be as aceurate as our 15 or 18 inch Dnmpy Level,
but we believe it will he quite satisfactory in the above cases, where a lighter and
cheaper instrument, is desirable,

The telescope is a2 inclies long, is erecting, and has an a i : i

e 3 | s B L aperture of 11 inches and a power of 14 diameners.

The eye-picce is provided with an improved i arwangrement for ihe accurate focussing of crossowines:
field of view large and flat: abjects erect; tedescape Aalenced sack teay From the conter when facnssed fo a
s dirfance with sien-siode affecked to 42 7 the contes is very stout, Jong and of the hardest bell-metal s ¢4
Inch wery sensitive spirit level ; instrament does not detach from tripad above leveling screws: it packs whole
and stands in the case erect. Mahogany case, provided with straps and hooks, contains sun-shade, wrench,
lﬂ!'ﬂ'#ﬂ'rr. amd adusting pin.

NoTe.— The abave instrument. being of the Dumpy level type, has to be adjusted by the 1 thad
a8 dezcribed in our manual {p. 34) for the Dumpy Level ’ I e

Weight of instrument 7 1ba,, weight of tripod from 6k to 7 1hs,

Gross weight of instrument, parked secnrely for shipment in two boxes, abont 40 Ths.

Price, including protection to the object-glide, . E i Z : & TS50
Extras: Stadia wires, . 5 R T . . * 3

Gossamer bag, . " . - " F 5 1.0

Bottle of fine ofl, . . FE - . i .25

* Mot of our manulacture,



Pocket Leveling Instrument with Divided Cirele
for laying off Horizontal Angles.
Suitable only for approximate work, such as reconnoissance, use in drainage work, for farmers, etc.

Pocket Leveling Instrument with Reversion Level.

For the use of engineers in reconnolssance work and filling in topographical detaile; capable of
close resalis.

The Road Builder’s Dumpy Level,

Suitable for ordinary road bullding, drainage work, aud for filling in details between henches,
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ENGINEERS' DUMPY LEVEL.

On account of the greater compactiness, our dumpy Ievel §s hest adapted for
railroads, water works and reconncissance, ete., permitting of high aceuracy by
reater simplicity, and is less liable to derangement of all parts.  As regards size,
it has all the advantages of the larger engineers” levels, but as it consists of a leszer
number of picces and serews, is superior to these in point of durability sl perma-
neney of adjustments. With a properly adinsted dumpy level of our make, (se ¢
adinstment of dwwgpy level, ) an engineer can perform a2 high a elazs of work as ha
i3 generally enabied to do with 2 good wye level, depending, as he does, not so much
on mecharical perfections, as on hiz own superior zkill and sense of aceuracy in
making adjustmentz,  The upper part of thiz instrument iz entively cloth-finished.
The instrument is !‘r.’lf‘iﬂ‘d ina mahogany box, containing a sun-shade, a wrench,
g serew driver and adjusting pin.
Welght of instrument 10 Ibs,, weight of tripod from 7 to 714 1bs,
Gross weight of instriment, packed securely for shipment, in 2 boxes, about 45

INER
G Price $100.00.

Extras to Engineers’ Dumpy Level.

Center of instrument made of steel, and hardened, . . ;s . . . 210,00
Stadia Wires, fixed, . . 3 5 i 2 : : . . . .

Gossamer water-proof bag, to protect the instrument in case of rain or dust,
Bottle of Vaseline to lubricate the level center, ' d
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Patented.

£

15-inch Dumpy Level.

As male by O L. Bereer & Sons,

Mipre. —The cut represents this instrument with a relescope, showing abjects inverted, If orueced
with an erecting telesenpe its length will be 1714 incl Inlike the round nuts, shown in Uhe cut, the
wripnd is provided with thamb.nets with which to faste e leg= against the tripod hend, and the instro
ment has a leveling hend similar to these represented in the cuts of sur Engineers” Transits and Levels.
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ENGINEERS 18 inch WYE LEVEL.

Levelimg Instrument of Precision.

Eighteen or zeventeen-inch powerful telescope; aperture of object-glass 133
inches in diameter; eye-piece provided with an improved serew oreengemend for the
acenrate focnssing of cross-wires; field of view large and flat; telescope provided
with an adinstabie stop to remlily set eross-wires horizontal and perpendicnlar; fins
af collimation frue o afl distaiees o objeets erecty felescope balanced each way from
the center when focussed to g weean distance with sen-shade abtached to it to secure the
highest accuracy attainable; telescope rings and the eenter are very stout, long
and of the handest bell-metal 3 eross-bar is east hollow and provided with ribs;
B-inch very sensitive zpivit level; instroment does not detach from tripod above
leveling serews; it packs whole and standz in the ease erect,. Mahogany ease,
provided wih straps and hooks, contains sun-2hade, wrench, 2erew driver, and
two adjusting pins,

Weight of instrument 11 Ths., weight of tripod {rom 7 to 714 Ibs,

Gross weight of ingtrument, packed securely for shipment in two boxes, abont
45 b,

FPrice, ivcluding a protection to the object-siids, § 2 - 4 £140.00,

Telescope and level tnbe will he cloth-finished. nnlesz ordered to the contrary
when an extra charge of §3.00 will be made. However, we strongly advise the
cloth-finish. ([ See eloth=tiish. )

Extras to Engineers’ Wye Level.

Center of lnstrument made of steel, and bavdened., aml ronping in a socket
of east Irom, Ty sl .‘-'l_‘."li- T Ree et on oppeoEite e ) : y o
Htadia wires, fixed . P : :

Hort Focus Lens | 2ee pagez 118, 160) ane pair . . . i i LT
Metal-mirror with nniversal joint. (This i2 readily attachable to ithe instru-
ment and facilitates the resding of the bubble on 2oft ground withoat
stepping aslde.) : 2 . - i i p : : £ . 10u0d
Extra Sun-shude with sinaller aperture, for nse with the telezcope when
the sun’s rays are too bright for aecuraie work, . - . . . 1.50
Instrument provided with three leveling sorews, ag shown in eut of Hydro.
grapher's Wye Level,® | % : ] . - . 2 & : . 1R.00
Gosaamer water-proof bag, to protect the instrument in case of rain or dost, 1,00
Bottle of fine wateh oil, to lubricate the level center, z s ; : ; 0,25

; _" ]"l-l._'lr I.eve_lin.: sCrEws commend themselves in the more radinary class of instruments for the FEEATET
rapidity with which an instrument can be leveled up approximately and that (no matter how mach the levelling
sepews may be worn) when brosght te a troe bearing on the lower leveling plaze, all such loseness is taken up,

NO. 2. ENGINEERS’ 14 inch WYE LEVEL.

No. 2. — The essential features of this instroment are like those enwmeraded
ahowe, aud shown in eut of sighteen-inch Enginesrs’ Wy Level, with the exeeption
o size and weight, It is dezsigned 1o be used in cazes where o lighter Tnatrunient
ig desiroble. Tt b= provided with a fourteen-ineh telescope which has an aperiure of
1y inches in dinmeter and a power of 27 diameter ; six-ineh sensitive spirit-level ;
steel center: four levelinge serews, :

Weight of instrament, 8 =y weight of tripod, From Gt to 715 Ihs.

i ﬂ:Hrus& welght of instrument, packed securely for shipment in two hoxes, about
i .

Price, mcloding o prolection to the olyject-alide, ) H _ . #£136.00

i Steel Centers. — Although tlie conters of our Wye Levels, which are long and unyiclding, to aflend
ateacddineas, are giving high satisfaction, inasmusch a8 they are made of very hard bell-meta] (llt"-"l" coumal bo
solt steel), in order o revolve with a minimwm of [riction, we alse make them, when so .:.,-d,'_l,_.‘| i.'_,f R‘rl'e' i
rum in a socket of dera’ cosf-drom, 1o using these two latter metals whose co-eficient of r:ltll-lll-ci::m is ",:.-,,h.
alike, the same condition as o a free motion in all temgy ures obtains, whother below 2ero or 1 ,|ﬂ;“;
aters s whth oor lard bellametal  center ranning in a socket of brass composition, with the difference, Tuw.
ever, that the steel ones will retain their precise Atting qualities eo well that tle bisbbbe of e la.'le:-;uqlu_-';
spirit level will hardly show anv displacement upan revolving the instrument when leveled up, even alter
years of constant service.  In order 10 make oor supenor steel center and cast iron socket clﬂ':*-lru'h-:-nL
standing featwre in our Wy Levels, we placed the cose at a nominally higher price snly, although the :::».1 of
|1r"-:||u.lum o us i omore than donble that ol Use customary stvle of steel center, We ;.inm.;_-lp advise to order
1t where first greater outlay is not comsidered a3 important as greater wearing qualites., ) b
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Hydrographer's Wye Level,
Wilh three Levellng Berews.

Flease read t Three leveling screws versus four, po 18, As regards mode of fastening this instrument to
the triped by means of tle center piece or fastener, see cut and description, p. 40, in article ** Sllilhng Center
far,” &c., also note below

Thiz instrument, as shown on opposite pare, is exactly similar to our Engineer's
L&-inch Wye Level (see p. 132), except the telescope, which in this Instrament is of the
inverting tind. Unless otherwise specified, the sensitiveness of the spirit level will be
such that one division (% ineh) will correspond to 8 to 10 geconds of are.

The weight of thiz instrament iz abont the same as that of our 18-inch Wye Level,
The box s about 1 inch wider and on this account is about one pound heavier. The
tripod legs are spread as far apart at the tripod-head as the leveling screws, in order to
ensure the proper degree of stiffness to such an instrument, and on this account the
weight of the tripod is inetreased about 2 1hs,

This instrineat will be sode to Order only,

Price, as above, with cloth-linished telescope and leveltube, | " #158.00
Extras to Hydrographer’s Wye Level.

Center of instrument made of steel, and hardened | x i - : 210,00

Btadia wires, fixed 3 3.00

Metal mirror with universal joint.  (This is readily attachable to the in-

strument and facilitates the reading of the bubble on soft ground

without stepping aside . i : ; : : : A H s 1000
Extra sunshade with smaller apertura, for use with the telescope when

the sun’s rays are too bright for aceurate work . : g ; : 1.50
Gnssdrmwr water-proof bag, to protect the instroment in case of rain or

st : a : . ‘ i E Z 4 i i f s 1.0

Bottle of fine il to lubricate the level center . . ; oo 3 0.95

MNote.—The advantage derived from the use of three leveling screws ® in the Eﬂgi_r.ggr". W:ﬂ: Level,
when mounted on a base or circle of larger diameter, consists in the greater sase and precision with which
thie bubde of & most sensitive 3|_'l|r|-l-l?1'\e|>.' and thereby the line of sight, can be controlled, in bench leveling
and in work of a very close character,

This will he more readily understoad when we mention that these levels are frequently made to read to
slngle secomls of are for every one-hundredih part of an inch on the bubble scale, as shown above,

Alter an approximate |tv\e|:ing of the instrament, to prevent a change of Iulj,-ln of instroment, it is advis-
abile to clamp one of the leveling screws by iis clamp screw at the side, and to level up by the other twi
serews alone,  This should be done in like manner, also, to carrect [or slight changes in the Jevel cased by
the settling of the tripod-legs,

* Four levelisg screws commend themsalves in the more ordinary €lass of instruments far the greater rapality with
which an smtrumeat can be leveled ap approsiieately, and that [no mnrier how mach the Lleveling screws may be worn) when
brought to & troe Bearing o the lorer lavel plate, all sech loosenes is faken ups,

Intermedinte bnse-plate to make the wys level with three leveling serews interchangeabis
on tripods mule for any of aur four-=crew tramsits or levels,

Az a connecting link between the instruments with 4 and 3 leveling screws we
formerly made an areangement as shown in side cut on opposite page and deseribed
below, and are stil prepared o supply it if desived. Ti, however, seems hardly desir-
able to be used, as the areater ateadiness of tripod and simplicity and compactness as
eremplified by the Hydrographer's Wye Level with 3 leveling screws {shown on P
opposite) are notattained.  While we do not recommend the adoption of this deviee
we retain it as a feature in our manufacturs simply to meet the deaires that zome of
0uT customners may vet have. As ean also be zeen by referring to the side cut, our
Quick Leveling Attachment (see p. 39) may in this ease be applied, althoungh it will de.
traet still more from the steadiness, and in a measare the advantages of o finer spirit
level bagome leasened,

With the intermediate base plate arrangement the three leveling screws rest in
grooves provided for them in the base, or lower leveling plate.  The instrument is at-
tached to the tripod by means of a screw in the same manner ag the opdinary wve
level, inasmuch as the base plate is 2 part of the instrument proper and is not detach-
able. The upper part of this instrument is held firmly in the grooves of the lower
base-plate by means of a atrong spival spring in the central socket, which permits the
use of the leveling serews for their entire length,  The levaling serews of this instru-
ment should be kept, as far as possible, In the middle of their run to secure the best
action of the spiral spring.

Price of instrument with this device is the same as ahove for the regular Hydro-
grapher's Wye Level, If provided with a Quick Leveling Atfanchment,

Price, extra, £8,00,
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Reversion Level.

Applicable to any of oor Engineers” Wyes Levals.

The spirit level used in this feature differs from the ordinary one in that it is
gronnd (o the trae shape of @ barrsl 6o that the tangents to the level bubbla curves, at the
zero points of the seales, are parvallel aod diametrieally opposite, By the use of this rever
siom level, attachable to any of our Engineers’ Wye Levels, in place of the single read.
ing level, it is possible to do gond leveling, though the adjustments of the spitit level
and cross wires ate entively deranged and the collars worn (2ee remark below), by firat
makine the level bubble central and taking a reading, then by revolving the telescope
1807 in its wyes, which point is indieated by an adjustable stop* making the bubbls
again eentral and taking another realing. The arithmetical mean is the correct resnlr.

This ilevice will, in an fmergency, be appreciated when it is known that by the use
of the mwethod above the work will average as good as that done with an ordinary good
wye level, in adjustment.  The adjustment of an instrament provided with a reversion
level is made in precisely the =ame manner as if the spirit level was of the single read-
ing kind, sinee the adjustment of the level when it iz reversed will take care of itgelf,

The reversion level is guarded by a revolvable outer tube { Patented, not shown in
cul) lenving o space of air, as a non-conductor of heat between itand the ovdinary lavel
mounting tube.  This exterior tube serves both as a protection against breakage and
sudiden changes of temperature, and, as itz inner surface is painted white, it also acts
as a reflector which facilitates the reading of the hubble,

Remark @ The inequality of worn eollars cannot be eliminated in a striet sense

by using the reversion level, vet for ordinary good work it may be said 1o be, Nor can
the test for the equality of the collars be direetly tested in this way but should be done
as In the case of the ordinary wye level ; viz | by the two.peg method deseribed under
the ad,astment of the Dumpy Level (pages 54 and 55 of our handbook). The follow-
ing medifieation i3 to be noted : After the line of collimation has been adjusted for dis-
tant ohjects by rotating the telescope in its wyes and the spirit level hias been adjusted
by reversing end for end and adjusted laterally, (the telescape Laving the sunshaile at-
tached, a8 it sarves to balance the telescope when the ohject slide is drawn in}, the in-
strument is st up close to the near target, and a reading s taken with the level tube
in the direct position.  In order to eliminate the ervor of eollimation for nearer objects,
ahould any exist, another reading is taken with the telescope rotated 180° in the wyes,
and the mean taken as the troe reading.  1f, now, the horizontal wire also bisects the
distant target and tha ubble remalns eentral in each position of the telescope, the
eollars are of equal diameter.  Should the latter not be the case, the error may e cor-
rected thus: Bizect the distant targei with the telescope in its direct position, and adjust
the level till the babble is central,  Rotate the telescope 1507 in s wyes, indicated by
the siop, and uote the number of divisions throwgh which the bubhle moves in order
that the distanttarget romains bisected, a0 that a correction can be made when most
precise work is required.
T It is assumed that in making this tezt the temperatare of the two collars has heen
alike and that the telezcope has been in proper balanee by being focussed for o distance
of about 3K feet with sunshade attached, A serateh on the I‘.I-']F_H.:“]}'Hl or object slida
indicates the focus which the maker used in equalizing the collars,  An apparent erro
found as above may be dus to o change in the shape of the level tube which may oecor
Inn time (for which the maker, of course, cannot be held responsible), as well a3 to a
worn condition of collars, or thesa causes eombined.

In erder to trace the error Lo its source the only sure test s made with a striding
level, (See Engineer'a Precise Level. )

Frice, as above, if erdered with our Wye Level in place of the single reading
kina . o i Li g e e s 2 : ; : : F20.00,

* Itis an extremely difficult matter te grind a level of this kind so that the bubbbe will remain contral at
all positiens daring this rotation throuph 1529 r_“h!_"l.ﬂp just mentioned i 0 adjusted, however, by the maker.
that when the leve]l has been turned cxactly 307 it gives a correct reading,
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L]
C. L. Berger & Sons’ Engineers’ Precise Level.
FPaiented. {For ot see page 170
With mlcrometer serew for close setting the spirit level.
For use in cities in establishing benches, ste., alsa for all work reguiving speed and the highest
; degree of acvuracy bn spirit Yeveling.

_ Itis a well-known fact that, satisfactory as it may be on account of 1e rreal sime
plicity and compactness, the ordivary wye level (pp, 132, 185 will fail in degree of we-
varacy o in rapidity of manipulation when the closest results are required. It oftenr
happens when precise work is required, the tme spent in leveling up and keeping the
level bubble of an ordinary good wye level in the center of its graduation by means of
the four .I'E""E“'“g sevews is often very considerable and, when the course iz over
swampy or frozen ground, the vexation attending the work is apt to be great. and the
results vitiated by the numerons readjustments required to keep the bobble in its
place.  This manipulating of the leveling screws is very apt to lead 1o q change in the
height of the telescope, varying in magnitude according to the style of the instrament.
{It is here to be moted that this change in the heisht of the telescope i3 less in our
levels, or transits with leveling attachments, than iz the case with the instruments
of other makes),

To aid the Engineer in the prosecution of exact work, avoiding the errors caused
by the readjustments above referred to, we have desizned and are prepared to furnlsh
the instrument shown on page 13

By referring to the cuts it will be seen that this instrument iz mounted on three
leveling screws, and that the center about which the instrument revolves is unusually
long and unyielding. Two small spirit levels attached to arms extending from what
we may call the cross-bar (zince the center of the instrument iz permanently secured
to it as in the ordinary style of levels) serve 1o put the center in a vertical position,
thus securing at once a nearly horizontal position to the eross-bar.  These small levels
are adjusted the same as the ordinary plate levels of a transit.

At the eye end this cross-bar carries a micrometer serew by which the telescope
and its level can be raised or lowered at will independently of the leveling serews. A
atrong s;]l:}ml gpring on the same side holds the wyebar down upon the micrometer
acraw. This arrangement provides a most delicate motion up and down, and enables
ne to set the bubble accurately at every slght and in a very much better manner than
can be done by the leveling serews alone. The head of the micrometer screws is di-
vided into one hundred parts, and as a rule its pitch will be such that 250 to 252 parts
of revolution of the screw will make o change of one foot in the reading of 1he rod held
at a point 100 feet away from the eenter of the instrument. It may be seen that the
ingtrument can be very advantageously naed for making grade meazurements. The
graduated dize, when reading zero on the index-bar, brings the instrument at once
within one or two divisionz of its normal pogition,  The dizc can alss be readily turned
on its hub by taking hold of the milled head {the disc is held on its arbor simply by
frietion), so that, for eonvenience, o reading may always start from zero, though the
crozs-bar be not leveled up,  This instrument, as above stated, iz provided with three
leveling screws, which give a firm support on the tripod, and allow a closer setting of
the bubble when the instrument is run as an ordinary wye level, without making use
of the micrometer. (Seep. 385,

The Chief Featare of the Instraoment, however, consista in the fact that the
pivota * on which the wye bar can be raised or lowered, are in the mididle of the instru-
ment and within a fraction of an inch of the plane of the line of collimation, thus se-
curing to the telescops a motion in altitude free from any change in height of the line
of collimation, thongh the telescope were to move throughout the entire range of the
micrometer screw during an extended leveling operation, As a rule, the working range
of the misrometer will be limited to a few revolutions each way from its normal posi-
tinn in order to Eeep the instrument as compact as possible.  The instrument is also
arranged so that, whenever desirable, it may be used as an ordinary wye level. For
this purpose, it iz provided, at the object end of the cross-bar, opposite the micrometer
acrew, with a milled-hesd serew and check nut, by means of which, and by the micro-
meter gorew, when set at Zero (see cut), the wye-bar may he set exactly at right angles
to the vertical eenter. However, for the fine settings of the bubble in hench leveling
of pointing of the welescope, ete., the micrometer serew should be used exclusively.

A clamp and tangent serew motion is also provided and so arranged, that it can
be repaily reached from the eye end of the telescope. The eross and wye-bars are

cast hollow and the former fits inside the latter. ]

*Nore. —It will ke noticed that in instrumentsof a similar character, having pivot screws acting in and below
the wye oppasite the micrometer screw, a3 for Instance, in the U, 5, Coast Survey geodesic levels, despned
after Stampfer (s=e Kenart 187g), any motion of the telescope in altitude will also change @15 height.  Ey an
impudictous yse of the micrometer screw our own hydrographic wye level (see page 1osa, catalogues 1853- IE‘J;E
partook of this same error, and this together with the marked wear on the collars due to this same moticon |
WS 10 the Abandonment of it We note, hawewsr, that other frms who are in the habit of copyiog cur styles
and patterns have since brought it out 35 a detail of a precize level.
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The Telescope will be invariably fvnerting in order to admit of as large an aperture and as high a power
as is possible.  Thus : its aperture will be Hfi.m'lws. the total length |= about 17 inches, and it will have a
magnifying power of 4o diameters. It will be provided with fixed stadia wires, in the proportion of 5 o oo,
the distance to be measured from a polng in front of the objective equal to its (ocal length

The Spirit Level is of the =ingle reading kind, and is generally made so that one division {of 5 of an
inch) equals from = 1o 10 seconds of are,  The sensitiveness of the level will, however, fe sdepted fo fhe par
tiwdar requircments. It s not necessary, however, te have it any more sensitive than is required for a fine
field instrement, as an over-senaitive level s apt 1o give more trouble than Lemefit i its use.

A Reversion Level of same sensitivencss can be applied instead of the single reading level, if desired, a4y
@ connerience {see Keversion Lavel, po 134, when the higlest precision iz not aeeded,  OF course in fine work
the reversion level must b used in the direct position as with a single reading level,

The Auxiliary Striding Level, if one is ordered, is generally made so sensitive that or= dgivisian fof |*|-|
af an inchl equals from 8 to 10 seconds of arc; bat this sencitiveness + may be made a little greater if desired
for exceptional uses only.  This latter acdition would only be used in the mast preckes work for the plarpiose of
testing the equality of the enllars after protracted use, and when this is dome it would be seturned Lo its box
(aee cul opposite

A Metal Mirror will be lurmished with the instrument, attachable to either side of the level, enabling the
operator to read the bubble without stepping aside; a convenience which will be appreciated when working on
shaky ground,

Adjustment. The adjusiment of the telescope and the level must be made precisely az in an ordinary
wye level,  (5ee adustment of the wye level, pages 51 iﬁdqu af this hard-book. ) The spirit level will be in
thorough adjustment when the telescope with its seasfade affecked i fecunied for a divtance of abont 4o frel,
when the telescope is in perfect balance and the equality of the collars is assured therelby ; for shorter distances,
however, there 1= a small error due 1o the unbalancing of the telescope caused by the object slide being thrown
out.  Small as this error may be it can be entirely eliminated by simply bringing the bubble to the center by
the use of the micrometer screw.

Explamation. The froregoing has been written at some length to give a clear understanding of the prin-
cipal features of this instrument.  Naturally, the question may now present itself, why not use a striding mg'l
alone, in place of the fixed or reversion level, as is done in sore of the best types of Instruments, particularly
as the pivot arms, extending from the middle of the cross-bars, must necessarily be spread quite a distance

re, te readily permic the revelution of the telescope with the fixed level in the wyes, To this we may say,
thin a figed level placed below the telescope, where b is guarded against breakage and, in a measure, from the
action af the sun, is better adapted to the wants of the Cirdd Esxgivesr in running quick and accurate levels
in cities, towns, etc, than a strding level with its more cumbersome features and manipulations weald be,
particularly if the work was to be of the most precise character.

Itis only when the collars of a telescope are badly worn o imperdectly made that the striding level has
any advantage over a fived one.  Asa rule a fived level keeps in better adjustment, i simpler to manipilate
than the striding level, and is free from the errars diee to the uncertainty of contact of the ars and the wyes,
Muoreover, the constroction of the new instrument s such that it has a preater stability than these of previcus
make, We therefore believe that the fixed level has as legitimate a standing as the striding one, (In this
connection read articles on the figed and striding levels, papes gq 10 o8 of this manoal.)

For the above and similar reasons the Amercan Engineers have and will give preference to the instro-
ment which has the level fixed to the telescope; and this has led us to the adoption of this featore in our new
instruments.  This idea is also prevalent among the best instrument makers and epgioeers in Evrope, as may
be seen by examining Prof, Magel's published description of a similar instrument.

__Iustrument, Finish, Packing, Weight, ete. The telescope is cloth-finished,
while some of the more Tnlky pats of the instroment are simply treated either with
cloth finish or japan, in order to lessen the cost.  No attempt will be made to give an
elaborate finish at the expense of acouracy and uatility ; altomether, as all the other
rtg will be bronzed and lacquered in & manner customary with us, it will present a
dsome appearance.  This instrument is packed erect in one hox in the same man-
ner a3 we pacl the regilar engineer’s wye level. It is secured to the triped in the
same manner a8 ave all of our instruments with three leveling screws,  (See page 194
for description
The mahogany box containe a sunshade. wrench, sorew.driver and adjusting pin.
Weight of instrument, 113 pounds; weight of tripod, 104 pounds; weizht of ma-
hogany box, 1063 pounds ; gross weight of Instrument complete, securely packed in two
boxes for shipment, 60 1bs.
Frice of this instrument, inverting telescope, cloth finished, metal
mirror, fixed stadia wires, and a single reading feed apivit-lovel, . 200,00

Extras to Engineers’ Precise Level

Imstrument provided with a reversion level {see eversion Level, page 156),. £20.00
Instrument provided with 71 ineh auxiliary striding level, in addition to TEg-
wlar fixed level, . . . . . . A42.00

Center of instrument made of steel and lmlrden;-;-dl , ; X 2 3 10,00
Bunshade with smaller aperture, for use with the telescope when the sun

rays are too bright for accurate worlk, ; X E r i : 4 1.00
CGinssamer bag, to protect instrument, . . . . . F : A 1.0
Bottle of fine watch oll for labricating the centers, ete., . . . g . 0.25

§ 1 pemilasic wook is 80 la dane, 2 higher sensitility might be permisable, bt our eustom: o
faaehs & level, and 1be bubibe 1be wesshl have 5o ba fillerd whih ,k,,g ._-ﬂ.,"r_ in crcler b makos it paic hﬂ,:‘“"é‘i;:"p]'du::’; ! ] "h':?'
AB s cnamber woukd e necessary @ allow far adiussment of the bbb, whieb in this can changes it bengsh rapsdiy far
shght changes in sompsrnturn, Hy adding a chamber, a foature is intraduced which i Tkl 1o aflact e ool e of frvd
spirit sevel und emtail catra e xpenis,
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FPlane Table.

This instrument, made by us now bn one size only, is designed to fill a want whete
a high elass of work in Topography is required.

In order to obtain great ricidity aoul strensth the bearing surface of the lower
maotion s a dinmeter of eight inches, the board rests on arms lying in & circle twelve
incles in diameter and the tripod is of corresponding size.  To be still portable all the
easentinl parts are built on the skeleton plan to be Ii'_;Tl.l, and stiff ws shown in eut. To
avoid a loosening of the leveling sorew lastenings, so often experienced where they are
fitted into wipod heads made of wood, we make this head of composition brass, same as
the other parts.  To redoce this weizht by the use of aluminuom, see puges 122, 135
The board is 24 x 28 inches.  The alidade is 22 inches long aml s provided with a 16
inch inverting telescope having an aperture 1% inchies and a powerof 35 dinneters. It
has atadia wires, o vertical ave reading to minates, praduated on solid silver, and . sen
gitive striding level. Two fixed levela are mounted on the taler. The laer is zo ar-
ranged that lines ean be roled in the vertical plane of the line of collimation, if desived.

For adjusting the line of collimation the telescope ean be revolved 1807 on its longi
tudinal axis. Materials and workmanship are of the Lest. ‘The alidade is bronzed
wnd lacguered in our eustomary manner, bue the tripod head and lower motion are
neatly japanned.

Weight of Alidade with brass ruler, ; £ ¢ 7 . filba
v Lower motion, ¥ i i ; 5 ‘ s . . F1
e e Triped, . : 5 . . . . . . . about 15 °
i A Bowbdzl w T mp s m o ot G e o g
“ * Alidade and aceessories in mabhogany box, g & " 15 =
0 Lower motion in mahozany box, . 5 . . s " 18 v
% Board in pine box, . ; : g g L 3

Gross welzht of Instrument packed in four boxes ready for shipment, " 11 "

Price of Plane Table, complete as above, including board, detached
rompass, screwdriver, clamps, reading glass, plumb bob, et in three hoxes, F300.040

Note. — We have sometimes been asked to furnish o larger base to increase the steadiness of [arger
boards, We do not desire to make tivis, since we are fully confident that our standard base, as above described,
is ,mely i, We are pre E.:red. however, 1o maks a 'b_mc with arms, lying in a circle, o6 inches in dipneter,
should 2 much larger board be required  The bncrease in aeight will be about 1o lbs. Pries, axtra, 326 0,

1E two tangent screws are desired [or this larger lower mation, the extra cost of instrament will be 4000,

For use with such a large boasd we are also prepared to furnish an alidade, 2% inches lomg

Price, extra, $10 0D,

Price of Alidade, complete as above, including striding level, detachable
eompass, clamps, eto., in mahoguny box, bot withowt bowed, Iower mofion and tripod,
$200.00

To meet o want where greater portability and lightness ars thought to be mora
advantageous than greater rigidity and consequent accuracy, we are prepared to
furpish in place of the above deseribed lower motion of the Plane Table (shown in
the accompanying cot) one of the Johpson fype apd charvacter, A description of
this may he omitted here, sinee it is deseribed in any of the modern text-books on
Plane Table Work, Suffice it to say that thiz moetion is operated in o manner simi-
lar to that deseribed under our Quick Leveling Attachment (see pages 39 and 126)
of which it iz an inverted mlaptation, but i of greater size, range and steadipess,

This movement, with legs all complete, welghs only from 9 to 10 1bs.

Price of Johnson's Improved Plane Table Movement, mowntad on lorge
tripod, . 5 . Z - . . . . * . . s $4:5.0“‘
Price of Plane Table Drawing Board, i pive wood bor, . ®15.00
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Plane Table.

As made by €, L. Berger & Sons.
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Engineers' and Surveyors’ Transit.

This fnstrument is designed for engineering work of a high class, such as is
required 1o bridge boilding, water works, and for eity and land surveying. The
gize of the cirele is such that b may be gradnated to vead to 307 or 200 without
futizue to the eve. The telescope iz of the hest delinition, anel las o large apertore
with perfectly flag field. The eyepiece is achromatie, and gives o lage field with

lenty of light. We advise our cistomers to order solid silver graduations for this
instriment. also ground glass shades over the verniers for reasous given on page G.

Transits No. 1- No.1 c.— Morizontal eirele 64 in. (edge of gradoation), two
double verniers readiug to mbnntes 3 Geo poes of Byeres in opposite divectionsg from
07 to 3607 ;. Aguees o Wb and ceraders are fnclined in thedirection they zhould be
read s verniers and geaduations are protected with fine plate lass; gradnations

re gilvered s magnetic necdle 474 inehes ;) adiestaent for eertical plane of telescope
iproved sprieg tongent sceeity Dnproved foeeer taegent serew ;) shifting cender 1o set
the instrnment exactly over o given point; improved telescope 1134 inches long;
ohjects erect ; aperture 14 inches ) power of the telescope 24 dia., which gualifies
it especially for telemeter work; eye-piece is provided with an improved screw ar-
rangement for the aceurate focngging of cross-wired ) telezcope i2 perfecdly balanced
and reversez at both endz; spivit-leveiz geowid and extra 2enzitive ; line of eollima-
tion correct on all distaaces without adinstable objecr-zlide ) protecticen to object-
glitle; fong eomponnd centers with heavy Hanges; fuproved split-leg riped provided
with thumb-nuls,

The mahogany caze has a leather strap, hooks, cte, It eontains a sun-shads, 2
wrench, a serew driver, an adjnstable plonl-baly, o wagnifyving glass, and seversl
:#hil&:]ugrpll:fs. mlm weizghs from B to 10 [bs,

eight of Ploin Transit. (No, 1}, o . . 1385 1ha, Fat ;

wT o Tpansic with Level Ateachment, (No.lu) 14 = ::1'; ’Jt-'t'mn.r t]rlzpc-r]

@ Oppplete Transit, (No. 1 boand No, 1 ey 1454 rom 710 g 1bs.

Gross weight of inatrmment, complete, packed gecurely for shipment in 2 boxes,
whout 50 Ibs.

Extras to Transits No. 1 — No. 1e ineclusive,

Vernlers provided with greowed glass shidvs | =ee page i) o . . : . 00
Graduation of horizontal cicele, on solid sidver : . . . R (X111

L i reading to 300, : 3 i ; B IR

£E oy Y 20, : s : i : 20,00
Gradaation of vertical are or vertieal civele, on solid siver | 5 . H LM
Gradicnter attachment | see page 34 ; % : ; ; . BRI
Siadia Wires, fixed : , . . , , . .00

Short Foeus Lens [ pages 115, 16050, Choe pale ] : : : 16.00
Richards Prism, attachable to our compdete Transits or Levels  |(see page

61 of Manual) . . . . , . . , B { ; I N 11
Arrangement Tor off=efting of right sagles | E

5 : i ; ; 5,00
Aluminum guard for the full vertical cirele (see page 146° ; i ; 4.040
Varlation plate : . | ] ; ; . A : ; . . 10000
Gozaamer water-proof bag, to cover transit in casze of rain or dust : 1.00

Bottle of Ane wateh-oll 1o labricats the centers, eto., of transit , R . 0.25

Norn —Sometimes we are asked by thioge noet intimately acquainned with the principles governing a ele-
scope to place A higher power than is customary with the best makers upon 4 telescope of the size deseribed
abowe,  In answer we wish 1o shy that with the fmwer menlioned above ver;’ good resulis in stadia measurement
can be obtained, and that while the powsr could be easily increased, the light and definition of the 1elescope
would become so diminished that it would render the instroment less efficient in more than one respect.  In this
connection we refer to the TAEIGIE .a:rlin:les._ written on 1he telescope in part L of catalogue.  In some cases, how-
gver, where the instrument is principally iiended for use in stadia measurements, we can increase the aperiure
of aur dnwerting felescape [or Transits No. 1 from 1ty 1o 13 inches diameter,  This increass in aperture will
permit of & higher power, Thus two eye- 1|¢¢u._|11a,g111|\:|||g respectively U7 and 13 diameters, can E: supplied
with such a teleseape; but the danger o _1'||¢ wires getting broken, or dust blowing intn the telescope, ele., in
changing the eye-pieces, i 50 great, that in instroments of the above class the use of twe eye.pieces shoald
be as httbe resorted fo A5 possible T increass |.|_IE apertare ol the object-glass to 1% inches nn,!ds S0 00 i
the cost of the instrument, and where both eve-pisces are ordered an extra charge of #2500 will be made.
This change in aperture will add about 10 oz, 1o the weight of the instrument. Mo extra charge if telescope
{8 10 be of Lhe inverting Kind, but the Instrument must L made specially.
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No. 1.

As made by O, L. Berger & Sons.

Patented.

Plain Transit.

Price, as above, with 2tandards cloth finished B S,

Stamdarids finished like instenment { o clofl faisfh ) extrn 55,00
For gize and deseription of this instroment, as well as for Eefros, see page 142,

o lime of sight

The verpiers of this instrument will De placed at an apgle of SF o
unleds ordered to be in above cni.,
All onr transits are provided with o fine pusch ek on fup of e telegrape 1o ena-

ble to center instroment from a point alove az well as from below,
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No. 1 a.

As made by €. L. Berger & Soms. Patented.

Transit w |t|1 Lm el Attachment to "!‘e]rson[m.
Price, as above, with cloth finish standards withow! gradienter | 21000
stamndards finished like instroment | we ol foisk ) 4 b extra S0
For size and particulars of this instrument, as well as for Erxtras, see page 142,

el with the [eatures of the 1

NoTs. — The character of this level anachment con

ation and usc is similar to tha 1 describe=d under sur Hydrographic-lew

v telescope, Bowever, mast be made in the manner described om 1-1"'\-\-1 ]

a collimator. — With a level attachment ol the above kb, pocel Jeveling

telescupe and the sensitiveness of the spirit-level are equal 1o that of maost W' --Ig-.u_l:,
The verniers of this instrument will be placed at angle of 907 (o line of sight

unless ordered 1o be az in above cat,

that of a pivat-

v adjustment of
A g or by means of
2, as the power of the
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No. 1 h.

OBl R i, Patented

Complete Engineers® and Surveyors® Transit.
The S-inch vertical arc is provided with double verniers reading te minutes.

Price, as above, with cloth finished standards and without gradienter, RS AM)

Standards finishel like instrument | w0 clofh finiah) eXLrn Hh 0
For size and particulars of this instroment, as well as for Ertras, see poge 149,
NoTe. — When stadia wires are added, this instrument becomes a Tachyanetes,

3 Ay - ! . Unless ordered as is
shown i the abave cut, the horizontal verniers will be at 307 to line of sight.
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As mule by O, L. Barzer & Sons. EIlIII I - L . FPatented,
e | |

Complete Engineers” aml Surveyvors” Transit.
The Seinch vertieal cireli = provided with double verniers reading to minates,

Price, as above, standards cloth fimished, sl versier shoades, o=
e grecand for vertical civele, B wibfernt grrved ieater i F FEIT.AM
Stnlards finished like instroament (wo cloth  dwish, ) 5 . extra E5.00

For size and particulars of this instroment, as well as for Betres, see e 142,

B, — When stadia wircs are added, tlhis imstromens becomes 5 Tll-'h,\’l'l'l-tt\.:r.
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No.1c, Style o.

L. L. Berger & Sons’ Double Opposite Vernier Attacliment to
transits provided with & S-ineh full vertical cirele.
Price, extra, $20,00

NoTe, = For mast werk with I:he ]'11"'1ne-r1 transit it is net important to read the wvertical angles classr
than minutes, and 'b:r estimation 1o 3" il the arcdinary vertical arcs o a5 illus
trated in the preceding instrumenis = fullest satisfaction in this res ‘Tl I|--m=-.-='r. 0imE
few cases where it may be desirable to eliminate errors and excentricities in the graduation and vermiers of the
vertical circle in the same manser a= o 1l eontal eraduation by reading Two
tomstruction illustrated above has besn desizeed 1o meet this want.
pendently on its axis, as in repeating circles, the 1e ope miist ber
desired.  The mean of the two readings is then ac el as the true pesult.

In the above illustra the frame o front of the vertical circ
minutes. The verniers are doubles, so that anzles of elevan
patch.  Far ordinary work the vertical angies may be read
zontal axis of revalution, and b= cirenlar i orde

Two opposing capstan-headed screws, working
adjust the zero-poants of the ver
leveled up and the telescope pla
between the stud and the capst, rnier frame 1
seope and cirele are moved Thiz device can be attachs
vertical circle in new instruments only 'r\lu:n so ordered,

!r me is I|II-=-'I 1
le fram injiry.

ard, are provided, to
|-l.r|l-1n.|-|: has been

he tele-
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a sedoch foll

The Tachymeter, or Usiversal Surveying Instrument.

N 1 Styla 8
r the complete

cr's aml Sar
[l wanst of
The term *

On the following pages, descriptive of the Complete Ed
to transit Mo 1 & inclusiv name Tachymeter has |A.-
form of the engir s and sarveyor's transit has
auronomy to designate an iostrum whise I.n.h:*c-'-|-r
prehensive todescribe an instrument in w hich l.|'ll.
characteristic.  An instroment havi
adapied to the rapid location of = oy, Sinees
point in space, 1|.1.|ne:-.. the angular co-opdinates of aznimuth and altit
name Dacdpvesfer, or rapid m-:'.-mr:r has Been applied for m
scription,  The characteristie of fa B ey is, that all the d
determined by the instrument, by means aof b f‘lllruﬂ‘ 'I-| 'I1I-:| we
The compass and gradienter are ausil
addition to |:h: essential features mentioned above. is F
thar we nesed make no apolozy for introducing these bref bot express
ture to hope that they may come inte a3 general use in this country as the

dinates of &
i distamce, The
X this de-
ived for the Incation af podnts are rapidly
and =tadia measurements of 'i]l-\-l.d"llzl'

,I-:*- and an inslny
adlag Fow dancdipn

Wi fe=l
terms bito our catalogue, and we ven-
have jn Eurepe, and replace the ine

convenient phrases now employed to describe these instruments and methads,




No. 1e, Style p.

Az made by U, L, Berger & Bons.

Tarhymeter.'

Horizontal Verniers in
line with Telescope,

No. 1 ¢, Style p. Graduations of horizontal and vertieal circles on solid
gilver, reading o minntes; S-inch full vertical circle with two double opposite
verniers reading to minnat
gradienter attachment ; fix

7 gluss shades over verniers; 3) Ineh striding level;
o stadia wires ; ete,  Standards eloth finished,

Price, as above, $306.00.
For slze and particulars, a5 well as for extras see pp. 143=145:

T]Ju- instrument withoul a striding level, . less, &20.00
o o double op _|'I|'l'-]|.l.' vorniers Itlrul'l.uultmlu w0 220.00

Nnrn: == I this instrament the verniers of the K
ol the telescape; so that angle adl from th

i are placed in the direction of the lne of sight
i of the nhserver, withe stepping aside.  Unfors
-ru.uel with a compars wfom Phe wiser ;i."a-:; it becomes
necessary either ta : : , which s the priv ||||..|| level in the Engine transit, ardd

p r o raise it above the wernier, an exposed
Lirsist woet il L4k, A% b e w1 abiove, to place
Hside al i exposed position, and is liable to de-
breakage by a guard oement, to place : inside, bt below
at the space between the plates h= increased, thereby raising the heizhe of the
easing e weipht; at the & time the apenings in the apper plate
1 the rough freatment it iz liable to receive in the field ; and phorfen-
to such an extent as to make them but little better than
ry instruments, MNane of these devices can therelore be
g iEtrumEnts, whers sometimes under cerfain con-
ered of less importance 1han preater convenience.  In instrumsents with-
=icr plate, as shown on page 176, this device can be carried out to perfection,
ra aceo ¢ this instr
be attached to the lor
bstacle in maki

positi
the front plave level ent
rangement though protected
the compass bettom, requires
whele instrument about b III\'.'II
weaken the Latter and its stabilit
v Bl _ﬂ."a'“(.m's.arrr’ ¢
the circular lev
regarded as a rea

2’
acy may be ¢
pass upon the u
A striding ||,-r.¢l ehald alw

Reading glasses ca
iretrement will often prowe an

it
tal circle of 1his insirument. The glass shades on this
g sular vhservations when a prism attachment must be used.

" hee remark on FaEE B4T



No. 1 d.

An made by €. L, Berger & Sons.

Patented.

Tachymeter.
For size and particulars of this instrument ses pages 142=145,

No, 1 d, as in cot, graduation of horizontal cirele on solid silver, opposite ver
niers reading to 200 gradoation of vertical are on =olid silver, verniers reading to
minutes ; glass shades over verniers; detachable reading glasses for both circles,
113 inch trlescope showing objects inverted, power 27 diameters; ?# inch striding
level; gradienter attachment; fixed stadin wires; ete,  Standards eloth finished,

Price, as above, $312.00,
This instrument without a detachable reading zlass to the vertical arc, lems £5.000,

4 1E with a S-inch full vertical circle in place of the are, . extra 500,

MNoTE, = For a de sc'rirﬂ.inn. of the striding level, its use and adjustment, see page 55, The striding level and
the detachable reading glasses, as shown above, can be aiached only o our transits of the above description:
we cannot attach them 1o mstruments alresdy made.
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¥ CORe

advantages shi
praduate instruments of 1his size and style

sizé

For finer instruments see types enumes-

s 0l

ileler omaceount of the greater ¢
These

increx

Thi
Wi da nat

e,

eT i
ha

ts box is also more complicated.

i

I SCrEwsIna

sument of this kind, reading as it does only to 2o direct,
3 fnch circle being too small for accurate and easy reading when divided so finely.

iilrt"-lrﬂ pequires alarger leveling base than b vseal with these af the same size
v be larger i

e

provided with foor leveling serews.®  The trined bead must a
portable o

Patented,

An irstroment of this shee with three levelin

* For more information on this poiut see page 15

£
=1
-
= |
5 |
:':'I
o ;
£ B
= £
-
i
A

Tachymeter.
With three Leveling Serews and Shifting Center.,

No, 1 1, a2 ineat. Graduation of hovizontal chele on solid silver, opposite ver
piers reading 1o 207 ; gradduation of 5 inch vertical ave on solid silver, verniers reading
to minutes; glass shades over verniers ; detachable reading glasses for horizontal
cirgle; 11k-ineh telescops showing objects inverted, power 27 diameters ; 6-inch eplrit
level parallel to telescope ; 31 ineh striding level ; gradienter attachment ; fixed stadia
wires, ete,  Btandards clodh finished. I*rice, ns above, £322.00

Fuor =ize and particulars of this instrament, as well as for Extras see pages ryz-145.




Tachymeter,

No. 1 g, as in ol Bame oz in No, 11, but having a S-ineh full vertieal cirels:
with two double opposite verniers reading to minutes, and two rewding-glasses to
the vertical circla. Price, as above, 352,00,

For size and particulars of the above instruments, as well as lor exiras, see pp. tqa-145



Reversion Level, #

For leveling also with telescope
reversed.

An made by (. L. Berger & Sons.

Tachymeters, or
Price, extra, 515,00

NoTe —This level has & reversible tube which acts as a reflecior, as well as a guard to protect from
breakage the exposed side of the level when not in wse.

*The adustment of this level and the horizoental eross-wire has te be made in the manoer deseribed for
the fixed level attachedd to the transit telescope, see pages £2 and g4,

Small Engineers’ and Surveyors’ Transit.

No. 2. Plain Transit.* The essential features of this instrument are like
thosa enwmerated wder Noo 1, with the excoption of ghee and woirht., It iz deziznml
to be usel in cases wheva @ lighter fnstiment is desirelle. Al the parts, the gruli-
atieng, the telescape, ete., ave made with as great eave ng in the Lrger instrunents
minde by us.  We can recommend it oz being a very velinble anid superior instri-
ment for radleoad work, for general land seeveying and for mining purposes.

The dimenzions are as follows :—

Hurizontal b 5 inehes 3 magnetio necdle 83 inches; telescope § inches ; elear
aperture 114 to 11 inch ; power 18 dismweter,

The mahogany ease haz o leather strap, hooke, ete. It containz a sun=-ghade, &
wrench, a serew driver, an adjnzcable plumb-=bob, o magnifying elass, an adjusting
pin. and weighs 7 1hs, =

Weight of instrument 10 1 weight of tripod from 655 to 7 1ha,

Gross weight of instrument, packed securely for shipment in 2 boses, about 40
1hs.

|

e, s above, with standard= cloth-finishsd . y . $ 1 S0, 00
milarids finished Hie instrument (no elath foish ) : axtra 5.00

Extras to Plain Transit.

Spirit-level 515 inches, with clunp ad tangent serew to telescope, . E30.00
Gradienter attaclient, : _ : : . 3 3 - - 3 5.00
Offzetting arrangement, . . i F : i ; . . . B.00
Groduation of horizontal eivele on soliid sifeer, : . . g T0b 0
§ ineh vertical are, dowbls verniers reading to minntes, . . " 2 . 1500

e oo peaduation on solid silver, . . Z 3 z = 2000
5 s gheie doehile verniors reading to minntes, " . ’ . a0.00
b W x4 orradoation on solid sileer, f % : " z a5.00
Glass shades over verniers (to faelliate the reading.» . = . . 300
Stadin Wires, fisel, " : ; ; : i ; i 3 . A
Short Foeus Lens (see peiges 1R, 1G0),  Che pair, E 3 = Tk
Variation plate, y x ; s 7 . p 1000
Gossamer water-prool, to | motect the instroment i ease of rain or dust, . 1.00

ttle of fine wateh oid, to lnbricate the center, ete., of transit, i : .25

*A Plain Transit s ane without spirit-level, clamp and are to teleseope, see No. 1, page 143

Mok, —If a tran=it is intended for vory close stadin work, Teansit No. L, with its larger telescope und
higher power will be best suited for that” purpose, But in all cases where greater lightness and porta-
bility is 2 factor and where anly generul good resalts in sticlia measurements, as obtained with a smaller
and less powerful telescope, will be deemed satisfactery, size Mo, ® should be chosen,  We cannot puta
telescope of the =ize described im Tramsit Moo 1 g nsit Mo 2 It should be borme in nind
that u.IIP;mrlz- of an instrument are =o clasely related 5 each other that the preponderance of any one part
would simply impair the cfficiency of ather parts, A telescope of the size given above, but showing
objects inverted, will generally give the desired result, No exira charge for such a teloscops, bt the instra-
ment must be made specially.  The aperure will then be 1Y inch and the power 22 diameter.




Patented.

Complete Engineers’ and Surveyors® Transit
No. 2.
As maade by U, L. Berger £ Sons,
Unless ordered to be as io cut, the hoclzeotal veruiers will be placed at 30°
to lipe of sight.  (Bee footnote to Mountain Traosit No. 3. )

All our transits are provided with a fine puneh mark oo top of telescops to en-
able to center instrument from a point above as well o= from below,
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C. L. Berger & Sons’ Solar Attachment.

Our new solar attachment oF meridian finder is in principle like Peargons’ (made
us heretofore), not requiring computation, but instead of the ]ﬁlléi-hlll‘_it- has a small
telescope® with 4 inch aperture aud 6 inches foeal length,  This consists of asingle
lenz-objective, o diagonal eve-piece, a eolored glass, and the customary eross-wires,

This solar attachment fastens by means of a screw to the end of the cross-axis of
the transit telescope on the side of the clamp and tangent-serew, as shown in the
eut, This solar attachment has no declination are.  The declination of the sun,
and the latitude of the place of observation are both set by the vertical are of the
tranzit.  All settings for position, viz., that of the polar axis for eoincidence with the
zero marks of the vertical are and verniers, and the setting of the declination, are
gocured by two spirit levels, These levels are placed upon the polar axis and upon
the solar telescope, as will e seen in the cut. The degree of precision sl simplicity
of manipalation attained therehy iz commensurata with that of our engineers” transit.

To determine troe meridian at any hour of a day, it is only necessary that the
declination and refraction of the sun of that partienlar day and hour be known to the
ohserver, and that the polar axis he raised precisely to the co-latitude of the place
ol observation.

By the use of our Latitude level®¥ (also fastening Lo the eross-axis at the side
of the vertical are, a3 shown in the second out), not requiring a reading of the vertical
are [or every setting of the polar axis for latitude except onee in o day, ohservations
can he made repentedly with speed and aecuraey,  Indeed, with the declination
and refraction of the sun previously worled out for the various hours of a day, on-
servations cun e made nearly as fast as a peadle can be read of the surveyor’s compass,

A voncise deseription of both attachments will be found in onr manual. The
accompanying illustrations repressnt them as applied to transits Noo 1 and No. 2.
Of all the diterent kinds in use, we believe ours to be the most efficient.  Owing
to their position on the transit, they can be eazily wanipulated, The adjnstments
are few and simple, and nesd to be verified only from time to time ; besides, they
can be readily proven and perfected, belpg similar to those in the transit.

The solar atlachment can be readily attached or detached from the transit with-
ot altering its adjustmentz,. When detached, the transit is then slmply an ordinary
complete engineers’ transit, with vertical are, spirit level, clamp and tangent-screw
to the teleseope,

The weight of the solar attachment is 1 1b,, that of the latitwle wevel about § 1h.
Both are packed in a separate box of mahogany provided with a shoulder strap;
and can alzo be packed in the box with the instrument.

It is not necessary to counterpoise the solar attachment in order to obtain good
work, the latitwde level acting in port a2 connterpoise.  (Good results will be obtained
by simply watching the latitude level and the plate levels of the transit.

Price of solar attachment, as above - = = FGS.O00.
“o @ Iatitude level, ssabove - - - o o 15.00.

Extras to Solar Attachment,

Colored glass to apply to the telescops of the transit to observe the sun's altitede, in
order tooapply the correction for refraction in solor transit work,  &2.00,

_*The honor of first conceiving the _id:rl. af applying a small telesc m_place of the lens-bar, and thag of
using a spirit-level for the accurnte geting of the polar axis, belongs to My C. L. Berger of this firm, — see an
this point his article an pages 4-6 of our catalogue, published in the yvear 1878, The idea of setting the dec-
lination by means of the vertica. arc of the transit, instead of from a separate arc, has also beens anticipated
by the madel underlying the principle of Pearsons® solar avtschment made at that time.

% This latigudg level can alsa be veed for grades and distance messurements, erc. Tt will Te fooend o form
a very useful acquisibion to the engineers’ transit, cova withon? the selar aetachurcnd,  In this conpection we
wish 10 say that we claim priarity in ataching this device 1o geadetic transits for the purpose set forth, and sube
stantizlly in the form s ﬂl.uq;:m:u!_ o the opposile papge,  Aninstrument of this ¢lass was furnished to Princeton
College, and one 1o Sappore Agricaltural Collee, Tokio, d].'. an, in the year 1877, For astronomecal insirus
ments, we have fumished them in the manner described and il lustraied on pes 187 and 154, of our catalogue.

'N_'r.-'rn. = T"he bevel a:rnrhtr]_ t the |.n!_nr I:I'|J=5.|_'|,|p¢_ for the Pl E¢“;-l'll'.'\ aff the declination Rn,_-FI::.
fracticn of the sun, could be dispensed with. — Assuming that the normal position of the palar axis to the
transit has been assuved by its level, bi-sect a distant chiect by the main telescope, in the horizontal plane
incline the laner to the amount of declination ard relraction, a5 explained in the manual. Fainting the E-OL'ILI‘
tedescope unnil itz wires bisect the same shject, its e of sight §s at an angle with the polar axis, equal to the
amaunt of declination and refraction. Eaising the polar axis w the co.latitade of the place of ohscrvation, the solar
attachment is ready for work.  {Tois really nog neccesary that the object be in a horizontal plane, any distant
ebfect, conviently found, i3 available,  Inthiz atter case the divicion mark of the vertical arc, found in coine
cidzoce with the rero mark of its vernier, becomes the zera from which 1o set o7 the declinanon e1c)  Hom-
ever, the greater convenience derived from the use of this level, reducing the operaticn 10 & rm.'ll\e mechanical
performance, ag compared with that of having to find distant objects, decided us to retain it, although it added
to the weight and expense of the instrument, — Moreover, in case the polar bevel should hecome braken, the
polar axis can be leveled up te its normal posinen on the transit by the solac telescope level alape. 4




C. L. Berger & Sons® Latitude Level Attachiment.
Shown as applied to s Transit with Solar Attachment.

Norte. — Our solar altachment and our latitede level can be placed only upon Transits Ko, 1, MNo. 2, and
No. &, and then only when ordered with the instrument
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Davis' Patent Solar Attachment.

This invention is destined tosupersede all other solar attachments, being hy far
the most aecawvate, the most simple, and the eheapest in use,  The sun observations are
made with the instrument’s telescope direct, whereby greater range and power are
gecured, and limiting the sdjustments to thoge common to the instroment proper
itzelf. It ean be attached toany enginecors’ and surveyors’ transit which has a good
vertical arc or full vertieal circle. A great many have been placed on our transits
(zlzes Nos, 1, 2,53 and oceasionally on No, &), for the use of U. 8. Deputy SBurvey-
ors, and others having oceasion to do solar work.

However, as (18 mankpulation involves a few mathematical caleulations, differing
gomewhat from ordinary 2olar attachments. we advise our patrons to carefully read
pages T8 and 75, ete., of manual. wheve a full description will be found,

The serecn, shown in Fig, 2, ean be applied with erecting and inverting tele-
geopes,  In making an observation with an erecting telescope the full aperture of
the object glass is utilized, Dot with an inverting telescope it most be . limited
to about i or 3§ ineh dinmeter o got the wires sharply defined on the sereen. To
thiz end the telescope cap is provided with a central opening, permitting of such an
adjustivent, which may be close] entively when pot in use.

Attachiments shown in Figs, 3 and 4 are for direct observation when the sun's
altitude does not regquire the =ereen, These latter attachinents are noy made by us
in & weoner superior to those =hown in these cuts on opposite page.  They are
mounted a= in Fig. 5, upon a frame, readily attachable to the eve-piece by means of
a clamp, which can be clamped in any position most convenient for the obgerver.
To bring the colored glasses or the prism before the peep-hole of the eye-piece,dtis
only necessary to revolve them, heoce they can be used in rapid suecession. It will
he seen that these solar attachments are easy to manipulate, and therefore must
insure better results thanp heretofore obtaipable with mechanical devices , of any
other kind. T

Price of S3olar Bereen az in Figs, 1 and 2, . . . . b S6.00
£l Prism and Coloved Glasses, see Figs, 33 and 4, bul of lmproved

mounting, az in Fig. &5, . . % f F i ; E 12,000

H Bolar Bereen with prism and coloved glasses combined, . ; 15,0

If we attach the sereen to instruments which are sept to us for that purpose, we
must make an extra eharge of 24,00, In 2uch cazes the teleseope should be sent to
s,

HY 24
C. L. Berger & Sons’ Patent Inclined Square,

Fuor Sun (Mhservations with Davis® Patent Solar Attachment.

This device cansists of [oar nddiﬁpn_ai wires forming an inclined square of E\'_ll_la] sides placed at an aqg‘lt of
'4[5‘-"' with the :usua] CTOSS Wires, and & u1-d.|:!:a11| from the Ii“l!a"s poeint of intersection in the Survevor's Transit
elescope.  The space .:..ml::gn:d within this square, as will be seen in the greatly enlarged qu.r\e-s; and g, s
slightly smaller than the sun’s disc: thus an chservation of the sun for position can be made by simply selling
the telescope by means of the tangent screws until the four segments, formed by the black lines against the laright
disc of the sun, are of equal siee.  Te this manner the sun’s disc can be better Blsected, as when it must be
quarterad by the cross lines alone — but, if desired, both methads can be applisd as a check upon each other
. The arrangement of the wires in the inclined square is in %0 way confusing, az it keeps the cross and stadia
wires distincely apam for the regular work of the tramsit, and, in rapid work, is a help 1o distinguish rhe
herizontal from the stadia wires, as shown above, which cannas be said of the erect square H —also patented, —
shown on the page illusrating the various sighting wire diaphragms.  Fart 1.

FPrice of Putent Inclined Square, but ocly, whe ordered with the instrument, extra . S4.00
i alzn provided with Stadia Wires, as in cut, “ E R
with ¢roas and stadia wires Forinstruments of othes make Ak, ()
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Drvavis® Patent Solar Attachment.

C. L. Berger & Sons’ Tmproved Prism and Coloved Glass Attach-
ment for Solar Observations.
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Mountain Transit.

No. 3. Mountain Transit.—Size as in No. 2. Provided with an extension
tripod.  Lhis instroment is well wlapted for use in monotainons regions, chistfly on
weconnt of itz smaller siee, lightiess and great portabilicy.  1ts work 15 a8 necurate
as that of larger instruments of its class,  Its welght is 10 1bs., with an ordinary
tripod complete Tiks 1ha,, but when provided with an extension tripod three r_...;u“rl‘g
are adided to this weight,  The graduations are on solid sileer verniers remding o

mdawtes ;. growmd gloss shodes [ S-ineh vertical eivele with alwminwm guerd ) apird-
level clomp and gradiester to Selescope ; protection lo olyect slide ; ertension tripod pro-
adad with thumb-nads, ele. :

The mabhogauy ease has o leather strap, hooks, ete. It eontaing 2 sun-shule. a
wrench. a serew driver, an adjustable plumb bob, o magnifying gliss, o adjusting
pin, and weighs 7 1bs.

Gross weight of instrument, packed securely for sl
Ibs.

Price, complete as above, with eloth finished standards ; . BERTAMD

proent in 2 hoxes, about 45

This instrument with a G-inch vertical are in place of the full circle and
without alnminum gnard : g . : Lz =000
Stamidards finizheld like instrmment (no cloth faish)y | a . . oextra 25,00
A reduction of 15,0 from the above price iz waule BF the graduations are not oo
solid silver,

Extras to Mountain Transit.

Oizetting arrangement, . . , . . . . . . . 11
Stadlin wires, tixed, i . . 2 i : Fi 5 z % B
Variation Plate, ; : ; . ; ; : : h ; P (IR
Quick leveling attachment (s manuwal j, . . , . . . . LR
Extra regular tripod, for uze with instrament in ordinary practice, g 16.00
Daviz® Solar Attachments, all complete, . 4 4 i . . . 18-00
C. L. Berger & Bons” Solar Attachmeut (pp 154 and 1555 . - y G, 00
iy 1 Listitwde Level A £ ; : 5 Z . 1500
#Priam, with eolored glasses, for clserving the sun's altitude, | . . L 1200
Short Foeus Lens Attachment (sec pages 118, 168, One Jravdr, 3 : i 100
Leather eover over case, to he strapped to the saddle of a horse, . . 11,00
Gzozaamer water-proof haz, to protect the instrument in case of rain or dust,  1.00
Rattle of fine wateh oil, for the centers of transit, : £ ; i . 0.5

Mot — Alllough the extension tripod is very slender and abiont 2 lhs eavier than our regular tripod, its

superinrity for mountain work is very apparent on account of b= adaplation to sudden changes in prades. =4Il
tige, it is desirable to have the regular tripad, insuring, as it daes, oreater hltédinem *m':' ::u:m:

np increased accuracy,  The survevor will therefore find it to his advantage to ordey both kinds.
=1t will be ebserved that in the cut the verniers of the horizontal circle are placed at an angle of 557 10 the line
of sizlit as in our Mining Transits, thus adapting the instrument to the work in a mountainons country.  Cin
the other hand ihis _c'h_a.nqe in the position of the verniers requires the level in front of the 1-!|'-‘K0p¢-l!:l [
carried hn.:ynud I:!'u: limic of the plate sy order to be of standard length and character, and althaugh I-u]l:.r i
h.'tl_l.'d I |:£-_|.1ar||.1lls- e-m-;n,e-l position [rom injury, by an improsed guard 5||"ﬂ“‘|di_-"ﬁ it, it ks, nevertheless,
:Jub|e_c| i slight changes in adjustment, as when compared with one mounted a5 shown in ‘ransit No, 2, where
verniers are placed at 07 to the telescope. Lo all cases where this change in the position of the verniers is nat
devmed of sufficient importance, we advise to order cur Transit Mo, 2.7 A smal striding level, illusteated in
“Transit NI:L ld: can also be placed upon the telescope axis at an extra cost of 150D, N e:l.l:ralu charge if the

telescape is ordered te be of the inverting kind when the whole instrument will have to be made Hs‘El:i.I".
Th-'c“\:l'.-rr“ll.lrc will then be 11 inch, the power 22 diameter, B ¥

n & monntamows countey, iF requently happens that a transit must be set - o
tremely difficult to zet standing rocm o t:lk.cybulh back and fore-sights.  With m._-u:d";, l‘;::mth;&:;:]?b;
the eye.pizce, all this can be done froan the side of the insrument,
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Patented,

MNine s Mountain Transit,

Ehown with Palent Solar Screen Attachment.®

As made by C. L, Berger & Sons.
& For itlusteations aid fell deseription of this Solor Atfachmend, see pages 05 and 74

af the Manual, For Price, elc,, see puige IO,

All vy transits ave provided with a fine paneh wark on top of the telescope 1o en-
ble to center instrwmnent from o point above as well o2 Tron below,
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Mountain, Mining and Reconnoissance Transit.

On the opposite page ent No. 4 ropresents a complete transit of thia clasa. Tt ia
in every reapect similar to our Engineers” and Survevors” large transit, except in size
and weight,  The verniers of the horizontal eirele will be placed at right angles (o lina
of sight, only; 20 that bath can be read without stepping aside, as could not be the
case with verniers placed at 353 to line of sight.  This also permits the use of a longer
plate spirit level in front, an important feature in 2o small an instrament.  The instro-
ment i3 a3 carefully made as the Jarger ones, and, we believe, with careful use capahle
of very accurate results.  For preliminary work of all kinds, as well as to fill in details,
It s ezpecially adapted.  Owing to the smaller size of the telescope and itz high power,
we 311Ppl_1.r the inverting kind.

We are also prepared to make this size of instrument for travelers, explorers, ete,,
of atyle shown in No. 48 when it is a transit-theodolite of the class shown on page 181,
but of style shown in No. 11h, page 182, The standard frame is cast in a single
Ussliaped plece to gain as wnch lateral stiffness as possible.  The telescope can be re-
versed over the bearings by turning the upper covers aside, and also in the usnal way
throuzh the standards. In this instrument the graduation of the horizontal cirels is
covered too, and the verniers are protected by rlass, as in No, 4. There is no compasa
needle.  Instrument has a 4 full vertical circle with double opposite verniers as
shown on page 147, A levelis attached to the vernier arm instcad of to the telescope
asin ‘Sn.ﬁ Striding lavel rests at points of contact, ete., as shown in the cut.  This
instrument will only be made with three leveling serews.

A more enlarged cut of this style of instrument can be seen by referring to style
118, Its cost of manufacture, however, ia 8o high, as compared with No. 4, that we
are compelled to raise the price considerably when ordered in thia style.— However,
we believe that No. 4, having the advantage of a magnetic needle and containing all
the latest improvements possessed by the Engineers” and Surveyors' Transita, will in
most cases give equal satisfaction in every respect.  We therefore advise our friends
to order No. 4,

Both these instruments ean be sapplied with leather covers over the case, to be
strapped Lo the saddle of a horse.

A ehief danger may arise from its excessive lightness, it being apt to e overtursed,  Consequently careful
use is required. —The regalar tripod supplied with b ks quite sulff asd secures necossary dgidity, but the sxten-
sion tripod designed Eor this ingtrument, desired by many, renders it more frail and wosteady.  In all cases
where an extension thpod is ordered we recommend the purchase of a reguder one in addition, A large siee
_lr_i;.lu-d. weigll_inq L] Ibs., as _applied o par Mo, @ Transit, can be used with a Mo, 4, L.,- the use ol an adapter
The extra weight incurred s mare than balanced by the added stiffness.  No extra charge if ordered in place of
the regular g b, extension tripod.

. No. 4 Mountain, Mining and Reconnoissance Transit. — The dimen-
sions, eic., are as follows ; —

Horizontal limb 4 inches; graduations on solid silver, double opposite verniers
reading to minutes: two rows of fizures from 0° to 360° ; rlass-shades over verniers :
needle 24 inches; vertical arc 4 inches; telescope 74 inches ; aperture 14 inch; power
from 1510 18 dinmeters ; dinch spirit-level, with elamp and tangent screw to telescope ;
‘L"E_-rtiﬁﬂl anxijusl.llii'ﬂ.l. for the telescope axis; shifting tripod ; double centers; split-leg
tripodd, ete,

The mahogany case has a leather atrap, honks, ete, Tt contains a sunshade, a
wrench, a screw driver, an adjustable plumb bob, a magnifying glass, an adjusting
pin, and weizghs 4 b,

Weight of instrument 5 b+ weight of tripod 5 lbs.

Gross weight of complete instroment, packed securely for shipment in 2 boxes, 20 bs.

Price of Mountain, Mining, ete. Transit No. 4, as above, $228,00
Frice of Transit-Theodolite No. 41y a2 in cut, size as in No, 4, including

additional vertical wires if degived for solar obssrvations, : i T &310.00
No. 4b provided with a vertical arc or full circle, as in No. 4, level attached to telescope, lesa Bzg.os
MNo. 4b without detachable reading glasses, as in No, 4, . ¥ 4 ¥ = i 2 i [} 180
MNo. 4b without striding level, as in Na 4, 1 2 " " oo

Extras to Transits No, 4 and No. 4h,
#inch full vertical eirele (in place of are) with aluminum guard as in Moun-

tain Transit No. 8. : . 3000
Fixed atadia wires. | ; : ] . . . . 3 ] , L =1 1]
Prism amd colored glasses for aolar observations, | impreovesd monnting), | L 1z
Short Focus Lens Atwchment | seo pages 118, 168, Ome padr, 14,010

Extra axtension tripod, {weight 5 Ibs. ; 328 note to No, 3 Mountain Tm.m.-it,_x, 14500k

Leather cover over case, | : : . ] £ . f : 5 . 3 .60
FPatent detachable side telescope with counterpoise, to transit No. 4, only,

pags 104, 3 5 % . . 3 : : . F; i 4 ) . =500
Fatent interchavpgeable auxiliary telescope. To transit No, 4, only, Style 1.

po IGT sl 146, . . ; : 45.00

Hilk bag to cover transit 'i.rl. |':"|:--1" af I.':Ii.l'l 1.rr dtl:-il, - £ .I E = Y 0Kl
Bottle of fine watch oil, . - . - ) 2 z x . 3 ¥ .25
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No. 4.

Mountain, Mining and Eeconnoissance Transit.

A= made hy ¢ L. Berrer & sons,

Norm. — Not infrequently we are asked to make the telescope of this instrument 10 show albjects ereet,
This cannot be done to satisfaction, since it is impossible to make so small an erecting telescope that will have
the necessary power for good work and be at the same time of good quality. It seems that in all such cases
the interest of our friends will he best guarded if they will order Transit No. 2 or E., A% coming nearest to
the desired end.  Having thus acgs ted our friends with this fact, we would add that we are prepared 1o
carry aul their wishes in this respect, if they are willing to fake the consequences upon themaelves, As will
be noticed in the description of our Mining “Transit, given later on, we are prepared to atiach our interchange-
able auxtliary telescops, Style 1, to transit Mo, &4 when the latter is provided with a full vertical circle.  This
can be done safely sinos all the imporiant parts are as stiff and unyiclding as in owr larger instruments.  We
can alen artach to the same size instrument, our vew adjustable device consisting of a polar and declination
axis, attachable ta the central post of the telescope’s cross axis a.r-_:hnwn in Style I, by the aid of which the
interchangeable auxiliary telescops s made to angwor the parpose of a solar telescope and revolves paraliel
the =arth’s equator as in our regular solar attachment, thus enabling to determine meridian lines at any hour of
the daw, This must be considered a great improvement since no additienal selar atachm will be neces-
“T'his auxiliary telescops has & higher power and adds but one pound additional in weight.

sary.
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Mining Transits,

All of the foregoing Instruments, particalarly No. 2 and No, 4 we recommend for
general nunderground work.  (The latrer ivstroments chivtly on aceount of their greater
portabilivy and lightnesa.) The telescope may be either inverting or erect, and may
have a prism attachable to the ordinary erecting or inverting eve-piece to facililate
sizhting in inclined shafts, We frequently attach to the cross-axis a side telescope,
swinging free of the plates, of nea ?y the spme length and power, which permits of
vertical sighting up or down a shaft (aee cut p. 164, also pp. 14 to 106).  We also furnish
attached above and parallel with the line of sight of the main telescope of Nos. 4, § aod
6, another one of shorter length and lesser power mounted on a central plllar firmly
aecured by means of a threaded stud to the cross-axis of the main telescope, as in Style
II; or cast on, as in 3tyle I (Bee interchangeable auxiliary welescope, pp. 165, 166,
also pp. 106, 107, )

This latter telegeope, which of necessity i2 of lesser power as compared with our
regalar zide telescope, will in most cases be deemed sufficient, as gights in mines are
ghort.  Its power varies from 8 to 16 diameters, aceording as the telescops is ereeting or
inverting, We are, however, prepared to mount voe of same length as our regular side
I'.'el.F"ilZ‘i.'lFE in cases where i 1*rrmplvte revolation of erossaxis is not required. In our
improved style No. IL, the top telescope can be truly set parallel with the line of sizht of
the main telezcope by means of adjosting zerews, It will be seen that vertical sighting
:]If or down a shaft can be done with ease and acouracy, and this latest device has nearly

the advantages of a telescope mounted on inclined standards with none of its faults,
and iz second only to our Universal Doplex Mining Transit, in so far as it entails the nse
of an auxillary teleseope of lesser power.  When not in use the guxiliary telescope may
be removed at will and stored in the box.  In style IT, the eentral pillar may be left on
the instrument or taken off at pleasure.  In the [atter ease only the stem for the coun-
terpolse on the under side of the telescope remains attached. Buat in Style I, which we
now strongly recommend, the central stem is permanent, as explained above. As will be
geen by reference to the deseription and cuts of this device, pp. 108, 107 and 185, the
suxiliary telezcope can also he readily attached to the end of the ernzs-axig of our
Mining Transits No. 4 and No, 6 when it becomes a side telescope, The ready inter-
changeability from top to zide makes the auxillary telescope one of the most desirabile
pdditinnz to a Mining Transit.

To avoid errors in reading cardinal points, the compasz ring ig figured from 0° to
3607, the game as the horizontal circle.  Mining instruments shonld have large vernier
n;leniugﬂ to admit of as much light as possible, and all graduations should be on solid
gilver. For the llumination of the cross-wires o small reflector is sometimes placed in
the centre of the cross-axis of the telescope of our larzer instruments, but as in the
gmaller teleseopes mueh light is being cut ont by its use we prefer wo attach a reflector
shade in front of the object glass. The tripod is provided with three adjustable legs
to permit of raising or lowering the Instraent in cramped places,

No. 3. Mining Transit. — Dimensions as in No. 15 gradoations on solid
silver,® verniers reading o wminutes ore provideld with growed gless shades ; S-inch full
pertical civele ; gpivit-level, clomp and fangen! gerews o telescope ; erlensivn fripod, efe.

Price $253.00.

No. 6. Mining Transit. — Dimensions as in Mo, 22 sradoations on solid
gileer #® verniers veading o minwles are provided with grownd giess shodes ; D-inch rull
vertical cirele ; spivitdevel, climp and faagent serew fo telescope @ erlension tripod, efe,

Price, $2533.00.

" reduction of Sig.00 wl S avade {F L peadiations are mot ar sofud sifaer,

Extras to Mining Transits Nos. 5, G mul T

Sariding level [for description and illnstration see - b, ld“. and 178) . o . &0

Five-ineh wertical circle r:rm:ﬁer! with :Iquhl.c apposite verniers, ree page 147 . 00

Horizomtal \'EIIIILI"\- lar Ma. 6, placed a1 355% o line of =ght, az shown on page 1M hlﬂl ap |1|||:nl.|l¢‘ (£1]
Tramsit Mo, T, on accoant of the expesed 5-c\s1||.c|n f the leveld no extra charre.

Patent shart focus lenz J 5 . Na. 1. £5.00; No. 2, #800. Nos. 1and 2, 15.0H
Reflector for illuminating the b lres i L : . 0 { 4 4.k
Alominam Craard e vertical circle % i . F: : a ] g i G ¥ )
Priam, attachable 10 eye-pisce, s LAl
Dretacliahle side telescops with |'||I:rlld,r|'1|h|. '|-.'||:q !l’-l o E : 35,00
Pazent interchanpeable auxiliary wlese 3 “-l\l]c I, dc:rnl'u.n.'l ! ]s.'l.-"'- 1I'I.- and shown on page iﬁT,
of superior consirselion, srrongly advise it in ]'u:n: of Style 1 : E , 45,00
Patent adjustable and interchangeable ausiliary telescope Ay |- L, o B3 (1]
Fatent equatorial adapter for selar olm.r-..ll.lrlm. strbding level, ||r|\|1| with l.--lwn il J.I.J.s-=. amd dII-
phragm witl rir o coarse wires, page 168, i i § . . e : 50,00
Arrangement for offsetting al rizht zn;.'h:' to felescope . s x [ : i 5 &, 00
CQuick leveling artachment ; i ; - - ; - . i H.00
Hali-lengih tripm] | 3 £ 1500
Estra exlension wiprel x r s 16,00
split-beg weipid (roc R 1]
Plummet lamye { karge size L0
L famall size) . 1 4 = ¥ - i S R
Bracket in box, with strap, auger. .|1|-I Jev cer i F gl s 1 ¥ i . 7 . 15,00k
'_|_'1-|-.¢|_|-|;|u|u_ 'Iu_n._....--l Goinches long (Fag, LU, s . 3 i : A &.50
Stadia wires, fixed . . . - . - s 3 A0
Ehart focus lens attachment I1>-'l pes VIS, 160, Fig, 105, r H i : . 3 14,00
Caraddionter attachment for Mo, 5 and 6, g . - 3 ! g i 500
Large plumlb hob, weight g 1bs., for use 10 sha ;I & 4 - E = S0
Eattle of fine watcls adl . & : . . . i . ; . R 0,25
Silk bag, te cover Transil . i - . . 0 e, . : 5 5 1.0
Moz — The olijecl prism, a5 somelimes u-:ud L l.'rl'll I| ELE phiang in mines with ghe inary Iransit

e lescoqa, i not ennmerated here [or reasons stated om




Complete Mining Transit,
With Extension Tripod, * Dota ile Side Telescope, Prism, ete.,




L

Diaphragm showing ar-
rangement of wires as used
willi our mine transits, to
distinguish center horizon-
tal wire from stadia wires,
to avold mistakes

Patented.

Complete Mining Transit,

Wiith detachable Side Telescope and BEefleetor for illuminating cross wires,
A made by . L. Berger & Sons.
Bizge as in Nos, 5, 6 and . For price and atlachments see page 162,

MoTe, «=The side telescope is the more customary attachment to mining  transits, Ttcan be readily
attached or detached from the instrument proper. 10 can be of the same length as the o telescope when 39
ordered, but |.l s usual with us to make it an inch or so shorter, toe keep Bt as light as possib el Lo save weight in
Iy heen the side teles i its counterpoise are attached 1o the Transverse s, iy balance
-|E |||||IIT| ati F the n telescops §s not disturbed in he
| v 1l for each,
rated above the horizontal verniers are placed at an angle of 357
|:Ia.>.|:|:-|:-=. tir a.ﬂ::.'hl-: one i e e verniers in cramped places withour >.||,|_1|1|||;g asbde, he front
trument is therefore of standard length and character, and in form is mach improved on foriner
ippeciated wlen it 15 remembersd 1har this s the mam level on che wanslt which governs tha
codlemaathen in & vertical plane. To |'-|.|n:\. this level autside of the plates ai d in [ront at

e 148, b mot permissilde in mining transits, as it would shorten 1he range of th*

e
'pla'l- lewel in !h-
sivies.  Tlais wall |
s

An instrument hav t lewel placed as shown above might be accompanied by & striding love] for besl
reanlis in steep sighting if style of bnatrument |'-=r'1||l:-= Ii mot permissible we can place an auxiliary lovel of standard
length on the mai telescope, near the eye end, as shown in cut an anposite rame Snctaad



Fatented.

Style I

"
Complete Mining Transit,
with . L. Berger & Sons’ Patent Adjustable and Iltarchannah]a Auxiliary Telescops (Style 1),
] ’ (For wie as fop and ordinary side telescope),
Bize as in Nos. 5, Gand 7. For general deseription, price and attachments see page 162,
For full deseription and E{Uhh.Ll'l.Lrl\h see pages 106 and IIIJ.
Norte. — The [act that this auxiliary telescope, though intended chis . £
angles in steep mines, can also be used as a side telescope I
mecessity of corrections for ecoentricity in either case, we f:cl.
who under irying circumstances in the mine £ |'| f
Asshown bn the cut above, the verniers
at gat}, in consequence of which the front p
gistance beyond plates, which at times may n.ld-:'r
g:luld remders ic more lable to slight derangements,
rht be ordered, but as with "115 stvle of instrumen mnat be applied,
wed auxiliary l=vel an the main L|¢‘-¢<>. i, B e eye and, v.l ich will perform the dul:-. of a striding
a::u:rm" the romation of the telescope in a vertical plane when best results in very steep sighting are de
Tis adjustment, however, is dependent on that of the telescope in al plane, This latter must be
e this level can be adjusted I|-. reversing, as in the case or the plats
Extras," p. 162, >

worizontal
ng tha

Junless ardered ||:-:- e
gith avd for carrizd same Jittle
rl: ta n.-.l-.l andl J.|I|Illll"|l protected L'u:r.l.
el on oppasite page, a striding bevel

as explained on page 51, b

vierified
For price, set striding level

levals,

With Adjustable Trivet,
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Complete Mining Transit No. 6D, without Compass,

Shown with our Patent Interchangeable Awxillary Telescope, Style 1
(See pages 1ob and 107.]

Responding to many selicitations to make for mines containing magnetic ore,
or an electrie plant, a transit similar in style and aceuracy to our No. 11 {see page
180, we have designed the jostrument illostrated on opposite page. It is light,
portable, anid of the seme s o o Nos, 4, 2 aed 6 fransits  but, owing 1o the
omission of the compass, Lthe standards are cast in a slogle piece, affording greater
lateral stiffmess, with increased capability to withstand rough treatment. It is
adapted to all the complex conditions prevailing in underground work, and is very
simple in style and manipulation. It possesses all the advantages, as regards
accuracy of division, highest permissible telesropic power, and sensitive apirit-
levels of larger instruments.  With the interchangeable auxiliary telescope added
for use in steep sighting, either on top or on the gide of the main telescope, ag
required, it becomes a most. capable inatroment for correctly solving what would
otherwize requirespecial instruments and methods, When the auxiliary telescope
is detached, it §s just as applicable to the common work in the mine or on the
surface az ooy regular engineers' and mioing transite N os. 4, 2 and 6,

The U-shaped stamidard frame of the telescope 1s made of aluminem, covered with a fine dare Japan
rot affected by moisture; all other pars are Gnished in the same manner a3 in oor other instruments.  The
plate-levels * are of our standard character and length, mounted directly upon the upper plate, where they
are easily accossible for the parpose of adjostment and ready observatlon, and are fully protected from (alling
bodies,  The principal plate-level is directly under the epe-end of the telescope.  The two opposite verniers
of the horizontal circle are in line of sight with the telescope, amd are protected from drippng water by ce-
mented ghlase covers, The circle itzelf is provided with two rows of figures from o 10 5607, in opposite direc.
tiows, with doubde vernbers to correapond 1o them (unless otharwise ordered ), The vertical circle, with figures
from o to 180", both ways [rom zero, has a double vernier, to enable the obhserver to read angles of elevation
or depression with equal fm:i.l'il::.'._a.nd. is provided with an aluminum protection guard, which carries the ver-
nier and alse serves o readily adjost the Latter 10 gere,  Double opposite werniers can alse be placed on the
verlical circle, when the figures will run Irom o to oo #ach way and back to zero. The transit has inverting
l_eiem:pts_-!:rm’eu A FTe e &-mr’;_'nuf:l. A new and im nt feature of the instroment, which 3"““5" inereases
its valug, f8 this: the line of collimation of the main telescope is adjusted for distant, very near, and interme-
dizte distances, by means of our recently patented device, to a nicety never before attained; and no rendjust-
ment for near distances is necessary except after a severe accident.

The interchangeable auxiliary telescope, described on pages L6 and 107, is fur-
pished in two styles,

style I, illustrated on opposite page, has oo trivet, and i= therefore non-adjost-
able, but it has been =0 moch impreved that the line of collimation of its prineipal
wire, which is the vertiesl one when used as top telescope, and beccmes the hori-
zgontal wire when used az a side telescope, lies 20 nearly parallel to that of the
main telescope as to be practieally correet in most cases.

Style LI, with the trivets, ean be adjusted so that the line of eollination of both
of its wires will be truly parallel to those of the main teleseope,  All of the chief
features of this trapsit ave protected by letters patent issued to us,

Woedekt of Mining Traneit No. GIF ; 2 5 ; f : 3 4 - , n or .
B aumiliary telescope and counterpoise, each 1z ox. | 2 3 X i ‘ i PR A
extension triprd 5 . i i s B 5 5 3 : : ‘ abowt g *°
o instrament in mahoagany box, with plunsb-hab, sus-shade, readine-plass, e, e, © - R
Coroms wiight of instrament complete, packed securely for shipment in 2 boxes i b 5o "

No. G, Mining Transit without Compass, a5 in cut, with Siyle 1 In.
terchangeable Auxilinry Telescope, Horizontal and vertical circles, Sinches; solid silver
graduations reading o minutes: ground glass shades; G.inch level to telescope ;
2 plate-levels: inverting telescope, 894 inches long by 13-inch aperture ; (if erecting,
A by 1E inches)  powers, 20 dinmeters ; inverting auxiliary telescope, 61 by 1 ineh
aperture; (if ereeting, 7 by {§ ineh); fixed stadia wires; gradienter; 2 illumi-
nator shades: extenzion triped, ete. Price, complete as above, $53535.00

Price, with double opposite verniers 4o vertical cirels, extra, 356
th o prism attachment to eye-piecs = LN
i “ aquick-leveling attuchment ] LA
“ o gtyle I anxilinry teleseope in place of style T, L] A5.00
withent style Loauxiliary telescope less, 45.00
i with one iHnmivator shads only for main teleseope -- 4.00

= To place these levels below the npper plate and withn the space formed by bt and the gradaated ciecle,
as i the practics in some instruments of minor grade apd in some Surveyors” compasses, has the great elfigad-
vantage of parly ohscuring them from view, aned that =uch levels are 1o 2mall in diameter and lengih to be
reliabile and are apt o loose their sdjostment, and thar they cannot be reached in casge of required treaiment.
But the mest serious objections are that the twa large apenines required in the wpper plate of a transit to aford
a full view, weaken the ftll:tr o such an extent as to fespardioe fe sl of .'Er rafernfe et wpon wilich
the fermancncy cf ke af wstanents depends (n case of Fough treatinesd,



Interchangeable

Counterpoise.
Aunxillary Telescope.

Complete Mining Transit, No. 6 D,
With Patent Interchangeable Auxiliary Telescope (Style L;
Ax mads by 0. T Berger & Sons,

"E Non= f
adjustable, ¥
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D

C. L. Berger & Sons’ Patented Equatorial Adapter

for Finding Meridian.

The above cut illustrates our new solar attachment, more fully described on
page Gda of our manual, attached to the upright post of our Style I interchangeable
auxiliary telescope. It will be seen from these cuts that by introducing the [T
torial adapter A and the striding level C, the patented interchangeable auxiliary
teleseope used with our mining transit ean also be readily converted into o solar
teleseope, wherewith, by attaching it to the equatorial adapter, the problem of
finding the mervidian at any hour of the day by the sun can be solved readily apd
corvectly. The results obtained are more accurate than by any other solar attach-
ment of a similar kind, as the telescope is larger and more powerful than those
hevetofore used.  Tis position on the instrument, being considerably raised above
the main telescope, gives it a free motion in any direction without incumbrance,
aml frequently permit= the sun to be observed without the wse of the prizm.
Most parts of the adapter are of aluminum to decrease the weight,  When not in
use the adapter is not attached o the transit. It is so snbstantially eonstrocted

that the adjustments need only an oecasional verification.  The same prism and

caloved glass attachment aceompanyiog the mining transit may be usml.  The
ke ntedd st iding level can alzo be used with ”H“JHI\][]'?]‘. telescope, whon used as
a =ide teleseope, tolevel i, The patented diaphragm D, used with our auxiliavy
teleseope, wher  arvanged for solar obzervation, is provided with four coarse
cross-wires equi-diztant from the vertieal apd horizontal eross-wires as shown in
et

Weeaan furni=h the Equatorial Adapier te any of one melning transits * Nog, 4 awl @, new or

LR |“H|-|- is I|h||-'||'|||.l Al with =tyle 1 interchangeable auxiliney Teleseop Tkt BT Lo bie
CINE | instruaent i will be nocess ry Lo meed Toows the auxiliary r.;-l..\..:..l..'. ar the

vy sErhilie Jevel, prism, t ilbing berh teleseopes with enloped glaca
HITELIET T loredl §oglasa, for diriset abservations A 2 ; ; v K50.00
¥ '|I-u npplicadale G the Surveyors transit when o |-?-|-|l' with |||| in=Eriment 1.1 providing it
with iim ||I'\| lary tele ~.|.|||._- anad with the vertieal post, beih a8 shown in \.}h 1, Al extra 81
premse ol L : b z - : : BAEO0
e lerore 3§, piige 155,

;-..: I|"||l I, |.|"l 15%%.
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(. L. Berger & Sons' Bracket for Transit or Level,

This bracket i2 designed for supporting the iustrument under conditions when the
use of even our extension tripod is inadmissible, and will be found a valoable anxiliary
for mining work. The instrument can be serewed upon the bracket, as ona tripol, anil
the transit can be centred above or below a given point.  The bracket ismade of brass,
g0 fashioned as to offer the greatest rigidity, and s furnished with an anger and a lever.

FPrice, l}m? hr'u‘LPT mad:-' Tru I‘mnan \n 4, WH]J but anger and lever 214008
‘ T 15 £
L] N

Every addm&ml bﬁt"kft extra, for H[iwr size k ; : : ; 'l A
Trivet of brass, to mount transit on, see Fig, 11T ; . ;

Short Focus Lens Js.tm:clunent .

The above eut of our wye level and Fig. II illustrate our patented Foeus Lens
Attachment, attachable to the object end of the main telescope, which permits the
focusing of objects nearer than the rapge of the wain telescope will permit, Az a rule
the main telescope can be made only to focus objects five tosix feet distant from
ingtroment. These lensea are penerally furnished in pairs.  Lens Noo 1 will permit
forusing of objects about 4 feet from instrument,  Lens No. 2 will permit focnsing of
ohjects about 2} feet from instrument ; used together they permit focusing of oljects
about two feet from instrument.

The lenses are adjustable to the line of collimation of the main telescope aud per-
mit of a high degree of accuracy. They will often prove of great convenlence as an
auxiliary to view objects that are too near for observing without them,  Attachable
to transitz Nos, 1, 2, 3, 4, 5, 6, and to our wye and Lium]n level,

Prme, LLIL‘B \n I2 : . : 5 ; : I : ] 5;.-;-“
: . 3 ; . . ’ . . ’ . Lol
LE‘I.I.SE$ ¢ 1 and Xa. 2 | : : ; ; ; : ] 106,04

¥ Sgc page 18
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Mining Transit.
Interchangeable with Lamp Targets * above Leveling Screws.

The leading features possessed by this instrument, as made by us, are, that it can
2% ‘pterchanged with the lamp targets ahove the leveling screws (See oppozite page} so
ez citer they have been set up their relative position ns to height and location will
reman cxactly the same upon being trunsferred from coe aipou to another. Itisan
ingirument especially adapted to the woik of an engizeer D munes, and as such
fwrolves a great deal © . apparatus not possessed by instrumcnts intended for surface
york. Viewed in its entirety, as a surveying instrument, it is marc complicated to
the more customary Et-‘}"]l:ﬂ-i, and with the attachment c. a gide or top
seleseops it ws still more so, and 1s then difficult to manage in cramyed places.
The advantages derived from &5 ues may, however, compensate for (oo nuore e beer-
some features of this instrument. Two lamp targels ere commenly sory.ded with an
nstroment of this kind, but frequeeetly one only is ordered, aceordiny to the character
o sz work for whizh 't s intended. The vertios! centers of the lamp targets have to
b well fitted into the sockets of the leveling hoads, and in ccnseqrence they cannot
be furnished separately. The englneer will thersfore decide whethe: one or two lamp
targeta are necessary for this work, The lamp tarsets are of the same height as the
transit measured from the base above the leveling serwws to the line of sight, and each
Is provided with two spirit levels, The targets can be revolved in the vertical and
forizontal planes, By means of a tubular sight, sitnated on tor of the target, the
satter can be readily set in the direetion of the instrument so the® 35 face will lis at
ight angles to the line of sight. The lamps can be raised or 1rwered at will, and can
e dztached whenever necessary. It is of the bull's-eye pattern; and the best lard-oii
saly shouid be borped in it A disc of milk glass placed between it and the target
arnishes an Dwmingted background, againet woich the intersection and outlines
=i the target ore geen sharply defined.

H ‘p’n’:iqht of Mining Treesl: Moo rzbett o 0 0 v v v 2 2 = 0 v w w o+ ailbs,
i 4 v o lams, L R i R T ST Tl .
QE 1 Mahagany L.m{\m;ﬂniné insrri“::t:nt:.r.dfl.‘nﬁil:drnp. iargo. eic,, aboug gz **
o1 ome Extension 1 akowt of 1= vwe T - ARt oty g
AF Giross weight of this instrument, complete, puu:lkmd securely o shapment in two boxes, aboat 7o lhs,
:"E , | Weight of Mahr.?:m}' b, comtaining instrument cnly, shoot . . . . zzlbe
) i 1 st b o
i 5 o ok, 3 Lamp:l,t..rg_t .2k, N i e :: A
Gross weight of instrument, complete, packed saccrely for shipment in g boxes, . . about 120 Jbs,

No. 7. Mining Transit, size as in No. 6,0 with one lamp target as shown on
opposite page; graduations on solid silver, verniers reading to minutes, are provided
with ground gluss shades; 5 inch fol! wertical civele; spirit level, elamp and

radienter screw to telescope ;) illuminato:r shade ; striding level and fixed stadia wires,
‘fax’censlﬂn tripods, two plumb-bobs, ete. Lamp target packed in instroment-box.
Price, $380.00

No. ¥a. Mining Transit. oe above, but with 2 lamp targets, both packed o
separate box, three extension tripods, O plumb-bobs, ote,

Price, $4ﬁ%ﬂﬂﬂ

lnstruments No. 7 and Ta, withoot Btriding Level, less > (i}
£x . i so Gradienter, £ . . . 5 5.00
i £ Fixed Stadia Wires, lessg 3.00

Por price of extre attachmenis, see Ketras to Miving Transits, page 162,

the Tamp target proceed as Follows : — First withdraw the spring

i the small milled-headed notat the end of lhecl:.mﬁ opposlts
R (T ) ]l.'l.lb-:r_'l the l.'L'l.mp 5L mred@tely abicve the leveling head, Now wpon pelling back
pring bolt, situated at 1.'I|:_5:d.c al the clamp, rh.: strament or e lamp can e detached by lil:ip; it aut of the
ta the leveling head,  Thess sockets as well iw clamps, which serve to fasten the instrument or lamp
e tothe leveling head, shoold be kept free from cr gt After clamping the instrument te the leveling
nead, Lo prevent any micdien ha ks socket, and lhen_ I\E-|EBJ .7 he snsall milled-headed nut from iis Iﬂmni.ng am the
citnz holt of the lower tangent-screw, the transit s vead: “or work and can be manipulated the same as other
srstoaments of our constrection,

ks CUter conter by

SThe difference exkting between he limp ferpet o e amp formerdy furnished with our Mining Transit
Mo, 7, consists In, ibat in the Lttes ib v candle, kept at the same height as the instrament,
was {0 b2 sighted zt, which of courss w. weacy, particularly for short sights. By wsing the

mmm tarmet shown on the opposite paga, ¢

£ Customary slee cf Instrumeni on aceount of §
wir ar: prepared to furmisl this style of instromeni o
~ bt 4 Ibs, moe: io
OOWEVET, VEFY Un..

dhertgights can be taken with rapidity and accuracy.

Jghilmess, as compared with Mo, B, but for exceptional uses
ize Mo, g whenever desired, but its size and greater weight
meltement and aboee - b mare tor each lamp tarpet and tripod. ctc. = makes it
cramped pleczs
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(. L. Berger & Sons’ Universal Mining Transit with Duplex
Telescope Bearings.

This instrument, represented by the annesed cuts, was deslgned by us June 10,
1889, in responsze to an urgent demand upon us to construct an instrument which
eould be depended upon to give the closest resnlts under the most trying cireum-
gtances. It was designed to do accurate work in measuving horizontal angles
hetween poiots, one of which moy e depressed as much as eighty or ninety degrees
helow the horlzon, while the other may be ag much elevatel above the horlzon ; and
alzo to measure with equal accuracy angles of elevation or depression above ot
below the horizen. It was planned to meet the requirements of the Mining Engi-
nesr, who must have the exact location of every shaft and tunnel in & mine, the
length of which may aggregate a number of miles, amd necessarvily the instroment
must be sao eonstracted, that it may be portable, ag light in weight as consiztent
with the end to be aecomplished, adfostable by the engineer ot the botlom of a
mine, anid its delicate partz s0 protected from the dripping of water from roof of
tunnel or from tha shafts, that they may not be injueed, The instrument having
but one telescope, 15 as simple in construction as ona with o universal adaptation
ean be made, It is necessarily a little crowded in order to be as strong, as com-
pact, and as light as possible,  To produce the last vesolt, lightiess, not only the
frame of the standards, the vertieal sirele, its verniers anid vernier frame, ete,, bt
alzo all the detached parts are made of alominum (see arvticle © Alumioum for Insteu-
menta of Precision,' page 27}, Noattempt atelaborate finish of the exterior sur-
faces of these parts has been made, as it would require a different design at the
expenze of slmplicity, lightness, strength and geveral elliciency. For the most

rt they are teeated with our cloth finish, or they will be bropzed in black or green.

he form of standard is of a unique design : two armsa reach out from it2 base and
from the nsual hearings, and offer an exeentrie bearing for the support of the tele-
goope when it may hecome necesaary for the engineer to diveet the line of sight
down or up o shalt, thus affording two bearings for the horlzontal axis of revolution.
Ope of these may be called the normal, the other the excentric bearings, To accom-

lish the hest results in stifness and solidity these standards are enst in one piece.

here are protection elasps over the bearings of both the normal and exeentrie stand-
ard, Thoseover the excentric bearings may be omltted if so desired. A counterpoize
is to be used when the teleseope is in the excentric bearings, The striding level
furnished with thiz instrument is of a most sensitive chavacter, In eazes, however,
where this instrument, is intended for orlinary good work only, such as eould be ac-
eomplished with Mining Transits Nos. 5 o 6 when provided with a side telescope,
a striding level as described on page 56, resting on zpecial collars between the
standards, ean be sapplicd,

In order to affor] inereased steadiness, the extension triped furnished with this
instrument = larger than usual for its =ize, and the vertical centers are of the
gama length amd dinmeter as those in sor transits No. 1. The lamp targets (if any
are ordered) are of the pattern shown in the cot.  They are interchangeable with
the transit on the fripods. The teleseope should be inverting for best results.

Weight of instrument, standard frame of alaminum, about 11 Ths.
o counterpeses & $ 2 i A
SO [RLER, trame of aluminum, " ]
strbling level, Lol " “
ane lamp target . g . .
ane tripod alout 12 s two tripods A g
mathagany box, containing instrument and its attachments, enc., i about o lba,
: "_ L i one lamp target arnl ane jlool ¥ i ar R
Grass weight of instrument, complete, packed secarely or shipment in three boxes  © jen
No. 8, Universal Mining Transit.os ineats. —Iorizontal and vertical eireles,
b inches; graduations on solid silver, double opposite verniers reading to minutes,
ete. ; S-lneh level to teleseope ; S-inch level to vertical eivele; 5-inch striding level ;
two plate levels, Telescope 9 Inches, aperture 1} inches iferecting, and 1} inches if
inverting ; powerl8 dinmeters ; fixed stadia wires ; illuminator shade Pl'l-g,m_ Mag-

netic needle 33 inches.  One lamp target, paeked in separate box, "Two extension

tripods, two plumb bobs, ela. Price, complete as above, $620.00
Frice of this instrument, without lamp target, tripml, and plumb-hob, 280,00 [ss.
LL i 48

1]

g

L detachable eompnss, . ) Lodnnn s

o H H * o protection clasps to exeentric bearings, 10,00
u L “ with striding level resting on special collars hetween

the stundards, see page 148, : = . 20,00 e

No. Sa. Universal Mining Transit as in No. 8 but with 2 lamp
targets (packed in one biox}, 3 extension tripods, and 3 plumb bobs, Price 7 L X Ti)
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Instrument with Telescope, Vertical Circle, ete., in -

the Excentric Bearings. Counterpoise

e Instrument with Compass attached.
attached.

NoTe.—Inasmuch as the above compass is intended
only for occasional use, we decided to place one of
circular pattern, mounted on legs similar to those of a
striding level, above the telescope, To use the compass
it is necessary to turn the clasps of the normal bearings
aside and place its legs on the telescope’s axis of
revolution. To guard against mistakes in placing the
compass in the proper position on the instrument, so
that the cardinal points cannot be changed 130~, one ot
the legs omy 1s provided with a slot for the projecting
stud, by which it is held in position free from rocking.
‘When in use the compass must be removed from the
instrument before the telescope can be reversed. This
latter feature renders its use inconveniznt and liable to
derangement. — There are two sets of figures engraved
on the graduated ring, as is usual in our mining transits.
One set running from o to go? and back, the other set
from o to 360°.—To place an oblong compass directly
above the telescope’s axis of revolution and parallel
with the telescope (the only place where one could be
put) would increase the weight of the telescope and its
counterpoise a great deal, besides being objectionable
on account of the constant striking of the needle against
the sides, before the instrument is approximately put in
the meridian, thereby dulling the pivot.

The style of compass shown above will be supplied
orly with this instrument. It will be packed in the
instrument box, — the size and weight of the latter are
considerably increased thereby.

Lamp Target. Instrument with Telescope in Normal Bearings.

Interchangeable with Transit above Tripod Heads.
As made by C. L. Berger & Sons.

[Patented.]

Instrument with Striding Level attached,

No. 8.
C. L. Berger & Sons’ Universal Mining Transit with Duplex Telescope Bearings.

Nori.—This instrument will be made in one size only and with three leveling screws,
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Instructions for using our Universal Mining Transit,

Tnstrument and lamp target attach to their tripeds i the manner describe ;
E?.I.I.Jll height of lamp target and instrument above 1Iri,|md5, a slotted disk desenbed. on pa
L “'il Lo Esll‘“:" seruwed berween the head of the leveling screw and 1
:1 El-nd'lete th e_l iy fflirlll;z'llT serew 15 sitieglec.  This i done to nﬁ..nl__-. fived leg, 5o that when the instrament is
leweled up, 3t be always ol the same height, The lamp also has & fxed beg amd Lo leveline o5 and wike
leveled up is of the same height as the transit. When joterchan: by L_“';I:-": l:n:l--t“l:-_- ‘-I;L!:':"ni:r::z?:“rﬂ It'i::_l
11ﬂpnd_r., H'i“‘l t'iiﬂhtﬂ the fixed levs ol Loth instroment and lamp nthe ciseular ehaped receplacle provided for
;::I::-:r;nali::ruu'l'-i:;ﬁ i .:Lﬁil;p:];v:?-lrm(kndlMm!mm”| ard lamp will tlien be leveled up, cach with z leveling
i.ntur\ch}l.lt_q\e:l onibeir o J__._"_".'-«'::-\:L ] psation above j:l_l.ll:lhlj will be :.-‘I;.'nl! the sximne .‘.1'1.|_ll_"l'lrE Ll!u:.' Were

PRl L I| ?"'-1:“"1-'5[:'5" st b manipulated a8 explned under Minieg Transit Mo 5
iraand i s i hur':.' 'b-el f'a-i '-"'--"'I; v Lartbom of the center parkof the tivet of the instrament and Lung,

et tened whenever their distance apart mast be measared

_ Al horizontal angles meazsure from the center of the instransnt, whether the telescope s in the noral

or in the excentric bearings.  All vertical angles measare from the center of the telesongue's anks of revolution

respectively.  The distance between the centers of both bearings must be determined and correction must e

apgplied whenevier, in measaring vertical angles, the telescope = in the excentric bearing=, A small hole drilled

in center on top of the transverse axis serves for centering the instrament under 2 given pobsl by means of 2
plumb bob suspended from the roof wlen the telescope is placed horksantal,

The brass counterpoize permanently fastened to the mstrament in front of the main vernier serves 1o
balance the weight of the excentric beasings.

The larze counterpoise of lead is to be fastened against the brass counterpaize by means ol the milled
headed screws, whenever the telescope and s attachments are wsed in the excentric bearings.  The small
counterpokse of lead is 1o be placed on the instrument when the strding level is to be used over the excentre
bearings.  Both weights are slotted to Baciliane this operation.

The large counterpoise shown wn the cutis net quite sufficient 10 balance the weight of the telescops s
the excentric bearings, but as the vertical plane of the telescops, in measuring horizantal angles, i= controlled
by the front plate level or by the stridig LE\'E]. which are not affected by this defickency in the weight of the
counterpoise, and inasmuch as vertical angles are controlled by the Level attached to the vertical circle, i twas
deemed best, not to add unnecessanly o the weight of the instrument. A tree equipoize of The mstrument
A Mﬂn‘hﬂ;nuﬂ, Towever, |.1:f simply lengthening out the milled headed sorews by wlibel the counterpoises are
secured 1 the instriement.

As a rule lor the more ardinary purpeses the plate levels akme can be depended on, but for very clase
work in resring Ioes down or up a deep shaft, etc, or when horizontal angles must b= measured with the
telescope in the excentric beanngs, the striding level shoald be depended o ondy, and then, i order 1o elimis
nate all ereors of collimation and inequality, if any, in the pivats of 1w horizontal axis of revelotion, the tele-
sgape shoald alse be reversed over its bearings. The telescope can be reversed throwgh the standards in both
bearings, o it may ke reversed over the bearings, as the case may be. Ordinarily, when b the normal bearings,
it should be reversed only through the standands as hein_z mere convenient and more accurate.

Bath, the normal and the excentric wye adjustment of the 1elescope should be made with the striding
level alome.  The latter being very sensitive (¢ div. of level=1o"” of arcl, there nesd be no uneasiness on
the part of the engineer should the adjustment under ordinary cireumstances be not completed within one or
two division= of its graduated tube, bot, of course, as the sights are longer and approach a vertical line, it is of
_gpleal im'pnn::nae to pay the strictest attention to the adjustments of the siriding level and wye bearings af the
telescape

'['l}F'li[l the telescope aut of its bearings, the spring boliz sitwated on tepof the protection clasps must frsg
he withdrawn, when 'I“: latter can be turned aside,  Next withdraw about one-tenth ingh the spring bolt of
the telescope’s clamp and also that of the vernier frame='s tangzent screw by means of the milled headed nut ac
the end of each spring box, Now lift the wlescope owt of its bearings and either reverse over the bearings or
imsert it in the excentric bearings, as the case may be, and azain release to the Tullest extent the spring bolts of
the tangent SCrews under operation,  This being accomplizhed, all zettings of the 1e|_v=n:n|_'-e in the vertical
plane must be made by its clamp and tangent screw alone, aed oo attention need be paid o te clamp ol the
wvernier frame. It is onlv when vertical angles mast be measured that the bubble of the level :ituab:g on the
vernier frame must be brought to the center of the tube by means of its tangent serew.  Good results for verti-
ﬂl_an;'leg may be olgamed with this instrement, although the plates may ot be leveled :}:! _al:curatelv. il due
:r:ﬁ_rd is pnglﬂ nn!.iv to the factthat the bubble of this level must be pliced in the center of its tube hefore a
reading can be made

T“S‘m.h the adjustment of this bevel proceed thus:— Place the telescope in the horzontal plan: Ly
means of its tangent serew, then move the vernier [rames’ tangent screw unol the sero line of the dookle
verniers, marked A, is in coincidence with the 2eva line of the vertical circle, and new raise or lower the adpusting
screw of this level, 35 the case may be, until the bubble is in the center of its tube. .

It is now supposed that the zero lise of the double opposite verniers, marked By are alse in coincidence
with that of the vertical clircbe,  1F not, the verniers marked E can be moved alter releasing the capstan-
headed screws, until both zero lines on that side of the vertical circle are akeo in cobucidence,  However, this
isa very laborious proceeding for Mthose uninitiated in this worle, and as it cannad always be made quite
exact, owing to the mode of mounting the telescope on 112 axis, it will be found easiest to climinate errars of
excentricity in the graduation of the vertical circle and verniers by reversing the telescope and IakmE the mean
of the teadings. The vertical cirche i graduated from of to 4of and back. and the verniers are double, so that
angles of elsvation and depression can be read with ease and disparch.  For further information see page 147.

a6, To secure an
|.'|m1-|r'lu,-:l with the instrument, must be
e leg of the instroment™s stand om e
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Tunnel Transit.

Onder this heading we wish to say that the general form of the transit-thesdolites
deseribed umiler No=. 8, 11 and 12, is Dbest adapted for tunnel engineer-
Ing.  The telescope shonld e inverting and be provided with o diagonal eve-piece,
ora prism. A sensitive striding level shoonld be added to rest on top of the telescope
axis to establish the vertical plane correctly.

The EXTRAS in addition to those ennmerated under XNo. 11, are as follows : —
415 ineh sensitive 2ielding level, . . 5 . % . . 2 . EB20.00

Dingonal eye-piece, 2 5 : ¥ s . L 12.00
Prizu, attaehable to oye-piecee, . . . i . 2 . . . BDD
Lamp, of brass or ""I'f"“l"- with gronmd lens, v . 5 . 7.00
Small table to attach Lunp to standard of tranzic to illaminate wires, i 300
Small reflector in the center of teleseape, holes deilled chivongh the telescope

axis for the illumination of wires, . s . s . . : B 1000
Plunnet lamps, . i . ‘ i T F £15.00, 10,00, s.00

TUNNEL TEANSITS CONSTRUCTED WITH ECCENTEIC TELESCOFE To ORDER.

Straight Line Instruments.
For rumning Straighl Lines on fhe Surface of the Eorth and in Tonnels.

No. D amd Noo 10, Theze Instruments are withont eireles and graduations.
They rest either on three or four leveling screws, and are so arranged as to readily
adjust exactly over a given center, after an approximate setting with tripod legs.
Tl teleseope axis j= of lard bell metal, and reverses in its bearings; the bearings
are miljuztable in vertical plane; striding level iz provided with a handle in the
center wiml iz highly zenzitive,  We make two gizes, viz. 1 —

Noo B Aperture of object-rlass, 134 inches in dinmeter ; foeal length 18 inches;
objecta erect or inverted, oo,

Price $190.
Na 1 Apertorve of ohjeet-glazs, 2 inehes; focal length 18 inehes; ete,
Price $270.

With the wldition of o glass or spider line micromweter, langs and retflector for the
flumination of the miceometer, both these fnsteaments may be nsed for taking time,

More.— I desired, an extra striding level can be placed wpon two concentric nngs of equal diameters
r:uli:l to ling of collimation of the telescope. thus making a leveiing instrumsot of preac power and precision
or long sights.  This attachment will cost §ilk 00
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No. 10,

Straight Line Instrument.

With Gradienter Attachment.
As maide by ¢ L. Berzer & Sens,
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Transit=Theodolite.

Far mi=e in cities, i tumonels, aod For triaogalation,

No. 11, Mapy yvears ago we found it desicable to design a transit for use
when instrument= of ordipary construction woulld fail to give satisfaction, or
do not permit of rapid work where the highest degree of accuracy is required,
The instrument as shown in the accompanying illustration has no eompass, and,
therefore, the upper frame mounting the telescope is in one piece, which i= pro-
vided with ribs, and which resta directly on the top-flange of the noer center,
The result of this is that great lateral atrength is obtained, which permits of
mounting the telescope axis by means of cylinders at each end in wyes.  On top
of each hearing of the telescope axis iz mounted a cap provided with an adjusting
serew, with which the necessary friction for the revolving telescope is obtained,
and theze caps are alao provided with two milled-headed screws, which can be re-
moved] readily when the telescope is Lo be reversed for straight line measurenients
over the bearvings, These caps are so arranged as to completely exclude dust
from the axis.  In this new arrangement the telescope can be reversed az in ordi-
nary instroments through the standards, as well as over the bearings, as iz uzual
in triangulation and for aligning straight lines ; and last, but pot least, the move-
ment of the telescope in the vertical plane is the most aceurate koown,  Oedipary
transits canpot fulfil these functions owing to the peculiar form of the bearings
wharein the telescope axis revolves, which bearings are so made to give lateral
stiffness to the telescope, on aceount of the slenderness of the standards resting
on the upper plate,  Many of these instruments arve in use in the survey aod tri-
angulation of our lnrgest cities and have given great satisfaction. The instrument
is provided with three or four leveling serews. The verniers can be placed at right
angles to the line of sight, or as shown in the cut.  The dimensions, eto., are: —

Haorizontal plate, 64 inches, graduelion on solel gilver protected az in our regular
engineers” instrument ; two double opposite verniers, reading to 30" ; two rows of
figures lo opposite direetions; long compound centers; 11-ioeh telezcope ; (invert-
iz or erect ) 1Y lnches clear aperture; power 24 diameters ; protection fo ofgect-
alide ; sipgle spring tapgent zerews for the upper and lower plate=:; 4 leveling
serews; shifting eenter, aplit-leg tripml, ease, ete,

Weight of instrument with a T-inch eirele, and all complete, 14 Tha, ; weight of
tripod 75 Ihe

Frrive, for Plain Transit-Theodolite, 24000040,

Extras to Plain Transit-Theodolite.

Far Exiras to Tunnel Transits, se¢ Extras to Mining Transits.

Horizontal limb 64 inches in diameter, verniers reading to 207 A . B10.00

T o v+, . . dde

Vertical are & b b = minutes, . g 2004
Full & inch vertical circle, L o o 45,00
"H M o “ double opposite # " e B0
Two reading glasses, with gromnl glass shades to vernlers, . ‘ : 1500
lustrument provided with 3 leveling serews, as in eat, . . 10k0n

Bhifting center for instrmment with 2 leveling serews (improved) g : B
Stadin wires, fixed, £ . i i ; 5 : % A i z .00
= adjustalde, . . 5 i : . . . . " . 1in0g
Btriding level =+ : 2 . . . g . . . . i 2000
6 tnch spivit-level awich reversibie clmmp, taugent and gradienter to telescope, 4000
Oblong compass, with motion for setting off the variation. (Three-inch
needle reads only a few degrees ench way from zero.) . i : 20,00

¢ *These graduations should always be erdered with reading glasses and ground glass shades affacked 1o the
nstrument,

*#Inleps prdered to the contrary the striding level of this instrument will not rest directly over the paints
of eontaet in wyes as represented in Transit Mo, 12, For greater convenience it rests on the trlsacopa At IR
points betwsen the standards, which has the advantage that the striding level can be left an the axis while the
telescops is revalved in the vertical plane. A swriding level shauld always be ordered with an instrument of the
class deseribed abave. -

MNore—A Plain Transit-Theodolite is without a level, clamp and are to telescope,

—Far increase of apertare in inverting telescopes see note to Transit No. I, page 142,

tboTR. — For description, use, etc,, of our shifting center for a transic with throe feveling screws, see manual.
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Patented.

Il

No, 11.
Complete Transit-Theodolite,

For use in cities, in tunnels, and for trisngulatios.
As made by O, L. erger & Bons.

If a fine performing instrument is desired at minimum expense, the U shaped stand-
ard frame carrying the telescope, instead of being finely polished and lacqnered, can
be ¢loth fimished. Price of instriment so treated | . Cess R15.00



No. 11 a. Complete Tran-
sit-Theodolite, with  striding
level attaelinent and vertical circle
agin cnut. | Lower half of instrument
a8 shown in cut of Complete Tran-
git-Theodolive Na, 11.)

Instrument has three levelling
serews with shifting center ; 615 -inch

Lierizontal eivele, zraduation on solid
| silver reading to 2007 ; two rows of

figures frow U o 380° in opposite
directions; H-inch  vertical cirele:
double opposite verniers reading to
minutes ; two reading glusses and
glass shades for each cirele; two
plate levels; 11%:-inch  inverting
telescope, aperture 1Y inches, power
27 diameter ; 414-inch striding level
to telescope with reversible clamp
and gradienter to telescope ; 414-in
tranaverse atriding level as in No.
11 b fixed stadia wires.

Weight of instroment about 16
i A Ibs. ; weight of tripod 10 to 12 1bs,
As made by . I. Berger & Soms. .P']‘i{"ﬂ, as above, $-I-4i1.00

MNore.— In place of a fixed level the above instrument has a striding level parallel to line of collimation,
which can be mounted on the telescope whether it is in a direct or in & reversed position.  This attachment
renders the adjusment of the telescope for leveling neardy as simple in the Transic as in the Wye level. On
the ather hand a fived level ot = telescope commends itself for this class of instruments on account of Freader
comtecl ReEs, ﬂ‘.lﬂ'."?'."n'r:f_; wad PR e ss fae wee, .m..fﬂv!l.'a:l progeely adiusted 1f o5 grde ai goowrafe aud weors
apt fo stay s adivdteent thar the steidivg leodd with {68 preater nwmber of pieces and adrustuents, mof fe
tprak of se preater Nabilily fe ifur

Noo 11 D,

A= mude by €. L. HBerger & Sons.

No. 11h. Com-
plete Transit-The-
odolite, transverse
gtriding level resting
on top of pivots at cirele of
contact in wyves, vertical cir-
cle, as incut.  Bize and par-
ticulars as in No. 11 a.
Telescope has no level and in eon-
gequence the vernier frame of the
vertical ¢ircle carries a S-inch
level by which a complate control
of the position of its verniers is
assurcd when vertical angles are
measured,  (See instructions for

using Universal Minii 177 Price, as above, H420,00
Mo, 11 aand No. 11 b, ; b praduated to read to o™, Price, extra, ®25.00
Nao. 11 h, provided with a 4% inch striding level 10 telescope, N b FLN ]
N, 11 by, provided with a c-inch fized bevel 1o telescope, i i ELORIT ]
W 11 &, 3-inch level to vertical circle, as in Now 11 by, i - o Tk 0
No. 11 & and No. 11 b, withoat reading glasses to vertical circle, Less 10000

No. 11 & and No. 11 b, without a striding level for the telescope axis, W aA5.00
More, —If desired, a striding l=vel as in No. 11 a, with reversible clamp and gradienter to telescope
can be attached to our Plain Trawsit-Theadolite, No. 11, to place of a fived level, Price, 60,00




No. 12,

S-inch Transit for Triangulation.

As maide by €. L. Berger & Sons.

No. 12, The form of frame chosen for mounting the teleseope is as in the cat,
which permits the reversal of the telescope through the standards, as well as over
the bearings.

The inverting telescope has a elear aperture of 154 inches, and is of 11 inches
focal length, and has a power of 20, 23 or 30 diameters az ordered. Tt is provided
with a 5 inch vertical are, graduated to read to minutes, a 41 ineh striding level
to rest on the pivots of its axiz, a 6 inch spirit-level { parallel Loelirm of collimation)
tegether with & reversible elamp and tangent serew. The horizontal cirele is 8 in,
in diameter, opposite vernlers reading to 107, Its gradnation is open, but it is

rotected by & rim which is raised above the limb. This instrument has thres
.eveling serews which have a larger baze than iz usual, and the triped-head being
proportionately large the instrument has great stabilicy.

Weight of instrument 16 1bs. ; weight of tripod 12 Iha.

FPrice, as above, $450,
This instrument without are and clamp to telescope, $60.00 less.



Transit - Theodolite.
As made for the U. 5. Corps of Englneers.

T of these i instruments, shown b the aceompanying engraving, were designed
and constructed for use in the Geographieal Explovation and Survey West of the
one-hundredth merldian, and exhibited at the Centennial, in the United States
Government Boilding, by Lieat. George M. Wheeler.

No. 13 and No, 14 re present this instroment ag used in the feld for triangu-
lation, and a8 nzed for astronomical observations, It i2 dezigned to combine ina
portable form of constroction, the efficiency for field nse usually obtained with the
iarger classes of instruments.

Horizontal limb iz 8 inche2 in dinmeter, oppozgite verniers reading to 107 ; vertical
girele 5 inches in digsmeter, opposite verniers reading to 207 ; object-glazs 115 inches
elear aperture; forng 11 inches; powers of two direet eye-pleces respectively 30
and H dismeters ; power of dingonal eye-piece 40 dinmeters; spivit=level attached
to telescope aml striding level capable of reading to seconds of are; three leveling
serews 3 split-leg tripod; low standards are cast on vernier-plate; two exfea stand-
ards for astronomical ohaervations; E}Jé inch necdle ; round level for vernier-plate;
spbder-line micrometor instrument is ribbed thronghont s o, arm amnd uhuatable
plane reflector s 2unzhade ; adjusting ping s enze and strap.

The weight of whaole instrument is 1414 1] Ibs.; 3 weight of tripod 814 1he,

Price 865,

F

Theodolite.

No. 14. rice of instroment, sine fn size as that above, arranged for
erinngilation ooly, without extes stamdards, diagonal cye-plece, ete, . 425,



Astronomical Transit=-Theodolite,
As male by O L. Berger & Sons,
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No. 15.

Alt.-Azimnath.
Ax made by €. L. Berger & Bons,

Kepeating hovizostal cirele eight., non-repeating vertical «irele 6 ineches in di
gmeter.  The former can be provided wicl 2, 3 ord verniers reading to 107, the Jat-
ter iz provided with 2 verniers reading o 20%, The telescope has o elear aperture
of 114 and a focu= of i1 inchez,  Steiding level and filar mierometer read to zeeonds

of are.  Mahogany box, ete,
Price, all complete as in cut, $GS0.00.




1=7

No. 153 a.%

Alt.-Azimuth.

Alte=Azimuth, s v cwl. Gradoations of 3% inch ciecles on solid silver, two
opposite micrometer-microscopes for each cirele realiong o 107 and by estimation
to 2. Botn cireles can be ghifted, so as to hring different parts of the graduation
under the micrometer-microseopes, The teleseape 200 inehes long, has an aperture
of 14 inch and a power of 24 dianmeters,  Telescape is provelded with a level on top
and with 3 hovicontal wires for leveling and for stadia measurement=, and if desired
with 5 vertical wives for star observation. The telescops moust be reversed o its
bearings ry hand, Telescope axis is of hapdened steel, The striding and mieroseope
levels read o 5 of are. Two ordioeey small levels attaehed to the instroment
serve to place it in an approsimate horizontal position. Comgplete i bos,

Pricve, as above, 3580.00

® See Praface.



No. 15 b.*
Alt.-Azimuth.

Alt.-Azimuth, os (v cuf. Uireles 8] inches diameter, micrometer-microseopes
peading to 5 seconils divect, snd by estimation to single seconds. T‘-'JFH*"-"[-"“: L6 in,
aperture; focal length, 164 inehes; power, 32 and 48, Telescope axis is of hardened
steel and balaneed by friction rollers,  Reversing apparatus.  Complets in one box.,
Price, as above, $920,00

This instrument without reversing apparatiz, leas, 100.00°

e
No. 15 U.* ;‘.lt--J\ZiI"“ltih_ s gn ol h’f.ll.l"l'.. i |'I'|I'I.‘-'~ ]l'fl; 'u_u-hos dj.'l.mch‘!l'f -
rometer-mieroscopes rending to single seconds direct.  Every single degree figured.
Telescops, 1§-inch aperture; focal length, 20§ inches ; power, 40 and 60, Telescope
axiz Iz of hardeped steel and balanced by friction rollers,  Complets in two Loxes.

Frice, as above, $1300.00

* Hee Preface.



Pyt s TAUTTRE o mocrarr I R

Portable Transit Instrument for Latitude ﬂli.ﬁerwltinns.
Asx made by €. L. Berzer & Sons.

No. 16. Aperture of ohject-glags 3 in; foens 28 in.g spider-line or slass
micrometer s mierometer serew reads to secomds of ave ; spirit-levels read to weedils
of ave: diagonal eye-piece 20 dia.; Ramsden eye-picee 40 dia, 5 vertieal cirele S in.
in din. : bell-metal pivots, two Luops and aris. adjustable reflector; reversing
Apparatiuz ; two cases, ehe.

Price $O80.



10

Portable Astronomical Transit Instrument.

No. 17. Aperture of ohject-glnzz 3 in.; focus 39 in. g 2pider-line or glass mi-
crometer; dingonal eye-piecs magnities from 90 to 120 dia.; Eamsden eye-piece
magnifiea 76 dia. 5 striding level rends to seconds of are; adjnstable mirror to read
the level from below : reserve level; pivots of hardened steel; small adjustable
plane reflector; two lamps and arms; reversing apparatus; two finding circles
each provided with double verniers; cazt-iron frame rezts on three leveling serews
of steal, which are provided with foot-plates —one of them is adjustable to set
instrument in the meridian; two cases, eto.

Price £13040.

(Native of they Tnstrnament, with ol dercripiton, dn Folna®s New Universal Cyelopedia, under
ariicle " Transit,")
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No. 17

Astronomical Transit Instrument,

Ad made for I, 8. Lake Survey.
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Equatorials,*

No. 1. Portable Equatorial Telescope, a5 in cut, Cast iron  pillar;
elock ; prismatic illumipating arrangement ) tangent seeew tll"“"“ﬁ“"'f{h'» down
to the eye-end.  The telescope rests in g cradle-piece to which it is Ju'm!_}'_ut,tul:heil
by two brass clasps,  The telescope-tubae is of brass, |3"-3'“-H|-|-'_"|-. il I”"x""'“h":_'l with
rack and pindon adjustment to foens; Goder; five astronomical eyepieces G, 120,
a0, 300 and 4005 one solar eye-pieee amd one terrestriol pancratic aya-piece. The
declination cirele is graduated on silver, two opposite verniers riuling to J'lliI-l'-:lt-'.H.
The hour circle is graduated on silver and bas two sets of gradnations and verolers.

Price, as above, $1350.00

No. 2. Fixed Equatorial Telescope. Aperture, 5 inches. Cast iron
pillar. Telescope 15 made of rass, tapering towards both ends,  Back and pinicn
motion to eye-end ; finder; five astronomical eye-pioces 60, 120, 300, 300 and 400;
firat surface reflecting prism for viewing the sun; diagonal eye-piees ; transit eve-
piece ; position micrometer ab eye-eml of teleseope, graduated on silver and readiog
to minutes, with quick and slow motion clamp and tangent screws; large decling.
tion eircle groduated on solid silver and read by microscope from eye-end, with
eoarse graduation on edge for rough setting ; houreivele graduated on silver with
two sets of gradustions; driving clock, which can be changed from sidereal to
lunar rate, and additional slow motion in right asecnsion and declination by means
of rods and handles brought down to the eve-enil ; striding level to determine the
herlzontal pozition of the declinatior axis in onder to uze the instroment as 4
transit ; prismatie illomination arranezment for micrometer, declination and posi

tion eircles,  Best qualiiy.
i'rice, as above, $2150.00

No. 3. Fixed Equatorial Telescope, as in No. 2, best quality, but with
G-inch aperture and G eye-pioces 36, 85, 160, :[!-I-U-, 60 and 4K,
Frice, $3150.00

* Sex Pretace,
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No. 1,

Portable Equatorial Telescope.

Aperture, § inches.
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Artiticial Horizon.'

Merceury Horizon of hoxwood, with silver-plated copper bowl ; bottle of bom
wol for mevoury ;. brass rectangolar roof with glass covers made of parallel glass.
All eomplete, packed in a box.  Best quality. imported. . . Price, $50.00

¥ mee Frefar=



Angle Mirror or Optical Sguare,

RBG.00

See Prefacs

Sextant.*

Sextant. Dadius, T inches, 145%; four sun-glas=es between tha iarge and the
small reflecting mivror, and theee sun-glasses behind the small relleeting mirror, all
of which can be turned on thelr axis 1580%; graduation on solid silver, reading to 10+
telescope § inch aperture @ two astronomical eye-pieces with powers of G and 10 dia.
One Galilean telescope with extra lavge objective, power 3 dia. ; one fied readin
glass; two sights for examination and correction of the large reflecting mirror. Al

complete in box.  Best quality, imported. . . Price, as above, $130.00
Sextant. as above, Radius 10 inches, all complete n box, . l_“rimg, 150.00
Pocket Sextant, best gquality . § : . . i = 43.00

#* Hee Preface
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Current Meters.,

The types of current meters, as shown in Figs. I, 11 and T, in oor former ('iulrﬂﬁ!-l-ﬂ. hawve been
pmitted, swing to the many improvements made and embodied in the Meter. as shown in Figs, 1V, ¥V, and
W1, this Catabozse,  We are, however, prepased to make to order Current Meter No. 111, 85 designed by
Mr. Clemens Herschel, if so desired,

Current Meter No. IV,

The electric form of meter shown in Fig IV is especially adapted for observations
upon large rivers, arms of the sea, ete. It has its registering apparatus above the sur-
face of the water, or on the bank of a river, and current measurements may be made
with it at any depth, and may be continned for a week, or longer, without stopping, if
desired. Half a dozen or more of these meters may be strung on one and the same ver-
tical rod or wire, and simaltanesus observations then taken of the velooities at different
depths below the surface.

This form wag nzed upon the ganging of the Connecticut River ® by General Ellis,
and was desizned particularly to avold the carching of floating substances, such as
leaves and grass, upon either the vanes or the axis, and to render the recond of the
instrument iodependent of the position of its axis with respect to the line of the current,
also, to get less frietion upon the axis so as to measure low velocities accurately.

This carrent meter bs constriscied upon the principle of Robinson's Anemometer, 1.||rnir! by the difference
of pressare upon opposice vames of e wheel,  The vines of this meter, howaver, bnstend of being hemispher-
ical cups with a straight stem, are made conical at the ends, amd are hollow and taper 1o the central hub, 50 as
o offer no obstrection o the s'li.|':pi|1g: off of straws, leaves, or grass, as the 'rl'|l.t!l_ revalves. The ceniral hub
is made tapering, so that any abject can alide off easily, and it extends over the jobmis an the ends of the axis.
80 A3 to enclose and protect them from floating substances,  The axis runs in iridium bearings.  The forward
end of the frame which carries the wheel can be turned and secured in any position, so that the wheel can be
harizontal, wvertical, or at any desired angle. :

The eiecrrical connection 15 made by careving an tnsulated wire frome near the center of the instrumens,
where the insulated wire from the battery is attached ta it by a binding sorew when in use, oul 1o the end of
ome arm ol the wheel frame, where it ends ina fine phl:inum wire resting wpon a ring in the hub of the wheel.
This ring j: mdt_ of alternate interchangeable sections of silver and hard rabber, secored in place L'if HEEWE,
s0 that their pesithion can be changed e register whole or part revolutions as desired,  There 12 also 2 socket
ard sst-screw in the body of the frame near the center, for the return corrent, which can be carried through a
plliu wire -sl'ig;hllj' twisted around the insulated wire so as to form one cord.  If the instrument is run upan a
wire, or has a metallic connectbon with the sarface, the retwrn corprent can be made '|I1r|:;|,|gh ihat, A better
method now in mFur! Feoro wse a Y gwin ' insulated wire ~

The universal matiom at the center af the frame and the tail are of the uaoal constroction. This meter
can be u=ed in connection with any apparatus for registering the revolutions of the wheel by the breaks in the
electric circuit.

FPrice complete, as in Fig. TV, with electrie register and one battery

ete., packed in three cases, . . 2 : 2 : i . 195,00
Frice of thiz instrument without electric register and battery . 3 2 135,00

* Faor further information on this point, see Gen’l G B, Warren®s Report of Surveys and Examinations
of Connecticat River,

We cam have this meter, a5 soeld ar Nos. ¥V aad V7, corefilly rated af an additonad sxpensr of fram
$rg.code fagon.  Dadess ordered ofberivdie, S drestrnaants swndd B gend wereraled,

Carrent Meter No. V, and No. VL

Au iurtration of (R Intrainesd will b fpurnd on page 108,

Thig form of Current Meteris specially adapted for observations upon smaller
rivers, streams, eondwits, Humes, ete. It i3 provided with a registering apparatus.
For more extended observation npon rivers, ete,, an elecirie register and battery similar
to those used with No. IV can supplied with this instroment, The dial wheels
ara completely protected by a glass cover, as shown by cot of meters V and VI, The
eounting mechanism is operated by w string, by means of which the dial wheels are
thrown in and out of gear. One short pall on the string throws them in gear, and the
guceeeding pull will throw them out again 3 the next one in, and 20 on,

Frice of Current Meter No. ¥V, supplied only with the ondinar
registering apparatus, as shown in the main eut on pace 195, and with
12 feet of brass tubing, made in sections of four feet, and graduated in
feet and tenths,  Complete in two cases, T i 5 7 . RLG0.00

Price of Current Meter No. VI, in all respects similar to that above,

but in addition to the ordinary registering apparatus this instroment is

provided with an electric register, one battery and copper wire, as

shown in the smaller cuts on page 108.  Complete in four cases, | . R M

4 For fusther loformathon on this Current Meter, read * Description of some experiments on the Flow
of Water, made during the Construction of Works for Conveying the Water of Sudbury River 10 Boston,™ by
A. Freley and F. P. Srearns (Transactions of the Snciety of Civl Engineers, Jan ~Alarch, 15515 Also, * O
the Current Meter, together with a Reason why the Maxhmem Velocity of Water Flowing in Open Channebs
s Below the Surfnce,” by F. P, Stearnsi a pager reacd at the Annsal Convention of the American Socisty of
Civil Engineers, 51 Paul, Minn., June 21, 1583 (Transactions, etc., Vol, XIL, August, 1843), '



Current Meter No. IV,

As made by €. L. Berger & Sons,
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Current Meters No. V and VL.
As made by O, L. Berger & Sons

Far price, ete., see page I96,
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For the convenienre i
‘e f gur customers we append a list of miscellanesas articles Kept §
'tn:lli\l. -h:‘;"““*t of them are not of sur mapslaciore.  Those wot male In'\u:. |l:e :f thT l}ﬂlh:
9 ¥ oblainable, and the prices guoted are identfeal with those in the market.

Precision Pantographs,

~

; o
The arms of thess Pantn- . '!f' | -pid Fricti
arn . = graphs, 1o avedd friction om the paper, are suspended
f“"““'**_ﬁ"'!"d 1P Support (as wall t ! be seem in cut), the latter being supplied with levels
:nlri _I:wlrg CTEWS, Ihe InsEr- L | meenl 1= capable of enlarging or reducing in all ratkos,
and s wery wseful for copying. i The brass arms are bollow and square in cress.
section, and are divided o millimeters with verniers reading 1o P mm. For the accurate seiting of the
verniers slow motion screws are provided,  All swivel joints turn wpon center points.  The disengaging mech”
anism is a special convenience.  The ratios from 5 to o' are ser with pale ar end, those from 5 o+ w3
are ﬂﬂr! in lh‘l! middle.  The pole and pencil-holder are therefore interchangeabls.
No .t Suspended Pantograpl, arms about 24 inches long, in wooden case,
Price, as above, $1530.00,
No. 100 Suspended Pantograph, arms about 25 inches long, in wooden case.
i : Price, as above STS00040,
Hote — 1_'1*-' Pantograph with ag-ineh arms when set at b ean circumsceibe a sg-inch squars, ot an
eblang o5k = 24 inches, approsimately.
The Pantograph with 3%-inch arms can circumscribe a 3i-icel sguare, or an oblong 27} = 30 inches,
approximanely.

Planimeter.

Far aeicription s elirivhere.

An instrument for measnring the areaz of plane surfacez, by pazsing a pointer
around their periphery. It 15 of great convenienesa to all classes of *"'l—'-'l"'-‘ﬂ"“ anil
practically applicable to o great variety of purposes. To measure the arens of
fligures that are bonnded by irregular lines, such as :—drainage arens; lotz bounded
Iy rivers or ereeks: contour linez of ponds, ete. ; to get the true average of obsers
vations taken at irregular intervals: to measure indicator aod other dingrams, and
fur many other portions of engineering work, Az these ingteaments will not only
give the area of any figare, but alse any multiple of sueh area, aod the @um of any
number, or zevies of such multiples, ot one operation, they may e nzed to 1.’1'rrfr
great advantage In the calenlation of the eubical contents of solidz: az in the cal-
culation of earth-work, ete.  See on this poing an articie by Clewens Hersehel, Esq.,
Civil Engineer, of Bozston, in the Journal of the Franklin Institute for April, 1874,
and the directions for use which we furnish with each rated instrument. Earth-
work measurements, made in the manpver indicated, do XOT requive the platting of
erosg-gections,  The planimeters gradoated by us are rated to read square inehes of
area, square centimeters of area, any multiple of these areas, aud 20 a8 to give the
cuble vards in any cut or fll, if used aceording to the directions that will acocompany
each rated instrument. Two consecutive measurements of the same area need
never differ by more than 002 of a square inch : anid by repeating the measurement
in the same manner that angles are repeated with a transit instroment, the error
of obgervation may be reduced to but a small fraction of one hundreth of a square
joch of area.

No. 107, Price of instrument, when rated as above indicated, ‘ . 20D,
s 108, [ L) oot “ but with all our improvemaents, 28,00,
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Precision Planimeters.

These Planimeters are very much more accurate than the ordinary Polar Plani-
meters, as represented on preceding page, The graduated rollers do not touch the
paper at all, but roll, instead, on a hard, highly polished sarface of ateel, thas eliminat-
ing all errors due 1o the irregularities of the paper surface.

No. 109, Large Suspended Ball Planimeter.

This instrument is capable of doing very accurate work. The tracer arm is 11§
inehes long, the pole arm is 6§ inches long, and the diameter of the toothed circle on
the pole is 64 inehes, The angular motion of the tracer arm iz about 907, ;

Surfaces from 23 x 4 inches to 7 x 10 inches can be measured without moving the

le. "
Price of instrument complete packed in morocco box . . . . BT500.

No, 110, Large Rolling Ball Planimeter.

This instrument is capable of doing work moere accurately than any planimeter
wet wade, both on large and small surfaces.  The tracer arm has a length of 11§ inches
which can be inereased by a lengthener to 198 ineles.  Tts angular motion is about 9%,
The two rollers are made of exactly equal diameters, ensuring a motion of the instro-
ment, as a whole, in a straizht line, ]

A surface of any length and of a width of 20 inchea can be measared with the 10§
inch tracer arm.

Price of instrument complete in moroceo box with lock . . ! *35,00_



No. 111.

No. 112,
118
* 114
116
" 116,
* AT
* 117a:
“ 118,
118
* 120

No. 126.
126,

2

Surveyors’ Pocket and Marine Compasses.
Burt’s Solar Compuss, with adjusting socket and leveling tnpmi §220.00

Pocket Compass, with folding sights, 214 inch needls, . . . 3 500
o] 3] “lg inch upull:-' hu.nh staff mountings, . : A LR
' . 31 e . 2 11,0
L £ with level, t‘o]dmg sights, 4-inch necrl]a. with ball and
socket joint, : : i i . z : . 1300
Vernier Pocket I'rﬂ:iIr"I."-\.h 414 Cincl needle, * Tripod * and 2 levels . £
Prismatic (.ﬂ[u]'l"lh"-\... complete, with azimuth glaszes, and divided alumi-
num ring, 3 inch Leather Sling Case. Bes: kind, . S0.00
Hutchinson's Prismatic Compass bronged, of improved pauem 11&‘1!|:.
enclosed top, Aoating card dial, 2 inch, in moroceo case . 11,1040
Pocket Compass, watch pattern, brass, 134 inches in diameter with
hinged cover and stop Lo needle, . 1.75
Pocket Compass, gilt, watch pattern, with imr enamelled dial and
agate centre; 1 or 2 inches in diameter, . LT
. Ritchies Pa,t.ent Liguid Compasses, of all sizes, feom s 13,00 to SEa 0,

45,00 and $55.00.
]}Iiners’ Compasses,

Miners’ Compass, provided with stop and glass covers, for tracing
iron cre, 3 inch Norwegian needle, .

Miners® Compass, _[Jn}l"]lﬁ sl with "-tﬂll ‘111(] ""]ﬁ"‘? covers, 1in. Nor
wesian needle, :

130
15.00
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No. 145, Wo. 146, No. 147. Noz. 152 & 153. No. 154.
Wo. 1445, Wew York Rodl, with improved monntings, . 1400
Extra Varget for New York Rod, for use with sradienter, or sta-
i e lhlEI‘( 1enks, v f i : ¥ 4 ; 5.00
Extra Clamp for New Y or lk Jlml . . . . . . . 226
s 146, Philadelphia Bodd, i F ; z : .
Extra T II"IEfl.lt’l']llljlli‘lphll Rod, . : . i i i . a0
147, Bozton Rod, . . . 14.00
145, Mining Rod and T I*"'l_l 5 foet Iur:-r Phil: H!P]Eﬂl] r.p attern, 2 . A
“ 140 Flexibie Seli- l'l'ql.!llll" Lowel Bod, . ; A
This red 1= prepared on canvas and cais be rolled ||]>. Whgu mgu,l it f.“,tened upon a
Isaard with thumb tacks,

160, Metric Level Rod, Philadelphia Pattern. . . i : 3 . 1500
b 1 e b “ New York Pattern, . s s . ITALH
Ranging Poles,

Na.,

Wk

152, Bix feet long, of steel, . £3.00
153. 8ix feet ]nn;.,, of iron tube eleven- -\I}.L'.F'Ellt]l of m| ineh in lll‘tltl
with ateel shoe ad divided off in feet, which are painted white

amd red alternately, 5 276
154, Eight fect long, of womd, with stﬂ‘l stl.uc and r!tvhlm] m’f 1“ fppt,
“which are jrllllh}li white amd red alternately, ¥ x : 225
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Paine’s Steel Tape Measures.
¥ inch wide, In Leather Cases,with flush handles,

li[::r. ]lg.{] lﬂg feet Paiue 2 tht l'ap(' divhiv:l in Irh:hs § . . « E11.00
; 5 “ G

+ 162, '{m L & e e i 00 O6ne »qu,. on the ot-her ;
in centimeters, - . E 3 % i i v . . 15010

Chesterman’s Steel Tape Measures,
% inech wide, In Leather Bexes,

No. 163, 100 feet C’lwst:-'rrllan & ':‘LEHT 'l‘ ape, div idl:‘d in lUth.E-, . - . 1100

164, GG v : ' i H.LH)
% 163, 50 1 1 e W 1 ; B I
= 166, 33 = ie $ L B . " " R

Chesterman’s Pocket Steel Tape Measures.
In German Silver Cases, with spring and stop.

Ko. 167, 3 feet long, {]nu]l_d in luthn 5 2 ; : F E . R
168, mE R . + s . . . . 2k
v 168 ﬁ Ea A% s g oone =ide, and in centimeters and mil- i

s a . . BT

limeters on tlu_ other gide,
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Excelsior Steel Tape Measures,
Patent Brass Frame with Handle.

1% Inch wide,

No. 170. 100 fPEf Euelsmr‘ ‘JEEEJ l‘a[}e dnu]enhn‘mrhq . . W 311.50
“ 171, B0 = % . 5 £ Eil
Excelsior Steel Ta pe Measures,

ty imoh wide. In Leather Boxes,

No. 172, 100 feet Exeelsior Steel Tape, divided in 10ths, . . s » 21150
LT 173, Bﬁ (1Y [y 11y e i L] i . . 5 Enu
(1Y 1?‘1 m b is Lh T e - i . |‘;_;-.,||

Lufkin Steel Tape Measures,

Himeh wide, In leather case

)l 1 e

-

No. 206, ]: 100 fent Luflqn

Steel Tape, divided in 10ths, £11.00
Ko, 208 o i ¥ H ey . . . : L]
Mo, 103, D_ 50w L L i " o 1 imeh wide; 23
ineh din.: 5 ow in welght: ean ba carrled in vest nocliet

4.000
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Lucas’s Improved Steel Tapes.
% Imch wide.

All tapes of this manufacture are made from the best quality of clock-spring

rteel, one-fourth of an inch wide, and of thickness best adapted to sirength and flexi-

- bility, tempered =traight, and graduated
under tension, being drown on stecl bars
made to correspond with U, 5. standard, and
are muarantocd to be as accurate is any Lapes
made in this conntry. The graduations are
made each five feet or links, according to
the styvle of tape, by brass or german silver
bands firmly soldered to the tape, and marked
each side with plain figures in such a manner
ugs to he conveniently read from either end
without liability of error in count.  ‘The in-
termediate points of feet or links are marked
by a small brass rivet through the tape, with
ruized head on each side a0 as to be easily
sean. Each end foot on Eoginecrs' tapes is
graduated to tenths of & foot,  The adjust-
ments for taking measure are so arranged
that no difference is made by the use of large
or small marking pins, the measurement being made and taken from the same side of
the pin. Soldering of the number bands secures them from peeling up or rusting
underneath. The method of numbering avoids the necessity of changing ends of
tape, it works same with efther end forward,

No. 178 D, 100 feet, Engineer's, graduated to feet, sach fiva feot by soldered
bands marked with figures_ end feet to tenths of a foot . . . : . 200
7 No. 178 K. (6 feat, Surveyor's, graduated to links, with figured bands every five

nks . : ; ' 3 . : i . ¥ % . i : .
Folding Brass Resl, 2,00 sxtra. Brass Spap Handles, 30 cents per pair extra.
Tension and Temperatura zent with each tape when sold.

Roe's Steel Tapes on Brass Reel

i inch wide.

These tapes are made of superior steel, I inch wide, graduated every font by a
brass rivet, end feet in tenths, Fvery five feet has a brass plate with the numbers,
and every ten feet has a coppar plate with numbers. i e

They are gradnated from a standard taps cartitied r-lm hjr" an official of the 17, 5.
Coast Surver Department as correct at a temperatura of 429 F. -

No. 170 1A, 100 fect long, graduated every foot, end feet in tenths, -,4.::']3

- “ m i ik L " i Ek b i i = z

Prices al;rfre include & Patent Brass Ieel and pair of Patent Brass Detachable
Handles. i

Brass Resl, without Tape, i ; . i : . . : i S

Detachable Handles, per pair, . - : : - - . 1]
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Standard Steel Tape DMeasures.
For city and bridge enginecring, in lengths from 104 fo 104K lest.

Thes=a tapes are of exact United States Standard and have no joints,  They are
generolly made in Jengths of 300 feet with graduations at every 10 feot, the last 10
feet graduated in single feet, and the last foot into Wihs, For railroad and unde
rrounil work we frequently furnish them in lengths of 40 and 500 feet. A clamping
hqu’llg can b furnished o attach to the tape at any desired length, if shorter
measures than the whole length are intended to e made,  We also can furnish a
small brass clamp to fusten on the tape in ovder to wark lengths that are used re-
reatedly.

Price of tape 100 feet, grodoated at every 10 feet, the last 10 feet graduated

in =ingle feet, the last foot in 10ths, s : ‘ ; q . §8.00
Pru_e uf Leges 200 famief, ,.hldlmtu] "IH lhlﬂ-i-l . . . . . . . B11.50
S [ VR . . g g 2 1 ¥ 170
44 " T3 'I‘“”‘ T " .k ik = % : . F : E ﬁglm
TR E T “w oo . . 9% (0
Extras to Standard Sn-ol T-Ll]}f:\ I'In{ea-mm's.
Each additionnl gradoathon mnd fignring. : . ‘ . g 2 . B0
Foeel, Inndle and 2tops to wind o tape, : 3 2 : ; i . 350
2 large bross handies to unship, . 5 . . : . y . . 2.l
Clamping handles, each, i g 5 : i ; : " 150
Small brazs 1_,1'1|||1r ton fasten ot 1|w : : ; 3 . 7 z i g5

Metrie Steel and Metallic Tape Measures.
In Lesther Hoxes.
Wo. 191 20 Meter Ht(el T"lp-E I.Il'l. 11]ml in |mrLtrr5.111d centimeters, 9 . wide £11,00
“oe2 10 o 9 s 5.0
Hoo1ss 200 0 Aletallie Fape. divided in meters and centimeters, 17 mm., wide 3.50
soo1sd 100 Metadlie Toape, divided inmeters and centimeters, 17 mm. wide 275
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Chains.

No. 195. Surveyors’ Chain, 2 poles, 50 links, No. 13 best steel wire, brazed

links and rings, . ; . B5.50
186, Sarvevors' Chain, 4 poles, ILHJ]mhc N 1' h.qr, steel mrn, brazed

links and rings. . . 100001
w197, Engineers Chubi, 50 foet, 50 IL||}..- \n 13 be waf atpe] '.nw hrazed

links and un;s;n . . £, (W

308, Engineers’ Chain, 104 fi-'FT 100 [L||L- \{r}. 12 Emst. stoel l.\'irp, hra;r.ml
links and rings, . . .

1100

Metric Chains.
No. 199, 20 Meter Chalin, 100 links, No. J.Zhrv t‘!‘[.F'El W |n= hraze -1 .ml-.q amtrmgg ]{I I:HJ
M. 100 s t T

Extras to Tape% and Chains,
No. 31, Pocket Thermometer, . 2 v . . . . &1.50
202 Spring Balance and Level, ; B TP X

Marking Pins.

No. 208, Setof Marking Pins, eleven in a set, steel wive, Vf.r 6, . . 180

Odometer.
No. 20ki. Aninstrument for me:’:«urrug distances traveled by carriage, . SIS0

PPtI{HIIl_‘t er.,

No. 205, An instroment for measnring c1:=m11r1=- walked, in german silver
cage, of the size of a watch, . . . . . . . 500
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P]“mmt' Lamp. Lamp for Mining Engineering

Mo, 209, Lamp for illuminating graduations, cross wires, etc, for
uee in underground waork, of beass and nickel- ph:ed,, with

nd lens, 700

g gm:ll Plummet J'..aurn'|:|1 of b 41-35;, steel poin l:, 16 o, e XL
# 21l Large Plummet Lamp, of lirass, siesl point, 22 oz, . 100
Box with shoulder straps, for pair of Plummet Lamps, 4.0

Plu.mb Bobs.

No. 212. 216.

No. 212, Plumb Bob of ih- 154, klulpmut =|!!J."|w.' as in ek, 8 0Z., . . £330
o dld, s - No, 212, 11 05, - . A50

a14, w o = s = in eut. 6oz, . ' 2.00

T i o L B L P N0, 214, 10 08, . . & 5

214, 3 L5 £% |r1t|:~1|r 1r| gl ulju-tuwut 8 0., .50

i BT b ik il 14 oz., a.80

& 218, - B ' for nze in shatts. 36 oz, . « 500
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Pocket Magnifiers.

No. 221. No. 224.

No, 991, Z}']nni_tp (laze, az in oo, size of lens 1ineh diameter, 2 = 116
R .. SETIR : 1y - - A
i~ | AL € R ke w0 i Cooe 115
a9y s = eut vt oflenses, 14 and 1Y in diameter, . 1.30

Gossamer and Silk Bags.

Gossamer or Water-proof Bag, to cover Transit or Level in case of rain or dust, $1.00
Silk Bag, to cover Transit, with solid silver graduations . . . s . 1.0

Lubricants.
Bottle of Fine Watch (il, for lubricating Transit Centers, ete, . . . 3025

TUtensils for Cleaning Instruments.

Camel's Hair Brush E ; i - : . . i . . 5 . BDAD
Btiff Brush tor cleaning screw-threads ¥ . 5 P . . . 40
Chameis-skin for cleaning lenses, centers, ete, . . . . . , ¥ 50
Btick for cleaning centers : . . 4 : . . . . 2 30

Spirit Levels,
Engineers” Spirit Levels, of all sizes and grades of sensitiveness, accurately

ground and teated by ns.
Per inch, according to length and diameter 3 3 2 . from 20080 to 21,00
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Portable Anemometers.

These instruments are extensively used in
studying and controlling the ventilation of
dwellingz, public buildingz, factories, mines,
ete.
The veloeity of the air current is measured
by means of a very light fan wheel, whose
revilutions are recorded on a dial,

This fan wheel is very delicate, the vanes
being made of aduminum, and the axis of hard
steel rans in jawel bearingz,

The connting mechanizm is enclozed in a
duast-pro-l case, and can readily be thrown
into or out of action by a dizconnecting lever.

The instroment, is provided with a thamb.
gerew for attaching it toa rod foruse in meas-
uring the velocity of alr currents at any point
on the surface of the earth, mine shafts, in
pipes, eonduita or narrow channel2,  In this
caze the copnting mechanism i3 thrown in or
out of mear by pulling on cords of differant
colors,

This Anemometer is carefully rated and sup-
plisd WITH A CORRECTION NUMBER.

Anemometer, Counting up o 10,000,000
ft.: diameter of fan, 2in.; complete, packed in
polished wooden box, £35_ 0,

The Brunton Patent Pocket Mine Transit.

A pocket instrument which takes the place of a sighting compass, clinometer, pris-
matic compass, and an Abnay level or Locke'z level, Weight 8 ounces. Price, 525,00
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Bevel-Limb Transit.

[ 2= made by us o ender since 18y,

C. L. Berger & Sons’

The above cut represents our Bevel Transit

Notr, While a bevel-limh g
surface, it is well 1o remenm b
el ad-:-pl:l.-'m far engineers h-:l-.l insl
gglu.a:e edges of the soft solid =
g |

dily =e=en than one an a horizontal
e so, that there are very seriogs cEpons b Ehear
e, As will be seen in the xed cuts, the sharper and therefore more
sitated by the bevel at the junction of I o vermiers, h mnre liakle
araclieat whire 1|I- same edges are carrie Iy rects
hevel possessss snme niages when seow aod cel? constructed,
s rounded by brush or finger when dust and axyd must be rems wed
Il.:r and b rreat annovance, particalarly as the Eye
b d it almast unfit for good work, although
To make 1t plain we musst

ring istmniments o ;

ta injury and wear in fiel n l.|u: a.-'.lnlrr:-u iz :.-.J.I
angularly below the gra
it so0n becomes impaired by slig Iz
at certain vimes,  1r then can be read only with difficu

Ipaks squarely at it, thus defeating the ve ¥ nhject @au

wdering the

ence of twentyfive ¥

otherwise in goad mndl.u-:n We say this with an exg irs Ao back up.

hawe recourse to the diagrams,  Fig. € 1s the cross-se vermier as commanly made ablous

that the fine silver edges at the junction of | o P .:1|-||j also that
ithe eye, ved b an

when sligh -.'u'lnd.crhg, wear, oF when the g
angle of about 457 1o the limb, requiring an -1hs-=na.r g
miate erences in the reading of limb apd verniers,
e suferior reilis i l"rr-rugm"ar.'ulr adtained with Aol
cross-section of a bevel limb, showing the sharper edges of the gra
of limb and verniers appear the same as those in Fi nd @ ¢, but when
them, making the reading of an angle all the more diffi and uncertai
tiom, t.l:u"h as that the standards for the scope have in | i
i:l'lﬂ-‘lrl.lﬂl.*.'l:l‘! unless they are mounted on a special horizontal
upper plate) which means a great increase in weight, or that the distance between them be qui
thnsw_--rsn: axis of the telescope, as in the cut above, therehy rensing the instability of
scope k& of modern power and length, besides reducing the size ass, length of plate lev
of sensitiveness of the latter. In hoth theze instances the standards are apt to change their distance apart alfecting
the: adjustment of the line of collimation for near distances, — The greater expenze of repairing, case of accwlent, is algg
an it that should be conssdered. It 15 aften double ar miple that ol a horizontal ,,'r:ldu' LT o gur mind bevel gradu-

ALk shui il ﬁ fired to exceptional cases and to the Iarger instruments read by micrometer microscopes.

.l:-:-.l |JI'||.>| will more res lily see
ik |¢ him to obtain closer results, @r 2
al pradeations over Sevel ores formeriy in vognue P ETE ]
dunred surfaces, W I'.Ll'l mew and progerly ma |,I1._ udges

bng carcular space beuween
gainst their general adop.
AL i angle
he bevel surfa
art, restlting in o shorlening
narticutarly if the tele-
and with this the degree
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