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All persons infringing on the Patent Rights of our instruments or Copyright of this Catalogu
and Price List will be prosscuted to the extent of the law.

NOTICE.

Prices — This Catalogue and Price List supersedes all former editions,
We make no deduction from Catalogue Prices.

Payments— Customers ordering from a distance will please remit by
registered letter, express or P. O. money order, or draft, made payable to
us, or the goods will be sent C. 0. D.,the expense of collection to be borne
by the purchaser. Accounts can only be opened with firms rated by com-

mercial agencies or upon receipt of other satisfactory reference.

Ordering — When goods are ordered by telegraph our code shounld be nszed
exclusively (see back pages of catalogue), and then patrons (excepting
gtates municipalities, corporations, ete.) who are not known to us should
also wire simultaneously whether goods are to be sent C.0.D. or whether
payment 18 secured by bank draft on Boston or New York. (SeE “Pav-
mENTs,” Pace M or Cone.) The order shopld then be confirmed by let-

ter,

‘Address— Please be eareful to add the Cousrty and StaT: to your ad-
dress,

Mail Orders— Small articles can be sent by mail, at the purchaser’s risk,
when the cost of postage, one cent for every ounce, 1s remitted in addition
to the price.

Shipping — Our instruments are carefully packed in their boxes, which
again are placed in packing boxes, as explained under # Transportation of
Tnstruments,” page 22, This insures safest delivery; and being in con-
formity with the rules of most of the large Express Companies, also en-
ables us to express Surveying Instruments as merchandise, thus secur-
ing to our eustomers single ratea.

Cable Address, BERGER, Boston.



PREFACE.

HE instruments enumerated in this catalog, and deseribed in the Manual, are all
of our own design and regular manufacture, Full supplivs of Engineers’ and
Surveyors' Instruments will be kept on hand,  The demamd is at tines so great,

however, as to exhanst onr supply. To secure an instrument in season, it is best Lo
order it from four to eight weeks in advanee of its intended use.  Instruments varying
from our eustomery designs, or those of rare inguiry, will be made to order only.

The mechanieal features of onr instromenta are of the most simple
and mechanically perfect design and the best that modern machinery and methods
pursned in & most modern plant, equipped and operated wholly for this purpose, can
produce,

The graduations of circles and verniers, being sharp, clean cut and
eagily read, are of rare excellence and in point of acouracy have no auperior.

The optical gualities of our telescopes are in keeping with the fine-
ness of every other part of the instruments in higher power permissible with greatest
illemination and sharpest definition.

The spirit levels groond and uzed by us are selected in degree of sensitiveness
&0 83 to be strictly related to the whole character of the instruments,

A careful perusal of onr catalog will convioee that in the number of
styles, sizes, new designs, and in the adaptation of the varions instroments to the work
for which they are intended, we offer instruments that ooly long trainiog and a studi-
ous care of the needs of the engineering and surveying profession in all lines of practi-
cal application in the field, can produce.

Btyles and sizea of the many kinds of instruments enumerated in this catalog
cannct be varied from, sinee all the standard patterns from which the different parts
are cast are made of brass to insore best and aniform resalts,  Any change from them
often would entail only extra expense, and lead to the sacrvifice of other and equally
important advantages, without securing to the customer any material benefit.

The combinations possible with each particular type of instraoment are printed on
the page opposite its cut, and as a rele are 50 complete a8 to meet special and general
requirements.

We make no pretence st manufacturing cheap instruments — our prices are
as low ag consistent with thoronghness of workmanship and the use of the best mate-
Halz. The aim of the firm in the future will be, as it has been sinee originally organ-
ized by the senior member in 1871, to create an American industry in the art of mak-
ing field instruments uosurpassed either here or abroad, bringing to the task the
judgment and experience of maturity.

Our full telegraphic Code, at back of this catalog, will enable to order
from a distance at small expense, and onr patrons may rely upon being served as con-
seientinusly as if calling upon us in person.

We talee this opportunity to thank our patrons for their confidence in the
past, and assure them that their future orders will be exeeuted with the same care and
fidelity as heretofore.

C. L. BERGER & S0NS.
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TN LEVELS

CHARACTERISTIC FEATURES
OF OUR INSTRUMENTS

Simplicity in Manipulation.

Lightness, combined with strength.
Aceuraey of division.

Achromatic telescope, with high power.

Steadiness of adjustments under varying tempera-

tures,

Stiffness; to avoid any tremor even in a strong

winul.
Fine workmanship throughout.
Adapted to tropical and aretie conditions.

Prices —EQUITABLE!



PART I.

DESCRIPTION

OF TIE

Essential Features of Our Instruments.

Graduation.

This very important part of o good instroment we gunrantee eract and accurately
eentered, opposite verniers reading the same. The lnes are straight, thoroughly
black and uniform in width. There are two double verniers in every transit to read
angles with great rapidity as well as to wiake four separate readings at every gight,
when extreme aconracy in the repetition of angles is required.  The horizontal
circle is graduated from O° to J60° with fwo sets of figures, running in opposite
directions { unless ordered differently, ) and the verniers are marked Aand B, The
figures are large and distinet, and to avold mistakes in reading, the figures of these
two sets of craduations, and those on the verniers, are {nclined In oppogite directions,
thus indicating the directions in which the verniers should be read.

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

(zlass covers protect the are and verniers from exposure.  For enze in reading
the verniers, we have added to mozt of our instrumentz fio plotes of grownd glass,
which cast a very clear light on the verniers, in any position. We recommend this
addition to all of our more complete transits,

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

To gradnate on solid silver adds §10 to the first ontlay for the instrument, but its
many advantages, great permanency and smoothness of surface render it the only
satistactory surface for fine graduations.

The Telescope.

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

The object-glass has a very lurge aperture, and is focussed by rack and pinfon.t
but the eye-picce iz foeussed by sinply turning ite head to the right or left in an
improved screw-like manuer.

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

The eye-pieces are thoronghly achromatie, and their lenses are mounted in such
a perfect manner (a method also peculiar Lo us) a8 to require no further adjustment

with regaril to the axia of telescope.

#[¢ shoald be remembered that the focal length of the object glass ia limited in engineering instruments and
that a high power is obtained only at the sacrifice of light. o oblain the [ullest satisfaction, lglumpﬂ. intend-
ed for close work, as in stadia measurement, eic., should invariably be ordered to be inverting. The
brildancy with which objects appear in sach a I!E]:sms:. _owing la the amount of light gained b
saving two lenses in the e==-piecs is vary marked as compared with one of the same power and foal |
showing objecis erect,

$This rack and pinion motion is now 3o placed upon cur telescopes that it s more easy of access by either
hand than when placed at the side, as shown in most of cur cuts.
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The telescope of the transit reverses at both the eye and object ends, and i3
thoroughly balanced when focossed for a mean distance.

The tei:*.‘;r_'ﬂpe of the wye and dumpy level is also balanced each tway from the
center of the vertical axis when focussed for mean distance and with the sun-shade
attached to it. S
Spirit-Levels.

The Spirit Levels used in onr instroments are carefully ground, filled and tested
by us in person. d ; 4

Those for the highest elass of engineering work are sometimes provided with an
air ehamber by which the length of the bubble ean he regulated acevrding to tem-
perature.  The levels for astronomieal instruments have air chambers, and are filled
with ether, but in field instroments ether is not admissable, owing to the high
degree of expansion and contraction in that fluid with changes ol temperature,
For these we use o composition fluid that we have found to be more sensitive and
quick-aeting than that used in instruments we have seen of other makers.

Our astronemleal levels are g0 ground that a depression through oue second of
are causez o displacement of the bubble through about & of an luch.  The curva-
ture or senzitiveness of our levels for field instruments we adapt carefully to the
instruments and the kind of work to which they are to be applied.  With too sen-
sitive a level the position of the bubble would be too uneasy to work with, while
too low a sensitiveness would not reveal the full qualities of aninstrument.  Persons
ordering instruments of us will confer a favor by stating for what purpose they are
intended, whether for water works, for railroads, or for general use, so that we
ean use our judgment for their benefit.

Gradienter Screw.
[Be pinge 35]

This is attached to the elamp of telescope of all of our transits excepy the plain
transit. This attachment was first introduced by Prof. Stampfer, of the Vienna
Polytechnle Sehool, It does not add to the weight of the instrument, and onee
used we have found it to be universally approved by our customers. By means of
it grades can be eztablished, and horizontal distances, vertical angles and differences
af ltevel can be measnred with great rapldity. Indeed this attachment Lo an en-

ineer's transit is one of the most uzeful introdnetions in practical engineering.
t is 30 universal in its application to railroad and general work, that when onee
uged it will afterwards form an dndispensible part of an engineer’s onlfii,

Fixed Stadia Wires for Distance Measurements.

We have zpecinlly devised an optical and mechanieal apparatus for the purpose
of placing fixed, or non-adjustable stadia wires so auuurat.ul;.l' upon the diaphragimsa
of our telescopes that their distance apart will pead 17: 1007 § on any leveling rod,
as with the gradienter serew, thus dispensing with a speeial rod.

It i3 well known that adjustable stadia wires are 2o apt to change their distanca
apart with every change of temperature, that ne relianee ean be placed upon them
unless previously adjusted. With fixed stadia wires, annoyances of this kind are
obviated —they are relialle at all tines.

As regards the degree of aceuracy attainable by the nse of fixed stadia wires,
experiments with our powerful telescopes, made optically as perfect as the most
advanced optical and mechanical akill enables nz, warrant to say that with some
experience snd proper care the results obtained will approximate and even equal
those obtained by chain measurements. The price for this accessory in any new
instrument is unE;' £3.00, but if inserted into a telescope sent to us for that purpose,
we must eharge 1000, We advise to order both the gradienter serew and the
fixvd stadla wires, as each in itself, separately or jointly, will prove of great value.

+ In all stadia work, the Instruoment constant, which is the distance fram the center of the instna=

menf to a point in fromt of the object-glass equal to its focal length, musst be added 10 every measarem
whether 100 or 1oca feet, and does not vary. E L o

Instrument Constant for

Transit '_\]'q:rl. 1,:‘: n.:'u'l 11 erect tclhls:uql: 118 r!. E;Irll.l'l;-it Ni'»,l-lg AN invert :eleuscom B8 TE
LL t 0 imvert, 137! yio Level =i Erect Tog ©
Transit Now 2, 3 and 6 erect  * Aaqtt “: e " Ii - '!' i imvers, a4 ™
" AR invert. " 113 yve Level, 14-ine erect b gz ™
Transit No. 4 erect " T Dumpy Level, 175 ineh erect H 1.hg

+
Dumpy Lewel, 15-inch iovert, welescope oz fn

To find the Wire Constant. First lay off from the center of the instrument, the instrement con-
gtant, which ia the distance from a pf.l|1'|l in front af the abject=glass, equal teits focal length messured from
thi center of the instrument.  Then meazore off 1co feet and place the red truly verncal al this distance.

Dietermine the 5rlatlr on the level rad intercepied by the stadia wires, The difference between this read-
ing and ane foot will be the wire constant, which may be ples or minos, and this constant must be applied 1=
every 100 feet measared, the amount varving adqth the distance measured.
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o] Tangent Screws.

ase are made of Aluminum bronse, or phosphor bronze, and sometimes of ger-
man silver, and are provided with strong apiral aprings of german silver, which tal{gup
all the dead motion, no matter how long the screw may be in use, or how woris.
They are less liable to get ont of order. by blows or aceidents, than any of the ex-
iSd'IIE tangent BCIRWS, and require little or o attention on the part of the engineer.
There is no straie on either plate when the instrument is clamped, so that the levels
aremnaffected. They are set and turned with the greatest ease, following the move-
me ats of the finger instantaneonzly with mathematical precizion, and do not seratch
the plate in revolving mstrument. We confident] ¥ recommend this form of eon-
strugtion to those who have not used onr instenments. ag the beet pozzible ; super-
Sﬁiﬂf the usual methods by means of two oppozing serews, or ball tangent serew,
4 Y inpoint of convenience and aceuracy, and equalling them in poiot of steadi-
ness, By this eonstruction we are alzo able to fit onr upper and lower eirele plates
2 gungly that it is impozsible for dost to coter between them.  Our leveling instrn-

ments have the clamp and tangent serews 2o placed that they o
gither hand with the same readiness. FERORE ORANAT e he mexhed by

The Compass.

The Compass circles are graduated to half degrees in quadrants from 0° to 90°,
The needles are made of superior steel, and tempered all over. A eofl of fine wire
attached to the end pointing South balances the needle for our latitude, which must
b re-balaneed if the instroment iz uzed further north or south of this latitude, and
must be entirely reversed if used on the southern hemisphere of our earth, Ata
eost of §10.00 a variation plate can be placed upon our surveyors' transit to set oft
the variation of the needle for any particular loeality., A stationary pointer just

above the graduated ring at the North end, and protected by the glass cover of the
compass, indicates the line joining the vertical plane of the line of eollimation of the
telescope. By means of a milled-headed serew and elamping nut, serving both as a
handle and a clamp-serew, the graduated ring can be turned past this pointer towards
East or West as the case may reguoire,

If it is desired to set off the variation more closely than half degrees, say to minutes,
this can be done on the horizontal plate. For more information concerning the oper-
ation of the variation plate, read latter part of the article on the compass, page 38,

Tripod.

The form we adopt for our instruments is an improvement over what is come-
monly termed the * split leg ™ tripod, used extenzively in Europe, which unites the
greatest strength and steadiness with the least weight, The tripod-head is cast ina
gingle casting, to avoid all emall serews, as well as to attain greater stiffness. For
the legs wa use the best fine grained white ash, taking particular pains that the
grain of the wood runs in the direetion of the leg. They are still further guarded
a%alust all possible aceidents by wooden tongues inserted at their top.  When
folded, our tripod i3 better adapted than the ordinary form, for carrying on the
shoulder without irritating the place on which it rests. The good gualities of this
over the ordinary round leg tripod provided as that is with unyielding brass cheeks
to ““tighten™ the legs, are so great that there is but one opinion regarding its rea)
advantages, and we gladly bear the greater expense incurred 1o its manufacture. The
cast-steel shoes have projections for the foot, to aid in pressing the legs into the
ground. Our lavels and transits both fit the same tripod, and are of equal length,

Shifting Tripod.

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

Adjustable Plumb-Bob.

We furnicsh with all our transitz a small brass chaln and hook, which are
connected to the centers of the instruments. The cord of thefplumb-h-oh can he
readily attached or detached from this hook, and by means of a neat, emall and
gimple device, (alzo furnished with every Instroment,) the plumb-bob can be ad-
justed over the ground at any height, with hardly any effort on the part of the
enginear.
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IMumination of Cross-Wires
For Mining and Tunnel Transits,

In our instruments this sometimes consists of a hole drilled through the transverse axis
of the telezoope, pmd elosed at either end with small glass plates, to rrevenb dust entering
the telescope. Then in the center of the telescope is placed a small adjustable refector,
by means of which the cross-wires can be very resdily illuminated in the mine or tunnel b
the retlection of the light of & lamp held in the hand or placed on a amall table, which is
attached to the standard. This lamp is provided with a gronnid lens, While this method
is satisfactory, still the small mirror has to be placed at a point where the cone of rays
from the abject ﬁhm is zmall and eonsequently it euts off much of the best part of the
light, not to speak of the weight of the lamp and table at the silde of the standard and the
heat imparted., This method is not thonght to be of a4 good repute as it was formerly.
In all eases we woulil advize the uze of our reflector, pluced in front of the object glass in
a tube like the sun-ehade. This arrangement gives perfect satisfaction, This may Lo used
in counection with an ordinary lamp or with the pocket electric lamp.

Arrangement for Offsetting at Right Angles.

A perfect line of sight. can be had at right angles to the telescope by perforating the
telescope axis and covering the ends with glass plates as deseribed in the preceding
paragraph. By simply sighting throngh the axis, offsets may be conveniently eatab-
lished without disturbing either elamp or teleseope when the eve is bronght close to
the instrument ; its application is, however, limited to even ground. To uze it on an
uneven ground it is necessary (o place the eve at a distance of twelve or fifteen inches
from the instrument.  The head shoald then be moved until the eye i8 in line with the
openings of the transverse axis.  An offset can then be aligned irrespective of the height
of the instroment,

Quick Leveling Attachment,

This we can apply to any of our Mining and Mountain Transits and Leveli
Instruments. It adds about 1 1b. to the weight. Lt

Protection to the Object-Slide, &c,

A rain and dust guard for the object-slide is now furuished with all of our
telescopes, and to insure smooth working of the object zlide and telezcope tube
both are made of a non-friction metal. The graduation of the horizonta cirele,
the centers and such other important parts tﬁat. are liable to injury by the action
of dust and water in the fleld-use of an instrument, are entirely protected.

General Construction.

In regard to the general eonstruetion of our instrum
: L ents, the dend weight is
removed wherever it s shown Lo be not ezzential to the st.ll'l':w_w:s of the 1115uuii?mm.-
but we have at the sume tiwe strengthened the parts most likely to be injured hf
an accident or full.  Thus the Sase of the standards, Lhe vernfer plate and cirele, the
paraliel plates for leveling ECTEWS, the telescope aris, the fanges of centers, eross-bar
of tevel, eti., are made especially rigid and provided with 1ibs, Instead of finishin
the smaller pieces of an nstrument separately and then joining them with amaﬁ
serews, of golder, each screw or joint belug a weak place in an instrument, we have
‘uf;f;c;i:?ci igpu’!;;;?bll}nilmlpl? q::t an increased expense to us,} and aim to unite as
i sslble in & single casting, which castine, hy 1 ;
as light as consistent with stren%_rth. & S BASCH et
We also call attention to the exeeptionally hard &
! ] ell-metal and phospho
nged for our centers and teleseope axis, wﬁich are {ong and an‘f'-ddif:;r ralﬁ::‘la:lf‘
remaining parts are of a composition metal, which is itself harder than hamme s
wrj.fﬁ, c;:-ﬂ:c:] r_'um]\v_l'-;.'ihlou, E_sfd ordinarily for centers, ete. It is more dirﬁcultmm
z ve avold the objectionable softer brass in its nze. W
ﬁﬁiﬁﬂﬂt z;ﬁ‘:: u]'ti.:_ummewdl_j.r%law brass is untit for némud field Q:E.:S‘gﬁzemlt::ﬁ
» Blnee 1t 12 more liable to fretting and yieldin Il i
haminered state its unequal expansion and e A ]
al | . contraction a. different tem
marﬁe 50 mnﬂéed as to impair the reliability of the adjustments. i
uminum bronze containing W% copper, s also ¢ p ied i
mentilu:-n account Llr:' its preat wu:%ilagtl-aﬁgfhf T L e
muminum alloyed with small percentages of silver or eo used
4 ] r must be
cauuc-? on account of its softness. (See Aluminum for Inapt?:ments of Pm:j:i-qi,‘ﬁh
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The Finish,

It is & well-known fact that the black finish has one objestion. It alsorbs the heat
readily, and therefore is apt 1o expand an instrument unequally, and thereby derange
its adjustments. We therefore consider it necessary to finish certain parts of an in-
strument in a bright but net glaring finish— including the upper plate, the siandards
and the telescope in the transit; the cross-bar and the telescope in the wye level, te.
All ather portions may be finished and bronzed before lacquering, ‘This finish gives a
very fine appearance to the whole instrument ; it wears better than black, and is in
better taste.

Customers desiring to have thelr instruments fnished entirely in bronze, howerver,
can do so by notifying us of their wishes,

Leather Finish.

It is &0 called because the parts of an instrument so finished have the appearance of
being covered with Moroceo leather of a very sincoth and even texture,—there is no
further rezemblance to leather however,

The principle is borrowed from astronomical instruments, where it is necessary to
eover the surfaces with some non-conducting material in order to avoid disturbances
in instromental adjustments cansed by suddenly varying temperatures,

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

Instruments finished in this manner heat up or cool down very gradually, cansin
the minimum derangement of the adjustments, and being of & dark brown or greenis
color, thiz finish unites all the advantages of o Lricht finish with the convenience of
having a dark-colored instrament to use in the sunshine.

As regards durability, it is quite equal to the bright metal finish, and is superior
to bronze or black metal finished surfaces, This coupled with tha fact that it can be
reatored at any time, same a8 the cloth finish formerly applied by v {to which latter it
is incomparably superior), enablez us to unite many parts of an instrument infto one
plece ar ecasting and thereby secure greater rigidity, lightness and a more elegant ap-
pearanes than hitherto attained in the instruments of this class as commonly designed
and finished. The cloth finish heretofore applied will be used cnly to & very limited
extent,

Packing.
In putting our instruoments in their eases, none of them separate above the leveling
serews.  They stand erect, and are ready for wse npon unlocking the case,

The cases are provided with rabber eushions, to check severe jarring arising from
transportation over rough roads,

In conclusion, we wish to say that we aim to seenre in cur engineers’ instru-
maents —
Simplicity in manipwlation.
Lightness, combined with strength.
Apccuraey of divlsion.
Achromatic teleacope, with high power.
Steadiring of adiustments wnder varying femperafuires,
Stiffness; to avold any tremor even in o Strong wind.

And we wonld add, that sinee all our leveling, tangent and gradienter screws arae
eut with precision in our engine lathes, and then ron through a size-plate to ensure
uniformity and perfect smoothness, that we are able to replace any such part of our
Instruments by mail. The spiral springs, and most other small parts of the instrument,
can be supplied in the same manner.

i e Lo b e
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Care of Instruments.”

Tio not allow the legs of your tripod to play loose on the tripod head ; keep nuts
and bolts always well tightened up against the wood. Examine the shoes from time
to time, and sharpen them if necessary, also serew the shoes tight, if wear and tear
loosen them, Be sure your instrument is well secured to its tripod before nsing it.
Bring all four levelling serews to o seat before shouldering instrument.  Let the needle
down upon its pivot as gently as possible, and allow it to play only when in use ; If too
far out from its course, check movements of needle carefolly by means of lifter.
Never permit playing with the needle, especially not with knives, keys, ete.  Be sure
to arrest the needle after wse, and serew it well up against the glass cover before
ghouldering the instrument.

As a rule the compass needle is Balanced a3 nearly as possible for the
latitude in which an instrument iz to be pzed. If conly a trifle ont do not meddle,
ipasmuch as one can do moere barm to the pivot than a small error from non-balancing
wonld amonnt to, hat if the compass needle reguires to be rebalanced
proceed as follows:

Remove the compass glass which is held down by a cireular ring on top of the
glass, which may be removed by inserting the blade of a Enife where the two ends of
this ring come together and prying mently upward, DBy means of a piece of beeswax
slightly softened, the compass glass may be readily lifted. Then raise the needle up
ita entire length by means of the lifter and earefully remove it with a pair of tweezers,
When the needle is balaneed it should be as earefully placed back with the lifter up
as before to retain the sharpness of the pivot. If the compass glass needs to be re-
maoved entirely, unfasten the two screws that serew the ar.uI for the telescope tangent
gerew to the standands.  Don't remove the telescope from its wyes.

I}o not clean the slass cover or the lenses with a silk handkerchief ; breathe over
the compass-glass and reading lens if one is used, after cleaning. Examine the but-
tong of your coat with regard to iron that may be concealed in them, alzo beware of
nickel-plated wateh chains, ete. To clean the object-glass and the lenses use o fing
camel-hair brush. If duost or sticky or fatty matter cannot be removed with the
brush, take an old clean piece of soft linen, and carefully wipe it off. Do not unscrew
the object-glass unnecessarily,— this is apt to disturb the adjustment of line of colli-
mation., The lens nearest the eye of eye-piece, ag well as the front side of the object-
glass, need careful brushing with fine brush from time to time,

If dust settles on eross-hairs and becomes tronblezome, unserew the eye-piece and
object-glass, and gently blow through the telescope tube, cover up both ends and weit
a few minufes before inserting the eye-piece and object-glass. Be sure to have the
object-glass cell screwed well up ayainst its shoulder, and then examine the adjustment
of line of collimation (see adjustment of line of collmation). Do not grease the ob-
ject-slide of telescope, or serews that are exposed to dust ; use a stifl tooth-brush to
elean slides or threads if dusty.

To take out the eye-piece, unscrew the sorew at the end of the main tube, take
hold of the eye-piece and pall it out,

To forus the eross-hairs, take hold of the eye-picce cap and turn it in a screw-like
manner until eross-hairs appear distinet, and as if fastened on the object when the
head is being moved.

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

If the focunssing slide seems to work too hard, everything else being right, it
is generally eawsed by the lubrieant on the pinlon hardening in cold weather, and the
same eanse may alzo make the foenssing slide work too freely in hot weather by soften-
ing, i, e., when not staying in Flme when in a vertical position, If the slide moves
too freely it shoonld e tightened by ronning ont the slide to its full length, then apply-
ing & sevew-driver to the serew on top of the foeussing screw and turning a very small
part of a turn until the required friction is obtained.  If the =lide works ton tightly
mun in the elide, unserew the top screw one tarn, gently tap it by the serew-driver
bandle to release it, and then tighten to the required stiffness,

To prevent the f-::-cumln,rtr slide from fretting, usually due to the inrush of air car-
rying dust and grit when slide is being run out cavsing momentarily a rarefied apaca,
wrap a piece of chamols skin over the barrel in shape of tubular form and fasten by
means of Tubber bands or sewing, In an emergency fine wateh-oil may be used to
grease the slide should it continue to fret, until the instrument ean be sent to the
maker.—In case of rain during non-use, place the telescope vertical, objeet end up,
and no water can enter the telescope,

Never use emery in any form about any part of a Transit or
a Lewvel, whether tangent screws, slides or centers.  If anything must be used, a very
little powdered pumice-stone mixed with fine wateh-oil i3 all that iz advizable, and
after grinding, then clean thoroughly. The uninitiated are advised to do no grinding

* For additional suggestions ses p, 14,



14

whatever. As a rule more harm than good comes to the instrument. It is only In
casg "-:lf emergency that such hercie treatment should be resorted to.  When cleaning
the H}L{le and inside of main tabe great care must be taken not to break the wires,

To focus the wires sharply turn the eye-piece glightly to the vight or left
as the case may be. Hemove parallax as explained on page 48,

L'o clean the threads of leveling or tangent screws when working hard, uge a sti
tooth brush to first elean the threads of all dust, then apply o little oil, and work
the screw in and out with alternate brozhing to remove divt and all oil until it
moves perfectly free and smooth.

Serews for the adjustment of crozs-hairs should not be strained any more than
necessiry to insure a firm seat; all straining of sueh serews beyond this simply
impairs the accuracy of instrument and reliabilicy of adjustment.

When in the ficld alwaya carry o Gossamer water-proof for the instrument n
your pocket, to put over it in eage of a ghower or dust clond. On reaching office,
after vze of instrument, dust it off generally with another fine brush; examine the
centers and all other principal movements to gee IF they run perfectly free and
eazy, and oil thew if necezzary; also examine the adjustments. This will save
expense and many hours of vexation in the feld.

Care of Centers and Graduation.

Ag the centers, the telescope axis aml the graduations require greater care to
preserve their fine qualities, perhaps it 2 not amiss to say a few words concerning
their treatment.

Upon finding that the centers do not revolve as free a2 nsoal after expozure of
the inztrument in an extremely hot or eold weather, they should be cleaned a3 soon
a3 time permits, and then proceed as follows:

Unzerew the milled-head nut at the extreme end of the eylindrical tube containing
a gpiral epring, which is opposite the upper tangeut screw. Do it somewhat cauo-
tiouzly, or the spring will tly out.  Then unserew a small eylindrical case, which
also has a milled edge, and which is at the bottom of the centers, After unscrewing
the nut attached tothe inner center, a gentle pressure upwards will 1ift the vernier plate
out from the lower part of the instrument. Take a fine eamel hair brush, and with it
clean the graduation, the verniers and the loner part of the instrument,—but do not
rub the graduation, especially not its edge, — then take a stick of about the same taper
ag the inner center, wrap some wash-leather slightly soaked in fine oil around it, and
clean the insides of the sockets as earefully as possible; then remove this piece of wash.
leather and wrap a fresh piece without oil around the stick and clean dry. Proceed
gimilarly with the centers and their Aanges.

Befora nppl}'ing fresh and pure watch ofl, however, eare should be taken that
not a particle of dust or other foreign matter is left in the sockets, on the centers,
or on the graduation. This cantion having been taken, the fresh oil should be well
diztributed on all the bearing parts. It will be well to alzo examine the arm of the
elamp sevew of the eirele and teleacope axis, and if necessary clean by removing
washer. After the instrument is thoroughly eleaned and oiled, the nuts and springs
sorewed back to a froe geat, the instrument must turn perfeetly free and yield at
the slightest touch of the hand.

To remove dirt and oxyd that may have accumulated on the surface of a solid
silver graduation, apply some fine wateh-oil, and allow it to remain for a few hours;
take a soft piece of old linen and slightly rub until dev, but without touching the edge
of the graduations. If, after cleaning, the solld silver surface should show alter-
nately brighter spots, which would interfere somewhat with the aceurate reading of
the graduation, barely moisten the finger with vasaling and apply the same to tha
gurface; then wipe the finger dry and lightly rub it once or fwies around the
graduation. Avold touching the edges as much as possible.  Such cleaning, however,
must only be resorted to when absolutely necessary, and then only with the greatest
care, as it is too apt to reduce the minuteness of the graduation, and spoil its fine
appearance, If, alter such cleaning, dirt and grease has accumulated on the inner

ge of the graduation and vernlers, gently wipe clean before restoring the vernler-
plate to its place. Remember, also, that the centering of the graduations of the
elrole and vernlers s a most delicate adjustment to make, Thesze should never be

unserewed from their flanges by anybody except o maker.
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Care of Telescope Lenses.

Az doat and moizture, as well as perspiration from the hands, will zettle on the
gurfuce of the lensez of a telezcope, it becomes neceszary that they shouald be
cleaned at times. A neglect to keep the lenses free from any film, seratches, eto.,
greatly impairs the clear sight through the telescope. To remove the dimness
prodoced by 2uch a film. proceed thug : — Hrosh each lens carefully with a camel’a
hair brush, wipe gently with a clean piece of chamoiz leather moistenad with al-
eohol, and wipe dry nsing a clean part of the chamois skin on every portion of the
lens, to avoid grinding and scratehing. When perfectly transparent brush again
to remove any fiber that may adhere to the lens.  The tnhes in which the lenses fit
ghould be brushed, and if damp should be dried; this done, restore each lens to
itz original place as marked. To remove dampness in the main tube of the teles-
cope, take out the eve-piece, cover the open end with cloth and leave the instrument
in & dry room for some time.

If an instrument has been exposed to a damp atmosphere, or water has pene-
trated the telescope, moisture may settle between the crown and flint glass of
which the ohjec:t.—‘lgllnss ig composed, I such iz the case expose the inztrument to
the sun for a few lours, but iC in the winter, leave itin a warm room some distance
from the stove, the moisture will then generally evaporate.  However, if not sue-
cessful, unserew the object-glass from the telescope, and heat it slightly over a
atove or open fire.  If o film settles between these glasses nothing can be done ex-
cept gending the instrument to the maker. The two Flass:us form one lena only
and must not be disturbed, az upon their relation to each other the definition and
achromaticity of the telescope depends,  Much depends also on the stability, with
which these lenses are mounted in their eoll, as any looseness betwesn them or the
cell will affect the adjustment of line of collimation. — Of course, if at any time the
object-glass has been unscrewed from the telescope, this latter adjustment must
again be verified belore the Instrument s used.

Additional Imstructions concerning the Care of

Telescope Lenses, ete.

Ever sines the introduction of the high power in the telescopes of geodetie in-
gtruments, now used by the best makers, eomplainta are frequently made of
the loss of light in such telescopes and of the hazy appearance of objects
viewed through thew, the latter In particular when an instrument has seen gervies
in the field for some time. Now, while the lozz of light is wholly due to the greater
power as eomparad with the low powers formerly in vogue, and to the useof ereet-
ing eye-pieces (see page 33), the *haziness" is produced principally by films
of dirt, settled on or between the lenses of a telescope, and becomes even more
marked as more lepzes are used in a telescopa,

Perhaps it is proper to say here, that when comparisons are made betwean low
anid high-powered teleseopes of geodetio instruments, ofher things being equal, 1he
first named, as a rule, will ineite favor, because, as in spy-glasses, the image of an
object seen through them has a brillianey never attained by telescopes of higher
power,  But, whonever the results of stadia worl, or finelevelling, as obtained with
the more powerful telescope, are compared with those obtained by & lower power,
it will be found that, though less Lreilliant, the delining power of a high-powered
telesoope is superior to the other within the customary range of distances had in
the ordinary engineer's and surveyer's practics,

On the other hand, owing to the less amount of light with high powers, it is
necessary that the fine qualities of the superior lenses required for them should be
preserved, and on this account a more frequent inspection and a more careful
treatment of them is needad than when lower powers are used, —inasmuch as the
least impairment of these lenses by filme, or dust, ete., will reduca the defining
{mwer accordingly. A litfle extra eare, as consequent upon the use of high-powered
enses, is, therefore, imperative, but in so doing one is more than compensated by the
satisfaction of having a flner and more penetrating tolescope.

To prevent an untimely settling of a film on the lenses of a teleseope, and par-
ticularly that apt to form on the inper surfaces of the lenses eomposing an object-
glazathat has not been cemented together — such film  being so fatal in an objaot-
glass because [t cnnnot ordinarily be reached and without disarranging the eross-wire
adjustments — the treatment of an instrument should be strietly in aceordance witk,
thanstructions given under ** Prevention batter than Cure,” page 21, Unless theas
ennditlonz are complied with, the greater efflcacy of a telescope composed of supe
rior lenses will be entirely lost.
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Upon finding that, after carefully cleaning the object-glass and the lenses of the
eye-plece, th? telezcope is not as clear as when frst received from the maker, then
the causa of it is generally a film between the lenses of the object-glass — we take
for granted that the lanses are not scratched or otherwise impaired—hut, as a ruls,
It takes zeveral years (with careful use sometimes many years) before Sueh o film
has sufficlently developed to impair the transparency of these lenses. But when-
ever it ia found that a film hassettled between them, then it is hest, if the distance
Is not too great, to send the whole instrument to its maker, and if this is not fensible,
then the telescope, at least, well and soft packed in o box, should be sent,

Cemented Object-glasses. — To prevent the settling of a film botween the
lenses composing an object-glass, and to avoid disturbing reflections of light from
their inner surtaces, such filme and reflections imparting to an object viewod
through a telescope the hesy appesrance noticeabls in high-powsared telescopes,
we now, sinca 1889, cement these lenses togethor, o as to form one lensonly,  The
lenses so treated are more efficacious in many respects than when separated by
three thin pieeces of tin foil, as has been the eustom of nearly all instrument
makers up to date.

The cement, however, needs some five or 8lx months to harden, and until it has
hardened sufficiently, an exposure to a cold atmosphers causing a greater oontrac
tion of the metal cell than the glass, the lenses are very apt to warp, which mAay
lead to a distortion of an object, when viewed through such an objective,

The proper treatment of an object-glass froshly cemented is to kenp the instru-
ment., when not in use, in a room having o mean temperature of about 65° F,, or
alightly above. The same treatment should be followed if it iz found that the
image formed of an object is slightly distorted ; only in this case the temperature
in which it is kept over night should be raised to about 75° or 80° F. This treat-
ment applies only to normally mounted objectives, If they are too tightly fitted
the lenses cannot be restored to their original efficacy without belng attended to by
a maker,

Object-glassas that are cemented are very apt to show some specks, or, with ill
usage, cracks in the cement, but, unless the specks are very numerous, so as to
cover almost the whole area of the object-glass, the opacity caused by them does
not gensibly affect the efficacy of the telescope, and therefore need not disturb the
mind, COur experience is that the usefulness of an instrument is greatly enhanced
when thess lenses are cemented together, and that a few specks that may appear
after an exposure from a sudden change from hot to a very eold atmosphers, or viea
verga, are a lesser evil, ag comparad with the 1ll effects produced by a film that in
time will settle between these lenses if separated by pleces of tin Iuﬁ, 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 careinlly cleaning the lenses of & teleseope, the uhject-glass of which has
its lenses separated by pieces of tin foil, it is found that the image is not as clear as
originally, it is a sure sign that there is a film between its lenses, and that it has been
exposed to a damp or impure atmosphere, either by injudicious use in the field, or by
being left too long a time in the packing box, in which it is protected by eushions of
paper or shavings, both of which attract moisture, or by storing it away in its box in
guch an improper place as a basement or cellar. Such film being noticed, it will then
be well to send the object-glass, or much better, the telescope, or, best, if the distance is
not too great, the whole instrument, to the maker, in order that the lenses may be
cleaned by him, and, if deemed advisable, be cemented. The slight expense incurred
of a few dollars will be more than justified by the advantage gained.

When the object-glass, or telescope is returned after the cleaning or cementing of
itz lenses, the cross-wire, spirit level, and vertical arc adjustments of the instrument
will require a thorough verification before it should be used. In vase the whole instro.
ment has been sent to the maker, these adjostiments are attended to by him. If the ob-
ject-glasa has been cemented, the telescope should be watched for a year to see that there
is no distortion of the image. If there is a distortion, it will indicate that the object-
glass has been too tightly fitted, of which fact we should be informed, as alse whether
after cementing the object-glass the instrument retaing its cross-wire adjustment the
game as before the cementing took place. If the cross-wire adjustments have to be
more frequently made than before the lenses were cemented, it indicates that the object-
glass is not t.lght]y fitted to ita 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-glasa in its cell.

In telescopes of very hiﬁhﬁfowﬁr it is of as great importance to keep the lenses of the
eye-piece free from grit and films as of the object-glass. Therefore, whenever the tele-
scope does not appear to be clear, the lenses of the eye-piece need most careful cleaning
(if necessary, every four weeks). The cleaning must be done by first wiping gently
with a clean piece of old linen barely moistened with aleohol and then wiping dry, using
a clean part of the linen on every surface of the lemses. (Flease read the various
articles on thiz point on pages 13, 14, and 33, of our handbook and catalogne.) To re-
move the eye-piece, unscrew the German-silver screw al the eye-end of the telescope. —
Of sonrse, after cleaning, every lens musgt be put back in its tube precisely as marked,
and then the outer bearings of the eye-piece in the main tube must ba preased with
tallow before the German-silver screw is restored to its place.
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Additional Suggestions Pertaining to the Care and Pro.
tection of Instruments in Field Use,

In field use, an instrument has to be neceasarily exposed to the heat of the sun,
and to the action of dust and water; all of these, however, slngly or combined, have
a tendency to affect its accuracy and endurance. While our instruments in particular
have been designed to guard agalnst injuries resulting from exposure of I.h!s kind,
yot glaring abuses, suck as to allow it to stand for hours in the hot sun, ete., withouta
covering of shelter of some sort, may often lead to a permanent injury to its most vital

rts.  To preserve the finer qualities of an instrument, viz., the telescope slide, the
f:ugml the edge of the gradantion end vernicrs, the centers, ete., any undue unequal
expansion of the different parts should be prevented, A bag thrown over the instru-
ment when not in use, or any shelter that can be had, i= to be recommended. While
in use, an umbrells or screen held over it will insure greater permanency of its ad-
justments, and the results obtalned will be more accurate and uniform than when
carclessly exposed.

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

Lubricating, ete.— An instrument used ina tropical or semi-tropical country,
or during the warm season in a northern latitude, requives more frequent cleaning
and ofling than in the more temperate cllmes and seasons; but so long as an instru-
ment works well anid the centers revolve freely, it is best not to disturb it. However,
if nocessary, procecd as deseribed under < Care of Centers, ete.” A few additional
remarks we give here: Should the centers or the object-slide commence to fret, they
should be examined as soon as possible.  Onee commencing fo fref, @ grows worae rapidly
and aftentymes is fhen beyond repodring.  Never use emery or emery-paper on them, as
this will cause everlasting trouble afterwards.  After a thorough elerning of the slidae
and tube (taking care not to break the cmss—wir&i}. endeavor to smooth carefully
the injured parts with the back of a pen-knife, and barely apply enough tallow to
grease the surface of the Injured part.  If this does not remove the trouble, a little
seraping of the roughened parts on the slide, and, if aeccessible, on the inside of the
tube, may become necezzary, and apply a mere trifle of finely-powderad pumice
stone molstened with oil. Replace the slide and grind a little by moving 1t in and
out; clean thoroughly, and with a piece of chareoal moistened with oil smooth the parts
thus ground on the slide. This process of ?rlnding iz a most precarious operation,
and generally requires the hand of a skillful workman; it shourd b resorted to only
in ease of utmost necessity. Whenever permissible, recourse should be had to a
maker. These remarks apply equally to the centera,

The eenters of a tranzit should always be lubricated with fne walch-oil onely, and
after a careful cleaning; never apply fresh oil before thoroughly wiping off old
grit and oil. Rendered marrow is a most excellent lubricant !L‘rt‘?twl:rum&m.s madsa ol
brass and the many kindred alloys of copper and Lin.  In the varving elimes of ow
northern latitudes this lubricant becomes rigid in cold weather, and an instrement s
treated will often become unmanageable in the field. Its application, particularly
to tha centers of a transit, is therefora restricted to the warmer zonez, The use of
wateh-cil for the finer parts of an instrument, involving freedom of motion is
fmpﬁ-atiw in o Tnditudes, '

any parts of an instrument, especially those whose metal «
clozely related to each other, may srrmctlrna‘; eanze trouble if simpﬁ?m{ﬂnﬂsﬂﬁ;
bngin_t:a fretand grind, but ave otherwisza free rom grit, ete., the juritfztmm application
of a little marrow muay prove very Leneficial, but it should be cleaned off again as
much as possible. The rack and pinfon metion and the telescopn elamp should
always be greased with marrow, but the clamp, tangent and leveling scrows, should
roceive as little of it as possibla in the Northern States, :

Vaseling, not having as great a tendeney to rigidity under similar elreumstancos
may prove an excellent substitute for marrow, and ‘may often b applied to levell
senters, where wateh-cil would not give the necessary rigidity in the use of the mors
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ordinary instruments, but it must be renewsd quite often. In the fAner
lewaling instruments, the centers should be Iuhrit:.gt.ed with oil only, as in m:f:?:: N
A great deal of annoyanee is caused to the engineer if the eye-pisce or the object-
Blide of the telescops move too freely in their tubes, requiring a re-focussing of the
eross-wires and object at every revolution of the Lelescope in altitude. 1 the aye-
piece can be retained in its socket, with sufficient friction to keep it foeussed to the
Gross-wires, no matter how much it may wablle otherwise, this imperfection (in old
instruments) will not lead to any Inaecuraey, but if thers is not sullicient friclion to
keep it focussed to the wires, a little rendered tallow or marrow applied to its bearing
surlaces in most cases will remedy this evil, Wabbling in the object-slide, however,
leading to inaccuracy of collimation, or back-lash in its rack or pinion motion, tan be
remedied mﬂ:}' by a maker; but If the object-slida moves too frealy in and out of its
tube only, this may be remedied hy applying a little tallow to the bearing parts of
the rack and pinion, or by fightening the screw in the pinion-head. If not entively
successful, a thin disk made of parchment, or a thin leather-washer, both grensed
with tallow, amnd inserted between the flanges of the pinion-head and its socket,
will insure the desired result. — These latter remarks apply to transit and level
telesoopes of the customary design,  In Lulmunpm, where the object-glass is mounted
rmanently to the telescope-tube, the eve-piece tube, comloiing the cross-wires,
ecomes the slide with which to focus the ohjeet. Its motion must be in o line
parallel to the optical axis, Any wabbling in this eye-piece slide would lead to in-
aceuracy in sighting through the telescope, hence 16 requires the most eareful
treatment on the part of the engineer,

Care in the Use of Spirit-Levels,

Spirit-levels are very susceptible to the least change in temperatare, as will be
readily seen by the difference in the length of its bubble in varying temperatures.
Hence, to gonard against inaceuracies from this source, it is pecessary that the
pubble should lengthen symmetricallv from the center of its graduoated scale (sup-
posed to be made by the maker), and that both of its ends should be vead.  Suff-
cient time most also be allowed for the hubhle to settle before o reading is made,

The Auid ordinarily nsed for levels is pure aleohol, and reguires, according to
curvature, diameter and length of tube and lemgth of bubble, from twenty sec-
onds to one minate to attain itz equilibrium. The composition fluid vsed in our
levels for field instruments requirves only from five to fifteen seconds of time; those
fillad with pure ether, a few seconds only.

A great source of error in spirit-levels, however, Increasing with their greater
eenzitiveness, iz oceasioned by an wregual heating of the level-tube, as the halible
will alwoys move Lowards the warmer spot or end, thereby imparting to the Instrument
an inaccurate position. This most be attributed to a changed condition in the
adhesiveness of the fluid in the level-tube, and not to a change in the form of
the tube itself. Therefore, to guanl azuainst inaccuracy resulting from sudden
changes of temperature, a spirit-level, while in use, should be protected from the
gun, and no part of it or its mounting should ever he touched with bare fingers;
neither should it be breathed upon, nor the face of the ohserver come too close to
it. For this reason, in the finer instrnments the mountings of our apirit-levela
are cloth-finished, and if the levels are detachable they are provided with wooden
handles, az the case mway require, and glasz covers are placed over them whenever
daeemed necessary.

If at any time doring the progress of field-work a spirit-level has been improperly
exposed, it is hest to cover it with a cloth for from flve to ffteen minutes, hefore
proceeding with further work.

Mounting Spirit Levels.— To prevent any undue strain and change of
eurvaturs in spirit levels used in astronomical instruments, they are mounted by us
in wyes, as shown in the cuts of thess instruments, and are protected from injury, or
Ingccuracy caused by the breath of the observer and other alr currents, by a cover
of glass placed over them, Huch a mounting, while most suitable for such d-licate
levels, would, however, require constant attention anid expose & spirit level to break-
age in fleld instruments. To guard against this danger and to lessen the expense
and weight, the splrit levels for feld instruments are mounted in a brass tube; but
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owing to the difference existing in the expansion and eontraction of glass and braad
at different temperatures, a spirit level so mounted may sometimes become loose, 1o
volving inaceuraey and unreliability of adjustment. — Upon finding that the adjust-
ment of a spiric level in an even temperature is not as stable as desirable, the level
fastenings, tube, screws, eto. should be examined, to see If any of them are loose. |
the trouble Is in the sorews, tighten them up; but if the spirit level can be shifted in
its tube by a touch of the finger, take it apart; soften the plaster of paris in water,
and remove it with a sharp pointad stick of wood. Cautiously move the spirit level
with your finger, at first only a trifle to and fro, Increasing the length of stroke littla
by litle, until it can be safely taken out without breaking; —- clean thoroughly. Cut
pieces of white paper, of the width of the radius of the tube, and somewhat shorter
than the length of the spirit level, but longer than the opening in the brass tube, and
inzert these of sufficient quantity at the bottom of the brass tube, to fill up the space
intervening between the glass and the brass tube. The uppermost layer of paper
sghould, however, be 20 wide, a3 to envelope the spirit level up to the opening in the
brass tube, Now insert the spirit level, taking eare not to touch the glass ends that
are sealed up, and place the division or other marks, indicating where the level has
been ground to a troe curvature, uppermost In the brass tube. The level must be
pushed in with sufficient friction to prevent slipping in the tube, yet not so tight as
to cause a crack at a subsequent low temperature, as brass will contract more than
glass, Mo part of the spirit level should touch any part of the metal tube. Now
pmi:am some plaster of paris with water, of the consistency of paste, and ponr in at
ench end enough to fill up the space between the end-pieces and the glass, stirring
it sufficiently to make & perfect contact by 1t and the glass and the brass, but le.avh':l,ﬁ
the spirit level ends exposed. Now put the level together, and adjust as describ
elsewhera.

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

Being assured that the level is mounted as explained above, our advice is, not to
meddle too frequently with the adjustment of a spirit level. Though it may appear
to be out one day, it may be in perium. adjustment other days. It iz the funetion of
a apirit level to indicats the changes taking plase in an instrument, so that the
engineer may make proper allowance and apply his corrections, as the character of
his worle may require. The finer an instrument, the mors sensitive the spirit levels
must ha, in order to admit of corrections to arrive at closer resulta, As a ruls, a
splrit level that does not Indleate changes taking place in an instrument, is too in-
senwitive for the character of the instrumest, and in many eazes entirely unfit for
renzonubly good work.

Replacing Broken Cross-Wires,

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

ttle shellae by diszolving it in the best aleohol and waiting until it is of the con.
gigtency of oil. From the spider’s cocoon, (those from a small black wood-spider
preferred), which the engineer has prudently secured at some previous time, select
two or three webs, each about two inches long and of the same appearance. Attach
each end of these webs to a bit of paper or wood to act as weights, and immerse
them in water for five or ten minutes, Remove one web from the water, and very
gently pazs it between the fore-finger and thumb nails, holding it vertically to re-
move any particlea of moisture or dirt.  Streteh the web carefully over two of the
opposite cuts in the reticule frame. Fasten one end by a drop of the shellac, -- let
full gently from a bit of pointed wood or the blade of a penknife. Wait & moment
for this drop of shellas Lo harden. Ses that the web is stretched tight across the
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frame, and apply another drop of the shellac to the opposite cut with 1ta enclosed

web, Wait geveral minutes before cutting off the two ends of the weh, and then

ngsm&d in the same manner with the web which is to be placed at right angles to
one,

NoTe — The fine spider-threads nsed were formerly taken from the coccons of the small black wood-sphder;
now, however, we obtain them from the cocoons of a species of spider found in Michigan. These threads are
almost opague, and not apt to relax their tightuess if pmper‘]:,r paced on the diaphragm, and as they retain their
elﬂsﬁcit_ig they are preferable 1o platinum wires, which have a tendency to break, owing to their great brintes
ness, he beat spader-threads are those of which the spider makes its nest, These nests are yellowish-hrown
balls, which may be found hanging on shrubs, ete., in the bate fall or early winter, The nest should Em tern apen and
the eggs removed ;. if thisis not done, the young spiders, when hatched will eat the threads. The fibers next to the
331 are ta be preferred on account of their fineness and darker color.  As it 18 important to get the fhropcr kind

spider-web, we subjoln an extract from a letter addressed to us on the subject by Frof. J. B. Davis, Unie
wersity of Michigan, Ann Arbor, MMich., to whom we are indebted for cur supply,

** The species of spider of which 1 send you cocoons is not difficolt to findin Ann Arbor — Lat. 427 26 N.
—ng far a8 my experience goes, and is numerous on Beaver Island, cat in Lake Michigan — about 467 . — at
St James. | have also always succeeded in hunting it in our Michigan woods, in places of concealment, — under
bark of dead trees, in cracks and holes, about ul.dsstump:, logs, and the like. It is especially partial to painted
woodwark, It rocsts high, — the higher the gable the more numerous the cotoans § but it is a{m found on fenoes
quite numercusly, as I am led to think it is quiet rather than security this spider seeks. The body of the female
is three-fourths of an inch, [ guess, long, and nearly half an inch wide across the abdemen,  The male I3 about
the same length, but far stimmer. They ars both entirely barmless. I never knew any one Lo get bitten by
#ither, and many persons in my ohservation have had them Ert:l:,r crawling over their hands, {1:& and hndr.

may be certainly gently handled without the least harm,  They both (male and female) bear a plain
escutcheon design on the back of the abdomen; femal= much the more beaatiful, —in browns. Colors all
brown and yellowish brown, The cacoon is a snarl of webs, and is attached wnder ledges of window-sills, car-
mices, prajections of gables, and the like partly sheltered places. The color of the threads you have bs of a light
corn-color, distinctly separating it from the white :ntbnm-l'il.l:e coconns socommon everywhere,  The threads are
silky, not like corton. Of late years [ keep one of two nice cocoons whers they can be reached.  ¥ou know cna
gan wrap them in a bit of paper and earry them in the pocket, or any such place, and they are always ready. ™

Prevention Better than Cuare.

It cannot e denled that Inztruments frequently meet with serious accldents
which, with a little care on the part of the operator, could be prevented. It cer-
tainly does not betoken proper care to leave it standing g in a alreet, rood,
or pasture, or in close vicinity to blasting, or to expoze It unnecessarily to the burning
rays of the sun, or to dust, dampness, or rain at any time. Buch carelessness must
inevitubly result in deterioration of the accuracy and efficiency, notto speak of the
durability, of an instrument.

It should be borne in mind that there are many parts of an instrument wh‘mh.a‘!
ence impaired, cannot be restored to their original elficiency ; and when 1t s conald-
erad that a conscientious maker bestows no little eare, time, and expensa on his
work in order to attain a high degree of perfection, such neglect seems like a
wanton waste of human energy and skill.

Legs of tripods, if fitting too loose or too tight, and dull shoes are frequent
sources of fallz, and loose shoes tend to malke an unsteady instrument. The test
of the proper degree of the tightness of the legs is this, that if the leg is raized to a
horizontal position and left free, it shoold graduoally sink to the ground. If it dropa
abruptly it'is too logse ; if it does not sink It is too tight.

\HPhen taking an instrument from its box, it is not immaterial where and how to
take hold of it.  To lift it by the telescope, vircles, standards, or wyes i2 Improper,
and while it may not be attended at onee with any senous consequences, yet it may
sometimes lead to gome permanent injury, and it certainly s always fraught with
danger to the permanency of the adjustments.  In handling, it ls always best to
placa tha handpebenea.th the leveling base. ]

When mounting an instrument on the screw of ita tripod, or serewing any of ite
parts together, it is important to furn the part in the direction of unacrewing until it
is perceived by a slight jar that the threads have come to the point whers they en-
ter; the motlon may then be reversed, and the parts serewed together.

T secure an even wear of tangent and micrometer screws, they should be used
equally on all portions of thelr lengths.
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Carrying an instrument in eold weather into a warm room, without the pro-
tection of its box or bag, will cause a sudden exchange of air within the hollow
spaces, and carry with 1t dust and other substances through the minutest openings.

he vapor, also, that will thus condenss on the metal surfaces, if it were not pro-
tected, will have a tendeney to settle a film on exposed gradustions, making them
indistinet and diffieult to read.

Failura to protect the lenses of the eye-plece and object-glass of a telescope,
when not in actual use, from the effects of moisture, dust, ete., by Lhe covers pro-
vided for them (eyepiece-lid and cap) will result in a more freguent gettling of a
thin film, which, [ike the fatty substance left by the touch of the fingers, greatly
impairs the eearness of vision. That the too frequent cleaning of the lenses must
in the course of time be detrimental to thelrbrilliant polish, and lead to a corres-
ponding loss of transparency 2o essential to the proper working of ¢ zood telescope,
is apparent. Too much care cannot be taken to guard the lenses, and particularly
the inner surfaces of the lenzea comprizing the objective, against any film that may
gettle on them. The ill effects of such a film are especially notlceable in high-pow-
wrad telescopes of first-class geodetic and astronomical instroments. In short, it
ghould be remembered that the slightest film, seratoh, or dirt will, aceording to their
nature and location, impair the sight through a telescope, and often render it unfit
for aceurate work.

The glass covers protecting the compass, are, and verniers from exposure need
vory careful brushing and cleanlng, the same as the lenses, as any scratch or film
will impalr their transparency. If at any time the ground-glass shades should lose
their pure whiteness, by either divt or Alm, and will not act as fduminetora of the
vernlers and graduation, take them out of their frames and simply wash them with
maJE and water. : ’ ; ’

o prevent loza of magnetism in the needle of instruments provided with a coms
pass; when storing away, allow the needls to assume magnetic North and South;
then, by means of the lifter, raise it from the center-point aﬁainst the glasa cover.

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

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

Loose or detached resting-blocks in the instrument-box, or any looseness of the
Instrument in them, are very detrimental to the instrument and its adjustments,
Cracks in the instrument-box, the absence of rubber cushiong under it, worn-out
gtraps and defective buckles, hinges, locks, and hooks, should never be tolerated,
as the remedy s o0 easily applied by any mechanie, Soach defects and imperfections
are known to lead to injury of the instrument.

The place whers instruments are kept or stored away should be thoroughly dry
and free from gases. The placing of fused chloride of calcium, or caustie lime, in
an open vessel in the instrument-box is to be recommended where there iz damp-
pesa; and if the presence of sulphureted hydrogen I2 suspectsd, then, cotton satu-
rated with vinegar of lead, placed in the box, will prove a preventive against the
tarnizhing of solid silver graduations,

Transportation of Instruments.

Durixa the progress of fleld work the more ordinary and portable transits and
levelling instruments, ete., can generally be carried on their tripods for ease and
dispateh. Nothingin the way of precise instructions, however, as to the best me-
thod of carrying an instrument : whether on the tripod, in the arm without the
tripod — placing the hand beneath the leveling base —or in the box, can be sug-
gested here.  The natura of the ground, the surroundings, the size and weight, and
the distance to be traveled over, and last but not least the fineness of the instru.
ment, will dictate to the engineer the best means of conveying it from point to point
in order to protect it from injury, and it2 adjustments from derangement.
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The idner and finest classea of fleld instruments, such as those provided with
micrometer-microsecoes, ehould always be placed in their boxes for 2afe conveyanes
— no matter how short the distance — for fear of improper handliog, and because of
danger of unequal expansion, temporary as it may be, of such parta as would come
in contact with the body or fingers.

Carrying an insfroment on its tripod without slightly clamping its prin-
elpal motions, will wear out the centers. When carrving on its tripod,

| in TRAKSIT, when placed on a line with its centers;

clamp telescope ][ in LEVEL, when hgnging dow.

When earrying an nstrument in the box it is important that it be placed thersin
exactly in the position and manner designated by the maker, Therefore, upon re-
eoiving o new instrument, the firat step should be to study ita mode of packing, and
if negessary a memorandum should be made for future guidance and pasted in tha
box. This will save time and vexation, as some of the boxes for field instruments
must necessarily be crowded to be light and portable.

Before placing an instrument with four leveling sorews in ita box, the foot-plate
should be made parallel to the instrument proper, and then brought to a firm
bearing by the leveling screws. The instrument must also be well screwed to the
slide-board, if ona ia provided, as is the ease in most of our tranzita, Having put
tha instrument in the box in such a poeition, that no part of it will touch the sides,
the principal motions are now to be chenked by the clamp serews, to prevent mo-
tlon and striking against the box, Wi 4 ipstruments not standing erect in their
boxes, but which are laid on thelr eides in resting-places, padded with oloth, speci-
ally provided for that purpose, their principal motions must not be clamped until
the instrument has been secured in a complete state of repose in these recoeptacles,
&0 as to be entirely free from any strain.  Care must be talken, too, that all of tha
detached parta of an instrument, as well as ite ageessories, are properly secured
to their receptacles before shutting the box,

When shipping an instrument over a long distancee it is commendable to fill the
hollow space Eut.wean it and its box with small soft cushions made of paper, or of
excelslor 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 fransportation by axpress, the instrument-box itself should
always be packed in a pine-wood box one inehlarger all avound.  For the ordinary
gize of ﬁelﬁ 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
easa and through holes in the sides, the knots belng within Lhe case and strongly
secured, In cases where the gross weight of the eptire package, as prepared for
shipment in the above manner, exceads 40 or 50 1bs,, then two men should handle it,
and two strong rope handles, one at each end of the packing-case, should be provis
ded. In order to check jars and vibrations while en route, the loose space belween
the instrument-box and the packing-casa is to ba filled with dry and loose shavings

The cover bearing the directions should always be screwed on and marked in large

black letters, Example:

THIS SIDE UP.
HANDLE WITH GREAT CARE.
Bcientific Instrument.

Myr. George Brown,
36 West Street,

Value $ Cleveland,
Ohio.

e ]
From JOHN SMITH, Chicago, Illinois.
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The upper halves of the four sides alzo should have * CARE? 2nd * KEEP
DRY ? marked in large letters on them., Thess precautious are fndispenacble for
safe conveyance while in the hands of inexperienced persons, as without them mes-
sangers will often carry them wrong side up.

The tripod needs packing simply in a close-fitting box. Ifnot placed inma box,
it often happens that legs or shoes are broken off while én route, or that the tripod
head becomes hent.

Many hundreds of instruments, packed as explained above, have been shipped
by us, travelling over thousands of miles, over rowgh roads, on stages and on horse-
back ; and the instances are 2o rare where one has become injured (and then only
through gross carelessness), that this mode of packing must be regarded as the
only proper one for conveying instruments of precision by express or other public
CACriers,

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

Some Remarks Concerning Instrument Adjustments.

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

In the best types of modern instruments the principal parts are so arranged that
they can be adjusted by the method of repersion. This method exhibits an existing
error Lo double its actual amount, and renders its correction easy by taking one-half
the apparent error.  Thus errors of eccentricity and inaccuracy in the graduations are
rea.dl?y climinated by reading oppoaite verniers and reversing the vernier plate 1807 on
the vertical center and faking the mean of the readings , and by repeating the measure.
ment of an angle by changing the position of the limb 2o that the measurement will
come on different parts of the graduation. The striding levels and levels mounted on
a metal base are veadily tested Ly reversing their position’ end for end. In the
transii plate-levels the adjustment is assured by turning the vernier plate 150% Errors
of the line of collimation are detected or eliminated by reversing the telescope over
the bearings, or through the standards, as the case may be, In short, an instrument,
the important parts of which are not capable of reversing in one way or another, cannot
be examined quickly and accurately.

The adjustments of an instrument, and particularly those of its cross-wires, should
be taken up suceessively in a systematic manner. The proper way is to select a place
from which they can be conducted in suecession without moving the instrument, as
none of the adjustments should be completed independently of the others, This method
i3 followed by the maker, and will save time and vexation. Any aunxiliary apparatus
that mﬂE 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 paris in am approximate adjustment without introducing any strain
exeept what properly belongs to the action of the adjusting screws themselves, The
more natural the method, and the less internal strain introduced in bringlng these ad-
justable parts into position, the more lasting will be the final adjrstments, provided the
fatrument is otherwise in good comdition.

It iz important that all adjusting serews and nuts should fit troly on the surfaces
againat which they nfemte. with only & mere film of tallow between them, so as
to insure a troe metallic contact, and that they be brought to a firm bearing, vet with
out excessive strain. Opposing serews and nuts should always work somewhat freely,
80 that oneé can feel when they come to a true bearing. A moderate pressure
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applied with an adjusting pin about one and one half iuches long, and Leld between
the thumb and forefinger, will then make a perfect contact. For instance, after the
'JPFGSITIE capstan-headed serews of the cross-wire reticule have come to a bearing, it is
only necessary 1o give them each a slight tarn, say from 20° to 30° (with the usual pitch
of these screws) in order to insure such a tightness that a moderate pressure of the
finger upon these sorews, or an accidental gliding of the hand over them, eannot change
their relative position, On the other hand, if one pair of these opposing screws be
faatened tightly during the tentative process of adjusiment, there will be, in all likeli
hood, at the end, an excessive strain exerted upon the pair of opposing screws at right
angles, which will make itself felt at any change of temperature, or whenever any
external pressure may be momentarily applied to them. It is but nataral that these
continual changes in the resultant pressure must affect the adjustments in a like man-
ner. To obviate such changes the procedure should be as follows: —

Having placed apprnximat.aljriu position the principal wire of an instrument : viz.,
In a transit, the vertical wire in a plane perpendicularto the horizontal axis of revolu-
tion, in a level, the horizontal wire in a plane perpendicular to the vertical axis
of revolutiom, the other wire should be approximately adjusted for collimation,
with the capstan-headed screws only moderately tightened, This accomplished, the
capatan-headed screws of each pair in soceession should be wnserewed about one-
quarter turn, and again serewed tight the same amount, Now if the two pairs of
opposing screws have exerted no undua strain upon themselves, the telescope tube, or the
wire reticule, the principal wire will still be in the perpendicular plane ; butif the screwa
have been used too much the wire will have sljghtllj; moved out of the perpendicular
plane, Therefore all four capstan-headed screws will have to be released again, say
about  turn, a0 that they may be moved simultaneously until the principal wire is

ain in a plane perpendicular to the axis of revolution, and then each pair in sucees-
sion must be again tightened an equal amount, The adjustment of the wires for colli-
mation must now be made in turn — the less important wire should always be taken
up first — by alightly releasing the capstan-headed serew away® from which the wire
must be mn-mlf and tightening the opposite serew the same amount, and repeating
this process until the adjustment is g'raduaﬂa.r perfected. If during this operation either
or hoth of these wires have becomeso much displaced that the capstan-headed serews
have to be moved more than a quarter turn, it would be advisable to slightly release all
four of them again, in suceession, and commence anew,

It should be said here, that the force applied by the capstan-headed serews
cannot break or affect the tightness of the wires in any case, since the reticule, as
made by us, although very light in weight, is of a very stiff form. Too great pressure
oxerted by the capstan-leaded screws against the cuter tube of the telescope may,
lhowever, change the form of the main tube, thereby affecting the true fitting of the
ubject-slide, and creating friction of o serious a natire as to lead to the fretting of the
abject-slide mentioned in other paraagra.phs. e

In following the above-deseribed course, the eross-wire reticule oceuples a position
inthe telescope free from any excessive side strain; the result of which is found in the

reater permanency of these adjustments ; and although it may require a little more time
gar an inexperienced person to make the adjustments in this manner, the satisfaction
derived from their greater permanency will more than recompensge for the extra time
spent on them. The adjustments should be made at leisure, and should mot be
meddled with, unless they appear to bhe permanently deranged; when, ordinarily,
the adjustments will merely Tequire a very slight turn of the capstan-headed screws
and opposing nuts in the proper divection® Unequal exposure of the instrument to the
sun, of exposure to sudden changes of temperature, may for a time expand some
parts more than others, so that the instrument may seem to be slightly out of ad-
justment. In such a case it would be better to stop temporarily apd cover the
instrument with a bag to allow the f.enzlpemtum to become equalized, instead of at-
tempting adjustments that wonld need to be repeated when the instrument is
again in a normal condition, The use of metals of different co-2fficlents of expansion
in the construction of eorresponding parts of an instrument will naturally lead to a

1 We refer here exclusively to the more common instruments of American manufacture, where the
shealders of the capstan-headed screws bear against the outer tube of the telescope, and where the adjusting
threads are contained in the wire reticule, In other designs where, as in meat instruments of Continenta,
Europe, the capstan-headed screws are made to batt :T;-in:: the wire reticule, the capstan-headed screws
fowards which the wire must be moved, must first be loosened.  In the latter case this action s identicsl
with that of opposing nuts used for the adjustment of most telescope levels on American iestraments.

2 Sea foct-nots on page 49.
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permanent derangement of adjustment ; snch alao will be the case when the temperature
of an iuatrumkeﬁ% is greatly altered after the adjustments have been completed. A
Bimilar result is caused if the bubble of a spirit level should not lengthen aymmetrically
from the center of its graduated scale in varying temperatures, These imperfectiops,
however, seldom oeeur in instruments of modern make (or if they oceur, they are gener:
ally caused because the principal econstituents, glass and metal, are substances of
widely differing co-efficients of expansion), and are generally so slight in well made
instruments, as to be of little practical value, and may be overcome by adjusting the
instrument while at a mean temperature of an entire season.

If an instrument does not remain in adjustment a reasonable length of time, the
eause that leads 1o the trouble, such as a loose object-glass or cell, loose object-slide,
worn ot serews or bearings, etc., must be found and remedied. If this is beyond the
scope of the operator the corrections should be made by an instroment maker.

Some Facts Worth Knowing.
The Lime of Collimation.

The expresslon  Line of Collimation,” usuai]i’ defined vaguely in treatises on
geodetic instruments, generally means any ling of sight in a telescope given by the inter
section of the cross-wires, whether they are in perfect adjustment or not. The term
“ Ling of Collimation,” ghould, however, be confined solely to the line of sight defined
by the cross-wires when they are in perfect adjustment, with reference to the optical
axis of the object glass; and any difference existing between the optical axis of an ob.
ject glass and the actual line of sight as delineated by the geometrical axisof the instro-
ment iz the * Error of Collimation.™

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

To make a good instrument, therefore, it is necessary that the cuter clrenmference
of the lenses composing an object glass shall be truly concentrie with the optical cen-
ters, The alm of the maker 1s to so construct his instruments that this optical axis
shall be traly concentric with the geometrical axis of the teleseope and that the latter
ghall also ceeupy a normal position with regard to the geometrical axis of all other im-
portant parts : upon this depends the proper working of an instrument.

In the larser geodetic and stationary astronomical instruments, the telescopes of
which are arranged only for distant sighting, this condition is readily obtained ; butit
bacomes very diticult of attainment in the smaller geodetic instruments, since, owing to
the varying position of the focussing slide when set for different distances, the optical
axis may not always remain truly coineident with the geometrical axis of the telescope,
Henee in these instroments, earefily odinsted for distand sighfs, there is frequently an
error of collimation when nearer sights are talen.  In the latter case the interzection
of the eross-wires remains no longer exactly in the optical axis, its displacement
being the cause of the error ohaerved —disregarding momentarily the other and mora
Eumplilcat.ml features of differcnt instruments, upon which the line of collimation also

ependa.

In the Engineer's transit, however, the line of collimation must also lie exactly
at tight angles to the axis of revolution of the telescope, 6o that when this axis
is placed in a horizontal position, the line of collimation shall deseribe a truly vertical
plane, whether the telescope be mounted in the centre of the instroment or outside of
the plates, or whether it {m foeuszed for long or short gights. In the more common
instruments of this class, where the telescops is situated in the center of the instru-
ment, the intersection formed by the line of collimation and the horizontal axis of revo-
Iution is also required to le traly in the prolongation of the vertical axis of revolation
g0 that there be no eccentricity between the vertieal axis of revolution and the line of
collimation when glghts are taken at objects nearer than 200 feet.

In transits of thia latter type, and in which the above conditions are fulfilled, the
eights taken would at once define the true angle, and no reversing of the telescope
would be necessary, were it not for other reasons, On aceount of the necessity for
eliminating the eccentricity and error of graduation and verniers, as well us for eliminar.
ing errors arising from an inaccurate adjustment of the line of collimation and of the
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adjustment of the teleseope in the vertical plane, an instrument should be reversed and
an angle should be repeated. These remarks apply equally to transits made with the
t.elawuyau in an ecgentric pogition.  If the live of collimation is truly at right angles to
the horizontal axis of revolution, the amount of the offiset from the line through the
center of the instrument to the line of collimation will equal the eccentricity of the latter
and will remain the same whether the sights be long or short.  As a rule, however, the
small %ecrdet.lc instruments of the latter class eanunot be constructed with the game de-
gree of perfection as those with the telescope in the center:and in consequence the
engineer using such instraments will have to rely upon methods of observing that will
eliminate all instrumental ertoss,

In the engineer's wye level the line of collimation must be truly concentric with
the object-slide and outer rings ; and it 18 also necessary that the telescope be well bal-
anced from the center of the instrument, in order to project & truly horizontal line.

Ditficult of attainment as the foregoing conditions may seem, it is proper to say
that improved tools, and a generally better understanding of the principles governing
a telezcope and its relation to the instrument, have done o much toward the perfec.
tion of geodetic instruments, that while it may not always be possible to make an
instruoment in which the line of sight for both wires remaing tme]i:ar all distances, that
result can generally be secured, for at least the principal wire, without requiring any
other but the regular eross-wire adjustment,

By the foregoing explanation it will be readily undersiood that it is of great im.
portance to have the focussing slide of such a telescope fruly fitted, iIn order that the
DI.Ltlua.luia of the object-glass may coincide with the geometrical axis of the telescope,
whether this slide moves in the main tube and carries the object-glass, as is the custom
now in the smaller inzstroments ; or whether it moves in special rings provided for it in
the main tube at the eye-end, where it will contain the eye-piece and the cross-wirdg,
a5 18 the casze inall larcer instraments.  Any lateral motion in the focussing slide that
carriea the object-plass or the erogs-wires, will, therefore, derange the adjustment of the
line of collimation. However, it is equally as clear that a wabbling of a focnssing slive
carrying an eye-piece which serves only the purpose of acompound microscope for
close obzervations of the wires and the image of an object, is of no account save that
sach lateral motion may be g0 great that the obliguity which the optical axis of the
eye-piece may at times have with respect to the optical axis of the telescope, may cause
some parallax, if the wire and image under observation are not sharply focussed to-

her. In concluding, it may not be considersd amiss for a full understanding of this
suliject, to alsas mention in this connection, that any transparent substance, sach as
prizms® lenzes, or shade-glasses, introduced between the object sighted at and the
object-glass, will detlect the line of sight from its true course, unless such parts can be
made optically and mechanically perfect, which Is rarely the caze witheut elabarate
adjusting apparatus, The introduction of a lens or lenses between the object-
zlass and wires, or that of a glass micrometer, will also bave the tendency to deflect
the optical axis and affect the line of collimation, not to speak of the conse-
quent loss of light caused thereby and film forming on the surfaces. Fou this
reason, “Porro’s telescope,” which requires o lens between the object-
glass and the wires, complicates the above eonditions of a measuring telescope ; and
while it may prove of some value in stadia-work — to enable to measure from the
center of the instrument instead of from & point in front of the ohject-glass equal to
itz focal length — this feature can wever be successfully adapted to the engineer’s transit
a8 long as the proper funetions of the transit telescope, as explained above,
are condulered 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 necessary to make sun
and star ohservations is to put them upon the eyve-plece of a telescope,  After the raya
from an object have passed through the object-glass and the plane containing the
wires, the line of sight as fixed by the object, optical axis, and the wires, cannot be
chanzed by additional refraction. The hest way, therefore, is to apply prisma and
shade-glasses between the eye and the lens nearest the eye.

Aluminum for Instruments of Precision.

In consequence of improvements in the production of pure aluminom and a cor-
responding great rednction in its cost, we frequently receive inguiries as to the adapt-
ability of thiz metal for the manufacture of engineers’ and surveyors’ lostruments,

We may be permitted to say, that while we are among the earliest advoeates of
gluminom and itg alloys for mathematical instruments (see Scientific A nerican,
Feb. 1, 186G8), we are not so sanguine concerning its adoption for every class of

* The ohject prism, so called, attachable ta the abject end of a mining telescope to aid In steep sighting,
{rom its position between the object |lass and the ohject s-1g|_1b:d at, must of necessity |.'IE _u[ very limiied nse-
fulness, since the slightest chan the prism or itd mouning or & change of the position of the 1elescope
itself or of its ohject slide will almost cerfainly deflect the line of ::lght from its true course and give no satis-
Factory results.
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goodetie instruments, as thess inquiries would warrant us to be. There are certein
advantages derived from the use of the lighter aluminom instead of copper and It
alloys,—the metals now employed for field-instruments ; but the disadvantages are
thet pure aluminum, although very rigid, is nevertheless a very soft metal like tin,
and that, when alloyed with 10 per cent. copper, to make it harder, it becomes very
brittle, but when alloyed with 20 per cent. or 30 per cent. of copper, it becomes 2o
brittle as to break like glass, therefore, it can be nsed only with great caution as 2
material for precise instruments.

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

Very little iz gained in the way of reducing the weight of an instrument by em-
ploying alumirum Lronze (90 per cent. copper and 10 per cent. aluminum). The
parts of instruments made of the latter metal might be easil?r reduced somewhat
in thickness on account of its greater rigidliy 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 instrument, such parts need a little more mass, or dead
welght 25 it may be called. It s then found that the weight of an instrument re-
mains materially the same as ever. An exception to the rule may exist in the con-
gtruction of the larger and stationary astronomical Instruments, where aluminum
bronze may be used to a certain extent to advantage. Its adoption is, however,
restrieted to non-revolving parts, since, when closely fitted into bearings made of
the softer 43|:u|]a er 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 phosphor
bronze, or for any work requiring a smooth and accurate motion.

There can be no doubt that aluminum possesses great utility over brass in the
eonstruetion of Instruments of minor l:}dréor’fance. Bextants, rellecting cireles, and
the more ordinary compasses® can be made of it to some extent, also parts of transita,
plane-tables and other instroments, etc. We are using it very extensively, but for
reasons already stated above, we are not prepared to advocate its general adoption for
instroments of precision. It i3 only in cases where & judicious nse of this metal will
be 4 necessity for the snccessful congtruction of an instmument, as for instanee in oor
new style of mining transit, permitting of vertical sights up and down a shaft without
the use of an extra side telescope, where certain detachable parts of the instruments
are monnted in an excentric position, and unless such parts are made of alominum
they wonld require a heavy counterpoise.

It is principally the indiscriminate use of aluminum that we wounld warn against. To
make this fully wnderstood, it will be necessary to explain that all the finer bearings
of an Instrument made of aluminom, sach a8 centers, ohject slides, leveling and micro-
meter sorews, ete,, will have to be bushed with a harder and non-frietion metal, to guard

sainst friction and wear and to obtain the close fitting of such parts, and permanency
adjnstments g0 necesgary in instruments of precision. Now, to make the princi
pal bearings of an instrument of different metals has the tendency to weaken the
Frts 50 treated, to make them leas secure, and to render the adjustments more
able o derangement on account of unequal contraction and expansion betwoen
the two metals. It simply means, then, that the present high state of perfection
in geodetic instruments, which retain their adjustment in the varying temperatures
and elimes of our zone, shall be abandoned, and we go back many years to when
the indiscriminate use of widely different metals often made an instrument entively
unralinble, exeept when used in the temperature in which it was adjusted.

Modern instrument-making has, however, already achieved great results in re-
ducing the weight of field instruments, By im%(mved designs and by the usze of
harder mefals in place of the soft brass, remarkable changes have been brought
about in the weighl of instruments. They are no longer the heavy and formless
structures of goft or hammered brass as of iy‘ore. but are of the type and character
of o long-span steel bridge, as compared with an old-fashioned wooden structure.
Every important member of an instrument is now caleulated with regard to its
strength, and the materials are particularly chosen for the part they are to parform.

* Comauercinl Aluminum, unless obtzined from relinble sources, often contning o emall ameount of 1ron.
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Uwing to the many lmprovements made in the designs, the use of better materials,
the application of specially designed tools and machinery, it is no longer necessary o
use large and heavy instruments.  An instroment of about two-thirds the size and
weight of those wade formerly will now do the same elass of work. It is by these
methods that lightness has been gainﬁd, and to them we must look for advanees in the
fatura. UP!EM the gize of an,instrument isdeereased, the resistance of its exposed sur-
faces to wind pressure, causing sudden yibrations or tremor in the instrament, will of
necessity require & certain amount of weight to 2ecare the needed steadiness, and if this
weight i not in the instrument proper, it will have to be In its tripod legs, This is
ezpecially true in this era of high telescope powers and sensitive apirit-levels.  What is
needed is that engineers and surveyors gshould have more confidence in instruments of
amaller size as made by the best makers.

Whereper less weight {5 of greal fmeportance our patrons should not hesitate to order
our smaller Transits Nos. 2, 3, or 4, weighing 10% and & Tbs, respectively, in preference
to a larger instrument made of Aluminom and divided to single minutes, but of equal
weight, These small instraments are just as durable and capable of doing just as close
work as the larger ones.  Being made of a like metal throughout, whose eoefficient of
expansion® is lower, they will retain their adjustment2 better than larger ones made in
whole or in part of Aluminum., — Suppose an instrument is adjusted in-doors and im-
mediately is taken into the eold atmosphere of winter : other things being equal, if the
coefficient of expansion of some parts differ the adjostments will wvery likely be
deranged, — Besides, the instrument being smaller, the boxes are likewise amaller, thus
reducing the weight and making it more portable at the same time. The same, in a
meazare, can be gaid of the tripod, altheugh it is against our convictions to use a lighter
tripod with a small transit than is used on the larger ones,

Tha only exception to the above exists in the Telescope, which, of course, being
correspondingly shorter in & small instrument, will bave a smaller aperture and less

pwer, However, to secure the same aperture and power for Transits Nos. 2 and 3
Mo. 4 being inwrﬁug;,, a4 for our Transit No. 1, with an erecting eyvepiece, it is only
pecessary Lo order an inverting teles to attain these conditions.

In eonelusion we wish to say that the foture developments in alloying it as a base
with other metals, or eombination of metals, will be watched by us with due care, and
that whenever such developments warrant their adoption for instruments, as already
exemplified in many new types of instrments enumerated in our eatalog, made in part
or almost wholly of such alloys, we are glad to do so.

* The Tdeal sedal for @ Swrveping fastrament o fhet whicd Bar a cogffcient of expanrion sgual fo that af
#er prlass partr, 5o as fe refare Lhe adiusirenis v varying lerperaluret, A

Coefficient of glass per linear foot, for 2 F. o ow
+ " ogteel " " A N R ¥ L T
L " brasa " ;" ety Eoo oo . . . . owoo13 )
" ' alominum per linear foot, for 17 F, ooocolgd M

Aluminum is farthest remowed from the abeove mqu'::em'nis. ateel ar cast fron being nearest, and alss
ter and harder than brass ; and non-friction metals would be mars generally adopted were it not Dor the uss
the compass and the liahility to rust kn tho Geld,

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 censtraction of different
makers' instruments vary from one another, it i3 oftentimes impossible to repair them in an ens
tirely satisfactory manoer without going into an nnwarrantably great expense, or without mak.
ing such alterntions ns woull practically make o new one, We will always gonsrantes in such
cases to put the ipstrument in ns wood order and adjustment as the character of its construction,
workmanship and material, the extent of damage and the general wear will permit, and that all
repairs are prompily and conscientionsly made. The charges will be according to time con-
sumed, and as low as i3 consistent with good work. Parties sending instruments should peint
out in detnil whatever parts they wish te have repaived ; but the best course to be pursued is to
have the instrament pud in therowph order ond adjustment, implying, as it does, that the firm
should make such warrantable repairs s will make it as serviceable as possible. This course is
alwars more expe ngive, but the most satisfactory to insure good work, and it is alsothe cheap-gst in
the end. — Our own instruments, whenever practicable, should alwaya be gont i ns for repairs to
insure fullest satisfaction. Much time i money ia freqllenllranmd by so deing, as we are ina
position to duplicate parts firom stock on hand. I:n s_cndinar am instrument to _usfmm a distance it
should be carefully placed i its box and then again in @ packing boz, as explained under * Trans-

veation of Insteaments,” Part I, in order to conform to the roles of most of the large Express
ompanies, which will admit it to single rates.
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Cross=section of spirit levels as used for instroments of precision (sea
pages 7 and 883, interior surface showing the barrel form with curvature ground to
cartain value of are, diameter of are depending on the degree of sensitiveness required,

Cross=section of spirit levels as above, but provided with an air-chamber
for adjnsting length of the bubble for different temperatures as used in the leveling
instruments of precigion and for astronomical work.
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The Level-trier.

Apparatus used in the manufacture of spirit-levels to try the charncter and

approximate sensitiveness of the corvalure ground in the glass tubes before they are

Timadly filled mandd sealed,  Also to aeenr alely determine the valiue of ome division of lovef
dm secomds of are,



Engineers’
Instruments and Their Adjustments.

Written especially for this Catalogue by Dir. LEonaRn WaLno,

Gleneral Remarks.
THE QOFTICAL PART,.

In the construction of telescopes for engineers’ instromentz, soveral diffienlties
prezent themselves,  To be portable, the telescope must be of amall aperture, and
of short foenz.  To make it of short focus and yet vetain sufficient aperture to give
the light necessary with the eye-pieces used, requives especial cave on the part of
the maker, both in securing the true curves for the crown and flint glass lenses,
which make up the achromatic object-glass, and in adapting an eye-picee which
will secure a fat field, with the least distortion.

Of the many forms of eve-pleces known, Mesara, O, I. BerGER & Sons, after care-
ful experiments with the formulas suggeated by the distinguished astronomer, Sir
George B, Afry, and the late Mr. Kellner, of Wetzlar, (the two best formuolas
kuown.) have adopted the latter. Mr. Kellner's formula employa four lensea,
mounted separately, and 20 arranged az to secure a tlat ficld of the sharpest defini-
tiomn, to the very edge.

The |11:1,]q11it'1.'i||g power of the telezcope depends upon the relation between the
foeal length of the object-glass and the focul ]]h'llgl]i of the eyve-picce, considered as
a single fens: Thus—

It

F = focal length of the object-glass,
| R i “ eye-piece,

Then ? = magnifying power of telescope.

It is readily scen that the magnifyving power may be increased or diminished by
altering the foeal length £, of the eye-plece; but if the maker increazes the power
too much, sinee only a fixed amount of light can enter the object-glass, this fixed
amoint of lizht is spread over too mueh surface in the field of view, aod the object
geen is therefore too faint.  If the maker gets the magnifying power too 2mall,
then the engineer has a difficulty in polnting the telescope accurately.  Some other
points in regard to the magnifying power will be referred to in the description of
the transit teleseope.  Messrs. C. L. BERGER & S0w8, have found about twenty-four
diameters to be the most satisfactory power for their Engineera’ Transit Telaseope;
and for levels the powers inercase in proportion to the glze of the instruments,

Very much depends npon the optieal part of any Instrument, and very little has
been pit into the hands of the practical engineer by which he may righdly test it.
The following sugrestions may be found eonvenient. . p

The teleseope should eome zharply into focus, and 2 vm?' little movement of the_
foenssing serew, cither way. should cause the image to blur. When it is sharply
focussed, covering any part of the object glazs withont Inlh-nu% the focus, should
not alter the sharpoess of definition but merely cut off light. ‘1:0: pencil of h{;ht.
which eutera the object-zlass, should eome out at the eye end.  T'o aseertain ¢ 1is,
gec whether a pointer which you plncaIiuat in contaet with the edge of the oliject-

lags, can be wholly seen in'the small dise of light which you will notice at the
gmall opening of the eye end when you draw your head back some inehes from E]m
telescope, and point the teleseope towards the sky. If the pointer cannot he seen
up to the very edge, then the maker has inserted a diaphragm which cnts off i ‘r;:
from the ohject-glass, and, very probably, to concenl the fanlts in making. In
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pase the real aperture of the teleacope is found hy moving the pointer over the object-
glass until its point is just visible, and measuring from the jnner edge of the brasa
cell holding tﬁ.e object-glass to the pointer. Twice this distance subtracted from
the distance between the two edges of the brass eell, will give the real or clear
aperture of the telescope.  The elear aperture, divided by the diameter of the small
circle of light at the eye end, when the telescope is focussed on s distant object,
will give the magnifying power of the telescope. Thus the clear aperture of & tele-
seope, messured by means of a pair of dividers and n seale, was 1% 35, while the
dismeter of the eircle of light at the eye ewd, was, 07 06, In this case, the magnify-

145 o
ing power of the telescope was e 22.5 diameters.

Ancther way to determine the magnifying power, is to measure the angular
distance betwson fwo points with a tranzic, and then measure the sama distanca
with the telescope of which the power is to be ascertained, placed so that the tran=-
sit must point into its object-glass and see the same angular distanes through the
soconl telescope inverted.  Then ealling the first angle A, and the angle as geen
diminished throngh the introduetion of the second telescope inverted a, we have

the magnifying power of the second telezcope =:“:ri'—iff’;:L, Thus the angle sub-
. i
tended by & window eash, zeveral hundred feet away, was measured by a transit
ingtrument divect, and found to be, 19587507, When a Y level, previously focussedl
on a distant object, wps set before the transzit, with its object-glass towarda the
transit, the same sazh was measured and the angle was found to be but 37807 In
this ¢ase, therefore,
1258° KQv
“'”"("—3 ) tan. (P59’ 35"
Ay, e P 17457
mn.( o

the magnifying power of ¥ level= =34.0 diameters.-.

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

It ia difeult, without months of wse, to fully test an instrument in all its parts;
but in choosing an instrument the engineer shonld bear in mind that the making of
the tranzit and the level are considered to be feats of mechanieal skill. It should
be remembered that there iz no machine 2o delicate that it ean fnish the ezzential
parts of an instrument. The laststages in its making must depend upon the personal
gkill of some mechanie, who has a reputation for that particular work ; and we are
gorry to add, that o difficult 12 it to secure the mechanical skill and patience re.
quired in the finishing of the interior parts, the only essential ones, and so ensy 18
it to add thelacguer and polizh of the outgide, that the market is full of instruments
gold ata price enough lower than the best makers can work, to seem to effect a
large saving of the fivst cost; but such a saving is money borrowed at the highest
rate of interest, when the cost of annual repairs is eonsidered. It is better at the
outaet to buy of & maker who is noted for the conscientions accuraey of hiz work.
An imperfect rack motion ; & serew turned home on the wmpl{llg threail; a wabblin
of the object-slide or eye-piece; a slight space between the edge of the vernier mﬁ
the limb of the eirele; in fact, any mechanieal defeet, no matter how slight it may
geemn., Ay be taken as a prutti' gure indication that the work has been slighted in
other parta as well, and should have n etrong influence lndguif]lng the selection of
an instrument, in the absence of a test by work in the field,

The XEngineer's Transit.

In the first part of this catalogue, Mezers, (. L, BERGER & Sowns, have pointed out
the peculiarities and improvements in thiz instrument, as constructed by them. In
speaking of the adjustment2 of thege instruments 1t is well for the engineer to
remember that the construction is aimed to be such that If the telescope and levels
are carefully adjusted they may remain 2o for even a number of years to eome, if
the mstrument suflers no rough naagee,
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Cross Section of the Berger Transit.
The heavily drawn center line and the two parallel lines drawn at right angles to
it in the above cut, indicate conditions required in a perfectly adjusted trapsit.
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Description of the Telescope,

THE object-glass is achromatie, being made of two lenses, one of crown and one
of flint glass. Boththese lenses are made of the celebrated © Jena ¥ plass (intro-
duced about 1885}, which has a greater index of refraction and power of dispersion
than known before this time. For the most part, thatis, whenever the diameter of
these lenses i3 not too large, we — sinee 1889 — cement them together =o as to
make one lens only. Inesodoing the disturbing reflections from their inner sur-
faces, and the settling of a film between them is prevented, besides securing to the
telezeope an additional amount of light equal to about 8 per cent. The curvatures
are eomputed from speecial formule, so that the telesco, e may have the largest
aperture pogsible with a short focal length.

The englneer will appreciate the slightest gain in the diameter of the ohject-
glass, since the amount of light received from any object varies as the square of
that dismeter. Thus an object-glass 1% inches in diameter will admit half as much
light again as an object-glazs one inch in dinmeter,

The eye-plece, or ocular, as it is sometimes called, is the combination of lenses
iJSEE,'i} in Eiha teleseopa with which the image formed at the foeus of the ohject-glasa

Viewedl.

The eimplest and most commonly used eye-plece in the telescopes of instru-
ments of preelsion, whera spider-threads and micrometers are used in making
measurements, is the Ramsden astronomical or positive eye-plece. It eonsists of
two plano-convex lenses, commonly of the same focug, placed apart at a distance of
two-thirds the foeal length of either, the convex sides facing each other., It has
the advantagae of being placed behind the foous of the object-glass. It is almost
frea from spherical aberration, and gives a porfectly flat field of view, so that the
spider-threads can be seen distinetly throughout their entire length, Unfortun-
ately it is not entirely fres from chromatic aberration, that iz, not strietly achro-
matie, and therefora the Kellner and Steinheil eye.pieces are frequently preferred, as
in them the chromatic aberration Iz sensibly eliminated, 2o Emt. a bright object
viewed with a normal eye will appear achromatic, a condition as important in the
aye-plece as ln the object-glass.

Thea Kellner eye-plece, alzo, consists of two lenses., The one nearest the eyve, or
eye-lens, is a mmgoun-’l lenz compozed of crown and flint-glass, as in the ohjective,

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

In the Bteinheil eye-pisce both lenses are eompound, as in the eye-lens of the
Kellner. The parts of each lens being eemented together, they form two double-
ponvex lenzeg, and therefore it may be designated as an achromatic double are-?iecm
There are some deviations in the construction of the three eye-pleces mentioned
above, but mainly as to the proper curvature of the lenses and their proper distances
apart, depending as they do on the index of refraction and {Emwer of dispersion
of the glass used in the construction of the object-glass and eye-piece, but the
principle as above explained, by which an achromatie image is obtained, underlies
all of them.

The Ramsaden eye-plece iz generally 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 Steinheil eye-pleces in powerful t:elesc:iu:tp-es of limited length,
on account of the somewhat larger field of view possessed by these eye-pieces.
Moreover, the compound lenses are liable to be affected after a while by opacities
cauzed by a crystallization, as it were, of the cement uniting the parts composing

am,

Objects seen through the above-mentioned eye-pieces are, however, inverted,
and teleacopes 8o constructed are often objected to on this account. It neverthe-
lesa is the most proper telescope to use where fine telescopie measurements must
be made, asthe 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-
escopa has soma other advartages that should be mentioned here. The eye-pleco
being shorter, an object-glass of greater focal length I8 obtained in the samea length
of telescope, thereby favoring the conditions Imposed to secura the best definition
wherae the telescope must be short and powerful. Any inerease in the focal length of
an object-glass adds to the magnifyving power in the direct way, without entailing
the loss of light consequent upon the use of an eye-piece made unduly powerful.
On the other hand, an increase in the magnifying power of the eye-piece magnifies
the least imperfection that may exist in the object-glass, and makes the cross
wires appear too coarse,
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In practice, however, many engineers prefer the erecting or terrestrial telescope,
Buch ielescopes must be made with an eye-piece consisting of four lenses, as by
adding two more lenses, objects are shown right side up, as viewed with the naked
eye.  In the construction of an erecting eye-piece the chromatic aberration can be
ecorrected by the two additional lenses required to secure an upright image ; but in
the case of short and powerful telezcopes the difficulties presenting themselves to
secure o perfectly flat field of view are very great, and recourse must often be had
to & compound lens. In the Kellner terrestrial eye-piece the third lens, reckoning
from the eye, is therefore compound, and both parts are eemented together.

The Huyghenian eye-piece is used toa very limited extent in the more modern
telescopes of instruments of precision. It is most frequently met with in the
larga teleseopes used in physical astronomy, where objects are merely viewed, bat
oo meazurements wade, The field of view is large, but not quite flat. The amount
of light ia greater than in the other aye-pieces. The eye-piece consists of two
plano-convex lenses with their convex sides facing the object-glass. The main fea-
tures are, that in this eye-piece the second lens is placed between the object-glass
and ita focus, and that it brings the image to a focus at a point half-way between
the two lenses of the eye-piece. The focal length of the 2econd lens is three times
larger than that of the eve-lens, and they are placed apart at a distance egual to
one-half their combined foeal length. The image is viewed hy the eye-lens. It is
called a negative eye-plece, because the image is formed at a point between the
lenzes.,

The magnifying power of a telescope must be proportionsl to the aperture. If
the magoliying 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 2o small
that the engineer eannot point upon them with sufficlent accuracy.

Tha magnifying power should ba such that the least perceptible motion of the
bubble of a level, or change in the reading of the verniers, should cause sufficient
wovement of the erozs-wires over the object in the field of view to be readily notice.
able, A bigher power than thisis worse than useleas, sinee objects are less brilliant,
A lower power would not develop the full capacities of the instrument. Messrs.,
. L. Berger & Bong adapt, therefore, the magnifying power and aperture of their
instruments to the sensitiveness of the levels, and the fineness of the graduation.

In the telescopes of the lnstruments manufactured by C. L. Berger & Sons, the
main tube has a much smaller diameter than is uzual in proportion to the size of aper-
ture. This is aceomplished without eutting off any light derived from the object-

lass, since the pencil of light within the telescope is continually diminishing in

inmeter until it comes to a foeus at the plane of the spider-linez. The danger of
an increass of reflections caused by bringing the interior surface of the telescope-
tube nearer to this pencil of rays, is neatralized by the introduction of several more
diaphragms properly placed, and by the use of a specially dead black eoating for
the intericr. By this method of construction the weight of the telescope is greatly
reduced compared with the large apertures used by them, and therefore there is
less wear on the horizontal axis of revolution, and less friction of the object-slide.
Thera is, also, on this account, less surface exposed to the wind, and the instru-
ment i3 consequently more steady.

Concerning Apertures which are Abnormally Large in
Proportion to their Foecal Length, for the Telescope
of Transits and Levels.

Having shown in the preceding article the value of the large apertures adopted for
the telescopes of the instroments enumerated later in Part 11, it seems but natural, in
the desire to gain additional light, for these unacquainted with the construction of these
telescopes to Buggest an increase in the aperture of an object-glass given with a partic-
ular length of telescope and size of instrument,— that is, to wish to go beyond what in
best practice must be considered the limit in diameter of aperture for a given focal
length.  Good practice allows a ratio of from 1: 10 to 1 : 12, — meaning that an ob-
ject-glass one inch in diameter should have a focns of from 10 to 12 inches to insure
good light, sharp definition and giving the natural magnifying power of the telescope
;Lmé not one cbtained by applying a too powerful eye-piece causing undoe loss of

izhit.
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In order to reduce the size and weight of field instruments and make them mare
portable and efficient, modern practice has been to reduce this ratio very considerably
by adopting as short a focal length as pogsible, and since the length of telescope s the
chief factor in determining the size of an instrument, as will be geen by an inspection
of the various instroments dsted later on in this eatalogue, the resulting optical and me-
chanical conditions involved are of a most ditfieult and strained character, Wers these in-
struments designed merely forviewingobjects, asincaseof binooulars, opera glasses, ete,,
or for observing stars (which requires no change of focus), so that a short focussing
slide would be sufficient, the construction would be o eomparatively easy task; but
ginoe these instroments are designed for purposes of engineering and surveying, whers
angles between sichting poles and heights of measuring rods must be read at distances
which vary from 6 feet to infinity, involving a contimaal change of the foruasing slide,
it is of the ntmost importance that this slide-tube be of o length which is not only pro-
portional to its diameter but also sufficiently long to insure an aceurate movement in a
atraight line coinciding with the optical and the geometrical axes of the telescope,
ginee any deviation in the motion of the slide-tube from a true straight line, whether
caused by an Insecure short slide or by wabbling or fretting due to too much weight
at the object end, will directly affect the position of the %ine of sight and prodoce
inaccurate results,

Abnormally Large Object-Glasses,

The foregoing will show some of the difficulties attending the construction of short
telescopes having the largest apertures permiasible for surveying instruments, These
difficulties are much greater where a short telescope has an abnormally large object-
glagz. In order to accommodate the cone of light in this case the outer tube has to be
groatly enlarged and consequently the foonssing glide is then too ghort and out of pro-

rtion to its diameter, and the greater weight attached to it such that it cannot be
ggpendsd upon for precise work.  Furthermore such telescopes make an instrument
top-heavy, enormously increase the wear on the centers and on the axis of revolution
of the telescope, and greatly add to the surface exposed to wind pressure.  To over-
eome some of these defects the focussing slide is often placed at the eye-end of the
toleseope for certain claszes of work where the conditions are more favorable, but this
is impossible in the regular engineers' transits, since the eye-piece must always
reverse throogh the standards, and this cannot be done when the slide is drawn out for
ghort distances.

8o far only the mechanical features involved in this subject have been disoussed,
buat it may not be amiss to mention that a telescope with an abnormally large aperturs
and having an abnormally short focal length very frequently lacks that sharp definition
that a smaller ohject-glass will give, Therefore it is at least questionable whether an
abnormally large aperiure has sufficient advantage over the usual large aperture to
warrant sacrificing the longer object-slide, its greater precision and magnifying power
that are obtained when the focal lepgth and the aperture have their normal relation.
It should be mentioned also that the special kind of glass required for the ‘Iargeat. ob-
jectives has not great power to Tesist the effects producsd by moisture in the air,
moistare from the fincers, ete., to which it is liable to be exposed in field work.

Hence it follows that the use of such abnormal apertures should be restricted to
ingtraments for tunnel details or to plane-table alidades. In all eases where larger
apertures are desired, larger instruments with longer telescopes should be ehosen, so
that the relation between foeal length and aperture may be kept the same, and sharp
definition, good light and high power thus insured. For if, In a telescope of short
focal length, high power la scenred by means of the eye-piece, the difficnley in foenssing
the wires becomes very marked, and is likely to become a sourcs of annoyance,
especially in the case of the very short eye-piece used in inverted telescopes. Further-
mare such eye-pleces also magnify every imperfection of the object-glass as well as of
the eross and stadia wires. This makes it diffieult to procure wires of sufficient,
fineness, and the increased danger of their breaking makes their use almost prohibitive.
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The Pancratie, or Changeable Power Eye-piece for the
Erecting Telescope

This feature, long in use in commercial articles such as field-glasses, binoculars, ete.,
can be applied, in case of surveying instruments, to eye-picees of erecting T-Elagicﬂpes
only, and i3 then desirable only in exeeptional cases. Its use in a surveying instru-
ment cannot be considered a distinet gain, sinee it complicates the mechanism of the
telescope — even in its simplest form — by the introduction of a greater number of
pleces, besides adding to the weight of the eye-plece.  In practical use it requires one
more operation than the regular eye-piece, but unless a person is thoroughly familiar
with it, not infrequently two more operations are required when focussing on an
object.  In using it the first operation will be to set the magnifying power, by means of
the movable lens, into the first position marked for it ; the second, to sharply focus the
wires ; and the third, to bring the object into view, Whenever the power has been
changed, by aceldent or otherwise, the wires will have to be brought again into focus
by moving the whole eye-piece in the usual manner. Owing to the greater complexity
ngthia eve-plece gome of the lenses are not readily accessible for cleaning in the field or
in the office, so that greater care is requoired to preserve clearness of vision, These
lenses are likely therefore to be coated with a film after exposare, thus defeating the
very object for which they are designed, viz., to give additional light by the use of alow
power. Moreover, when applied to a transit the foeal length of the abject-glass has to
b ghortened by about one-half inch, thereby directly lessening the power unless the
heizht of the standards be Inereased, which of course malkes the instrument more tap-
heavy.

These are distinet disadvantages in a telescope.  The power chosen for the tele-
seope of & field instroment is geperally the one best fitted for it and therefore should be
permanent. To make it changeable in order to reduce this power leasens the degree of
accuracy with which & measuring telescope can be pointed at adistant object, and will
thwart the intention of the maker, who barmonized the power of the telescope with
the sensitiveness of the levels and reading of the gradueations. 8o, to reiterate, it is
the diseerning power of a telescope, obtained by a normal aperture combined with a
sharp definition and high magnification of the object, that will make it possible to
quickly and acenrately read gradusted rods and see staffs at great distances, A low
power, therefore, would not reveal the capabilities of the inatrument, and on thiz ac-
count the desire 18 more often expressed to inerease the normally large power as
explained above in order to read close at long range rather than to have it leszened.

The aim of the makers iz to keep surveying instroments simple in deslpn and free
from incumbrances, so that the observer’'s whole attention may be given to the work
before him. While we do not recommend the use of thess variable power eye-pieces,
when desired they can be applied to the larger size transits and levels when made to
arder.

The Graduations.

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

Transits intended for iriangulation should have only single opposite verniers and
one row of fignres clockwise from 0 to 60°,

All instruments desired with graduations differing from those specified In this cat-
alogue under each siyle and size, will be made to order only.

The costomary graduations of C. L. Berger & Sons’ Instraments are ag follows : —

Thae cirele divided to half degrees,  the verniers reading to single minntes, see Fig. 1.
s 4 i Hopwenly minubes, o A E * thirty seconds, * Fig. 2.
" a a * fiftesn minutes, i s * twanty seconds, * Fig. 3.
al as i " twenty minuges, a a“ “twenty seconds, * Flgs. 4, 5 and 8,
L L L3 Hopen minutas, " G " * ten secomds, ! e T
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To express the relation between the vernier and circle divisions, let d=the value
of one divizion of the cirele ; d@'=the value of one division of the vernicr; d-d'=
the least count of the vernier, or, in other wordz, the emallest reading of the eircle.
3 ﬂc:l: :lhu number of spaces of the vernier which correspond to (n—1) spaces of

e eirele,

We then have the three formulas;

; d
et
(@) {3’=%d
fpdi
(3.) d—d'=——d

Thus, for example, suppose the cirele was divided to 15, and it was desired to
read to 20%,  Here, d=15"
d—d’, or, the least connt=20"
Then, by formula (1)

{ o ""
n=— = — e dd

; Therefore, 45 spaces of the vernier must correspond to 44 or(n-1) epaces of tha
eirele.

Suppose again the are to be divided to 20°, and to be read to 307 In this cars

we have
_ 20xe0
3
Therefere, 40 spaces of the vernier must correspond to 39, or (n—1) spacesn®
the circle. These are the graduations which Messrs. C. L. Berger & Sons usualy
adopt for engineers' transits,

2q 2)
10

il i

| II|||L l.I ) o

Fo e |

230 | 7|0 |
2|20

=40

The eut ghows a portion of the eircle and vernier, to illustrate the method of
ing to thirty geconds.

maﬁ‘l'lsflines ma{*ketl 130, 140, and 150 denote 107 each, The shorter lines hall way
between them denote 135% and 145° _The next shorter lines denote whole degrees.
while the shortest lines are one-third of a degree, or 20" apart, :

The vernier eomprises the upper eeries of lines. Of this series only that half
lying to the right of the vertical arrow, or zero, and having the ficures 10 and 20
inelined in the same direction as the 130, 140, and 150 of the are, is 10 be uwsed in
connection with these fizures. The vernier is double,—one half to be used with
one set of graduations utgthe are, the other half to be uzed when angles are laid off
in the opposite direction, and then the lower set of figures, 210, 220, and 230 are vaed.

1t is to be especially remembered that the figures on the vernier are inclined in
the same direction as ti:a figures on the are to which the&f belong. .

To read the yvernier, first note the whole degrees, an 20 gpaces lying between
e last 10 degree division and the zero division of the vernier. i

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 iz between the 207 and gu‘ space beyond the
138° mark. The first part of our reading will therefore be 138° 200, :

Second, look aloug the vernier, beginning from the zero poiut, and in the diree-
tion in which the graduation of t.hefum TUnE, qut:{! one IJ:IJ'E ﬁhﬂ vernier is found

i g be a prolongation of an opposite line on the arc.
wmé;:iﬁi-];seﬁh of t.Iijm verﬁ?ﬂ EpACES ha_ﬂ!wuen the veruier zero and sueh a lina.
as equal to 30% of are. X

Add the number of minutes amll seconds thus obtained to the first reading.  The
result will be the reading of the circle. ) : .

Thus we notice that the vernler zero is a trifle over half-way of the distance
between the 200 and 40° marks of the are. ) ;

And looking along the vernier to the right, we notiee that the lines of the ver-
nier gradually approach the lines on the arc until the twentieth line of the vernier
i= A:rcclsel}r opposite a ling on the ave.  OF course, since gach vernier space denotes
30", the alternate ones made a little longer in the eut will denote single minutes,
and on the vernier therefore the twentieth line would correspond to 107 007, and
sinee onr first reading was between 20 and 407, this vernier reading is to be added
to that first reading.

Thus, 138* 20r
1o (e
135 307 0% will be the reading of the vernier,
using the wpper graduation.

In the same manner we proceed to the left in reading the lower graduation, in

which the figures are inclined to the left.  Thus in the cut, we should find the zero
oint of the vernier iz beyond the 221% 2 mark, and the line of the vernier. which
tf seemingly a prolongation of a line of the are, corresponds to 10° 00", Then we

o4 2° 20
00

221° 30¢ 00" for the reading of the wernier, nsing
the foteer graduation.

Practically, in reading the vernier, the engineer deeides which line is in coinci-
dence by the pozition of the lines on both gides.

He first notices, roughly, what fractional qitrt of 2 gpace on the limb lies between
the vernier zero and the last graduoation mark it has passed. This enablez him to
look immediately to that part of the vernier in which the coincidence ocours,

Thus in the figare the yernber zero §s about half way between 2217 207 and 221° 407,
the engineer therefore inmediately lecks about half way along the vernier and
finds the 107 007 division to be the one songht.

When the graduation i2 to thirty 2econdg, the on;inea-r Wwill finud that if he only
choozes, he can work to minutes with this gradnation quite as rapidly as with a
transit graduated to minutes, by simply disregarding the zhortest lines of the vernier.

The second vernier, which iz distant 1507, or exactly opposite the one read firat,
may also be read.  Not 2o much to eliminate any eccentricity of the circle and ver-
niers as to afford a valuable eheek upon the angie measured,

Greater accuracy in the measurement of any angle may be obtained by the
principle of repetition. In this case, before and after an angle has been repeated a
number of time2, all four of the verniers should be read, and if, for example, the
graduations proceed from right to lefe. the left hand gide of each double vernier
should be read 23 usual; but dn the right hand side the line now marked 20 on the
vernier should be considered O, and the arrow on the vernier 20, Then, with this
convention, only the minutes amd seconds of the second vernier should be nsed.

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

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

Graduations on solid silver are mueh to be preferred to graduations on an
known brass alloy. The surface of the sllver can be worked very plane, since it.ii

of uniform texture. The graduations can be eut with the utmost uniformity in
width of line and spacing.
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The Customary Graduations of Circles and Verniers
for C. L. Berger & Sons' Instruments.

Figures 1, 2, 3 and 4 illnstrate sraduations in which the horizontal circles have two
rows of fzures, from 0° to 2807, in opposite divections.  The figures in the main row
nearer the vernier increase clockwise, and in the otber row increase in the opposite
direction, so that angles may be read rapidly in either divection,  Other fignring, such
as 0° to 907 Lo 07, 07 to 180° to 0F, will be made when specially ordered.

The vertical semicirele is figured from 07 to 007 in either dircetion for reading angles
of elevation or depression, and the full vertical cirele from 0F to 80P to 0°. For astio-
nomical work the vertical eircle will be fignred clockwise from 07 to 360° when spe-
cially ordered.

Whenever a change iz desired from the customary figuring, az oiven below, o diegram
should be sent with the order.

The size of cirele appropriate with the various graduations and verniers will be fonnd
in the description and extras of instruments in the catalogne and are the ones recom-
mended. A larger size of circle than the one enumerated with the instroment would
often prove of no value, while a smaller slze may prove fatigning to the eye to read.

The cuts below represent a gradeation on a cirele 13 inches in diameter,

Graduation Reading to Minutes,

a LU A

10 o ¥

Jse 360
Fig. 1.

Fig. 1. Circle divided into 80 spaces.

Dwoable Opposite Verniers to Hovizontal and Vertical Circles, also for arcs (29 spaces
into 30) reading to single minutes.
. Note.—Sometimes when for want of space in some particular type of instrument & single read-
ing folding vernier must be applied to o cirele igared in op te directions the single vernier has
ita zaro ]i:-ontmthe canter and extands 15 each way. In reading this vernier, procesd to the right or
left on the upper row of ligures in the direction of the graduntion weed, and 1if the coineldent line
iz mot fonmd OTE ml:hi.nj_r:l the 18 line, continue on the lower Tine of figures on the other half of
the vernier, &0 that the whole graduation from @ to 30 lies in the same direction,

Graduation Heading to 307

/]
|
' 260 o 260

Fig.2.

Fig. @. Circle divided into 20" spaces. ) ) .
Double Opposite Verniers to Horlzontal Circle (89 spaces into 40) reading to 304
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Graduation Reading to 207,

s A E

b1 R ¢ 5 10

2o l 350
Vs Pl 0
T 1o 1
350 360

Fig.3.

Usual Style of 207 Verniers for the Engineer's Transit.
Fig. 3. Circle divided into 157 spaces.
Diouble Opposite Verniers to Hovizontal Circle (44 spaces into 45) reading to 207,

Note.— In fignra % the lines on both the virele pnd the verniers are eonsiderably eloser than in
thoae of figure 2. For this reason it will be seen that this graduation s more fatiguing to the eye fo
read. However this form is the only feasible one for the vernier opening when two rows of figures
with zero in center of verniar are required, s in general engineering work where angles are to be
read Tapidly to right and laft.  For the bast vernier for trinngulatlon transits see tigures 4 and 5.

Graduation Reading to 207,

=
2o {

=AN]
J.; 10 3’0

350 360
Fig.4.
For the Engineer's Transit intended for Triangolation. Made to order only.
Fig. 4. Circle divided into 20° spaces,
Single Opposite Verniers reading to 207 (60 spaces into 60); two zero points to Ver-
niers ; two rows of figures.

Maote~This vernier has: wider spaeing on the cirele nnd on this pecount is more ensily read to
200, hut has the disadvaniage that when an engineesr wants deichle opposite verniers, as elown in the
verviers Figs. 1,2, and &, the opening of the vernler plate wonld have to be twice as long and thera-
fore too large for the superstrueture of the instrament, It iz desivable in such cases where pn en-
gineer wants a 50 graduation on above Hmb with two rows of figures to provide vernlers with
feon meras, one ot enel end, ps shown above, necessitnting the ineonvenlence of first shifting the ver-
nier plate from one zero to the otler before angles can be vead in the opposite diceetion,

'_|_II|.|.5 diffienlty may ke avolded, however, by using the 10 mark on the vernier as the zero point
and reading angles in elther divection as explained onder feore &,

Graduation Reading to 207,

A

20 10

20 250

10 ;
Fig. 5.
Usual Style Vernier for Transits intended for Triangulation. — Made to order only,
Fig. B. Circle divided into 20! spaces,
Single Opposite Verniers reading to 20" (5% spaces into 803, One row of figures,
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Graduation Reading to 207,

A

10 43 20 10 -

10 10
350 350
Fig 6

Folding Vernler. Made to order only,

Fig. 6. Cirele divided into 20" spaces saume as Nos, 4 and 5.
Single Opposite Vernlers having one zero point in center with two rows of figures.

Warbe.— With this style of single vernier angles may be read to left or T1}Ibt. If angles are boing
rend elockwise start with the zero point under A and eontinus to the left antil the 10" mark is
reached, then if no eoincidence is found, continue by taking the 10 mark at the opposite end of the
varnjer (rlght end) and reading toward the 26 mavk. In reading angles in the oppoesite direction use
the gures which slope toward the right.

Graduation Reading to 10" jon a 7 or S-inch Circle),

10 [ 330

Fig. 7.

Uesnal Style of Verniers for Triangulation,

Fig. 7. Circle divided into 10* spaces.

Single Opposite Verniers reading to 10" (50 spaces Into 60).

Whenever desired deunble opposite verniers can be furnished, with two rows of
fignres on limb from 0° te 360° in opposite directions.

Mote. — In caszes where less n-eiFi.u: j:l.hd Ereater compactness nnd [:nr_frl'l:-ilir.].' of instrument mre
desirable, as in instruments often fornished to the Government for use in mountains and in the
tropics, a 10° graduation can be placed npon a 6% inch efrels, T he spacing however is very close,
ami while thiz zize of clrels will give almost equally as accurate results, its reading must neces-
gnrily prove more fatiguing to the eye.

Graduation Reading to 5" on 8-inch Circle.

Sometimes it is requested to graduate an 8-inch circle to read to 5 direct, when the
cirele will be divided into &' spaces and the vernier 59 spaces divided into 60 parts. As a
rule this praduation is not desirable for vernier instruments on aecount of the close
gpacing on circle and verniers which of necessity must prove inconvenient In usual eu-
gineering practice because of its greater liability to error in reading.
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Decimal Vernier Graduation.

For railroad work it is sometimes requested to graduate vernier A to read to
minutes or 30%, as usual, and vernier I¥ 1o read to ploth of a degree.

If the eirele is to read to minotes, vernier A will be as shown in figure 1. A
decimal vernier for this graduation requires 49 gpaces of the circle to be divided into
G0 parts on the vernier, making a very long vernier, so that therve ia only room for a
single vernier in the opening of the vernier plate, Thizsvernier would either have two
zere points as in fgure &, or would have the zero at the center, as shown in figure 05,

If one vernier is to read to 30¢ and the other to ¢J;th of a degree, the circle would
be divided into 15° spaces, and the A vernier would be as shown in figure 9, The
decimal vernier for this gradoation requirves 24 spaces of the circle to be divided into 25
parts on the vernier as shown in figure 8,

The disadvantages of sueh graduations are, first, that the spacing of the circle is too
close for rapid reading, and second, that mistakes are liable to be made in reading the
verniers by eonfusing the 30" reading of vernier A with the fizth of a degree of
vernigr B, Another disadvantage is that when it is desired to read both verniers,
A and I8, as in repeating angles, this cannot be conveniently done with either of the
above arrangements, For these reasons the two verniers A and B, should bave the
sme groduation.

There are oceasionally inguiries for transits provided with decimal vernier gradua-
tiom.  These can be furnished when desived, but must be specially made to order. On
account of the great length of the donble vernier, single opposite verniers of the fold-
ing pattern (fir. ) are the only feasible ones,  Although objections are often raised
against them, still many engineers like folding verniers after becoming accustomed to
them.

Decimal Vernier Graduation.

FA B 25
WWWWW
T k77 10
Fig. 8.

Fig. 8. Circle divided into 157 spaces,
Double vernier (24 spaces into 25) reading to hundredths of a degree.

Graduation Reading to 307,

On same limb with B vernier to remd to 100ths of a degree as in Fig, 8, and A ver-
nier remding to 307,

\EmaAgmﬁ

\l\ R
e o0 e

Fig. 9.
Fig, 9, Cirele divided into 15° spaces,
Double vernier A (29 spaces into 30) reading to 807, 1 vernier reading to 100ths
M a degree.
This vernier is not commonly used, bat has the advantage that the doable vermer
gecupies only a ghort space,
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The Centers.

Quite aa important as the graduation, is the exact fitting of what the makers
eall the eenters of the instruwment; i.e., the two vertical wmeta axis, about which fhe
cirele and the vernler plate turn.

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

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

Messrs, O, L, Berger & Sons take the precaution of casting the outer center, circle
a-]nd vernier plate in the same mounld, to aveld any difference in the composition of
the metal.

T'he upper plate ghonld not be hammered, since this wonld alse effect an nnegual
expanzion of the metals in extrems femperatures, eausing the vernier to read too
long or too short.

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

The Compass.

In running old lines, and as a check in Tunning new ones, the eompass is frequent-
Iy a very important part of the transit.  1ts needle shonld be temperad throoghout,
and of hard steel, to retain its magnetism. 1t should be thin, sl yot ab Lhe same
time have encugh surface to be stroungly magnetic. It should bo swung npon
gewelled center, and 2o nie fitted that when at rest, with the instrument levelled,
the two extreme points should just clear the graduation of the compass box, and
read precisely 180° different in any part of the graduated are. The pivot on which
it swings should be conieal, and hardened so that it may swing upon a sharp point,
without having thiz point weak.

The needle should also be =0 sensitive, that when drawn from its pointing by
the outside attraction of & piece of iron held in the hand a foot or 8o away, it will
gettle to the same reading several times in succession. )

"T'his sensitiveness depends upon the form and sharpness of the pivot, the strength
of its magnetism, and its bearing on the jewelled center. )

It it :%cmld be found that a needle has lost its sensitiveness, it is probably not
g0 much owing to its losa of magnetism, as to a dulling of the pivot. Since this
may happen when the engineer is withont access to the maker, x_md an instrument
otherwisze be in good condition, it shonld be remarked that the Fth. can be gharp-
ened after removing the needle, by takng a fine oil-stone, and while turning the
instrament with ene hand, grinding the pivot, with the oil-stone in the other ; ciEE
eareful to incline the grinding surface about 257 to the pivot. The pivotis ﬂﬂ‘i
nally turned and sharpened inlarluthe, and in grinding by hand, great care should

ken to preserve itz conical form, : !
. Ej?hs twol::axtreme ointa which ll[ehl:ei:‘“ the graduation, together with the point
uld lie in one stra ine. [
o '"?Figeéﬂm' g?ﬂg;ﬁflty of the needle ghoulid be as far below this line as poasible.

The quivering of a needle so constructed is not annoying, since the center of its
quivering motion is in the line through it two extreme polnts, which are, therefore,
statlonary. = ;

A ether the transit itself has any iron in it to disturb the needle,
it 1:‘{;“;:.';?’;?55';“@: getting the instrument so that both compass-needle and
vernier reads 07, to go round the circie, setting the vernier ten degrees ahead each
time. and noting whether the compass-needle also deseribes an arc of precisely ten
degrees. If it does mot, there is some local attraction.

raduations on the compass box should begin at the North point, and run
#° in E%.:13'!.]1 directions ; then decrease to 07 again at the S:nut.it point. In mine
transite a second continnous row from 0° to 860° starting at North is pladed on
the compass ring. Other ﬂguriuga are made especially to order. In order that
the needle reading may indicate direction of the telescope, the line joinine the
wrog of the ordinary compass ring must be in the sawne vertical plane, with the
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line of collimation of the telescope; and the letters denoting the cardinal E:ints.
Eazt and West, mnset be transposed ; @ e, when the letter N is towards the North,
the letter W should be towards the East.  Of course the needle indicates magnetic
north, and in the case of instruments unprovided with means of setting off the local
variation of the needle, all the readings of the needle must be corrected for this
local deviation.

If the transit is provided with a variation plate and it is desired to set off the varia-
tion by means of the horizontal plate closer than half and quarter degrees —say to
minutes — this can be done on the horizontal circle, The verniers of the Transit are
sef at zero of the gradoation and clamped. The zero of the variation ring must also
be made to coincide with the stationary pointer. The needle is then released and
when at rest the zeros of the variation ring must be made to coincide with the needle
ends by the lower tangent serew.  To set off the variation, the vernler plate clamp is
releaszed and the vernier plate turned so that the telescope (pointing North) moves
toward the actual East if the variation i3 West, and toward actual West if the varia-
tion is East, until the vernier reads the desired declination on the horizontal circle.
The zero of the variation ring i3 now brought to coincide with the needle ends and the
telescope will be pointing to the troe North,

If ureat accuracy is not desived, the variation may be set off directly on the varistion
ring in the following manner: If the varlation is East, move the zero point of the
ah.i%r.'tng compass ring the amount of variation for the locality toward the astronomical
East {or toward the transposed W. point in the bottom of the compass box). Then
clamp shifting ring. When the N. point of needle reads 0 on the graduated ring
the telescope will then be pointing to the true North.,  If the declination is West, turn
the shifting ring the proper amount toward the astronomical West, or toward E.
point in bottom of compass box,

The variation plate of our Transita with yoke standard frame has a rack and pinion
motion with a capstan-headsd nut for clamping when in position. To operate it,
glightly ungerew 1he capatan-hsaded nut at side of milled head, set off the variation,
and then again clamp this nut tightly.

Spirit-Levels.

The spirit levels, as regards their sensitiveness, should be in strict keeping with
the opticul power, and the graduations of the instrament, but the gualicy should be
of the best. A level-bubble should move uniformly over the same distance, when
the telescope iz made to point on two objecta alternately, differing slightly in alti-
tude, by the leveling screws alone., In change of temperature the bubble should
lengthen symmetrically from the center; and no matter what ite length, it should
move quickly, without any of the hitching, which is cansed usually by a little divt
introdueed when it is filled. ;

Of the three levels attached to the complete transit, the telescope level i3 the
most sensitive. It ghould be sensitive enough for ordinary leveling, such ag a
railroad work., The level in front, or at right angles to the standards, should be
gensitive enongh to make a Ire plumb by it to any height ; while the third leve!
on the standard i3 vzed in leveling np the instrument, and to establish the zer
point for the vernier correctly when vertical angles must be measured.

The test of the fitness of the various levels for the eapacity of the instrument
ghould lie in this: that after carcfully bi-secting an object in the field of view, in
such a Puailiun of the instrument that all the levels ean be read, and then slightly
deranging them all with the leveling serews, the bi-section will ba accurately made
after restoring the levels to the exact position they before oceupied, by the leveling
SCrEWS BLONE. T T T

Leveling Screws.

Messra. O, Lo Berger & Sons usually cut their leveling serews with 32 threads to an
inch provide the nsual four screws in opposing pairs.  The Yl:m*.s onee set firmly -
apart by tightening two of theze 2erews on the same side, the leveling of the instru-
ment is eusily accomplished by turning the two serews of an epposing pair 8o that
both thumba shall move towoard each other (when the bubble will go toward the
right), or both thuombs away from each other, when the bubble will move toward
the left.  Instruments intended for triangulation, 4. e, reading to 10" or less, should
however be supported on three, instead of upon four screws,  In this case the in-
strument ig rapidly leveled by bringing one level parallel to two of the serews, the
other level will now be at right anglez to it. Level both levels st the same time
by turning one of the screws to which the first level is parallel and the serew
which is at right angles to this level. Of course the instrument may now be
reversed to guard against non-adjustment of the levels.
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Three Leveling Serews versus Four.

Totnestudent of the progreas In Engineers’ field instruments, the question often
presents itself as to the comparative merits of an instrument provided with three,
over one having four leveling serews. It should be here remarked that the greater
portability exizting in instruments provided with four leveling serews atill com-
mends itself to all using the more customary class of Instruments, However, the
finest class of fleld instruments, requiring spirit-levels corresponding to the fine
ness of “‘[‘fldﬂat!ﬂ“n cannot be advantageously manipulated with four leveling
serews. The results thus obtained would be liftle better than those obtained with
A Mora u;dmury mstrument.  To insure the full benefit of a finer instroment, such
a8 used in triangulation, the maker will prudently apply three leveling serews,
mounted on & basis larger then is usnal in instruments with four serews. 5o, while
four leveling serews have the advantage of greater compactness and less weight
three screwsz have the advantage for closer setting, giving better results. The
malker will therefore adapt either the one or the other kind to his instrumenta as
the case may require.

Quick Leveling Attachment.

[For ilfustration see page 130.]

As all deviees of this kind detract move or less from the stability of an instro-
ment, it seems they never have been regarded with much favor by the engineering
profession at large. There are cases, however, where the nse of such a device, in
4 mountainous eountry, or in underground work of a close character, becomes very
desirable. Mesars, C. L. Berger & Bons' device, unlike deviees of a slmilarkind form-
ing a partof the instraument 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 instroment itself it can be readily attached or detached
at will, thus adapting the instrument to the circomstances aud to the elass of work
in hand. For this parpose the threads of this coupling or quick-leveling attach-
ment, and those of the instrument and tripod arve identical ; and a3 all their transits
and levels with four leveling screws are interchangeable’ on any of their tripods,
one such coupling is sufficient for an engineer’s outfic.  Tn fact one extra tripod
permanently provided with thiz guick-leveling attachment may be kept ready for
ooeazional nse in an office where there are a nomber of their instruments.

To use thiz guick-leveling attachment procecd as follows :—Serew it to the

instrument, and then zerew both to the tripod in the usual manner, ta]{ing CRPE
that the coupling becomes firmly fastened thereto. Now to operate it, slightly
unscrew the instrument from its hold uwpon the flange of the coupling by means of
the milled edges provided for this purpose, and move it apprﬂximat&fy into a level
plane, then again serew the instrument firmly to the coupling same as before,
This being accomplished, move the instrument over the given point on the ground
by means of the centering arrangement deseribed later on, and level up earefully
by the leveling screws alone. It will be seen that this quick-leveling attachment
ia operated entirely independent of the leveling serews or centering arrangement.
Of course, when this device is to ba used for several daye in succession, 1t is not
negezsary to detach it from the tripod every time the instrument is to be removed.
In sueh cazes the instrument only should be detached from the eoupling.  When-
ever it becomes dezirable to detach the cﬂu;rllng fronn the tripod, it can best be
performed by allowing the instrument to remain fastened to the i:ﬂullrl'mg., then b
taking hold of the milled edge of the coupling ungerew in the usual manner. In
cases where the coupling has been permanently attached to a tripod, the small
gorews connecting it to the tripod head must first be removed.
I To secure the greatest possible stability to the instrument, the outside diameter
of the hollow hemizphere iz equal to the distance between the leveling serews of
the instrument; and to secure a smc:sﬂ.h and rE!.Ed.J.f action, leather washers are
provided in the socket which act against the hemisphere. However, when the
instrument is clamped to the flange of the eoupling these washers recede, and the
metal surfaces are brought into direct contact with each other.

The Gradienter Screw.

This very convenlent attachment consiata gimply in a screw working againsi
the clamping arm suspended from the horizontal axis, and on the opposite side
from the vertical are. A strong apiral spnnig is ser directly opposite the screw,
and presszes the elamp arm against the end of it.  This serew is cut with great care
ina lathe. Ithasa large silvered head graduated into fifty equal parts. As the
screw is turned, the head passes over a small silvered seale, so graduated thai one
revolution of the screw corresponds to one space of the scale,
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Obviously then, the number of whole revolutions made by the screw, in turning
the teleacope through a vertical are, can be ascertained from this gcale.  The clamp
arm of the telescope has its clamping serew just above the horizontal axis, in the
nsual manner. When this serew is free, the telescope may be revolved 3 but when
it is elamped, the telescope ean only be moved by the gradicuter serew, which thus
takes the place of the ordinary vertical tangent serew.  The serew ia eut with such
a value of a single revolution. as to eause the horizontal eross-line of the teleacope
to move over a gpace of o of a foof, placed at a distance of 100 feet, when the
screw is turned through one of the emallest epaces on its graduated head; and
pince there ave fifty such spaces on the head, it follows that one revolution of the
serew 1s 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 g of a foot in 100 feet; and two
entire revolutions of the gerew would be twice &, or 1 foot to the 100, It is readily
seen that grades can be established with great rapidity with this serew. It is only
necessaly after ectting the gradienter serew to zero, and ll."VE].illE and clamping the
telescope, to move it up or down asmany spaces of the head of the gradienter serew
15 thers are lluudrsrﬂi{m of feet to the hundred, in the grade to be established.
Thus, to establizh a grade of 1* 85, the serew head is tormed throngh three whole
gpaces of the scale, which corresponds to 1.% 50, and through three of the numbered
divisions, and five of the shortest ones to make up the entire reading of 1.M 83,

For measaring distances this serew takea the place of stadia lines, and is more
eonvenient ; ginee for any approximately horizontal diztanee, the space on an ordi-
nary leveling rod expreszed in hundredths of feet, included in two revolutions of
the screw, will be the number of feet the level rod is diztant firom the center of the
instrument. Thus the difference between two readings of the level rod was 2%, 9565
when the telescope was moved 1n altitude through two revolutions of the acrew.
The rod therefore was distant 206.5 feet.

It is unnecessary even that a leveling rod be nsed. A ranging pole or walking
stick, or any arbitrary length which can afterwards be measured, will suffice. Thus
o stick, which waa afterwards measured and found to be 3%, 38 long, was found to
be gubtended by 33 revolutions of the serew at an unknown distance,

In this case the distanca was—
_:1' . BB
1.0568

100 == 213 . 9 feet.

In case, however, the distance to be measured 12 not approximately In the aame

level plane with the transit telescope, it is necessary to compute the distance, from
tha readings of the rod. In taking such readinga at an altitude, it is cnztomary to
Ineline the rod towards the teleseope, and by trial find the least space subtende by
two stadia lines. A zkilful rod-man will plusd a rod more readily than he can
tneline it at the proper nul,z_lc._.and a reading of the plumb rod can be taken with
rreater accuracy, 8nd in less time than with the inclined rod; but it ordinarily
nvolves some additional computing to reduce such vertical readings to horizontal
iistances. "With the view of reducing the computation to a simple multiplication
the following table is appended with the trignometrical argument on which it
depends, The engineer will notice the solution is not rigorously exact, but is suf:
ficiently so for all cases in practice, :
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In the above figure,

TH—the transit horizontal sight lne.
The angle HTB = the arﬁ,xle of elevation of the telescope to the foot of the rod
“ % BTA=the an le subtended by any number of revolutions of the
%ra ienter sorew = (3,
AB= l;1'|.»a1 ength n{' t.hf{md ineluded by the angle G, when the rod
& vertical = R.
CB is drawn perpendicular to TE.

Themn, CBA=BTH=FE TAH =90 — (E 4 G)
BC_ i (mn_m_'l'_{}\') co8 E cos G —gin E sin G.
AR BN (00 Gy c0s 3,

. BC=R (cos E—tan G sin E.)

nh
tan G = — Where kb la the height above a horizontal line, subtended by
one revolution of the gradienter serew at a distance a.

n iz the number of revolutions made in any given ease.
. il T nh .o,
BP:HBCEREI (I?.‘ﬂ-!- E—F-E"'l L:I'

.'.BT=R(%EGFE—-SEIIE] o E G BOE OB L M
and .

HT=EBET coz 1

S HT=R (GeosE—}sm2E) . . . . . . . IL

Formulas I and IT are general formulas for any gradienter serew. In C. L.
Berger & Sons” transite the serew is cut and placed so that when ae= 100, for
f =2 and k=4, by substitution these formulas besome,

LT=R (100 eos F—gin E.)
HT =R (100 cos *E— 14 sin 2 E.)

Where BT =the direct distance from the eenter of the horizontal axis of the
transit to the foot of the vertical rod.
HT ==the horizontal distance from the center of the horizontal axis of the
transit to the plumb line dropped from the foot of the vertical rod.
E=the zpace included on the wvertical rod by two revolutions of the
gradienter serew.
E =the clevation of the foot of the rod above the horizontal sight line
of the telescope.,

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

The distance E{'I' iz, ag before, the horizontal distance between the eenter of
the horizontal axis of the telescope, and the plumb line prclm]ﬁ:ﬂ in this case
upwarda from the upper end of the vertical rod.  The plumb line in all cases coin-
cides with the direction of the rod.

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

nter gerew revolutions, to obtain either the direct or horizontal distance of
ﬂe center of the horizontal axis of the telescope from the foot of the rod; or the
same distance from the upper reading of the vertical rod in the case of an angle of

depression,



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,

G e et Bl e
o v o v

o 100.00 100.00 15 96,33 93.05
t 99-96 9994 | 13 30 96.09 92.59
2 g9.50 99.84 16 95.55 02.14
3 0g.81 99.67 16 30 95.60 g1.66
4 99-69 9945 | 17 95.34 91.17
5 9953 9915 | 17 30 95.07 90.66
6 99-34 9880 | 18 94.80 9o.17
7 99.13 g8.39 13 30 94.51 89.63
8 93.89 97.93 19 94.22 89.09
9 98.61 G741 15 30 93.93 88.54
10 g8.31 g6.51 20 93.63 87.98
1o 3o 98.15 96.51 20 150 03.32 87.41
1 97-97 961y | e 93.00 86.83
I 3o 97.79 g5.52 21 30 92.67 86.22
12 g7.Go 95.47 22 92.34 85.62
1z 30 g7.41 95.11 2z 30 92.01 8s5.01
13 97-21 9453 | 23 91.66 84.37
13 3o gj.o1 04.33 23 10 91.31 83.75
14 96.79 9392 | 24 90.94 83.08
14 30 96.56 9348 | 24 30 90.59 82.43
15 96.33 93.05 25 00 go.21 S1.76
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In practically applying this table, it is preferable to take the mean of several
readings of the rod in each position of the gradienter serew.®
Thus, with the target near the foot of the rod, and then moved to correspond to

}w?l: revolutions of the gradienter sevew, three readings in cach position were as
ollows :

I. IT.
Altitude 18° &

it. it

0.625 3.550

0.637 3.378

0.625 3.378

Meansz, . . . 0.828 3.378
0.628

Difference, . . PR O O 1} |

Factor for direct distance for 18° = M.50 For Horizontal Distance =%0.17
o A » 18%30°'== 94.51 kL AL L — 849,63

Differences, . . . ==0.20 0.54

Therefore, the factor for 18°20° will be for the dircet distance 84,80, —24 of 0.29
== 861, and for the horizental distance, 90,17 —24 of (.04 =88.51.

Then we have, 2,752 3 84,011 == 260,37 = the direct distance.
2,753 » B0.8l= 247.15 = the horizontel distance.

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

The mean value of two revolutions of the Griudienter Serew in arc, is 347237,
Hence the value in arc of one of its smallest divisions on the head is 20" nearly.

Vertical angles therefore may be laid off with facllity when they are confined to
the range of the acrew.

#Ta insure ai all times accurate results, the telescops axis should revalve free, but withoot any lessenss in
the bearings. The engineer should examine thess bearings from time to time, and, if necessary, fresh and pure
watch oil must be applied.

To make 2 messirement with a micromsters serew, its graduated head should be set back slightly, then bring
it up to the readings in the same direction in which the measurement must be effected.

* Should the engineer desire the direct dissance between the [oot of the rad, and fle dormf sver wldcd ke
Wumib-dod i3 suspended, it may be found by the following formula

I == A n’:"+,¢":F‘¢pdn'u E.

or putting it in a shape adapted for logarithmic compatation,

_Ld—g#) _ Om iy (M B —
= cos g whuhnf__(,i'_f; .
Where & —the distance from the point under the plumb-bob to the oot of the vertical rod.
o =the direct distance claained as above,
#==the distance from the center of the horizontal axis is to the point under the plumb-bob,
& —the angle of elevation of the foot of the red, as above
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The enbjoined table affords a ready means of expressing any number of revolo-
tlons, and parts of a revolution, in are; and the converse, of degrees, minutes and
seconds, in revolutionz of the gcrew :

Gradienter Screw Table IT.

To convert a reading of the Screw

To convert Arc into a reading of

into Arc, the Screw.
Godewer i |t G | ke [oplee] G O
Rev, Diw |2 7 o IRev. Dav. |2 - L ¥ | Rev. Div. _; o # | Rev. D:
o o|loo ol z o lo3q4250/0 o olo owo|o 8 ool o 23.5
o 1| ozo0| 3 o |os1 35| o10jo o5 o 8 30| o 25.0
o 2| og4o] 4 o |t 8 45|o opz20|ec Lo|o g ool o 260
o3 I ol § o |12555|oc o3o|lo 1s5lo 9 30| o275
o 4 1 25 6 o |1 43 10|lo o0 4o0|lo0 2.0 _|-::: 10 00| O 29.0
o 5 145)] 7 o |2 o200 o500 z;ioznm 1 8o
o 6 2 51 8 o |21735|0 1000 3003000 1370
o 7 2 25 9 © |2 34 45|0 1 3o(o 4.5]|0 4o o0f 2 Ig.0
o 83| 245|110 o |252 O|lo 200|{0 6.0|0 50 00| 2 55.5
o 9 3 5)11 o |3 9I0jo 2 30l0 §.5|1 00 00| 3 24.5
0 10 33;I13n 3262000 300(l0 g.o|z2o0000| 6490
o2 | 650113 0 |3433°|o 3 30|o0 10,53 000010 23.5
o 30 1020;149 4 ©945|o 4000 12.0 |4 00 00|13 48.0
040 | 13 45 )15 © |4 17 55|00 4 30| 0 13.5|5 00 0017 22.5
1 o 17 10 o 50000 15.0
1 10| 20 40 o 5 30| o0 160
L 20 | 24 0§ o 6 oolo 17.5
130 ] 27 30 o 6300 19.0
I 40 | 30 55 o 7oo|lo zo.5
2 0| 34 25 o 7 30|o0 22.0
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Thus, the telescope being leveled, the gradienter serew was turned through a
space of 11" 23*™ required the arc;

11 revolutions, =3* o 10¢
20 divisions, =0 & B&0
3 L =0 1 0
The whole are, . . . —&° 17 MW"
Conversely, it was desired to turn off a vertical angle of 4 35 40

Then we have —
4 0 0¥=13" Jgiq

N =1 3w .0
b 0 = 15 .0
40 = 2 .0

The gpace on the head of the screw = 16+~ 28

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

It will be seen that the vertical gradienter can be nsed for a variety of purposes ;
measuring distanees, grades, differences of levels, vertical angles, and is a useful
check againzt errors of rod or ehain measarement.

Messra, 0. L. Berger & Sons have alzo applied the same principle to their hori-
zontal tangent screws. By graduating a silver head attached to these serews sube-
divigions of one minute of are are readily made,

For conztant uze with theze screws it i2 better to have & rod with two movable
targets, or & rod palnted with white and black squarez as used in the coast survey.

Stadia Lines

The gimdiuumr zorew is 20 univerzal In itz application and can be go readily uzed
for angular, distance or grade measures, that it will generally be foand best to have
it upon transits dfsigneﬁ for current work. There dre some cazes however where
stadia hines are more expeditions in use than the gradienter zcrew, and give quite
a8 exact results,

Stadia linez, for instance, where an instrument is to be used for distance measures
alone, conunend themselves for their greater simplicity,  For such work, non-adjost-
able lines, in connection with an inverting eve-plece, grive the best results.  Ifthe
lines are adjustable, in the field usage of an ingtrument they may alter their distance
apart ; and there is a rapidity of work with fixed lines, and a rod graduoated for
telemetrical work, which is not reached in any other way.

These lines may be webg, or platinum, or they may be ruled on glase. The lat-
ter are extremely accurate, but the use of them is necessarily limited in the tele-
geopes of fleld instruments for the following reasons : thin as the glass may be on
which the lines are ruled, and intercepting only a small amount of light, yet the film
of dampness and dirt soon collecting on it will intercept a great amount of light
which in tinm may become a very serious impediment in the use of the telescope.
Another objection to their general adoption consists in the fact that as the image
of an object is fooussed in the plane of these plass-lines, a portion of the light of the
Imaga will become reflected from the polished surfaces of this glass, causing at
times a disturbance in the clearnesa of vision. FBesides, this glass-*' micrometer."
as placed in most telescopes, is very difficult of access and must needs be removen
for cleaning, thareby increasing the liability of becoming broken, or detached from
e mounting.

Cross Beetiom
of Talescope showing the
Wire Diaphragm

in natural Size.
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Plumbing and Centering Arrangements.

It now remains to speak of several conveniences of the instrument under cone
pideration. By a simple mechanical contrivance the plumb-bolr when suspended
from the instrument can be set immediately at any desired height. Tt is suspended
directly from the center of the instrument, and not from the t.l:ipud head. ‘Th!s.
precaution shou'? be taken ~vith every instrument, since otherwise, when there is
difficulty in setting up an instrument, and the legs are unsymmetrically placed, the
plumb-line will not pass through the center of the instrument.

The inatrument is provided with the shifting tripod, better known as the shifting
center, by means of which, when the plumb-bols of the instrument iz within a fraction
of an inch over a point on the ground, it may be brought immediately over it, by
moving the body of the instrument on its lower level plate, This is probably the
greatest time-saving arrangement which modern malkers have introduced in engin-
aera’ tringics.

Shifting Center for a Transit with Three Leveling Screws.

There are several methods of placing a level or transit with three leveling screws
upon the tripod bead.  Oneis the tribrach style where the leveling serews rest in ra-
dial grooves in a triangular shaped foot-plate which serews on to the tripod. This
method s used extemsively in Europe, but, as the instrument rests only by its
own weight in thess grooves it s lable to changes in position during use and this in-
stability becomes greatly ageravated when the leveling screws become worn,

Another method in transits 1s to rest the leveling screws, provided with small bearin
cups or washers at their lower ends, directly upon the smooth top surface of the tri
head to allow centering of the instrument over a given point. The pressure of a spiral
spring forming part of the instrument fastener is then applied to fix the position of
instrument oo the tripod head.

This latter method of connecting a transit to a tripod is very insseure, inasmuch as
the slightest change in the position of the instrument, while reading a series of angles,
will greatly affect the resnlts.

Thusit is seen that a transit lacking
the necessary atability on its tripod
often proves almost useless in the
finer fleld-work,

Messrs, C. L. Berger & Sons make
the leveling serews to reat in radial
grooves in a separate piece made to
alide on the tripod head as shown in
cut, A clamp-nut, provided with a
large flange and handles, serves to
secure this sliding piece to the tripod
in any positlon in the range of its
lateral motion. The instrument fas-
tener, being part of the tripod proper,
has a large eylindrical hole in the
threaded stem to allow the hook and
chain, suspended directly from the
transit center, to pass through and
to swing freely in every direction, so
that when the plumb-bob is attached
its point will be truly in the conting-
ation of the vertical center of the
insfrument. The milled head at the
lower end of the fastener serves to
serew the latter to the instroment,
and awilled headed nut acting againat
aspiral spring aecures the instrument
to the tripod.  In use, the pressure
of this spring most be sufficient to
take up the back lash or any locse-
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ness that may exist in the leveling screws; but to secure the necessary stability of the
instrument to the tripod, the clamp-nut shoold be well fastened to the sliding plece.
To operate the shifting center, both the spiralspring and the clamp-nut must be re-
leased slightly from their hold upon the tripod and the sliding piece, when the instrm-
ment can be moved over the given point on the sround.  This device adds about 2 1ba,
to the weight of the tripod.

‘Arrangement for Offsetting at Right Angles.

The most common off-zet with the transit is one at 90° to the line of sight
Beveral methods have been propozed for doing this without disturbing the telescope.

Mesars. 0. L. Berger & Bon2 have a very neat ome; it consists in simply pes-
forating the horizontal axis, so that by drawing the head back fifteen or twenty
inches from one end of the axis, the eve may be placed so that the eye, the hori-
zontal axis of the telescope, and a rod set beyond, may be readily placed in the
same straight line, at right angles to the line of gight of the telescope, no matter
at what altitude the telescope may be pointing,

In off-setting by the arrangement proposed above, the rod is made plumb by
Ining it with the plumb-line of the instrument itself. The advantage of this method
is, that it holds equally well for '.ll]f-' inelination of the telescope.  *

[

I'he dizadvantage
is, that the engineer is obliged to leave the eye-end of the telescope at each off-set
mades

Setting TUp.

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

Now with the level screws not tightened up, after leveling approximately,
bring the plumb-bob exactly over the point on the ground, by moving the body of
the instrument on its shifting head. en complete tha leveling of the instrument,
and it iz ready for work.

The Adjusting of the Transit

If the instrument iz out of adjustment ganerﬂl%. the engineer will find it profit-
sble to follow the makerz in not completing each gingle adjustment at onee, but
rather bring the whole instrument to & nice adjustment by repeating the whole
series.

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

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

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

It may be necessary to repeat this aﬂ'!ustmant several times, but when made, the
instrument onee leveled will have its levels in the center of their tubes through
an entire rotation of the circle.
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To make the adjustment for Parallax, This adjustment common to all tele-
geopes wsed in surveying instruments is that of bringing the cross hairs to a sharp
foeus, at the same time with the object under examination, Point the ItBlEEDDp_E Lo the
sky, and turn the eye-piece until the eross halrs are sharp and distinet. Since the
eye itsell may bave slightly accommodated itself to the eye-piece, test the adjustment
by looking with the unaided eye at some distant point, and while still looking, bring
the eye-plece of the telescope before the eye. 1f the eross hairs are sharp at the
frst glance, the adjustment is made. Now focus in the usual manner upon any
object, bringzing the cross hairs and image to a sharp foeus 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 perpendicalar to the plane of the hori-
zontal axis, simply bi-zect some point at the lower edee of the field of view of the
telescope by meansg of the tangent screw and note whether it continues bi-sected by
this cross-line throughout its entire length when the telescope is moved in altitnde, If
it does not, and the point is to the right of the line in the upper part of the fleld, the
adjustment is made by loosening the four capatan-headed screws, and rotating the
reticule in the direction of a left-handed screw, until the point remalins bi-sected and
then tighten all four adjusting screws,  Again, hi-sect the point by means of the tan-
gent serew, It should now remain bi-sected throughout the length of the cross-line, if
not, this operation must be repeated,

To adjust the horizontal wire proceed a3 follows: In transits of oor make
which have erecting eye-pieces the mechanical construction of the telescope is so
perfect that the horizontal wire may be placed in the optical axis by simply placing it
in the center of the field of view * by the adjusting screws. However in telescopes
having inverting eye-pieces the horizontal wire can be placed in the optical axis
only by rotating the telescope in improvised wyes,

To adjust the vertical wire which in the transit is the most important.  When
that is to be alone adjusted in the field, it is vsually done according to the following
simple directions: Level up the instroment approximately and gelect two distant points
in opposite directions from the instrument, preferably in the same horizontal plane, such
that the vertieal eross-line will bi-sect them both when the telescope ia pointed upon
one, and then the telescope is reversed on its horizontal axis, After bi-secting the
second point selected, revolve the instroment in azimwth and bi-sect the first point
again by means of the tangent screw. Reverse the telescope on its horizontal axis
again, and if the second point 35 now bi-sected the adjustment for collimation of the
vertical wire is correet. If it is not bi-gected, move® the vertical wire one-fourth of
the distance between its present position and the point previously bi-sected.
Again bi-sect the first point selected, reverse the telescope and find a new point pre-

* Note: —To adjust the line of collimation in a telescope showing objects
erect, follow the simple rule that the diaphragm bearing the wires must be moved
in the direction in which the error iz observed (as if to increase the error);
in telescopes showing objects inverted the wires must be moved in the direction
lessening the ervor observed, See dipgrams below and on page 44,

To move the hori-
zontal wire for colli-
mation explaivead above
it must be understood that
the dotted line in the uppar
half of the field of view,
Fig. 1, shows the Lorizon-
tnl wire where it {8 acto-
ally sitnated on the reti-
cule, bat that through the
revarsing action of the
erocting eve-piecs the eross
wire image is reversed and
therefore the horlzontal
wirs is seen in the lower
half as shown in the dia-
ETam.

Therefore, if the hori-

I zontal wire seen in tl
lower half of the diagram must be moved npwards, then CODLrAry to the appearance, !I.':IEI;W :

muzt be lbsened, and B tightened an egual amount in order to bodily move the wi i
towards the center of the stationary fleld of view (indicated by tha d}.ru':ui ;.te:s:e:ﬁam 1:.1“1;11}51
one halfl of the error 18 corrected when the wire will be ndjusted amd appear in the conter of
the field of view, — provided the |:-|_1t!.~.a.l axig of the eye-pisces has bean previously cantered.

To move the vertical wire for collimation explained on prge 44, Temember that the

Erecting
Telescope

Fig.2
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cisely in the new line of sight of the teleseope; these two points will now remain
bi-gected when the instrument is pointed upon them in the manner described above, if
the adjustment is correctly made.  If the two pointe are not now hoth bi-sected, the
adjustment must be repeated until this be the case,

To determine whether the standards are of the same height, suspend a
plumb-bob by means of a long cord from a height say of from thirty to forty fest, The
plumb-bob may swing in a bucket of water to keep it steady, (Instead of a plumb-
line the reflection of & church spire or edge of & tall boilding or any other convenient
object may be viewed in a buacket of water.) Level the ingtrament carefully, and point
upon the plumb-line at it base. If the plomb-line remaing bi-zected throughout
its entire length when the telescope is moved in altitude, and then the telescope reversed
and again made to bi-sect the line thronghout its length from its base upwand, the ad-
juatment is eorrect.  Otherwise make the adjustment by means of the capatan-leaded
gorew directly under one of the telescope wyes, Loosen the screws in the pivot caps
and turn the vertical adjiusting screw right kanded to ralse the wye bearing one
quarter of the ercor (o be corrected.  1f the telescope’s axis is already too high, the
vartical adjuating screw should be loosened a little more than needed and then by the
gorews of the pivot cap the wye hearing shonld be lowered until it just touches the ver-
tical adjusting screw, The gerews of the pivot cap must now again be loogened and the
wye bearing raised by a right hand turn of the vertical adjusting serew, as explained
abowve, until the telescope’s axis is in the correet position. If thiz is not done the ad-
justable bearing is likely to stick and not rest on the adjusting screw, thus cansing
liability to derangement. The screws in the pivot cap should then be turned down
just enough to prevent lonseness in the bearings.

When there are opposing nuts in place of the vertical adjusting screw az iz the
case in almost all of our transits to secure & more rea.d;r, positive and above all & last-
ing adjustment — then while the modus operandi remaing the same, the action of the
adjusting nuts to raise or lower the wye bearings iz just opposite from that deseribed
above,

Imstead of using a plumb-ling & simpler method having the advantage of not re-
quiring the instrument to be leveled up carefully is as follows: Set up the instrument
a8 near as may be convenient to a building, say aboat 20 feet, in order to get as high an
altitude as possible, Level up only approximately, clamp and bi-sect & point at the
base by the tangent serew. Then elevate the telescope and find a well-detined object
as high as possible, only using the telescope’s horizontal axis, Now reverse telescope
and move instrument on its vertical center, again clamp, and bi-sect the point at the
base. If when the telescope i3 elevated it bi-sects the hizgh object selected the adjust-
went is correct,  If it does not, proceed as deseribed in the above method.

To adjust the level to the line of collimation of the horizontal wire one
method is to use a sheet of water, or where that i3 not available, two stakes which are

Cyntinuation of note, page 48,

dotted ling at the left, Fig. 2, shows the verticn] wire whers it is netually situated on the reticuls,
bt that throogh the reversal of the cross-wire image by the use of an erecting eye-piecs it is now
seen al the right in the field of view in the diagram; therefors, adjusting serew A must ba loosensd
and B tightened an equal amount in order that the reticule will kedily move towards B when the
vertical wire gean at the right will pass towards the eenter of the stationary flald of view (imdi-
ented by the dotted intersection) until one quarter of the error observed is removed when the
wire wj{l be in complete adjustment at the optical axis,

To move the hori-
zontal wire for colli-
|||u.t.iun, page 48, tha ob-
garved OTrOr must ba cor-
rected by moving the wire
retioule one  half the
amount in the direction
1 by it i3 lessened, when the
rio) f Bl teleacops s revolved in

= ([T 3 | improvised T'u:lyeu ns in n

¥ ] wye level, s, F‘.lg 3. 1r

the wire must be moved

down, A& muost be loosened

and B tightened an egual
ROWUNDE,

To move the ver.
tical wire for colli-
mationexplainsd on page
44 the observed error must
b corrected by moving the wire rectleule one gquarter of the amount in the direction it is
lownaned. Therefore, if the wire must comea to tha right, A, Fig. 4| must be loosenad, and B t,ight,—
sned an equal amount until the object iz attnined,

Inverting
Telescope
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driven with their anrfaces in the same level plane,*

To make the adjustment with the stakes, lavel up the transit half way
betweon two points lying very nearly in a horizontal line, and say 300 feet apart.
Dirive a stake at one of these points, place the rod on it and take a reading, first bring-
ing the ubble to the middle of its tube. FPoint the telescope in the opposite direction,
again bring the babhble to the middle of itz tube, and drive a second stake at the second
point selected until the rod held upon the second stake gives the same reading as when
held upon the first stake. The tops of thess two stakes now lie in the same level line.
Take up the transit and set it outside in line, as near as it can be focussed on the
firet stake and level up. Now read the rod wpon the first stake with the bubble in the
center and then upon the second.  If the two readings agree, and the bubble is in the
middle of its tube, the adjustment is correct. If the two readings do not agree, then by
means of the telescope’s tangent acrew elevate or depress the telescope the amount re-
quired until the horizontal wire reads the same on the distant rod. Next refocus
on the near rod, take a reading, then focus on the distant rod and see if the readings
are the same, if not, by means of the tangent screw again make the horizontal wire
read the same as on the near rod. Repeat this operation until both rods read
the same. Now with the horizontal wire bi-secting the distant reading make the ad-
justment of the level by its capstan-headed nnts until the babble is in the middle of its
tube when the level will be parallel to the line of collimation,

Another method of adjusting the attached level to the Transit Telescope
will be found on page b4,

To adjust the verniers of the vertical are or full circle to read zero, in our
Engineer's Transit baving the vernier between the legs of the standard., First level
I-IF the instrument carefully so that the telescope's bubble will remain in the middle
of ita tube when turned 180° in azimuth. Then set the zero of the vernier to read
within about Iy minute right with zero of the vertical are. Then by the vertical
tangent screw place both zeros in colneldence and examine the 30° lines and if short
the vernier must be moved inwardly so that both of the end lines in the double vernier
will read right. If too long the vernler must be moved outwardly until this is
attained ; then fasten tightly. Now unloosen only just enough the screws that hold
the vertical arc or circle to the horizontal axis, to permit of a slizht shift, and then
with the bubble in the center slightly tap one of the spokes of the are with the handle
of the screw-driver, until the zero of the vernier and that of the vertical arc are in
coincidence.  This accomplished now fasten the vertical are tizhtly to its flange,
Again level up the telescope as described above and see if the adjustment is correct; if
not, again slightly unloosen the vertical are, tap it into position, repeat the same opera-
tion over again until it is correct.

NOTE.—If the vernier for the vertical arc is single, made to read both ways, in
reading it proceed fo the right or left on the upper line of figures in the direction of
the graduation used, and if the coincident line of the vernier is beyond the 15" line,
eontinue on the lower line of figures on the other half of the vernier, 2o that the whole
graduation from 0 to 30° lies in the same direction. The verniers of our vertical arca
are however, made mostly double as described on page 36a.

The Adjustments of the Full Vertical Circle with Double Op-
posite Verniers.

When the vertical cirele is provided with doable opposite verniers, the adjustment
of the vernier zeros for a normal pesition should be made by the two opposing capstan-
headed serews attached to the vernier frame; but if the teléscope is reversible over the
hearings also, requiring a separate tangent serew, as shown in our Transit Theodolites,
then the adjustment of the vernier seros for position must be made by the vernler
frame’s tangent sorew,

. 1f the vertical circle has a level attached to the frame carrying the double oppo-
site verniers in Transit Theodolites, ete., then the adjustment of this level and verniers
for position must be made in the following manner:

Flace the telescope in the horizonta plane by means of its tangent screw, then
move the vernier frame's tangent serew until the zero line of the double verniers,
marked A, i5 in eoincidence with the zero line of the vertical cirele, and now raise or
lower the adjusting screw of thia level, as the case may be, until the bubble is in the

*In ganeral practice one will locats the stakes permanontly at some convenlent place near the
Office to afford a ready means of verification from time 1o time,



Gk

centre of its tube,

It is now supposed that the zero line of the double opposite verniers, marked B, is
also in colncidence with that of the vertical eirele. If not, the verniers marked B, can
be moved after releasing the capstan-headed screws, until both zero lines on that side
of the vertical cirele are also in coincidence, However, this is a very laborious pro-
ceeding for those uninitiated in this work, and as it cannot always be made quite exact,
owing to the mods of mounting the vertieal eirele on the telescope’s axis, it will be found
easiest to eliminate ervors of excentricity in the graduation of the vertical circle and
verniers by reversing the telescope and taking the mean of the readings. The vertieal
circle is generally graduated from 07 to 90° and back, and the verniers are double,
a0 that angles of elevation and depression can be read with ease and dispatch,

The Striding Level resting on special collars between the

standards of the Engineers’ and Surveyors'
Transit, sizes No. 1, 2 and 11.

In transits reading to minates and half-minutes, the plate-level in front of the tele-
soope Is generally sufficiently sensitive to insure good work, However, an instrument
of the class as shown and deseribed under No. 1 d, should always be provided with a
striding level, to insure a degree of accuracy in keeping with its greater capability. The
sensitiveness of this striding level is equal to that of the long level on the telescope.

Thus it will be seen that in a transit of this description the plate-levelz serve only
the purpose of leveling up generally, and that in all cases where the objects vary con-
siderably in height, the striding lavel only should be depended on at every sight. The
gtriding level of this instrument rests on two cylinders of egual diameters, at points
between the standards on the cross-axis of the telescope. As shown in the cut, the
striding level can be left on the eross-axis when the telescope is revolved in altitoude, —
To verify the adjustment of the striding level {in other words, to make its axis parallel
to the cross-axis) level up the transit and bring the babble to the middle of ita tube, re-
verse the atridlng level on the cylinders and see whether it reads the same; if not, re-
move half the error by the leveling screws, the other half by the capstan-headed screws
at the end and repeat until eorrected. To verify the side adjustment of the level, re-
volve the telescope 20 or 307, and note whether the reading of the bubble remains the
same, if not, correct the error by the capstan-headed serews at the gide. To verify the
adjustment of the cross-axis of the telescope for right angles to the vertical axis of the
transit, revolve the instrument 180° in azimuth, and assuming that both eylinders, on
which the striding level rests, are equal in diameter, a change in the reading of the
babble will indicate double the amount of error.  To correct it, remove half the error
by the leveling screws, the other balf by the Wye adjustment of the standard, —

Adjustment of the Improved Transverse Striding Level
resting on special collars for the Engineers” and Surveyors®
Transits, sizes No. 1, 2 and 11.

Thiz striding level differs from the one formerly made by us, and referred toin the
preceding artiele, in several respects. It permits of a longer spirit-level in the same
length of outer tube—so important in this case on account of the short available dis-
tance between the collars; and is simpler in design, o that after an adjustment has
been once properly performed, barring accidents, it hardly ever needs to be repeated
again.

£ To make o readjustment: frst find out whether the level needs a lateral adjust-
ment by placing it on its collars with instrument leveled up, and fastening it by the
milled headed nut to the horizontal axis, place the bubble in the center of ita tube by
the leveling screws, and then elevate depress the telescope 107 to 20° from 0; note
carefully tia amount of displacement of babble, also which one of the two capstan-
headed screws (one white and one red, to readily distingnish one from the other) must
be moved one-half the error; move serew outwardly if bubble must be moved away from
this serew, and inwardly if bubble must be raised towards it to make the level tnbe
laterally parallel to the transverse axis of the telescope. Then move the other adjust-
ing acrew an egual amount, but in the opposite direction to retain the same height of
leg, and repeat this adjustment until one-half the error ia corrected. Before operating
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any of the adjusting screws first remove the level from the collars.

This accomplished, now make the longitudinal adjustment. Clamp the tele-
soope in the horizontal position and reverse the level on ita collars; note whether the
leg with the screws should be raised or lowered to bring the bubble to the center of its
tube, and then turn each screw, alternately, an amount equal to one-quarter the error
{inwardly if the leg is to be raised, or outwardly if leg is to be lowered) in order to
eliminate one-half the error of the level-lube sought to be corrected. Then again re-
verse the level on its collars, and repeat this adjustment if necessary., If the level has
been considerably out of adjustment it will be well to again verify the lateral adjust-
ment in the manner prescribed for it above, and also to repeat the {unf_{itudiua] adjust-
ment by again following the method just explained until completed. — HRemember, that
if the leg has to e raised, both serews must be moved imoardly towards the telescope,
and that if it has to be Imeered, both screws must be moved oufiwordly in equal amounts.
This method has been prescribed by us as being the most simple to follow, One some-
what versed in making adjustments probably may succeed in making it quicker (if the
level is congiderably ont) bf noting mentally the amount of displacement of bubble for
the longitudinal and lateral adjustments, and then correcting same simultaneonsly, or
nearly g0, with one of the screws alone, by moving it in the desired direction, To ad-
just the height of standards see page 49,

The Adjustments of the Telescope’s Axis of Revolution in Transit-
Theodolites by means of the Transverse Striding-Level resting
on points of contaet in the Wyes,

The striding-level of the finest elass of instruments, such as Transit-Theodolites
used for triangulation wholly, and Mining Transit used mainly for very ateep sighting.
will rest directly apon the cylindrical pivods of the transverse axis, at the circle of
contact in the wyes,

Whenever exact vertical motion Is desired, the striding-level in such instromenta
should be depended upon to the exelusion of the front plate-level. The latter is then
entirely subordinate to the striding-level and should be irepandaﬂ upon merely for level-
img the instrument approximately. The plate-levels are also useful in indicating
quickly any large disturbances of position.  When the objects sighted at do not differ
much in altitude, the front plate-level ia, in these instruments, sufficiently sensitive to
give satisfactory results without using the striding-level,

The adjustment of the transverse axis of revolution. The striding-level
having been earefully adjusted, level up the instrument generally with the p],uta-ivela,
put the striding-level in position and bring its bubble to the center of its graduation
by means of the leveling screws, then turn the instrument 180° on its vertieal axis and
note whether the bubble of the striding-level remains in the center of the graduation.
If it does, the adjustment is eorrect. If it does not, correct one-half the error by means
of the leveling screws, and the other half by means of the wye adjustment of the
standard. Repeat the process until the adjustment is correet, Observe alao, in ad-
i‘u..qr.ing the wye adjustment of the standards, that it will be best performed and meore
asting when the last turns of the lower capstan-headed screw are always applied in
an upward direction.
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The Wye Level,

The description of the telescope of the engineer’s transit applies with the fol-
lowing modifications to the telezcope of this level,

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

The bell-metal eollars which rest in the wyes are about 1054 Inches apart and
134 inchez in diameter.

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

The object-glass focussing serew is in the middle of the tnbe.  The eye-mece 18
focusged by turning amilled ring at the eye-end. The level attached to the teles

seope fs about 8 inches long, with about § !4 inches exposed, and having a seale graduo-
ated on glass for reading the position of its bubble. The bubble is ground to & troe
curvature and barrel form. The sensitiveness of apirit level is graded to the class of
work for which the instrument is intended. The level-tube is suspended from the
telescope-tube in such a manner that at the object-glass end it can be moved in azi-
muth, with reference to the telescope axis, and at the eye-piece end it can be moved
in altitnde with reference to the same axis.

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

Sinee it is not necessary to construct a level which ghall have absolutely the
same value in are for the game motion of its bubble throughout its length for
engineering purposes, the graduated ecale is 20 et that the slight deviations from
the are of a circle may be equally distributed on each side of the zero of the seale.
The bubble tube is ground cylindrical.

The level-bar is about 12 inches long over all, and at its two extremities sup-
ports the two wyes which rise about 812 inches from its upper surface. One of
these wyea is adjustable in altitude. The level-bar is attached to a long conieal
eenter of the hardest bell-metal, which may be clamped to the  leveling  plate, and
then o glow motion in agimuth may be given to the telescope, by a slow motion
goerew which prezses the clamping bar against a etiff spiral spring.  With the son-
ghade on the scope, the weig h% is equaly distributed from the center, each way.
This i3 necessary, elnce a sensitive level, in the nieest work, iz affected by any
unequal strain, though it may eeem to be, practically, impereeptible.

The base, on which the leveling serews rest, has ag great a diameter a2 porta-
bility will permit; and the leveling serews are eut with a fine thread. Theze two
points add to the ease with which the instrument may be accurately leveled.

A stop is go arranged that the telezcope may be readily set with its horizontai
eross-line level, when the instrument is in adjustment. i E

The instrument complete is not separable when pat into its box, This condition is
necessary to protect one of the essential adjustments of the level —the adjustment of
the wyes— from needless derangement.,
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The Adjustment of the Wye Level.

After the engineer has set up the instrument and adjusted the eye-piece for
parallax, as deseribed under the engineer's transit, the horizontal cross-wire had
better be made to lle in the plane of the azimuthal rotation of the instrument.
This may be accomplished by rotating the reticule, after loosening the eapstan-headed
serews, until a4 polnt remaing bi-sected throughout the length of the wire when the
talogcope is moved in azimuath, In making this adjustment, the level tubae is to ba
kept direetly beneath the telescope-tule,  When made, the small set screw attached
to one of the wyes may be set so that by simply bringing the projecting pin- from the
telescope against it, the eross-wires will be respectively parallel and perpendicular to
the motion of the telescope in azimuth,

The first collimating of the telescope may ba made using an edge of some
building, or any profile which is vertical. Male the vertical cross-wire tangent to any
guch profile, and then turn the telescope half-way round in its wyes, If the vertical
croas-wire i3 atill tangent to the edge selected, the vertical eross-wire is collimated.

To make the adjustment of the horizontal wire, seleet some horizontal line,
and canse the horizontal cross-wire to be hrought tangent to it.  Again rotate the tele-
geope half-way round in ita wyes, and if the horizontal cross-wire is still tangent to the
edge selected, the horizontal eross-wire is collimated.

# Having adjusted the two wires separately in this manner, select some well-da-
fined point which the eross-wires are made to bi-sect. Now rotate the telescope half-
way round in its wyes. If the point is still bi-gected, the telescops ia collimated. A
very excellent mark to use is the intersection of the cross-wires of a transit instrument
using same ag a collimator,

To center the eye-piece by the fonr capstan-headed serews nearest the eye end @
This is done by moving the opposite sorews in the same direction until a distant object
under ohservation is without the appearance of a rise or fall thronghout an entire rota-
tion of the telescopa in its wyes, The telescope is now adjusted.

To adjust the spirit level to the telescope, bring the level bar ever two of the
leveling aorews, foons the telescope npon gome object about 300 feet distant, and put
on the sun-shade, These precantions are negesgary to a nice adjustment of the level
tube, Throw open the two arms which hold the telescope down in its wyes, and care-
fully level the instrument over the two level screws parallel to the telescope,  Lift the
telescope out of its wyes, turn it end for end and earefully replace it. I the level taba
iz adjusted, the level will indicate the same reading as before. If it does not, corvect
half the deviation by the two leveling screws and the remainder by moving the level
tube vertically by means of the two adjusting nuts which secure the level tabe to the
telescope tube at it3 eve-piece end. Loosen the apper nut with an adjusting pin, and
then raise or lower the lower nut as the case requires, and finally clamp that end of
the level tube by bringing home the upper nut.  This adjustment may regaire several
repetitions before it is perfect,

To make the lateral adjustment of the spirit level : The level is now to be ad-
juated =0 that its axis may be parallel to the axis of the telescope, Rotate the tele-
soope about 207 in its wyes, and note whether the level bubble has the same reading
as when the bubble was under the telescope.  1f it has, this adjustment iz made, If it
has not the same reading, move the end of the level tube nearest the object-glass in a
horizontal direction, when the telescope isin its proper position, by means of the two
small horizontal capstan-headed screws which secure that end of the level to the tele-
seope tabe, If the level bubble goes to the object-glass end when that end is to the
engineer'a right hand, upon rotating the telescope level toward him, then these screws
are to ba turned in the direetion of a left-handed screw, as the engineer sees them, and
vice pered.  This accomplished the vertical adjustment of the spirit level for parallelism
with the line of collimation of the horizontal wire must now agaln be verified. Having
c;m:;]'}lls]t,ed It,hls adjustment, the level bar itself most now be made parallel to the axis
ol the level.

To make the adjustment of the level bar: Level the instrument earefully
aver two of its leveling screws, the other two being set as nearly level as may be; turn
the instrument 180° in azimuth, and if the level indicates the same inclination, the
level bar is adjusted, If the level bubble indicates u change of inclination of the tele-
scope in turning 1807 correct half the amount of the change by the two level screws,
and theremainder by the two capstan-headed nuts at the end of the level bar. Turn Loth
mitts in the same direction, an equal part of o revolution, starting that nut first which
is in the direction of the desired movement of the level bar. Many enginesrs consider
this adjustment of little importance, prefering to bring the level bubble in the middle
of ita Lube at each sight by means of the leveling screws alone, rather than to give any
great consideration to this adjustment, should it require to be made,

* Hee Note p. g
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The Dumpy Level.

(For description and cuts see pages sze o 13th,)

Adjusting.
Two-Feg Mothad,

A theoretically perfect dumpy level has the same points established that are
mentioned under the head of wye level: bat sinee its construction differs from the
wye level, the methods of adjustment are not so convenient, resembling closely the
adjustment of the transit telescope and its attached level, Afrer attaching the sun-
shade remove parallax by pointing the telescope to the sky, and toem the ey e-picee un-
til the cross hairs are sharp and distinet. Since the eye itself may have slightly
accommodated itself to the eye-piece, test the adjustment by looking with the unaided
eye at some distant point, and while still looking, bring the eye-pices of the telescops
before the eyve, If the croas hairs are sharp at the first glonee, the adjustment is made,
Now focus in the usual manner npon any object, bringing the cross hairs and image to
a sharp foens by the rack-work alone. A point should remain bi-sected when the sye
is moved from one side of the eye-piece to the other,

To place the horizontal eross wire at right angles tothe vertical center bi-sect
some well-defined object such as a chimney top, top of rood, fence-rail or window-zill
{the best views are against the sky for a backeground) and move the teleseops on its
vertical center,  If the horizontal wire bi-sects the point throughout its entire Geld of
view it iz adjusted,

If it does not slightly loosen the four capstan-headed adjusting acrews (in the
inverting telescope those nearest the eye-piece or the further ast from the eye when
the telescope shows objects erect) and turn the wire diaphragm until the selected
point remaing bi-sected when the telescope is moved in azimuth throughout the entive
field of view,

To adjust the level, bring the level over two of ita foot acrews, and bring the
bubble to the middle of ita tube by means of the foot sorews alone, Revolve the
instrument 180°% in azimuth, and if the bobble remains in the middle it iz adjuated,
if it does not, then eovrect half itz deviation by the capstan-headed adjusting screw
of the spirit level, and the remaining half by the two foot screws, Repeat the opera-
tion over the other two sorews, until the instrament may be revolved in any position,
and the level bubble will remain in the middle of its tube.

To adjust the hovizontal wire so that the line of sizht will be parallel to
the spirit level, one method i3 to use a sheet of water, or where that is not available,
two stakes which are driven with their surfaces in the same level plane.

To malke the adjustment with the stalies, set up the level half way between two
pointa lying very nearly in a horizontal line, and say 300 feet apart. Drive a stale
at one of these points, place the rod on it and take a reading, firat bringing the bubble
to the middle of its tube, FPoint the telescope in the opposite direction, again bring
the bubble to the middle of its tube, and drive a second stake at the second point
gelected until the rod held npon the second stake gives the same reading as when
held upon the first stalke.  The tops of thess two stakes now lie in the same level line,

Take up the level and set it outside in line a8 near as it can be foenssed on the first
gtake and level up. Now read the rod upon the first stake, and then apon the second, If
the two readings agree, and the bubble is in the middle of its tube, the collimation ks cor-
rect, If the two readings do not agree, change the horizontal wire* to read the same
on the distant rod by means of the capstan-headed serews near the eye-piece in the
inverting telescope and furthest from the eye-piece in the erecting telescope.  Refocus
on the nearest rod, take a reading, then focus on the distant rod and again by means of
the capstan-headed adjusting serews, make the horizontal wire read the same, Repeat
this operation until both read the same, with the babble in the middle of its tube.

The telescope and uprights are in a single casting, which is finished and fitted to
tha lavel bar, so that the line of collimation may be permanently parallel to it.

The dumpy level will then be in adjustment, sinee the adjustment of ite vertieal
cross line is n? no importance,

Adjustment of the Dumpy Level'—and attached level of
Transit Telescope.
Two-FPeg Method,

The following method is simple, dirsct, and geometrically accurate, requiring no
approximate measurements from a peg to the center of lems, no trial setting of the tele-
scope, no trials to drive a peg just encugh and not too far, and no auxiliaries except
level-rod and tape or chain.

'Contribated by Prof. B. Fleteher, Thayer School Dartmouth College.
® Zee footnote to page 49.
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SRR, and any con-
venient distance,
preferably not much less than ea, and in some simple
ratio with it, for eaze of caleulation afterwards.  Set the instroment
at ¢; take readings A" and B on @ and b respectively, carefully leveling before
each gight. Then, unless the instrument is otherwise much out of adjestment, [B'—Af)
ia the true difference of level of a and b,

Mexl set up atd, level carefully, and take readings A" and B™ on q and b respec-
tively. [In sirictness the eentre of the instrument should not be set over d, but beyond,
by an additional distance = principal focal length of the object-lens 4 the distance from
that lens to the centre of the tripod.  (See the Manual, page 87, Fig. 2.)] Then (B” —
A" — (B = A7) = B™= error of collimation in the distance ba, that iz the error due to
the vertical angle between the line of sight and axis of apirit-level. Now, by similar
triangles, we have B*:bg = Br:bd .. Br = B ¥ hd

] On slightly ris-
T

which is the error in the distance bd, and 1s to be applied to the reading BY. Set the
rod to read (B”—Br). Then:

For Adjustment of a Dumpy Level.

Having first adjusted the apiritlevel so that it remains true in all positions abont
the vertical axis, point the telescope en the rod, properly held at b, with target set to
read (BY—Bw~). By means of the capstan-headed screws, ralse or lower the horizontal
line until it bisects the tarzet. To test the adjnstment, set the rod over a, with index
reading (B — Iv) — (B’ — A7), and see if the target is still bisected,

Adjustment of Attached Level of Transit Telescope.

The rod being held plumb at b, with target set to read (B”—D"), move the tele-
scope by verfical fangent-screwr until the line of sight bisects the target; clamp secuarely.
Then bring the bubble to the middle of the tube by means of the level-adiesting nuts
along. Tesat as in the other case.

Remanns, — The diagram shows a special ease, viz., when (BY— A") » (B — A%,
or the angle subtended by B+ Is one of elevation. It {BY — A") = (B — A’) the line of
gight iz already level and no adjustment is neaded. If (B" — A™) € (B — A7), Bv gub-
tends an angle of depression, and is to be added to BY, In the latter case, if the slope
of the ground is slight, the difference (B — A”) may be either zero or a very small
guantity, positive or negative ; but in all cases it is added algebraically to (B'— A/ to
obtain B,

As in all other methods of adjustment, we assama 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 lineof eollimation is made truly hori-
zontal, and thatin its prolongation we have set the centres of two targets, one over a
and one over b, the instrument being at d. If now we focus upon the farther target, the
image will be bisected by the horizontal 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 ont of level, when in factit is not. Hence, since this adjustment requires
change of focus, it cannot be made if the above defect, in the movement of the ohiective,
exists. If, however, the distance ad be not too small and the defect alluded to be only
glight, the ¢rror in changing focus for b and @ may be hardly appreciable. The adjust-
ment once made approximately, we need not remark that, in the field work, any further
error of objective is avoided when taking equidistant sights,
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The Surveyor’s Solar Attachment,

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

The *8Solar Attachment,” of which the following is ad
of FPearson's Solar Transii.

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

_Aml to attain a greater degree of precizion, a small telescope with cross-hairs, and
a diagonal eye-piece, have been introduced in place of the lens-bar and focal-plute,

Thia attachment is an appliance to the surveyor's transit, for the purpose of
finding the astronomical meridian. Combined with that instrument, it becomes
purely astronomical in its character — indeed, a portable Equatorial, and an Alt.-
Azimuth instrument combined, — henee a few astronomical definitions seem te
be requisite.

escription, is & modifiention

...... it
5
= M,
7 \
Fi

/

/
i
i
i
{ Horizon ]|
i I

Vertical or

('

In the accompanying cut, the instrument iz represented in position for an obe
servation; and in north latitude (as in these instructions we will supposs the cheerver
to be) the view is as from the west,

(1.} The line through the vertical axis of the transit represents the pole of
horizon, and is called the Vertical,

The line perpendicular to this represents the Herizon.

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

(3.) The line perpendicular to the equator, — that around which the solar
talescope revolves, in following the sun in his diurnal course, I the pole of the
equator, — It1s parallel with the earth’s axis, and i2 called the Polar Axis,
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{4.) Theare distance from the equator to the vertical is the Latitude of the ob-
server, — whence the distanee from the vertical to the polar axis, is the Co-Laditude.

It will be ohserved that these ares occur alternately around the entire cirele; so
that the student should make himself familinr with their relative position with regard
to the horizen, and the vertieal, In order to avoid mistakes, when setting the polar
axis of the instrument up to the pole of the equator. .

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

In the same manner, the distance from the sun to the © Pole,” iz his co-dec-
lination; and the distance from the ** Vertical " to the FGIE. is the observer's Cb-
Latitude. These three compliments form what is called the Astronomical Triangle.

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

{6.) The angle at the Pole, contained between the meridian of the ohserver and
that passlng through the sun, 1= called the Howr Angle, as it gives the distance from
}ha Huillm the observer's meridian, in time or are, and is usually represented by the
etter H.

(7.} The angle at the ** Vertical,” or at the ohserver’s zenith, eontained h:at:wuan
the meridian and a vertical plane passing through the sun, is called the Aszimuth
Angle, and iz usually represented by the letter 2. !

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

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

eos 8 cos (B—piyk

008 § Z={ P e b R g~
. zin (8 — L) sin (S —h)
Hm#z:{ cos Locos b }* SRR
in which
L = Latitude, 7 = the required Azimuth
id = Declination. p = Polar Distancs — ¥° —d.

h = Height of the sun’s center, corrected for refraction and parallax.
B=4{L4h+ph

Nore. — The corvectlon for parallax, which b= usually about 67, and never excesds o, may be neglecied
axcept in work of great precision.

To solve these equations numerically requires much computation, but the Solar
Transit solves them for 2, mecharically, with no more computation than that required
to deducs the declination for the longitude and local time of the observer, from that
friven in the Nautical Almanac for the day.

From the above delinitions, it is readily seen that the following conditlonz, or
relation between the partz of the instrument, must be established,

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

{B.} The horizontal cross-wire of the solar telescope must be parallel with the
plana of its rotation around the polar axis; i e it must be parallel with the plane
of the equator.

(%) The plane passing thromgh the vertieal wire and the optical axis of the
solar telescope must be at right angles to the cross axis of the solar telescope.

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

These conditions are obtained by the following

Adjustments.

Having attached th~ * Solar ™ to the cross axis of the teleseope, as directed under
the head of “ Eemarks," and having leveled up the transit (supposed to be in perfect
adjustment) carefully, set the vertical or latitude are to zero, observing that, upon
rotating the whole instrument 1807 in azimuth, the bubble of the lovel of the transit
telescope ia in the middle of the tube. Bring the level abhle of the solar telescope to
the middle of the tube by means of the clamp and opposing tangent screws of the
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solar telescope ; then revelve the solar telescope on its polar axis 180° to see if its
bubble remains in the eenter of its tube : if not, remove half its error by means of the
opposing tangent screws, the other half by the milled capstan-headed serews helow
the base-plate, until it remains in the center of the tube.  Repeat if necessary,

Turn the solar telescope B0° on its polar axis, and by the milled capstan-headed
sorew level the base-plate and bring the bobble to the center of the tubse. Hepeat
the operation until the bubble of the solar telescope remaing in the center of the tube
upon revolving the solar telescope around its polar axis, (This condition mwust be
attained before the polar axiz can be set to the co-latitude of the observer ; and being
attained it needs no further attention than being examined at times for verification),

The adjustment of the polar axis to be truly at right anglea to the line of sight of
the main telescope is made by two milled capatan-headed acrews and two opposing
springs at right angles to each other below the base or leveling plate of the solar
attachment. Ag will be seen in making this adjustment it iz not necessary to place
the solar telescope parallel or at right angles to the main telescope, bt simply in the
same vertical plane of each set of leveling screws and springs at the time, This
adjustment is made by the manufacturer and thereafter needs only to be examined
al times,

If the adjustments are properly made the bubble of the level of the fransit telescope
and fhose of the plate levels on the transit will all be in the cenfer of fheir tubes, and the
vertical are will read zero.

Bizeot aome convenient object, and turn the solar telescope sufficiently to the right
ot left, around the polar axis, to make the image of the object traverse the field from
one side of the tabe to the other, The image should remain bisected by the wire,
If not, loasen the four capstan-headed zerews of the diaphragm till the above condition
is attained, and fasten the gerews securely,

The solar teleseope showing usually objects inverted, requires the eross-wire dia-
phragm to be moved as described in the foot-note on page 49 of Manual,

Bisect any very distanf object in the horizontal plane by the main telescope, and
clamp., Then, by meansa of the clamp and opposing tangent screws on the solar teles-
cope, bring it horizontal cross-wire to bisect the same object ; then, by means of the
capstan-headed screw of the solar telezcope level bring the bubble to the middle of
its tule. This being done, the optical axes of the two telescopes will lie in paralle]
planes for distant objectz# and the instrument is ready for use.

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

Before the solar attachment is available for finding meridian, the observer must
know hiz Latitade, and the sun’s Declinafion for the day and hour of obeservation,
carrected for refraction, whence the

Reduction of Declination and Refraction.

The sun's Deelination 18 given for noon of every day in the year, in the Washing-
ton and Greenwich Ephemeris of the sun, for thosa meridians, The maps and charts
ln use will give the difference of Longifude to all the precision required, and tables in
this manual give the required Refroction.

An example will best illustrate ;

Eequired a declination table for the different hours of the day for April 25, 1835,
Lat. 44° N,, and Longitude 7% W. At 157 to the hour, 97% of longitude is about
6} hours of time, and as this longitude is W., 12 o'clock, or noon, at Greenwich will
correspond to 5k A, 3. at the place of the observer.

The declination, as given for that day, in the Greenwich Ephemeris, s 7.3° 20
04 N., and is shown to be gaining at the rate of 49" per hour [see column headed
Difference for one Hour, with the signs 4 for sun going North, and — for sun
going South).

# For use of the solar telescope as a top telescope in mine work when nearer objects at variable disiances
are viewed, it will he necessary to first make the adjustment of the cross-wires for collimation by rotating the
aolar telescope in improvised wyes, as explained under ** Patent Adjustable Top Telescope,” page 108, in
order o make the line of collimation correct [or all distances.
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1f now, to the declination for 5% a-m., we add the hourly rate of change succes-
sively, we shall have the declination for the several hours of the day, observing that
the firat increment is for only half an hour, thus: —

Form of Daily Declination Table.

ArRmL 25, 1835,
Hourly difference Dec., 4 407 [ Hourly difference 4 49

Dec. 5% 4. M. ﬂ. PRRNPE I du {1 1 S lpm N.. . . Dec =15%26 1174
e Rt + & o« 13 20 28 4+ 3 & A “ =18 27 00 -+
L S R oowoe 18 BT A+ a i ne =13 2T 49 +
oA 1 .. . 18 B2 0 4+ 4 5 S A 1% 28 858
£ R oA .. . 13 22 55 4+ 6 * oS I =13 2 a7 4
10 £ e . 13 23 4 4 LER L ¥ =13 30 16 H
b | L& e o+ 413 2483 o4 | T M A ¢ =13 31 06 +
Ll P 13 25 22 -+ |

The ahove table must be corrertad for the effects of refraction, before it is sel off
on the vertical are of the transit, Refraction increases the apparent altitude of an

object, and thereby affects the declination of the object — L?fnpfna;%g ;» the declina-
tion when of the ;TE:;:‘EM name with the latitude,

From the + sign of the ©* difference " of declivation, we see that the declination iz
of the same name a2 the latitude, whenee the correction is an inerement, and aceordingly
the 4= sign as suffixed. This 2ign belongs to the refraction.

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

Just what portion iz effective, Is shown by table I1. of this paper.

Thuz, in the given Lat. 44° and for, say 4 hourstrom noeon, the percentage of re-
fraction to be applied is .74 of that eorresponding to the altitude of the object at the
tiwe of observation, The sign 4 to be used must be determined, as above, by con-
gidering whether the sun is going north or south at the thme,

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

To Find the Latitnde.

Having prepared the declination for the day. as above, level up the transit care-
tully. Level the main telescope, observing that the vertical are reads zera, and =st
the polar axis to a vertical position by means of the solar telescopa level.

hese points being attalned, =et the main telescope, pointing south. Then for a
:ﬁﬂlﬁ L declination, g:gﬂm Et.h& south end of the telezeope, till the vertical are in-
dicates the declination thus found.

Then, having turned the solar telesenpe into a vertical plane parallel with that
contalning the optical axis of the malin telescops, level It carefully and clamp it.

A few minutes hefore the time of the sun's enlmination, hritfg the telescope into
the vertieal plane passing through the chserver and the sun, and **fud #he aun " with
the solur telescope. This is readily dene by varving the altitude when the sun's
image will appear on the diagonal ave-piens,

Having * found the sun,” biseet hiz image with the vertical wire, by v
azimuth with the tangent serew of the transit plate, or with that of Lh&vr‘-u::ftﬂe%t?r?
and, simultaneouzly, follow him in altituds — the horizontal wire hissctine the inm;é
— till it ceases to rise, then clamp and read the vertieal are, This reading should
be the sum of the eo-latitude and refraction, the refraction heing that due to the meridian
a]t_.ituqle of the sun, which is the alogebraic anm of declination and eo-latitude .me
thiz reading the latitude is readily deduced. With the latitude and deélinatlun
known, we are prepared
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(2.} As for finding latitude, level up the instrument carefully, the veruier of plate
alamped, reading zero,

(0.} Point the telescope to the sun to find his altitude for the refraction.  This
can be found with suflicient accuraoy by turning the telescope, till the shulow of o
pencil held across the end, or till the shadow of the screws on the side, are parllel
with the tube,

{.) The vefraction corresponding to this altitude must be multiplied by the cor-
responding eoeflicient, for the tima from noon and the latitude, and applisd Lo the
declmation, as per instructions above, for the corrected declinalion.

{d.) Point the telescope to the south, ﬁ[g{’,ﬁﬁ ithu south end for gﬂ deoli-
nation, till the vertical are reads the corrected declination, and clamp the vertical
arc.

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

(£.) Elevate the south end of the main telescope to the eo-latitude, by means of
the vertical are, and turn the telescope approximately into tho meridian, Ly means
of the rupnetic needls,

(g.) ** Find the sun ** with the solar telescope. This is done by turning the whole in-
strument in azimuth, on its outer center, simuaitaneously with a motion of the solar teles-
cope in right ascension, till the sun’s image is seen in the eye-end of solar teleseope,
Bisect the image, as nearly as may be, by the two motions above named — clamp
and complete the bisection, by both wires, or by the wires forming a square, hy means
of the transit’s lower tangent screw, and by that of the solar telescope.  If the image
of the sun should be so large that it cannot all be seen from ome position of the eye,
look around it by moving the eye around it in such a manner as to see the entire eir-
cumference, and bring the crosz-wirez on the four =ides of the image normal to their
regpective sides, by means of the motion in azimuth and the motion of the solar
telesoope, as above deseribed.  This being attained, the optical exis of the main leles-
cope should be in the astronomical meridicn.  Hefer to an azimuth mark, and repeat
the operation.  The ahove is called a divect ohservation.

(h.}) To make a reverse ohservation. Having made the direct observation, turn the
whole instrument 180° in azimuth, and set the co-latitunde off on the opposite side
of the vertical are.  Also turn the solar telescope 180 °, and proceed =s hefore, The
object of repetition is to eliminate personal pon-precizion apd nossible errors in
manipulation, while the object of reversing is to eliminate any possible remaining
errors of adjustment of the instrument.  The prudent sorveyor will not trast his work
without such verification, and he will take the mean of both chservations,

Remarks,

(1.] To unscrew the solar attachment from the packing-piece In the box, first
release the clamp and tangent screw, and then turn carefully the milled-edged disk or
base-plate a few tums to the left.  To screw the solar attachment to the instrument,
turn thizs millad-edged disk from left to right around the screw on top of the main
tefeecope withont revolving the solar attachment. To insure a perfect contact of
serew-shoulder against the flange, on which depends the permanency of the adjust-
ment of the polar axis to the main telescope, it is necessary that these parts be [ree
from dust, grit, or dirt of any kind,

(2] The anxiliary or latitude level, if one is ordered, attaches in the same manner
to the end of the eross axis on the side of the vertical circle,

(%) The latitude level is used to facilitate doring repeated phservations the reset-
ting of the polar axis to the co-latitude, assuming that the polar axis has been pre-
vicously et to be at right angles to the main telescope by its milled capstan-headed
gerews and the solar level, the polar axis being placed im itz pogition for an observation
with more facility and precision with this level than by reading the vertieal arc.

More—The great utility of this auxiliary, or level attachment, is seen in the :Hln’w_s,.‘pndn. Two of
these lewels being applied to the telescope of a pivot-levelling instrument— one on each side —or one on each
end of the ¢rogs-axis of a transit telescope, and one of them being adjusted to the sd, the other 10 the dows
ﬁ,w_, the engineer may work in either direction on his grade with same facility that he would on a level
(119



(8.) The latitude having been found for the initial Pnint. of a survey, it may he
found for other points within moderate limits by allowing 42 chains of northing or
southing for 1/ of latitude.

(7.) The object of bringing the main telescope into the meridian by means of
motion on the outer zpindle iz to have the zero line of the horizontal plate in the
meridian, so that the azgimuth or bearing of lines can be referred to that line.

(8.} If for any cause one is obliged to work with an uncertain latitude, it is better
to do so with the sun as far from the meridian as practicable, for the following
TEASOILE

It is only when the sun i3 in the pole of the meridian that it has its maximum
efficiency in poeinting out the direetion of the meridian.

Hemee a large honr-angle, and a small declination, are conducive to the elimination
of errors resulting from an incorrect latitade,

Indeed, with the sun precisely in the pole of the meridian, the meridian is deter-
mined Independently of latitude,

{8.) In making the several adjustments, or rather in verifying them, the student
ghould have a true meridian established by some other means than by the * solar
transit,"” as from the North Star, by some of the methods given in works on surveying.
He should compare the results of his observations with this meridian at different
times in the day, and ander different states of the atmosphere, till he has learned any
peculiarity of the instrument and the utmost precision obtainalle with it, az well as the
ordinary limit of non-precision,

Degree of Precision Reqguired.

(10.) This, of eourze, depends on the character of the work to be done.  In the
TI. 5. Public Land Burveys,—which are, without question, conducted on the best plan
the world can afford,—enly compass lines are required.  AS a congequence, a wide

in for non-precision is given. -

n gub-dividing a block of townehips, the surveyor in coursing a random of 6
miles, iz required :L.u malke his ohjcetivag;aint. within & chains, Charging the half
of thiz error to lineal measurement, we find the error of coursing smest be within 107
of the true course,

(11.) Jn Manitoha, the anthoritiez, having fallen in love . ith our eystern 5f Pub-
lie Laud Surveys, have adopted it; but they requir: greater precizsion. They re-
quire elear transit lines, projected with the best six-inch gilver lined instruments,
gradunted to 107,

In «oursing a  mile random in the sub-division of & townzhip, the surveyor
must make his objective point within ene chain, in order to save reviewing his work,
1:har5'1!1g, as before, one half of thia error to the lineal measurements, we find the
maximum error allowed in coursing to be beticeen 3 and £,

{12}  With the * New Soler,” as manufactured by Messrs. C. L. Berger & Sons,
the surveyor will be surprised and delighted to see the faeility and certaindy with
which ke can bring hiz work for within the above N,
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Inclination of the Meridian.

(13.} In projecting ares of & great circle with the ‘*solar transit,” it is of the
ntmost importance thatthe surveyor be able to tell the inclination of the meridiang for
any latitude, and for any distance of eaatings or westings.

As this problem is not treated in elementary works on
surveying, perhaps the few following hinta may be of use =
to the 5'01111? atudent.

In the following figure, let the two ares A G, and B G
be two ares of a quadrant of the meridian, 1° of longitude
apart. Let A B = the are of one degree of longitude on o
the equator = 09,16 miles.

Let I E be an are of longitnde on any parallel of
latitnde. Also, let B H and D H be the tangents of those ==
meridiang meeting in the earth’s axia prodoced, and cor- )
responding to the parallel of latitude D K.

hen the line E F=D Fescog L=coz AD or B E.
Alsa, the angle D F E=1°and the angle D H E=the
inclination of the meridians, which iz the an‘ﬂe we wish
to find, and which we will represent by X° 1l because

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

"% EF=X"»x EH, But

EF=cos L, and & H == ¢ot L, hencea

X%¥eot L=1%¢coz L, or

X%mm 008 L =— cot Li==2zgin L, £ a S s i (a)

That iz to say,

Tha {nclination of the meridians for any diference of longitude, varfes as tha sine
af the latitude,

(14.) Since the sine of the latitude iz the inclination in decimals 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 thiz by the number of milez in one degree of
longitude on that latitude, we shall have the inclination due to one mile on that
parallel. Thus, for

Latitudedd® . . . . .+ . log. gine= 9.833783
Multiply by 8600* . . . . . & = 3.556303

3.390086
Divide by 50m66, =17 long. on that L, log. = 1.7040682
48" .46 = inclination for one mile of long. 1.635404

(16.) The wse of the Tuclination, as found by the preced.ingharticle, iz to show
the surveyor how much he must deflect a line of survey from the doe east or west,
to have it meet the parallel at a given distance from the initial point of the survey,—
for it will be remembered that a parallel of latitude ig a cuwrve, having the cotangent
of the latitude for its radins. And the line due east or west Ia the tangent of the
curve.

Thus, on latitude 43°, 1 wish to project a six-mile line west, for the southerly
line of a township. : ;

Remembering that in an izosceles t.muth‘.'1 the angle at the hase ia leaa than a
right angle by Ralf the angle of the vertex, I deflect my line towards the pole h‘y the
inclination due to three miles,— or in this case 4346 ¥ 3=12".25", {. ., Deflection =
Ly Inclination.

A6 Table No. JII, which was computed from the formula {32 Art, 37, gives the
Inclination for one mile, and for gix miles on any parallel, from to 607 of [atitude ;
also the Convergency for six miles. on any latitude.
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(17.) The Convergency of the meridian is readily found for any given distance
from the corresponding inclination, by multiplying the Sine of the inclination by
the riven distance.

us, for latitude 437, the inclination for one mile iz 48%.46G 5 the sine of which is
S35, This, multiplied by the number of links o a mile, which = 8000, we have
the convergency for one mile.—=1.88 links.

Multiplying this by the number of miles in a township, =36, and we have the
convergency for o township =40G7.65 links. In this manner were the convergencies
of table ITL computed,

(18.y Dedection of Range-Lines from meridion. The geeond colomn of table 11T
shows the surveyor how much he must deflect the range lines between the several
gections of a townzhip from the meridian, in order to make the congecutive ranges
of gections in a township of uniform width, for the purpose of throwing the effects
of “convergency™ into the wostwesterly rangeof quarter sections agreeably to law.

Thus, aay between 45° and 53% of latitude, the inelination iz practically 17 for
every mile of easting or westing., Then, bearing in mind that in the 17.3., tha sur-
veys are regarided as projected from the East and South to the West and North; the
gurvevor must project the grst range-liee between the gections of a townzhip in those
latitudes, 17 fo the lert of the neridion.

The second, 275 the third, 37; and 8o on to the fifth, which must be § to the left
of the meridian on the east =ide of the township.

By thiz means all the convergeney of the township is thrown into the sicth, or
westerly range of sections, a8 the law directa,

The fourth eolumn of the above table shows the amount of thiz convergency.
This column is also useful in sub-dividing a block of territory embraced by two
“gtandard parallel2” and two “guide meridians” into townships. Thus, starting a
meridian from a standard parallel on latitude 43* N, for the western boundary of
a range of township.—say the first one west from the guide meridian,—and running
North, say 4 townships, the surveyor must make a point that is Enst of the six-mils
point on the northern “standard parallel™ 4 = G7.7 links=270.8 links, The second
meridian should fall 8 = 67.7 links to the wight of the twelve-mile point, ete.

glﬂ.} The Variation af the Needle. This i2 easily determined by noting the
reading of the needle when the solar transit telescope has been brought into the
ma

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

This Solar Attachment, deslgned and patented by the firm, illustrated on page
168, consiste of an equatorlal adapter, an auxiliary telescope, and a striding level.

The equatorial adapter made to fit to the upright post, on mining transits
with style I interchangeabls auxiliary telescope, where the auxiliary telescopa
ordinarily goes, recelvez the auxiliary telescope and eonverts it into & solar
telescope, permitting it to move in the equatorial cirele about a polar axis,
and in the declination cirela of the sun. The adapter consists of two plates
provided with leveling screws working against opposing springs which permit
tha polar axis to be adjusted to the genith when the main telescope is level,
and consequent]ly to polot to the pols when the main telescope is elevated in
the plana of the meridian to intersect the equatorial circle. The lower plate of
the adapter serews upon the central vertical post of the mining transit which
waz origlnally designed to carry the auxilinry telescope when used as a top
talezeopa,  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
declination axis can be made to revolve, 'Che declinatlon axis has at one end o
threaded stud similar to those provided for the auxiliary telescops when used as
& side or top telescope and to which the auxiliary telescope can be serewed, To
do this it I8 only necessary to slightly releass the ionermost nut from its fasten-
ing mgainzt the upright and then by turning the declination axis by means of
the outer milled-headed screw, the auxzillary, now the solar, telescope can be
securely fastened thereto.
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To use the solar attachment, secrew the equatorial adapter upon tha central post,
level up the transit by means of the plate levels, and assuming thatall the ad-
justments of the transit and those of its motion in vertical plane have previously
been verified, attach the counterpoise and the auxiliary telescope to their serew-
studs as already explained, bring the main telescope level-bubble to the middle
of its tube, when the zero of the vertical eircla should eoincide with that
of its vernier. Level up the equatorial adapter by revolving it, by means of
its level and the two milled-headed screws acting against the opposing eprings in
the lower plate provided for that purpose, This is necessary in order to make
the polar axis truly at right angles to the line of collimation of the main telescope.,
This adjustment once properly made need only be repeated for verification of
adjustment from time to time as deemed pecessary. The two telescopes should
b placed in the same vertical plane by bisecting with both telescopes some
distant ohject. When the polar axiz is clamped, set off on the vertical cirele
the declination and refraction of the day and hour of observation; bring the
auxiliary telescope into a nearly horizontal position and clamp the declination
axis tightly to the upright by means of the inper milled-headed nut, previously
taking eare that the stud between the two opposing serews ghall be nearly in the
center. Flace the striding level upon the auxiliary telescope and by means of
the two opposing screws place the bubble in the center of itz tube and then re-
move it. The two telescopes now oceupy a position with each other equal to
the declination and refraction of the day and hour of observation. Set the
vertical eirela to correspond to the co-latitude of the place of ohservation and the
eolar attachment is ready for work,

The wire arrangement in the auxiliary telescope iz a square somewhat smaller
than the disk of the pun which is illustrated in dlaphragm I on page 1658. The
outer wires forming the square are egui-distant from the horizontal and vertical
cantral 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 ehserver when the auxiliary telescope is used in the mine.

The striding level will prove a valuable adjunct for the setting of the anzillary
telescope when used as a side telescope to read the same level line as the main
telezcope.

Thea equatorial adapter belng in part made of aluminum and of brass, weighs
only nine ounces, the same counterpoise used for the auxiliary teleseops may also
be used for the equatorial adapter by the exercise of proper care.

The ohservations with this solar attachment are exceedingly simple to make.
The equatorial adapter raising the auxiliary telescope considerably above the ver-
tieal eircle, observations can frequently be made, if desired, without the use of &
prism, by elmply screwing the colored glass furnished with the instrument upon
the eyve-piece.

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

Observation for Meridian with the Berger Solar
Attachment,

Written for thie catalogue by GEo. L, HosMER, Massachusetts Institute of Technology.
CALCULATION.

Before beginning the observations the following computations must be made
1. Take from the Nautical Almanac (table IT, for the month) the sun’s * apparent
declination,” for Greenwich Mean Noon of the date of the observation. If it is
north prefiz a - sign, if south, & — sign. 2. On the eame line, in the next
eolumn to the right is the ©difference for one hour," with the proper algebraio
gign before it. 3. The local time corresponding to Greenwich Mean Noon may be
found by subtracting the west longtitude of the place from 12h, e. g. at the Thth
merdian, this would give Th A.M.; at the #0th, 6h A. M., ete. 4. Next compute
the declination for each hour by adding alzebraieally the “difference for 1 p™
to the declination for the preceding hour. 5. Next cormect each of these declina-
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tions for refraction, using the tables given in this catalogue, or such as are given
in Prof. J. B. Johnson's work on survering. Careful attention should be paid to
gigns.
EﬂW& will assume for the present that the latitude is known, and proceed to the
description of the

FIELD OPERATIONS.

1. Lay off on the vertical arc the declination setting for the time of obeervation,
tipping the telescope in such a direction that the small telescope will polnt above
or helow the equator according as the declination is N. or 8. 2. Level the emall
teleseope by means of the striding level, and then clamp it. 3. Next change the
setting of the vertical civele so that it reads the co-latituds of the place. &, Teing
both the horizontal and the equatorial motions, poiot the small telescope at thae
sun, making the four segmenta cut off by the cross hairs equal. The main tele-
seope i2 now in the meridian, To be certain that the settings are correct waita
tew moments and sea if the dise follows the equatorial wires perfectly. Both
platea should be clamped whila 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. 5b, West., Lat. 4 407 Jun. 10, 1800

Deel. for Gr. Mean Noon — — 21° 597 04",
DIfL. for 1h. == + 22°.25,

TIME, DECLINATION, REFRACTION BETTING.
Th. A.M. 21° 59 04

8w 58 42 B' 40/ 21° 53/ 02
T 58 20 2 51! 21 55 29
0 - 57 57 2 Q71 21 55 50
s 57 35 151" 21 55 44
12 M. 57 13 (1 47T (21 55 26)
1 PM 56 51 11 51 21 65 00
2 56 28 2r g7t 21 54 21
a i i 2 1M 21 63 16
4 " 56 44 540" 21 50 04

The co-latitude may be found by measuring the altitude of the sun's lower
limb at poon, i.e by measuring the maximum altitude. This apgle must be ecor-
rected for refraction, semi-diameter and declination. The result 12 the eo-latitude.
Tha co-latitude may also be found, very nearly, as follows : — Make the angle be-
twean the telescopes equal to the declination setting ot noon in the same way as for
any other hour. Bring the telescopes into the same vertical plane, and point the
small telescope at the sun. By wvarving the elevation angle of the main telescope
keap the emall telescope pointing at the sun until a maximum elevation is reached.
This angle is the co-latitnde, already corrected for refraction, semi-diameter and
declination, This method is pot quite as accurate as the former,

A TEST.
The following observations were made by the writer with the Berger SBolar
Attachment, The plates were clamped at zoro degrees and the meridian found by

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

TIiME. AZ, ANGLE
AM.

8230 240°07'
B:40 051y
850 05y
900 06
P.M.

323 240 05"
330 03

Clouds prevented further observations,

The true azimuth as found afferward by an observation on Polaris was 2400 05°
300,



Table I.

Mean Refraction of Celestial Objects for Temperature 509,

and Pressure 296G inches.
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Correction to the Mean Refraction given in the
preceding Table,

:L' Height of the Thermomater,
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ExamrLe I,

#What is the correction for refraction for an altitude of 8% 5, the thermometer
etanding at 50-07 and the barometer at 20-6% inches?

Answer (hy inspection) .. e i M i L

and therefore,

Apparent altitude A i = §° &
Refraction 7 e 5 = — 25V
True altitude ia =) s 708 35
ExavrLe 1L

What is the corrcetion for refraction for the same altitude, the thermometer
glanding at 447 and the barometer at 20045 inehes

Thermometer correction for altitude 8% §° == + 0 6

Barometer ditto o —0 2
Correction for both is .. s - = 4+ U 4
Mean Refraction e Sh i = — G 23
L True refvaction .. e . = — G 21

g & N

Apparent Altitude s om0 Bl
True refraction i o i = — 67

True altitude . i .. 7 L8 M
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Table II.

Coeafficlents showing the per cent. of Refraction to e applied
te the Bun's Declination.

1
Hours from the Meridian. | Hours from the Meridian,

|
Lat 1H. |2 H.|3 H. |#H |§ H. [6 H Lat. 1H.|2H |#H. |4 H |6 H |4 H.

10 | 56133 (24 2018 17| 36 (o4 |82|91|64(60]50
1z |63 (39|28 |24 |22 21| 38 [o95 85|94 |67 | 63|62
14 |69 |45 |33 |27 |25 24| 40 |95 |87 |77 | 70| 6564
16 | 74|50 |38 |3t |29 28| 42 |o6 |83 (79| 72|68 |6y
18 | 78|55 |42 (35|32 31| 44 |96 |80 |8r |74 71|60

o | 90 | 83 | 77 | 74 | 42

98 | ot | 85 |79 | 76 | 74
24 |87 |8 54 (46|42 | 41| 50 |98 |92 |86 |81 (y8]|y6
26 |89 | 70|57 49|45 | 44| 52 |98 |03 |88 133 81 | 79
28 |go|y2 |60 |51 (48 47| 54 [99 |94 90|85 |83 |81
3o |9t |74 |63 54|51 50| 56 |99 |95 |01 |87|85]|8;3
32 92| 77|66 57|54 (53| 58 |99 |96 |92|88|86 |85
34 |93 80 |69 61|57 |56] 60 |99 |97 |93 |90|88|8y

20 | 81| 60|46 3935 34| 46
22 | 84|64 50|42 | 38|37 43

For the construction of the above talle, sea p, 50,
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Table III.

Inclination and Convergency of the Meridians.

T = o
Tnctina. | Enclina .2 2.8 feis e
nelinas |Inelina 52,28 Inclina- |Inclina-| & 2.5 oo Ineli g8

Lat. | tioo 'En:!r tion for EQ%.E Lat, | tien }n:rr 1._'num1. for Esﬁ'ﬁ Lat. _Ehdlmm II;IWI-L}::; Eﬁ%
oo mibe. nxnﬂtaéqﬁgﬁ ane mile. [six miles £ 5 E.E o oo mieix miley Egga

o S .

o L f ¥ | Liaus | ° w * ¥ JLmes.] * |7 ¥ 4 ¥ | Lmes

10| 9.18| 55(13.0|27]26.52]2 39 sor| jo.1
11| 10,13 | 1 o1 | 14.2 | 25| 27.66 | 2 46 45| 5200|512 v2.6
12| 11.07 |1 06| 15.5|20|28.85| 253 40.2| 46| 53.83|5:23| 752
13| 12.02 |1 12| 16.8 | 30| 30.03 (3 00| 41.9]| 47| 5567 |534| 778
14|12.98 |1 18| 18.1 31| 31.26 |3 07| 43.6| 48| 57.67(546| 806
15(13.96 | 1 24| 19.4 [32 | 32.49 |3 15| 45.4| 49| 35983|559| 835
16| 14.93 | 1 30| 20.7 | 33| 33-83 | 3 23| 47.2| 50| 1 0200 |6 12| Bbg
17| 15.92 |1 36| 22.0 [34|35.17 |3 31 |49.1 | 51| 10417 (625 8oy
18| 16.91 | 1 41 |23.4 |35|36-50|3 39| 50952 106.67 |6 40| g3.0
19| 17.93 | 1 47| 24.9 | 36| 37.83 |3 46| 52.7| 53| 1 09.17 |6 55 | 964
20| 18.94 | 1 54| 26.5 [37]309.17|3 55| 54.7| 54 | 1 1667 | 7 10]100.0
27| 19.98 (2 00| 27.8 [38|40.67| 404|568 55 1 14.33 |7 26 ) 103.7
22| 21.02 |2 06 | 20.3 | 30| 42-17 | 4 13| 58.8| 56| 1 17.17 | 7 43 | 107.6
23 | 22.10 | 2 13 | 30.8 | 40| 43.67 | 4 22 | 60.9| 57| 1 2000 |S oo 1118
24 |23.17|2 19| 32.3 |41 |45-17 |4 31 | 63.1| 58| 1 22,00 B1g|116.2
25 | 24.30 | 2 26 [ 33.8 [42 | 46.85 | 4 41| 65.4| 59 1 26,66 | 8 4o | 1209
26 | 25.38 | 2 32| 35-4 |43 | 48.52 | 4 51| 67.7| 60| 1 30,009 00| 1257

L L3
| o,
o o
Ly
o
0

For the eonstruction and use of the above table, see articles (13,) (14,) (16
{17,) (18,) page 6. ) )

For details of instruetion in U. 8. Government Surveying, see Hawes' System
of ** Rectangular Surveying,” and Burt's ** Key to Solar Compasa.”
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To Find the Meridian from ¢ Polaris.”

The north star, Polaris, being out of the pole of the equator, 1s in the meridian but
twice in a stellar day — once above and once below the pole — called the upper and
lower tranzits, or culminations,

It is also at its extreme distance, sast and west, twice In a stellar day, called
greatast elongations, east or west, -

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

At elongation, the apparent motion of the star i3 tangent to the vertical, and
therefore, for a few minules, with regard to azimuth, it appears to stand still, thereby
daffording ample time for deliberate observation.

The distancs of this star from the pole—called Its polar distance, was 19 187 187
on January 1, 1865, and iz diminishing at the rate of about 19.06* per year, whenee
ite distanee in following years may be known,*

T'he azimuth of the star, corresponding to any polar distance, is variable with the
latitude, Thus, an observer at the equator would see this star — =ay al eastern
alongation — in the horizon, and at the distance of 12 18 16* to the right of the pole,
or true meridian.

If now the observer should go north, the azimuth of the star would inerease with
its altitude, till he should arrive at a latitude ogual to the complement of the polar
distanee, when it would be N. 90° E, Between these limits, the bearing of the star,
at alongation from the pole, would vary according to the following equation, in which
& = the asimuth, or bearing :

. sin Polar Distance
Sin 2 = = sine Latitude

As the telescope of the surveyor's tranzsit is not usually of sufficient power to show
tha star in the daytime, the ohservation muost be made at night, in which case the
cross-wirea of the telescope must be illuminated by light reflected into the tube, A
piece of stiff white paper, with an opening large enough to admit of seeing the star
through it, and held obliquely in front of the teleseope, will make a gomd reflector,

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

The pole is nearly in line between Polaeris and the star Mizar, which iz at the bend
in the handle of the Dipper, 2o that when these two stars are pearly ina bhorlzontal line

Fi . east west |
and the dipper 18 et east |

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

A satisfactory sight having been obiained, the telescope should be brought down
to fix o mark on the ground, at a distancs of 300 to 400 vards from the transit,

Thiz mark shounld he aomething clear and definite, like a nail set in a hob, driven
Into the ground, which may be located by means of a plimmet lamp, or by means
of a common lamp in & box, having a vertical slit in one side of say 4 or § an inch in
l‘lllf_,kllﬁ:i:, with a plumb-line sospended from  the slit, and manipolated by an
pasistant,

The divection of the star heing satisfactorily marked, compnute the azimuth from

the above equation, and set the resulting angle off to the iiﬁm of the mark for
western | ‘s
i, Lelcn,ntiun.

It may ]mppeu; that the resulting azimuth may have an odd nomber of seconds,
or fraction of 4 minute, not convenicot to be set off with a vernier gradunted to

* Bmall corrections 1o the distances th abculated ed " i
P Moo us calculated are needed, but do not amount to more than 3 ip

{» of the pole, Polaris is at his greatest elongation
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single minutes. In this case, ind the distance carefully between the transit and the
mark, snd multiply this distance by the tangent of the azimuth. The result set off

to the E%t,ht % for :ﬂ:srt’::; E elongation, will point out the place of the true meridian.

Meridian from Equal Altitudes of the Sun.

If the direction of a star were ohserved with a transit when it had a certain altitude
on the easterly side of the meridian and the direction again observed when it had an
equal altitude on the westerly side, then the bisector of the angle would give the direc-
tion of the meridian.

If these oheervations are made on the sun an allowance must be made for the slight
change in the sun's declivation between the two ohservations,  From about Ihecem-
ber 2] to about June 21 the sun is going north and from June 21 to December 21 it is
gring aouth, The table given below shows the number of zeconds the sun moves in 1
hour on different days in the year,

To an ohserver in north latitude, when the sun is going north, the mean of the two
vernier readings would lie to the west of south ; if the sun is going sonth the mean
would lie east of sonth.  The correction to the mean of the vernier readings is found

by the formula L In this formula I3 is the total increase or decrease in
2 cos ¢p SIn L.

the sun’s declination between the two observations ; ¢ = the latitude ; ¢ = the hour
angle, or very nearly ¢ the elapsed time.

Making the Observations.

1. In the forenoon, et up the transit, with the vernier zet at 0, Point at some ob-
ject for an azimuth mark, preferably at the left of the sun, using the lower clamp and
tangent screw.

2. Loosen the npper clamp and point the telescope toward the sun and find the
sun's image in the field, Move the telescope slichtly until the vertical and horizontal
wires are fourd. The beginner is cautioned against mistaking a stadia wire for the
middle wire.

In the forenoon the sun is rising and moving to the right, If the telescope has an
inverting eye-piece these motions will of course appear to be reverssd. If a prism is
nged the vertical motion will be conteary to what it would be without the prism, while
the horizontal motion will not be affected.

4. Set the telescope at an altitnde alittle above the sun,  Set the vertical wire on the
left limb of the sun and follow it in azimuth, nsing the upper elamp and tangent serow,
until the lower limb of the sun just touches the horizontal wire. At this instant stop
following the motion in azimuath, note the time by a wateh and then read the vernier.
It will be well also to read the altitade,

4. In the afternoon turn the telezcope toward the sun, the altitude heing the aame aa ot
the first ohseroation. When it comes into the field set the vertical wire tangent to the
right limb of the sun. Follow it in azimuth until the lower edge of the sun again
tonches the horizontal wire. Note the time and read the vernier,

Caleunlations.

Take from the table the hourly change in declination for that day and multiply by
the number of hours and fraction of an hour between the observations.  The resalt is
to be divided by twice the produet of the cosine of the latitude by the sine of the hour
angle. ‘This gives the correction to the mean of the vernier readings.  The hour angle
is half the elapsed time and should be turned inte degrees and minutes by multiplying
by 15, Take the mean of the vernier readings and then subtract the correction it the
sun is going north, add if it is zolng south. It is azsumed that the eirele reads from 02
to 860° o a clockwise direction.
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Rewangs, If the instrument iz not in & very stable condition it will be best to
re-sef on (°, point at the azimuth mark again, and then re-set at the proper altitude as
nearly as possible, before making the second observation.

The nearer the sun is to the east and west points the better the result. Observa-
tions near noon should be avoided. Observations at very low altitudes, say under 102
are unsatisfactory.

If only approximate resnlts are desired the vertical wire may be made to bisect the
gun’s dise in both cases,  This would avoid the mistake of getting the wrong limb.,

ExanrLE,
Date, April 10. Latitnde 43° N,
vernier A. Watch Reading,
Forenoon observation . . . . . . . 13*26' richt of mark Th. 18m.
Afternoon A e ki i | |-l | ) R 4h. 4Em.
mean 80P 40’ 30" diff. ob. 30m
Diff, 1 = 54" t = 4h. 45m.
64" » 9.5 h. = 613" =T1"15
cos b= 7314
gin f= .0460 mean 07 49° 500"
2 o8 b sin £ = 1.3861 corr &' 10
k] o = EALLEs Angle between i ;
18851 870."¢ =6' 10."4 meridian and mark E 80F 437 207

Hourly Motion of the Sun in Declination.

Egju. Feb. [March.| Aprl. | May. | Juee. | July. | Aug. $:p1| Oct. | Nov. | Dec

I(+12{43 (57 |58|45| 21 | 10| 38|54 | 58| 48| 23
501746 |58 (56|43 17 [ 14|41 | 56| 58|46 19
102249 |59 (54|39 12 | 19 |44 | 57 | 57 | 42 | 14
15|28 (52|59 |52|36| 7 |24([47|58|56|38| 8
20 || 32 | 54 [ 50 | 40 | 31 |+27| 28 | 49 | 58 | 54| 34 |—2
25 (37| 56 | 59 | 47 | 27 —-4} 32 | 52| 59|52 30 +4}
3041 |..|58|456]23| 9 |36|54|50|49/|35| 10




Transit Solar Attachment.
For running Meridian or olher 1ines by the San.

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

1. Remarks, The attachment herein referred to is the Davis and Berger
golar zereen, prism, and colored shade glass, used for direct solar observation.
These inventions have been doevised by the Mr, Berger, of the firm of C. L. Berger
& Bons, and by the writer. They are simply for the purpose of enabling one
to make an observation directly upon the sun’s centre. This observation being
secured h}r readings of the horizontal and vertical eireles, iz reduced o a2 to

ive the direction of the line of sight of the transit at the instant of the observa-
tion. Thus knowing the direction of the line of sight at a given instant it becomes
simply necessary to turn off the angle which this line of sight makes with the
meridian, to ascertain the position of the meridian. This angle is what is obtained
by reducing the observation, as above mentioned. A brief reference to the history
of these deviees will best explain them. It ccourred to the writer to see if an image
of the sun could be formed behind the eye-picee of a telezcope at the same time
an image of the cross-wires was, and the latter image be made to guarter the
former, by allowing the sun to shine into the object end of the telescope and thence
directly throngh it. The experiment was made by holding a piece of white paper
behind the eye-piece, and adjusting the focos of the eve-piece and nhje-:;t. glass.
The very first trial was readily snecessful. The next thing was to see If the posi-
tion of the instrument could be located by thiz means a2 uear as the circles wonld
read. By the same simple means it was 2oon found that a motion given to the
teleseope by either tangent serew might be so slight that the eye could not detect
it uﬁml the cireles, but evidenee of it would be apparent inthe position of the images
with reference to each other.  This fact at onee settled the guestion of whether
this would be a sufficiently delicate means of observation. It showed that the
ohservations would be eloger than the cireles would read.  After some trials and
some months rest these facts were brought to the notice of others, and finally wera
submitted to Mr. Berger for hiz opinion. He made a sereen which the writer
exhibited at the first annual eonvention of the association of Michigan Engineers
and Surveyors at Lansing. The matter was further studied by Mr. Berger. The
sereen was much improved, and the mechanieal construction of it brought to
the standard of the work done by this firm. Mr., Berger goon conceived the
idea of making the sereen of ground white %1&35 in a brass frame, as shown in

. 1 and 2,%s0 one might observe the pozition of the images directly upon it,
and thus secure not only the comfort of an easy position in observing, but the
eonzequent accompanying accuracy,  The arm of attachment was perfected from
time to time. The sereen of ground glass is mounted upon an arm that admits of
all adjustments of pogition, and is o attached to the side of the teleseope tube that
ft can be turned up out of the wa%'o when not needed. The reflecting prism
can be aerewed on to the eye-piece cap for ebeerving at high altitudes.  This also is
adjustable so as to look in any desired direction from the telescope tube. The
diagonal eye-piece also has ita movable colored shade[%‘lasa as above stated, With
these attachments observations on the sun at all altitudes may be made in twa
WaYE. E{ looking directly at it through the Siml[;le eolored glass for low altitudes,
or throngh the prism and its shade glass for high altitudes.  The other way is to
receive on the screen the images of the eross-wires and the sun and make the image
of the cross-wires just guarter the image of the sun by means of the slow motion
gerews to the cireles of the instrument.  For this method the colored shade glasses
are not to be used.  With this complete outfit one may work whichever way scems
best.

# For Figures 1, 2, 3, 4 and 5 see page 157,
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These devices are being more and more perfected, and will be protected by letters
patent, and Mesars, C. L, Berger & Sons make and sell them exclusively.

2, Remarls, Certain precautions are necessary in the use of this method
of finding the true direetion of a line as well as in any other. It is not wise to
observe the sun, read the eiveles, note down the readings and leave the Instroment
standing there while making the rednctions. It will get out of place in some way,
very likely. Therefore, as soon aa the observation is completed and the readings
of fhe 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-
Tfl angle from the gun to the line. This will enable the ohserver, after finding the
direction of the line of sight when set on the sun, to readily ascertain its direction
as set an the fixed polot referred to, thus determining the direction of the line from
the point over which the instrument is set to the fixed point.  Thiz line may be
ehiosen before heginning the ohservation, and beecome the reference line for the
work in hand.

3. Remarks. For the purpozes of reduetion the process by equations is
used instead of one by rules.” The introduction of symbols and signs is a mueh
simpler iatter than many suppose. It iz nothing but this. We agree that a char-
acter of some gort or other shall represent a certain thing and nothing else.
Whenever thiz character oceurs, theretore, it simply means the thing we have set
it for. That iz all there iz of aymbolical representation. These very words here
printed are all symbaols. The method is universal.  We here, az elzewhere in
algebraic processes, make a gpecial application of it.  The rules for a ease of this
kind would be very cumbersome and give the user far more trouble than will e
necessnry for mastering the few equations given below.  The record of the pro-
cesszes is hereby J'-u]uutfl to a few lines, and one has not to go 2earching through o
page for a point here and there, but places his eye at once upon what he wants,
where 01l will be found ina compact form.  OFf course one needa to read each woril
and cach gign.  Nothing must be slurred over or missed. The record as set forth
below 12 exact, complete and reliable.

4, Remarks., All computations should be thoroughly checked, and check
equations and devices are given, These should always be applied, without fail, as
no one can implicitly trozt a compuotation by a single process, unrepeated, even if
simple. No one ghonld who is a surveyor or cnglnecr.  Several checks are given.
One used is sutficient, naually. If one distrosta the check hecanse it shows the
work to be wrong, it may be of some satisfaction to use another or more than one,

5. Remarks, The dircctions prepared below are intended for use, word by
worid, and 2tep by step. It is I1upr£ that they will prove in eonvenient form for
uze a3 a chart to divect the efforts of the obgerver in his first use of these attach.
menta and this method. Therefore, it i2 thought that one mav gafely do as told,
t.l:nsting the next step to the next statement. hey have been prepared with this
View.

6. Using the Screen.

a. Directions. Set the ingtrument so the sun can shine in at the object end
of the telescope, and directly throngh it. Run out the eye-piece and a [just the
acreen behind it, by its sliding arm, o0 that a distinet image of the cross-wires can
be zeen on the sereen within the lizhted spot made by the shining sun, as shown
in fig. 2. Set the object glass 50 a2 to elearly define the image of the sun on the
soreen.  Hepeat these trials, and adjnst the parts of the teleseope and screen go
that the clearest image of both the eross-wires and the sun will be obtained that
the telescope will give. Mark the slide on the arm of the sereen and the eye-piece,
g0 they can be easily set thereafter for an observation.

b. Remarks. Theeye-plece, when all is in exact position, will be found to
be considerably farther out than for an ordinary sight.  The marking of the sliding
arm and cye-piece will save time in the future. Thesze trials, when made with a
new apparatus, should be condueted at leisure and with extra care, for the purpoze
of lil:fmg the apparatns carefully to the tc-lascn[ve, A few trial2 may be needed at
first in prtlﬂr toaccustom the ohzerver to recognize the best definition of the images,

This solar sereen ia especially adapted to the ordinary surveyors® and engineers®
transit telescopes, with erecting eye-pieces. It is not adapted to be used with'invert-
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lu.g or astronomical telescopes, unless during an observation the aperture of the
objective is cut down to  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 ba made with the shade glasses and reflecting prism alone.

7. Using the Colored Shade Glass.

L Directions. Attach the eolored glass shown in fig. 4, to the eve-picos,
to shield the eye from the sun and look directly at it, setting the cross-wires so as
1o quarter it,

. Remarks. This will be found entively satisfactory when the sun's alti-

tude iz 2o low g to enable the observer to bring his eye in apposition with the eye-
piece of the telescope with ease.

8. Using the Diagonal Eye-piece.

o, Directions. Screw on the prism, as shown in fig. 3, to the end of the
commaon eye-piece, Look directly through the shade-glags, if observing in that
way, turning the prizm either way &0 a5 to make it convenient to look into it. It
any trouble is expericneed in finding the sun with it et the sun frst ghine through
the telescope, the eolored sl:adc—;__;ﬂlss being turned aside, till the brillinot light
perceived in the aperture of this eye-piece shows the teleseope to be rightly
divected. Cover the aperture with its shade-gluss and pmceuh

. Remarks. By attaching the reflecting prism to the eye-plece of the tele-
su:nlpun the light is reflected at right angles to the the line of slg{:t. of the teleseope,
andl it thus becomes what i3 termed a Eiagmml eye-plece.

This prism can be used for direct obzervation when the altitude of the sun is
ton great toallow the eve to be applied directly to the eye-plece of the telescope,
aml not so great as to bring the eye-plece too far over the plate, but through this
range of altitudes the solar 2ereen ean be used without the prism, as shown in fig. 2,
and it will nsnally be found advantageons to do so.

Sinee the prizm in effect withdraws the eye aboot Talf an inch further from the
eye-piece of the telescope than its natural position, that being about the distanee
traveraed b{ the light in passing through the prism. the high magnifying power
used in C. L. Berger & Song’ transit telescopes makes the use of the reflecting
prism for derect observation a little awkward, and it will usually be found mora
gatisfactory when using the prism to use the solar soreen with it.

. Using the Reflecting Prism and Solar Screen combined.

. Directions. Attach the prizin, and direct the telescops as in 8, Then,
leaving the aperture of the prism uneovered, adjust the solar sereen so as to receive
the images of the sun and the cross-wires. as shown in fig. 1.

b, Bemarks. Forobzerving the zonat high altitudes it will be found that in
thiz, otherwize most diffienlt of all pozitions, the nge of the solar sereen combined
with the prism will erable the engineer to make his obzervation with the greatest
ease and precision.

10, Making the Observations,

a. Directions. Direet the telescope to the sun, and by means of the slow
motion serews, cause the image of the cross-wires to exactly quarter the sun’s image.
Read both circles and recond the readings. Refer the position of the instrument. 1o
gome Axed line, and onee, affer the above work, by another plate reading.  Also
note amd record the exact instant of time of the obzervation by the wateh.

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

11. Use of the Nautical Almanac,

@. Remarks. In order to uge the obzervations. made as above directed, it
iz necessary to find the sun's apparent declination fur the thwe of observation.
This ia done az directed helow.

. Conditions. Let all the algebraic signs be carefully observed throughout
the work., Use the wateh time.
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¢. Directions. Forfinding the Sun's apparent declination. Look in the table
of Washington Solar Ephemeris against the date of the obzervation, and take out
the foll&w?ng uantities. Firet, the gon’s apparent declination, with its sign, -
when N.,— when 5., from itg column. Second, the hourly change, with ita sign,
from its colomn. Find from a map or otherwise, the difference in longitude
between the place of observation and Washington, as near ag one-half hour, or
seven 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, thiz time
being 4 when the sun is W. and — when E. of the meridian. Multiply the hourly
change by this result, in fours, noting all the signs.  Apply this product, regarding
its Efgn..ta tha sun's apparent deu!%-uat.ian a5 taken, from the table, for the sun’s
apparent declination at the time of the observation.

d, Exampls, Date, 1881 —8—14. Hour, $h—2fm—34s, a.M. Longitude
ahout 40 minutes Eazt of Washington, considered in time.

(s apparent declination, 1881 —6 — 14.
Washington mean noon, 4 23° 18" 15

Hourly motion, - e
Time of ohservation from noon, —2 hours 30 minutes, about.
Longitude East of Washington, — 4 minutes.
Total time of correction, — 3 hours 10 minutes, == 31§ houars.
Amonnt of correction = —JLE W TH = Ddgh
=y apparent declination from table, =+ 237 18" 18*

(-'s apparent declination at time of observation, -+ 4% 17 53 nearly.

12. Reducing Observations, H
. Conditions. Let i == the sun’s altitude, nz observed,
Let ¢ = the latitude of the place of observation,

Let ¢ = the sun's apparent declination at the time of obser-
vation, found as above direeted.

Let #'= the sun’s ohserved zenith distance,
Let z = the sun's true zenith distance, always L.
Let & and & be two auxiliary angles nzed in the reductions.
Let A =the azimuth of the line of sight of the instrument at the ingtant of the

observation, reckoned from the N, point of the horizon, either E, or W. a8 the sun
iz E. or W. of the meridian.

Let ¢ == the 2un’s apparent hour angle at the time of the observation, that is the
local apparent time from n:p&parent. noon plug the changein the sun's right ascension
between apparent noon and the time of the obgervation. This is + when W. and

— when E. of the meridian, or 4 for P, and — for AM. times. The mean
watch time is sufficient for use in 2, .

Let p == an auxiliary angle used in some of the reductions.
Let all signs be faithfully regarded. Let logarithms be used.

b. Directions. For finding = fr?n;} £, Tse the following equationa.

2= — p 7 i . 3 F F 1

g= & 4 55" tan 2" s ' . E Ezg
¢. Directions. For finding A when ¢, d and # are given,
Finel tan 1o (B—F)=rcot 12 (p44) tan 14 (p—7) cot 14 & G (3
When ¢ <d and of the same name find k=14 =4 Iy (k—&7) . {4
When ¢ >4 and of the zame name find ¥’ = g 2— ):,g, (k—K) . & (3)
When gand ¢ have different names find &' = 14 »— }Jj (k—k") £ i (83
Then find A from Cos A =tan & tan ¢ or tan & tan ¢ ' . . . 7}

Checks,
When (4) is used gé;—:: =:§:;}' . . . W o . . (8)
i Bing¢ Sind ”
cos ko —"C0et . . . . . (9
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When (5) or (8) i Slng. ok
(5} or (8} is used S e see k . " . . B . « (1
Sing  Sind
rm,=m=map % - . . (11
Find Binp=sin Acozg . . 13
&in p and cos p are at the same place in the tabile, : ) «
d. Exampla. p=42° 18" 30" N. r=02% 43" g0
d=18° 13 20" N. 14 2= 21" 457
f = A =0 297 507
g—d=2" § 10"
34 (p-+4)=30° 14’ 55
I(p—d)=12" 1" 35
Checla,

Cotlo( g4 4) = 0.2343195  Tan ¢ = 9.9386273. Siné—10.9278148 (oso6—1.8
Tani4(p—d4) = 9.3984570 — Tan k'— 9.2477039. Ciosz E'=1!.DD.‘;-‘#M':'I h;::fi ;‘iﬁgi!}ﬁ:fg

Cot 34 2z =0.3048785 — Cos A="D.3064212. Cos p—75.8315050 Bir R
( 212 =9. 1 e B HES0E
Tanl4(k—k" )= 0.8075550 3504 ki R
H 318, At same place in table.
a0 A= 00° 15° 9975 '

1 (k— &) =230° 23" 457
s 2 =" 21" 45%
k=—10" 7 0"
k= 4245 30"

. HRemarks. Lookouttan ¢, cos ¢, and zin ¢, at one search.

15 may ba preferred.

Bin ¢ =0.8273148
Bin 6 =1.4951335
0.326823

Cos &' = 9,0983061
Coa k& = 96606232

0.3330500

Usae either cheel

This operation need not be performed oftener than the

demands of the work require, the plate being used mean time.

13: RE]II,BI'IEB-

The obzervations and reductions can be always made, aceording to the procesa
given, without a watch, but the latitode of the place must be known. It must be
carried on as the sarvey proceeds, by measurement, or an ohservation made to
determine it with the instroment. It it becomes necessary to find the latitude i3
may be done as follows:

14. Finding the Latitude by the Sun.

. Directiona. For Observations, Near noon begin to observe the zun
a little before it reachez itz greatest altitude. DBy means of the slow-motion
serews keep the geun’s image exactly in place on the sereen, or by direct sight keep
the cross-wires exactly on the sun.  As it moves upward just carefully follow it,
recollecting that the object is to get its greatest altitnde,  Be carveful to stop fol-
lowing it when it turns and begins to descend.

B. Directions. For Reductions. Find 2 azin 12, b.

ent declination, d, asin 11, ¢. Then
* 2 4 d = g, the required latitude.

Be sure to observe the Algebraic signs, as d may be 4 or —,

¢. Remarks. Having the latitude in thiz way, the obzervations and reduc-
Ltions may be conducted according to the processes above given.  The latitude once
carefully ascertained by this or some other method, may be preserved by the dis-
tance traversed north or south of the point of the last obzervation for latitude, It
will at once appear that the meaznrement and observation may be made to checlk
each other. he method of reducing the change in latitnde by linear measurement
may he as follows:

15. Finding the Latitude by Linear Measurement,

a. Conditiona. The latitude of the point measured from, or reckoned from,
must be known. The measurements must be redoced to the north and south
direction from the reference point.  Let reduced distances north be 4, and those
aouth be —. Let all signs be observed. Let the true bearings, or directions of all
lines with the meridian of the reference point, be given. Let any number of conrses
be run in any direction.

Find the sun’s appar-

(1
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b. Directions., For reducing the north or south distances.  Multiply the
length of each course by the cosineof its bearing. the results heing given signa
as above indicated, + for northerly courses, anid — for southerly courses. Sum
these results regarding the signs.

¢. BRemarks. Thissum will be the distance north or south of the reference
point.

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

:a Sin2{gp—457)
m == ﬁ[ﬁ'll.dﬁ{i — = 200

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

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

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

17. Correcting the Watch.

a. Directions. For correcting the Watch by o Noon Observation, Havin
aseertained the bearving of a line without the aid of the watch, as at fivst divected,
near noon set the line of sight in a meridian.  Set the telescope 5o the sun can he
geen fn it, or received on the screen as it passes the meridian.  Note the time by
the watch when the sun's west side comes in apparent contact with the vertieal
cross-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 passage of the sun’s eenter, or the time of apparant noon, by the
wateh.

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

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

. Directions. Forcorvecting the Waleh by an observation af any fime. Hay-
ing found A and 2, and knowing 4, find ¢ by the following equation.

sin A sin =
g 0 (18)

This being in arc, reduece it to time at the rate of four minutes of time to one
degres of arc.

¢. Remarksa. Thisresult should differ from the wateh time of the observation
fromm mean noon, by just the equation of time, with its sign. I it does not, set the
wateh go it would have done 20 had the observation been made with the corrected
watch.

18. Remarks. Having corrected the watch by the last method. the valoe of
£in thme may be found from the value of ¢ at this obzervation by noting the time
by the watch of another observation, and thence finding the elapsed time.  This
applied to the first value of ¢ will give itz value for the last observation.  Thus the
valne of ¢ may be carried forward as long as the watch runs true.  OF course it will
oceur to many at onee that the watch can just as well be used to measure the
elapged time withont belng corrected.  This iz too careless. The better way is to
keep a careful oversight of the watch by correction.  Thershy it may be Enown
how much the wateh s to be trusted, It is always best to establish a routine ays
tem in these matters, as soon as practieable, and adhere faithfully to it.

(14)

Bin =
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19. Remarks. When the wateh is corrected by either method, it will give
«Ne value of tin time directly as follows: Notethe time of an observation. Apply
tc:_ this time the equation of time with its sign. as giveu in the Solar Ephemeris Table
of the Nautical Almanac. The result will give the apparent time of the observation
fm_m apparent noon, 4~ when the sun is west ot the meridian, and — when it is east
This found is the required value of £.

20. Reducing Observations.

. Conditions. Let the notation be as before.

Let £ = the sun’s apparent hour angle at the time of the observation, that is the
local apparent time from apparent noon  This is + when W. and— when E. of the
meridian, or 4 for P.M., and — for A.M. times.

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

arc.

«. Directions. For finding A when 0, ¢ and z are given. Find A from the
following equations.

eos 4 gin ¢
Sin A= Bns - . . - . (13}
Sinz sin ¢
Check. e . . . z = . (14}

¢. Hxample. §=18°30" 20" N. z=F53"43 30V ¢==>53"408" 32'C
Coa d = 9.97765564
Sin ¢ —9.9174236 [ 1,
5050775 | | 121146 ) Cpec.
Sin z=8.9007700 ) | Y-=HHE
Sin A —=D5.9043079
A =097 15235

20. Remarks. The value of A as determined in these examples is greater
than 80°, because 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
mueh less figuring is reqnired in the second example than in the first. It should
be noted, however, that more than one check is figzured oot in the first example,
and 50 more than the necessary figures shown. The value of A is earried oot with
exactness in order that the process may be fully illustrated.

21. Summary. Several courses are hereby opened to the surveyor.  This
is done that he may have the more ehecks at bis command, and 20 make certain of
hiz work, It may be well to indicate these courses in a catalogued form for ensy
reference. The courses are

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

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

22, Cautionary. HKeep the levels and the vernier of the vertieal cirele in
good adjustment.  Also keep the adjustment of the axes of the Instrument, the
transit axis and the vertical axis, in good order.

23, General Hemarks. It will beseen that in deing solar work with these
attachments in the manner explained above, the observation of the sun depends on
the ordinary line of gight of the telezcope exactly as in all Geodesic work.

For this reason no extra adjwstments are required.  The accuracy of the obserya-
tion In no way depends on these attachments, which are merely conveniences to
enable one to make solar observations with the ease and precision of ordinary
terrestrial work. } . . )

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

With thiz invention all these sources of anxiety are avoided, the solar observation
being made with the telescope of the transit itself, while it has the advantage of
being applicable to every surveyors' and engineers’ tranzit, is go light as not to add
appreciably to the weight of the instrument, 8o gimple as to reqguire no gpecial pro-
viglon for ita care, and so cheap as to be within the reach of every aurveyor.
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On Stadia Measurement.
Written especially for this Catalogue by Gro, J. SrecuT, C. E., S5an Franclaen, Cal,

A transit or theodolite, which iz provided with the go-called 2tadia wires and a
vertieal circle, furnighes the means to obtain 2imultanecusly the diztance and the
height of a point sighted at without direct messarement., and with the only use of
a self-reading rod, held at the point of which the horizontal and vertical poaition
is to be determined in reference to the instrument-point.,

Bezides the ordinary horlzontsl and vertieal cross hairs of the diaphragm of the
telescope, two extra horizontal hairs are placed parallel with the center one, and
equally distant on each #ide of it, which, if the telescope is sighted at a leveling
rod. will ineloze 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
gight, which remains always constant.

k. Bupposing the eye to be in the point O (Fig. 17,

the lines O e and 5 & represent the lines of sight
from the eye through the stadia-wires to the rod,
which gtands consecutively atke,id. ke, g b and
Ja.  According to a simple geometrical theorem
we have the following proportion:

Qa:00:0e:0d:De=af:rbgrch:idi:ek,

which means that the reading of the rod placed
on the different points a, b, ¢, d and e is propor-
a b @ a # tional tothe distances O a, O b, O c, O dand 0 e,

The system of lenses which constitute the telescope do not allow the use of this
proportion directly in stadia measurements, becanse distances must be counted

:'E:lr:]a point in front of the object glass at & distance equal to the focal length of
Ak bens.

———f—— ——— — — — —f,_————-———}A

Figure 2 shows o seetion of a telescope provided with stadia wires,
In order to determine the distance of the rod from the instrument it will be neces-
eary to use the following equaticns. Froan the “law of lenses " we have the relation

1 1
e b
in which fi and f; are “econjugate fori and fis the foeal length of the object glass
From the disgram it is evident that 0 C: A B = 0 D:ab If we let p=the dis-
tance of the stadia wires from each other, f,= distance O ¢ and @ = the space on the

rodd AE, and I the distance from the center of the instrument to the rod, then the
second equation becomes f, : @ = 1. 1 p. Eliminating f, from these equations we find ;

f:=a%+.i“

[y

I

O We may write, since = iz constant,
P :

Hh=ak+r
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From the center of the instrument to the rod the distance is
. _ D=ak+(f+e
¢ being the distance from the objective to the center of the instriment.

Bince (¢ + £} is practically a eonstant it is I i i
ally H 5 nsually denoted by the i
and s known as the * constant of the instrument," * AR A R

n

-_—
‘A//—P__o m
When the line of sight is not level, but the stadia held at right angle to it, the

formula for the horizontal distance is:
(2) D= k.a.cos n-4 o+ om.

—— e
The member om =" sin ny fora= 24", n =45 the value of om iz but 8.4°, and for

@ e 10V, 1= 107 it is 0.86"; this shows that om in most cozes may safely be omitted.

Some engineers let the rodman hold the ztaff perpendicnlarly to the line of sight ;
they accomplish this by different devices, as. a telescope or a pair of sighta attache
at right angle to the staff. Thiz method is not practicable, as it is very difficnlt,
especially in long distances, and with greater vertical angles for the rodman to 2ee
the exact position of the telescopes, and ferthermore, in some instances it is entirely
Imposgible, when, for instance, the point tobe ascertained is on a place where only
the staff can stand, but where there i3 no room for the man. The only correct way
to hold the staff is vertically.

In this case we have the following : (Fig. 4)

MF=¢4 GF =c¢+4 k. C.ID.
CI must be expreszed by AB.
AB=a. AGB==2m.

CD == 2GF tan.m.

And finally, after many transformations:

D =r.c08 1+ a.k.cos'n — a.bsin®n tansm.

The third member of thiz equation may safely be neglected, as it Is very small
even for long distances and large angles of elevation (for 15007, n =457 and k= 100,
it iz but .02, Therefore, the final formula for distances, with a stadia kept ver-
tically, and with wires equi-distant from the center wire, is the following :

(3) D =¢.cos ft 4 a.k.cos*n.

The value of e.cos n is nzually neglected, as it amounts to but 1 or 1.5 feet; it is
exact encugh to add always 1.25° to the distance as derived from the formuola
{da) D =a.k.cos®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 division of a whole foot and count the parta
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ineluded between this and the other wire; this multiply mentally by 100 (the con-
atant &) which gives the direct distance D", 92 ’

In cases where it i3 not possible to read with both stadis wires, it is the customn
to use but one of them in eonnection with the center wire, and then to donble the
reading thus obtained. With w:rg' large vertical angles, this eustom is not advis-
B0,

able, as the error may amount to

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

We assume in reference to figure 4,

g = height of instrument point above datum.

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

fmm vertical angle.

h =FE == atadia reading of the center wire.

Q) = height of stadia point above datum ; it ia

=r{+Dtan n—h.

The substraction of & can be made directly by the instrument, by Eighting with

the center wire to that point of the rod, which is equal to the height of the teleseope
above the ground (which is in most cases =4.5"); ¢ will be eonstant for one and
the same instrument point ; then the formula:

Q=Dtan n;

this in connection with formula (3) gives
Q =2¢gin n- a.k. coz n. 2o n.

or Q=casinn+a.k. ﬂ“iﬂﬁ

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

() Q_ﬂc.k. s;nﬂﬂ.

The position of the stadia must be strictly vertical.

The error inereases with the height of m; (m = height of center wire on the
rodd}.  In shorter distances the result iz seven-fold better when the center wire is
placed as low a3 one foot than it is at 107; in longer distancea thiz advantage is
onlf double,

t = always better to place the center wire a2 low as possible,  If the stadia is
provided with a good eireular level, the rodman ought to be able to hold it vertieally
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with‘:ﬂ G007 ; that means, that the inclination of the stadia shall not be more than
0.028" in & 1Y stadia. or 0.034 in a stadia of 15 length.

Determination of the two constant cosfflcients ¢ and k. Although the stadia wires
are usually arranged so that the reading of one foot signifies o gistunc:-: of 100 feet,
I will explain here, how to determine the value of it for any case. Suppose the
engineer gpoes to work without knawin% his constant, and not having adjustable
gtadia wires. The operation then is as follows:

Menzure off on a level ground a straight line of about 10007 length; mark ever
1007, place the instrument above the starting point, and let the rodman place his
rod on each of the points measured off; note the reading of all three wires separ-
ately. repeat this operation four times; the telescope must be as level as the ground
allows ; measure the exact height of the instrument. 1. ¢, the height of the telescope
axis above the ground. Then find the difference between upper (o) and I!]EdLﬁB
(m) wire; between middle (m) and lower (¥) wire, and between upper (o) and
lower (u) wire, from the four different values for each difference, determine the
averagze value; then solve the equation for the horfzontal distance 51} D= ka4 ¢.,
with the different average values, and you find the value of ¥ and ¢, [n case the
gtadia wires should not be equi-diztant from the center wire, there will be three
different econstants, 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 ndjuztable, the engineer has it in bis power to adjust them
gothat the constant & = 100, or k = 200, which he accomplishes by actual trial along
a carefully measured straight and level line.

The constant ¢, which is usnally ope and a half times the focal length of the object-
glaas, can be found clozely encugh for this purpose by foeussing the telescope for & sight
of average distance, and then measaring from the ontside of the object-glass to the
capstan-head serews of the eross-hairs,  This constant must be added to every stadia
gight; it may be neglected for longer distances.

Stadia Measurements.
Written for this catalogue and manual by H. C. Peassosxs, O, E., Ferrysharg, Mich.

In view of the great and growing interest in the subject of * Stadia Measurements,™
the lollowing solution of the problem is offerad, as applied to inclined measurements.

This solution is made from a different geometrical consideration than that nsually
employed, and it efectually does away with the necessity for any subsequeet cor-
rections, as with most schemes in uze for inclined distanees.

In the following discussion, let

R =the reading of the stadia rod; 4 :

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

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

n = the same angle to the larger reading.

Through the polnt ¢, at the distance of unity from the centre of [‘ngtru'mgn%
draw the vertical ¢b. Then the rod A B, belng also vertical, the triangles aeo
and Ao are similar, as are also the triangles ¢ob and CoB. But the resd-
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mg, B, of the rod AT is the difference of the tangents of the angles of elevation,
mand n.  Also, the distance ab is the difference of the tangents of thesa angles,
m and »n, to distance unity, as given in the trigonometrical tables.

Whenee, to find the horizontal o © = ID, we have simply to divide the reading of
the = Stadie Rod " by the diference of the tangents of the angles of elevation.  Or, by
formula,—

4

D= Tan. % — Toan. m

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

R
b= Tuan. n 4= Tan. m
Erample. —If n = 12" 16', nat, Tan == 217426
o= 10" 107, ** s 179328

The difference of the tangents = 038038

Then. if R = 12.26 feet,
s (0 1226

TBE0TA = 332 feet.

It may happen that our transit has no verfical eirele, or that we have no trigono-
metrical tables at hand.,  In either ease, introduce an auxiliarv rod, ¢ b between the
stadia rod and the plumb-time of transit, and at some known horizontal distance, —
proferably 100 feat, — from the latter, and note the intercept a b,

This intercept is the analogus of the difference of tangents used in the former
ease, and muost bausad in the same manner, in dividing the reading of the stadia rod,
when wa shall have the distanee, I, in terms of the distance of the auxiliary rod from
the transit.

Frample. — Suppose Lhe intereept a b on the anxiliary rod, at distance 100 feet, i3

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

o0 me I e (12 = 545) X 100 = 1420 feet.

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

][ﬁiDTan.m,

in which the - sign most be used for angles of elevation, and the — sign for those
of depression,

Or if the auxiliary rod be wsed instead of the vertieal are, note the Intercept a b
om this rod, between the level line oC and the line of sight to the foot of the atadia
rod, and

Multiply this intercept by the vatin of D fo oe.

hEerrpIe— in the last case, if ca =1.00 ft, oc being 100 feet, and D =1420 it
SNEN
I 1420
CA=H=ca Tc.' w100 —l.-—m— = 15,25 feet.
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The Adjustments of the Auxiliary Telescopes of Mining
Transits,

The Detachable Side-Telescope.

This telescops, illustrated on page 164, as ordinarily made, is attached to the
transverse axis of the main telescope by means of a hub, which |8 serewed upon a pro-
longation of this axis beyond the standards, The hub contains an independent hori-
zontal axis upon which the side-telescope may be revolved, and to which it may be
clamped, Tha side-telescope is usually set parallel to the main telescope, and look-
ing in the same direction, but it may be set so that it is inclined at a given vertical
angle when the main telescope is horizontal, A counterpolse is attached to the other
end of the transverse axis of the main telescope, s0 as to balance the weight of the
Efd"--tBlﬁEﬂ!DPB and retain that axis horlzontal when the side-teleseope is in use. The
side-telescope is mainly intended as an auxiliary In measuring vertical angles, and it
is om this acconnt that the zimple means of attaching it to the translt, here described,
has been adopted by us as suflicient for the purpose, although it will ha very difi-
eult to place its line of colllmation truly parallel to the main teleseope for all focus-
sing pozitions of the object-zlide. When greater aceuracy and greater permanency
in tha adjustments are desired, our Upiversal Mining Transit No, & page 172,
should be chosen. This has duplex telescope hearings, one set of bearings being
placed excentrically, so ag to permit of vertical sighting up or down a shaft with the
main telescope alone,

The adjustments of the detachable side-telescope are as follows : —

1. To place its vertical wire perpendicular to the transverae axis of the instru-
ment. Attach the side-telescope and the counterpoise to the transverse axis.
Clamp the side-telescope slightly to its hub, biseet a point by its vertical wire and
move the maln telescope on its horizontal axis of revolution,  If the point remains
bizected by the vertical wire of the side-telescope throughout its entire length this
adjustment is correet, If not, loozen the eapstap-headed screws and rotate the
reticule bearing the wires, as explained on page 48, until the wire bisects the point
throughout its entire length, Then slightly tighten the capstan-headed screws as
explained in ** Some Remarks Concerning Instrument Adjustments,” page 24. Also
gee footnote on page 49,

2. To place the intersection of the cross-wires of the side-teleseops in its lina
of collimation. This may be done in several ways.

{a) The side-telescope being detachable, it could be adjusted by rotating it in
wyes, were any at hand. Such wyes, as we have shown before, may be impro-
vised by cutting the proper shapes out of thin wood, and fastening a pair of them
to a board in an upright position., The distance between them should be such that
the telescope may rest upon the cutside of the mounting of the object-glass and
agalnzt its shoulder where the cap is placed, and upon the tube near the cross-
wires when practicable. The improvised wyes being placed on & firm support
and fastened so that they will not move, the side-telescope may be revolved in
them, and the wires may be placed in the line of collimation as in a wye-leveal, using
a distant point. The horizontal wire, being the more impoertant one in the aide.
telescope, should be placed with some care.

{b} This adjustment for collimation may be made without removing the side
telescope, if for the adjustment of the horizontal wire, a small spirit-level* mounted
on a metal base, similar to those described on pagel27 is at hand. Then proceed
thus:

Adjuatment the horizomtal wire, First, level up the instrument by its plate
1’E\'H|Efiﬂ Then, Ejracipg the main telescops in a horizontal position by its level,
find a well-defined objeet, such as the target of a leveling rod, distant about 300 feet.
Now clamp the side-telescope when in a nearly horlzontal position to its hub, and
placing the auxiliary level, which has been previously adjusted, longitudinally on
the side-telescope bring its bubble to the center of the tube by means of the tan-

* Such a spirit-leve]l mounted in a cast-iren frame, and good enough for this parpose if carefully selected,
tan be bought in any of the better equipped hardware stores,
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gent screw of the main telescope and now, by turning the instrument on its vertical
genter see if the horizontal wire of the side-telescope blzects the object or target
alzo, If so, this adjustment is made, but if not, it must be cornpleted by moving the
vertical capstan-headed serews as explained in foot-note, page 49,

To verily thiz adjustment, the side-teloseope may be reversed on Its horizontal
axis of revolution and clamped to its bhub when nearly in the same level plane,
Then turn the instrument a little more than 180° on its vertical center, place the
auxiliary level on the sidetelescope, same as before, and bring the bubble to the
penter of its tube by means of the vertical tangent screw. If mow, when the side-
telescope ia in the reversed position the horizontal wire bisects the object also, this
adjustment is -:-,urulirlcmd, but if it does not then the horizontal wire must be moved
again to a polot half-way between the two readings,

Thls adjustment may also be made by the anxiliary level alone or by means of
a striding-lavel without the aid of the main telescope. (Bee adjustment of the
horizontal wire of the Engineer's transit telescope by means of the longitudinal
striding-level, page 98.)

Adjustment of the vertical wire. Belect a well defined object, as a chureh spire,
distant 5 or 6 miles. Blsect it with the vertical wire of the main telescope, and
without moving the Instrument, look throngh the sidetelescope and note whether
the object iz alao bisected by ils vertical wire. If not, make the adjustment by
moving its vertical wire by the horizontal capstan-beaded screws, until the object
is bisaoted also, The distance between the two felescopes hainré aonly a few
inches, the vertical wires will eover so great & width, if the object be sufficiently
distant, that the aeffect of the excentricity of the sidetelescope will be almost ime
perceptible and the same distant point may be used for each t.alea-l:né:e.

{2) When a distant object is nol available, measure with a pair of dividers the ex-
centricity of the side-telescope, which is the distance between the centers of the two
tolescopes. Then transfer it to the face of a wall as far distant as practicable and
make two marks whose horizontal distance apart is equal to this excentricity. Bisect
one of these marks by the vertical wire of the main telescope and then look through
the gide-telesgope and note whether the other mark iz bisected by its vertical wire.
not, make it do so by moving the eross-wires of the gide-telescope as described on page
49, The direction of the lines of sight should be at right angles to the surface upon
which the two marks are made,

The position of the side-telescope with respect to the main telescope should be
assured whenever the former i3 to be uged, ‘This may be done as follows : find a mark
that is bisected by the horizontal wire of the main telescope. Then turn the instro-
ment on its vertical axis and notice whether the horizontal wire of the side-telescope
bisects the same mark. If so, firmly clamp the side-tslescope to itz hub, W not,
gently tap one end of the side-telescope, which hitherto has only been loosely clamped,
until its horizontal wire coincides with the mark and then clamp the sidetelescope to
its ub, The telescopes are now set to correspond with the zero of the vertical circle,

To place the telescopes at an angle with each other. Lewvel up and fix a mark
when the main telescope is level.  Then raise or depress the main telescope the Teguired
angle and clamp the horizontal axis. Now move the side-telescope until ita horizontal
wire bisects the mark and clamp it finmly toitshab, During an extended operation with
the zide-teleacope, the relative position of the two telescopes should be verified from
time to time to detect any disturbance of the side-telescope.,

Transits hoving the telescope mounted ot the end of the horizontal axis of revolu-
tion are sometimes used in mines ; or, as shown in the Alt-Azimuths Noa, 15a and 156b,
this construction is nsed in some instruments for geodetic and smaller astromomical
work., The adjustment of such a telescope for collimation may therefore be explained
in this connection. The following methed iz as simple as any : —

Aeleot a well-defined object, a8 a church-spire, distant at least 5 or 6 miles, The
wdatrument being leveled, bisect the object with the vertical wire and read the verniers
of the hnrrimntaflimb. Then turn the vernier plate s0 as to read exactly 180° different
from the previons reading, and revolve the telescope. I the vertical wire is adjusted
for collimation it will again Lisect the distant ohject, since the space covered by the
cross-wires on an object at snch a distance will be much greater than the change in the
position of the telescope as cansed by ita excentricity from the center of the Instrument.
If it does not again bisect the object, correct one-half the error by means of the horl
zontal eapstan-headed serews as explained in the footnote on page 44,
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The adjustment of the horizontal wire for collimation may be made by salecting
one of the methods best adapted for a particular deslgn of telescope, ag deseribed
on page 84 for a telescope provided with u fized level.  If the telescope has a longi.
tudin;,ést.ridlug-level this adjustment should be mads by the method explained on
page 96,

These two adjustments should be repeated until both are correct.

T measure the excentricity of the telescope, set up the instrument as near 1o
a wall or other vertical object as possible. Draw a horizontal line upon the wall
at a convenlent height. Polot the telescope exactly at right angles to the wall,
mark where the vertical wire intersects the line just drawn, and read the verniers
of the horizontal limb.  Turn the vernier plate exactly 180°, rovalve the telescope
and make a second mark where the vertical wive now intersects the line, The dis-
tance between these two marks will be fieice the excentricity of the telescope.

When using an instrument of this deseription for short sights, it is very con-
venient to use sighting poles with excentric targets, or an offset at the foot of the
pole corresponding to the excentricity of the telescope,

The Auxiliary Top-Telescope,
Now saperseded by the interchangenble nuxiliary teloseope, see styles T amd IT.

Thiz auxiliary, as previously made by us, was mounted in adjustable wyes on standards permanenily
fixed to the main telescope, so that hoth lines of sight could be :rruu%c parallel.  The weight of the top tele-
scope was halanced by a counterpoise attached 1o astem also permanently fixed to the cross-axis of the main
teleacope,  When the tep lu]u:l.'uﬁlu was mot in use it was kept m the instrument box, while the standards and
counterpoise stem were permanently fixed to the main telescope soas to aveid rrcquum and tediows adjustments,
This feature made the instrument trosblesome and -.mnmlld,y for the more ordicary work in mines, and still
leas conventent for surface work.

This improvement when first introduced by os superseded all other forms of top telescopes as made by
cthers whase main ebject sepmed to be simply to straddle another telescope abave the main one (3 mere com=
mercial artlele, not an instrument of preciston) for the purpese of steep sighting.  But since the line of sight
of such a welescope can never be placed I:rulzr at right angles to the cross-axis, the line of cellimation does not
move in a truly vertical plane, therefore horizontal angles measured besween points differing greatly in eleva-
tion orin distance are never correct.

It can alsa be readily seen that the tt]e:mp: of a solar atmchment as commonly made, having we meana
of lateral adjustment to the main telescope, is insuficient in this respect (even leaving aside it low power and
aperture)and cannot meet the reguitements properky,  The adjostment by which the lne of collimation of top
telescope is placed in the same vertical plane as that of the main telescope is just as important as that of
the main telescope isell,

A mest convenient and practical device having all the advantages of that lormer style, i e, means of
s.d|u;|'mg the line of collimation parallel 10 that of the man telescope, so that after faviugy Seen removed
i wild redain i adinstments when agein alfecked, i3 oor new mounting of the top telescope by means of
threaded studs, This enables the enmineer to read horizontal angles when the main telecope cannot be
used, obviating the making of corvections for the eccentricity of the telescope.

Patent Adjustable Top Telescope. :

This devies conzists of an adjustable trivet and an auxiliary teleseops (see page
165) and an open central pillar, which latter serews to a threaded stud cast on or
permanently secured to the crozs-axis of the main telescope. When not needed,
the auziliary telescope and its counterpoise may be returned to the box and the
instrument is free of incumbrances, save the stem for the counterpoise and the
stud to which the central pillar carryving the auxillary telescope is attached, and is
ready for surface work, If desired, the top telescope may be entirely unscrewed
from the central pillar, leaving the latter sttached to the maln telescope.

The Adjustment of the Auxiliary Telescope used as a Top Telescope: —
It is assumed that all adjustmente of the transit proper have been made, that is,
that the plate and telescope levels, the line of collimation, the vertical plane, ete.,
have been verified and corrected, and that the verniers of the vertical cirele read
gero when plates are leveled up and that the bubble of the telescope level is in the
center of its graduation. L :

The adjustment of Line af Collimation of Auxiliary Telescope ! First examine the
coineidence of the intersection of the cross wires with the optical axis, This may
be dome by rotating the telescope in Improvised wyes of wood (see p. 104}, or by
rotating it in the socket of the pillar [as sometimes made by us] by uns:ercwius it
shout ome turn, when the adjustment is made by moving the eapstan headed
serews as deserlbed in footnote, p. 49, The telescope must now he serewed to s
bearing in such a manner that the cross-wires are perallel to those of the main



167

telescope —to be verified as explained in ¢ To make the vertical wire perpendicu-
lar to the plane of the horizontal axis,™ ete., p. 48,

To place the line of collimation of the auziliory telescope in the same vertical plane
with that of the main felescope. Bisect a distant object with the vertical wire of the
main telescope ; see if the vertical wire of the auxiliary telescope also bisects the same
point.  If not, move the auxiliary telegcope by means of the pair of opposing milled-
headed screws attached to its pillar nearer the eyve-end until the distant object is
bisected at the same time by both vertical wires. Now focus the main telescope on a
near object and see if the vertical wire of the auxiliary telescope bisects the same
point as the vertical wire of the main telescope. If not, make the adjustment by
means of the pair of capstan-headed opposing screws on one zide of the adjusting
trivets of the pillar. Then re-examine both wires for coincidencs with the distant
object, using the milled-headed gerews, and also repeat the adjustment for near object
if necessary.  The twa lines of eollimation are now in the same vertical plane,

To adjust the top lelescope so thal both horizontal wives Feect the same distant
objest.  Bisect a distant object with the horizontal wire of the main telescope, and sea
whether the horizontal wire of the anxiliary telescope bisects the same point.  If not,
malke the coincidence by means of the pair of opposing stan screws in the trivets
near the milled-headed serews. This being done, both these adjustments should be
verified and repeated if necessary. These adjustments once carefully made assure
the exact parallelism of both telescopes and will not require repetition exeept at long
Intervals, or after an injury.

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 telescopea being horlzontal —
when the distance between the intersections of the two horizontal wires on the line will
be the eccentricity of the top telescope, for which every vertical angle measured with
it shiould be corrected.

The adjustment of the extra level (If any is provided in place of a striding level,
sea footnote, page 158) near the eye-end of the teleacope, ag shown in the cut p. 165,
is dependent on that of the telescope in the vertical plane. This latter must be verified,
Eax lainlad 1:]m page 51, before this level ean be adjusted by reversing, as in case of

a plate levels.

Patent Adjustable and Interchangeable Auxiliary
Telescope.
SBiyle 11 with adjustable teivet, page 1656.

In this devies the auxiliary telescope is the =ame s deseribed under * Patent
Adjustable Top Telascope™ (see cut, paga 167 ), but it is so arranged thatit can be
attached (interchangeably j on top or at the side of the crogs-axiz of the transit and
rendily ranged into line with the main telescopa. The excentricity will be the
sama in both cases.  One counterpoise will be sufficient for both positions.

This improvement used as a side telescope cannot, however, be carried out
with all instruments, since the cross-nxis requires an extension ending in a
thrended stud beyond the etandards, and this to be enduring can be made only on
the original Instrument and cannot be attached to an old axis. From this it will
be seen that thiz is only applicable to new instruments when so orderad.

The auxilisry telescope detaches from a stem permanently fixed to the cross-
axig so that the excentricity is the same when it i2 placed on the side. It does not
revolve on an independent hub, &3 before, with which etyle there waz always
danger of aceidentally changing its position, but this device is elmply ranged into
line with the main telescope by use of the milled-head serews. However, to meet
avery want arising in a mine, it is provided with a clamp ring and capstan-headed
#gorew, by which the auxiliary telescope may be changed on its hub and per-
manently gecured in any position. When wsed as a side telesoope the fine adjuat-
ment by the trivets is not 20 essential as iz the case when used as a top telezcope,
where the aceuracy cannot be too great and where the trivets are therefore essen-
tial, sinee the top telescops {8 then really the main telescope for measuring 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 point a5 can be found
in a mine, then by means of the milled-headed opposing tangent screws, and hy
glightly revolving the transverse axis of the main telescope, the vertical wire of
the anxiliary one must also be made to bisect the same point.

To use it as a side telescope for vertical angles procedure is exactly simi.
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lar to the above, and differs only in a0 far as the wew horizontal wire of the anxili-
ary telescope must e made to bisect a point previously biseeted by the horizontal
wire of the main telescope,  This is done by slightly turning the yerulor plate: an
its vertical axis and by making vse of the sane millod-lieaded tangent serews,

Thus it will be seen that the ready interehangeability of the suxiliary telescope
enables one to read horizontal as well as vertical augles when the main telesenpe
sapnot be used, obviating the making of corrections for the excentricity of the tele-
seope in both positions, =

Style L with non-adjustable ventral post see page 165a),

The general desizgn of thig araogement of attaching the interchangeable tele-
gcope and the method of manipulating it ave quite similar to that deseribed under
il-‘-tj"ll.' II. It differs from the latter only in so far as it i not provided with an od-
Justable trivet. In this deviee Style I, the auxiliney teleseope serews dicect upon
an open central vertical post cast in one plece with the transverse axis to secure
great rigidity, the degree of aceuracy of the result depemling in & large measure
upon the degree of aceuracy with which the center of the pillar, aml the line of
collimation of the principal (then vertical) wire of the auziliary telescope are
made to lie in the saoe vertical plane az the optical axis of the main Ll egeope or
parallel to it.  With the care given to it and special machinery used for it, this
condition, difficult as it ig, is secored to an extent which leaves Httle to he desired
for all practical purposes.  As the auxiliary telescope i= interchangeable from top
to 2ide there is really nesd of but ooe wire, which we will designate as the princi-
pal wire, This, when the anxiliary 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 auxiliary iz mounted on top the lioe of collimation of ita horizoontal wire
iz immaterial, a2 no vertical angles will then be measured, When the latter are to
be measured the engineer will then mount the auxiliary on the side, when in turn
the vertical wire becomes immaterial, The auxiliary teleseope 12 provided with
two milled-headed opposing serews (same as Lo style I1), for ranglog in line with
the main telescope.

Biyle I belog wore rvigid, simpler and cheaper than style 11 i= now recom-
mended.  In neither of the two styles does the auxiliary telescope ordinarvily
revelve in a socket for the purpose of making the adjustment of collimation, and
coincidence of the eross-wires and optical axis must be verified by the use of impro-
vised wooden wyes [ see above) should it become neeessary,

The zuceess which the interchangeable suxiliary telescope has achieved, both
here and abroad, sinee lirst invented by this finm in 1895 is somewhat phenomenal.
It shows that this combination is the most applicable one in solving the dificult
problems arising in mine engineering, For this reason every preparation has
been made to meet the demand and new improvements are added as experience
may suggest,  All our top telescopes are therefore now made interchangeable,

Credit §s duse, in working out the feasibility of using the top and side telescope
interchangeably, to Mr. Dunhbar I Seott, mining engineer, for several valuable
suggestions gathered from his experience and neads in mine work.

The Use of the Interchangeable Auxiliary Telescope
for Astronomical Observations,

Besides its ondinary use for steep sighting in mines, the interchangeable auxiliary
telescope, as described in the foregoing article, will at times be found very useful as
an astronomical instroment. It is particolarly advisable in making latitnde observa-
tions by meridian altitude and in observing transits across the meridian for time,  As
a rule when the priem is attached to the eye-piece of the main telescops it is nob pos-
gible with the engineer's mining transit to point the telescope at a greater angle of
elevation than about 707, conzequently it would be impossille to make solar observi-
tions at a latitude lower than 400 when the sun is at itz greatest declination or obser-
wation on sLars near the zenith, Mewever, by attaching the prism o e anxiliney feloseopa
need ms i bapaer sidete leseo e, Ehese ohaervations my e kel win e :'.'mil!I|I.-='|ill|1'-llll_'.' OV EF S

In making latitude observations the interchangeable auxiliary telezcope shonld be
attached at the side: and its horizontal wire is then, by means of the two appos-
ing tangent serews, made to correspond to the line of collimation of that of the main
telezeape by biseeting with hoth telescopes some distant and well-defined object : then,
if a meridian mark is used (which is not absolutely necessary ), the transit should ba
get up in the meridian by the main telescope and the pointing on the sun or star may be
made with the auxiliary telescope with or withont the prism, as conditions may require.

Iu observing transits the auxiliary telescope should be mounted on top and ranged
into line with the vertical wire of the wain telescope by using the two opposing

serews as explained.
In making sclar and stellar sheervations with the main leleseops and priso attachment, the teles

OO should always be reversed through tha standards with the objective down in=tead of up
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Magnetic Needle of Edge-bar Form

The necdle shown in the eross seetion of our Transit eompasEs alan in the top view
on opposite page, represents the form adepted and preferred by us for all of owr con-
pass instraments, beeanse it has its greatest dimensions in the vertieal diveetion ; henes
s name At the ends, where it is real, it is quite thin, bl inereases in thickness
symumetrically towards the central part to give it the rigidity wary to retain the true
longitudinal shape and yet be very licht of weight to minmize the dulling of the pivat
on Which it swings.  The point of suspension in the steel cap® and the two ends of the
needle are in g straight line, thereby forming the geometric axis,

The advantage devived from the edge-bar form, therefore, s that its niag-
netic axis must be contained in the geometrie axis of the needle, whenee it
fUllU“’_-"\ that there is no imlex error at its reading ends,

_ Phis cannot be claimed for a needle of the flat, oblong type, sinee its magnetic
axiz may lfollow the Lrain i.]]]'p.:ll'lﬁ‘-.'l tor it in 1'4,||_Ii||g the steel ingot,  In such a needls
the index error may be negligible or amount to a grear deal, aceording to size nd
shape.  Hollow, cylimlrical, and olliptically shaped needles are not exempt from this
ervor, anid as their ends vequire brass extensions for reading the graduation in a sur-
veyor's compass, the effeetive length of the needle is not only shortensl, but the extens
gions in themselves may become an additional souree of index crror. As will be seen
in the eross section, the center of gravity in the edge-bar form is very mueh balow the
point of snspension, which, together with the increasing weicht of the neadle toward
its central part, makes it less sengitive to dip. The quivering of & needle 0 consiracted
is nob annoying, since the center of its (quivering mation is in line theoweh its two ex-
treme points, which are, therefore, stationary.  Permanent magnet steel is used only
in its construction, which, when properly hardened, will, ar all times, verain sufficient
magnetism to give the needle direction when resting on a sharp poine. Tt is the dulling
of the latter T which is commonly an Fanlt when a needle does not settle mepeatedly in
the same place — ot loss of wagnetism as is generally suppeosed —and wost of this
difficulry may be obviated by earefully mising or lowering the needle and not allowing
the needle to play when shonldering the instroment. To be lght the stecl cap 38 wonneed
in an alominom eell,

F Tt is onr Delier that o sdvantage whatever is gainad by snspending the nesile on jewel
bearings, but that & :I-I'III|=I:I v tempeered steal Daaring, resting on o steel pivor of a different temper,
ig muperior o e jewel mounting,  We find that in the instroments sent us for repair the jewsld
are almost alwaye grooved by the wear of the ylwn g0 Ehiat it 8 ditfionle, or fmposaille, bo repuir
tham L-at-lsl'hl'hrl'llp.'. With steel bearings no such difficalty iz eneountered.  As todonger of rosi-
fng, it is eertainly no grenter for the bearing than for the pivet, and the instraments sent o for
repair donot often show gigns of elther bearing or pivoet Tosting,

t In order to panially remedy the wearing on the point we sometimes, vpon apecial requear, furmish a
needle of twisted v which can be mads very ﬁl.'hl: and be quite atiff in proporion e its weight.  1tis no
af a strictly scientific shape but answers the requirements of a Survevor’s Compass.  The needle consists of a
flag bar of very thin permanent magnet steel. At the central portion of the bar. the hlade s horieenial,
while at the ends 1t i3 vertical as in the edge-bar form of needle, Between the center and (he ends there are
several twists in the bar.  The points of the needle and the point of suspension are all in the same straight
line in this new needbe. as in the old.  The center of gravite is placed as far belaw the point of suspension as
the necessarily limited depth of the Transit compass permits. but owing to its exireme lighiness the center of
gmuiw alwnigdd be carried mach faribes below than the old to counterace the dip to the same extent. In conge-
quence the peedle of Pwisted form is more easily atfected by change dn latitwde and jis
application is, therefore, 1 1, 1o use within latitudes &iﬂuring nat more than a few dtgre:s,.
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The Berger Short Focus Lens Attachment,

A very valuable adidition to the engineer’s ontfit is found in the short foons lens
attachioent which has been bronght onr. The contrivance is simple, bat, like many
simple devices, iz very effective in overcoming a practical difficalty.  Prolsibly every
engineer has been annoved by being obliged to sight a peoint a little too vear for the
telescope to focus.  Most transit teleseopes will not focus on a poine much nearer than
& ar (b feet (levels not pearer than 7 or 8 feet) away from the instrument, while it is
frequently necessary to sight o point on the ground pearly under the transit, at o dis-
tance which is usually less than that.

In mine sarveying as well as inside of factory buildings, one frequently needs 1o
sight o point overhead or on the walls and very near the transie, Ordinarily the only
way out of the difficalry b= to foeus as nearly as possible and do the vest by a Eless,
As a forther ivstance, one often fmds in leveling, that it will be necessary to take
a reading on a point very near the instroment, smwl has to resort o varions mesns
all of them inaccurate) of getting arcund the diffiealty.  The attachment men-
l:'l:-ln'-'li consists of 4 small al lnminum tube containing asimple leng, which iz attachked in
fromt of the obje e lens b5 50 placed in the tube that it can be accurately
centersd by means of 4 adjusung serews.  The effect of this lens s of eowrse to bring
rays oo foens nearer to the objective, amd thns enable the obeerver to focus a nearer
object than woulidl ctherwise be possible. When the '.|,]-::\|,|-[||_' will foeus o nearer than
. the attacled lens, marked 1.8 gronndd so that it will focus objects 6 feet, AWy
whes the objective tube is drmen ey i This allows the entive motion of the foeusing
slide: for distaness between G and 4 feet,  For distanecs noarer than 4 feet o second
lens may tauke the place of the fivet and will focus up to about 21 feet.  If the two are
used st opee the distapce iz reduced to abont twa feet.
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With thie pair of lenses there iz no distance between twa fect and infinity at which
objectz cannot be focused,  The aceuracy of work done with thiz attachment is in wo
way affected by the centering of the attached lens itzelf, as this is capable of perfect
adjustment.  The only way in which error ean ocenr iz through the imperfection of
the objective tube.  If the eylindrical surface of the cbject-head of the telezcope on
which the attachment is placed 15 not concentrie with the optical axiz of the teles-
cope this error will enter into the adjustment of the attached short foeus lens,  This
ertor, however, i3 never large on an instrment sent one by our firme Bot even
admitting that there may e some error here, it must be rememembersl that this lens
s never wsed for objects more than about 6 feet away @ consequently the resulting
error on the point is entirely neglizible, and the conveniepee of the attachmen.
many cases is &0 great that it entirelv ontweighs any sueh considoration, sinee the
work done at this distance will be entively eonsistent with the work done with the
instrument on the longer distanees,  The attachment fills o want that has long heen
felt by engineers and i3 certainly a =tep in advance in the ]---1':’---:1if-:: of instruments of
precision.

To attach this device to their old instruments it will be necessary to send the instru-
ment Lo them, 88 every lens attachment must e specially fitted and contered.  Hows
ever, it can be supplied with any of their new instruments, either Transits or Levels,
made sinee 1809,

When attached (o transits, Koo 1 permits focusing objects to abount 35 feet, No. 2
permits focnsing objectd to about 21 feet, bt permit focusing objects to about 2 feet
from center of instroment.,

Thiz iz =0 i1|'|i||_|:rr:'.|:'. s feature that one trial will convinee one that it is f-'l'IIJ.'iiii-'L!IISi}-
ble to the outtic of an engineer  The deviee is patented,  The Mesars, Berger
are also prepaved to attach it to their Wye and Dumpy level, 1or foensing nearly a8
cloas as statedd above for transits.  For prices see catalogue, pagae 16,




NOTE,
In selecting instruments from ecatalogues, engi-
neers should net be led so much by a simple ¢com-
parison of prices, as by the advantage offered in

guperior merits, working eapacity, and preservation

of fine gualities in case of severe treatment. We can

cite instances, where transits and levels of our man-
ufacture had severe falls, resalting without injury to
any part of instrument — not even distarbing the
adjustments.

A larger outlay of $10 or %20 in the purchase

of a superior article is a great saving in time and

expense in the end.

Owing to the great variety of styles and combina-
tions enumerated with our instruoments (which com-
binations may easily be earried into the hundreds) the
principal combinations only are provided for in the
code at the back of the catalogune and Code names

underlined indicate customary instruments which we

intend to carry in stoek. A large stock of these instra-
ments is kept on hand, but owing to the very many
combinations of sizes and styles and to the great de-
mand, at times the instruments desired may have to be
made specially, nevertheless. It is therefore advisable
to order all instroments as far as possible ahead of the

time intended for their use.
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EDITION OF 1912,

RIBBING PARTS OF INSTRUMENTS.

Patrons will notice the omission in this edition
of illustrations of the practice of ribbing and con-
struction of parts of our instruments to gain strength
and lightness,

We omiit the illustrations of these improvements,
introduced by us sinee 1571, because now they are
in common use,

The e¢nts in this eatalog show the lines on which

we are advancing these improvements to an extent

hitherto nnknown,

ALUMINUDML

We omit euts in former editions of parts of in-
struments made of aluminum alloys, because said cuts
do not express the wider range of use to which these
alloys are being applied by us today to instruments of

special design for special purposes,

Nevertheless, in the present state of these alloys
it is incumbent upon us to say that the opinion ex-
pressed in Part 1 of thiz catalogue must still gener-
ally be adhered to,

These alloys, in the construction of field instru-

ments, must he used with extreme canition indg-

ment to give satisfaction,
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The Berger Complete Engineers” and Surveyors” Transit No, 1c,

For deseription sd prices see Engineers” and Surveyors” Transit.






|Patented|

The Berzer Complete Mine Transit No. 4,
With Style I interchangeable anxilinvy telesoape,
[(Movizontal circle cither 4 or 4!, inches. )

For description and prices gee Mine Transits
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The Berser Complete Mine Transit No, 4 1

wWith cdge gradnations amd fully enclosed veriicnl clrele.

For description and prices see Mine Transits,
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Spirit Levels,

Far the benefit of qur patrons we enemerate below the principal Spirit Levels we are prepared to supply
at short notice,  They are made by us, and are of the same superiar quality a8 thase furnk=hed with our instru.
ments.  In the lst below we give length, diameter, and degree of sensitiveness. They are graduaied, as a
tule, as shawn abiove, — Levels different in size from this list can be made to order onlv, and will b= farnished
only when order is accompanied with e fude or sronading for sedich oue (5 eefeeded, amd afse stufing fhe
Bind of fnstrament &8 80 e, aud the degree of wrsitivenest desirad, We will positively not make wny levels
upin written o

[
wenakins only, bul require the tube te be sent in all cases, as otherwise we will nog Le respons

sibile for any failure in that respect.  lease read pages 7 and 18, Priee oounted,
| | T res
e, u?ﬁt:'u[}_m}]:;f ' | Diameter in Inches, Sensitiveness. Ty
. Al b L 01.Th 1o 1b, A FdS o SaWd
41 4.6 045 Lo 0A Sl Lo 4 AMD
4 | 410 AL4% to Ui ER
5 3o 3
ik, L | i 11 = G ur
i L0010 2,25 100 = 70 u
8, 1.4 e 0.0 = Ll
e _ _— Frive
anmounted,

wa cenls less.

C. L. Berger & Sons” Quick Leveling Attachment,

Shown as applied to Levels and Transits.
: : l&.iu pPage w.nl' !u!l_anual.ﬁ
Code Wond Entrobsa for use with Transit No, 4 g % *

Fpilolium: for all other sizes | i & o g H 15,00

. $20.00



Code word . . Oakadum.

Spirit-Level on Metal Base,

Ground Spirit=-Level, one divigion of level about 20 sec. of ar
B-inch metal base, provided with a bavdle. Level adjustable. In

1 monnted on

Price, $14.00

These levels are extensively used in machine shops for leveling up and testing
Bne nachinery, ete, alse uzed for leveling up apparatus in observatories, phy=ical and
ehemieal iboralories, and for setting weirs, vte,

Locke’s Hand-Level.
Brass or nickel-plaed. In case .« o+« + .+ .+ Price $85.00

Mote.— This consists of a hrass tube 6 inches lang, with 2 small level mounted on it top to the left of its
eenter near the abject end,  Underneath the level iz a thorizontal wire stretched upon & frame. This frame s
made .'Ldjus.taﬁl: by a screw and a spring workiog against each other, or by two opposing serews placed at the ends
af the level mounting.  In the tube direc low the level is placed a totally reflecting prism, acting asa mirrar
set at an angel of 57 1o line of =ight T magesof the bubble and wire are thes e ed bt e,
The prism divides the aperture in two halves, in one of which is seen the bubble and wire focussed sharply by
a convex lens placed in the deaw tube, while the other permits of an open view.  FPutting the instrument to
the eve and raising and lowering the object-end until the bubble is bisected, natural objects can be seen through
the open hall ot the same time, and approximate ley els can then be taken. To prevent dust and dampmesa
from entering the main tube, both the object and the eve ends are clossd up with p[.'.'in glasses,  In preliminary
work this is a very useful instrument.

Hand-Level and Clinometer.
Abney Level and Clinometer. Price $14.00,

MNote. — This instrument is similar to the Locke’s hand-level, but the small spirit level mounted on top
cam be moved in the vertical plane and clamped tea dial graduated in single degrees, thus the angles of slopes,
etc., can be measured also, -

Code Word . . . Oleander,

Sl AT
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Tripods for the Engineers’ and Suarveyors’ Transits
and Levels,

For description see page 5; for prices and weights, if extra ones are desired. sea
preceding page.



BIj1 WEAL] UED EEEI
1 amsszad jo janowe o0 pue HuipEdon pue Suong L2aa see swRenydeip sw0qe s — juswainseaw v Fuimp awes 21 dj1aexa Grewa 100 SR (303 [RIME 10
L ASIUAD ALY U SR aydeosalay ¢ a1 s e B Laata 30 PIay Sl 41 AENOAURIIIS UaAs A 07 SIM S50I3 [ Y Jamd AWES Al o aq
AL BIPERE 31 CS0ER 10A000 IR ALY O] “Iasamip] O AE 10F QN0 UFIE AL AL “FAIIM EIPEIS I J0 sk SR0ED B 00) adakd-aka A JupEsnoog £ fusyy

sABMIE PO

“u__..._,.y._.._n WHSHIPT 10 539 o) Adq [0y put swEmrdep jusaag MY B0 RO AT iga SEED AL I0U S YIOYM — CLALI0 YU O UOLIE[RL 3WEE JU] UL wTal Ayl aaga
Lot Feip anies i3 jo 6 g d _u_.E_..r G JUFAPIE am] B — SRS BIPRRE D4)) pue 8003 3K 'AIURISU] J0f = 135 oMl 33e)d o st v.z_.c 10 Adpaap .iE,:.n__ T 9358 ?_En* 1
13-133dge 2y

nAlIEAD AIE Sl PO Ra(diE
sased ses Lioa uf oK os

AERREADMI

SUFIP LT

_ _.J.r..._

aonpd 07 WY #)0Eus o3 SayEul S1) O) USLNLED oM Y1 30T )
343 Assa 81 pEREG O waygy wssar o] pue s
W _u._u.___":.u WALM ‘o000 o0 ._..n W] 0 s O 3E pamp g Rj B WD Juawm :..r_ L Iis IS STOL] UMY JEREA IR
ep .r_.!_ * O 3PE IFAAMO ot i ! nsur pae skl | : 5381E ) acsul [y B nege 0

u:._._ waonys Apdwrg sae spusy sspe agg, ad| E.E.n sa0dasanyg PUE Hradurduy wommes ayy ug osn oy sono Jadesd fjuo aap) 20 e— } P s SEIy U] — Ty

oy ,.__._u_ [eang ayy Aq pax i

¥ ] IPISING IEL Sy daay o1 &
a1

“pajualEg
BIUILNIIEU] SnoEA o) Jo sedodssafa], aqly uj avsdde Aaygy =W
smSeayderq a1\ ~-Suljysig sSuog ¥ Ja5xog *rp )

(g1 pur 12 safied 39g) symamIRIY JE[OF §,S[AM] uj
VIR ) g '] sadpa dg prpempos magw saeadde 11 e asip s ung aq

. VIMEIEL Y IEjog 9,905
BUOFITLIAS) JETANS 20 5207 4§ AT, =g 20§ JuEAUELIE A1y ) I

OOOC
.m )

(HADM BLPEE J0F pAFULIn T POR O )
Mg WO e RSy, @ pdnng Jeg sadj g e

.m.x.ﬂn_u___ JE[02 POW E[PEIE Jo) pawelle ol | POR & Y40m €U 203 & 4) ['EIL k) MIPTE T
EEdF A I, PUE §][SUELL J0§ Sal)y 81 sApaae ol gy pur

bﬁ@'@@@

TRETE |

EEPEIS W

128

¥ oadn gy -y A,




129

Code Word
Ceaster,

The Road Builder's Dumpy Level

has been designed by us to meet o growing want for the road builder as well as for
the drainage engineer, The degree of accuracy obtained with it is commensurate with
the wc:_rl-: required, It will not be as wecarate as our 15 or 18 inch Dumpy Level, but
we believe it will be quite satisfactory in the above cases, where a lighter and cheaper
instrument is desirable.

The: rﬂ'.-Fl'-::-p-e- is 12 inches bang, is eracting, and has an aperture of 11
aLers. ”J_"- aye-plece is L with an ir Tl sorea arvdag for the acenrnte focnsszing
of cross-wires; Oeld of vi e and Mal jects erect; felevcope balaneed boway from fhe
cewier when focwresd oo ween distitees itk son-shede @ftoched fo it the center i8 very stout, long nnd
of the hardest bell-metal ; 54 ineh very sensitive spirit-lavel, protected by a revelrable tabe as o
guirid to protect the level from breakage during non-use; instrument does not detach from tripod
above loveling serews | it packs whole and stands in the caze erect.  Mahogany case, provided with
Btraps and books, contains sunshade, wrench, sgorewdriver, and adjusting pin,

rhes and & power of 24 diam-

MNOTE, — The abore instriment, being of the Dumpy level ty has o be gadjosted by the two

peg methed az deseribed in our manual ip. f4) for the Dimpy Level,

Welight of instrument T lhe . weight of tripmd from &85 to 7 Ihs,
Giross weight of instrament, packed secutely Tor shipment in two boxes, alout 40 1hs

Price, inclhuding protection to the ofject-alide . 2 . ) ; : K75.00
Extras: Staldia wires, . 1 . y 4 ; ; : ; 2 a0
Gossamer bag, . . . ) . . . i i : 1.0

Bottle of fine oil, . : i g s i i z 7 H 0,35

S[oAaT

L tAans IE
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THE BERGER ENGINEER'S DUMPY LEVEL.

FPatented.

An instrument of great precision, superior to any Wye Level of same aperture,
power of telescope, and swne sensitivencss of spirit-level.  The best instroment for
nse in distant lands and rough country on account of its great compaciness,
aimplicity, strength to withstand rough treatment, permanency of adjust-
ments, and steadiness in a strong wind, veguiring but ordinary attention and
care to keep in working order.  For o fuller deseription, see page 131 a.

This new type of Dumpy Level With round, hollow, and very long eross-bar, must
be considered tle most perfect in this line. It stands low on the tripod, ad irs fine
spirit-level, being placed in the hollow cross-bar, bolow the telescape, ean be rexd from
gither sile, and is entirely protected from aceident and liability to derangement of ad-
justments, also from the distorbing influences of the heat of the sun, touch of fingers,
breath, ete.— These latter conditinns are nof fulfilled fe instrwments wiere the level is
placed on top or af the side of the telescape, and dare frequently canses of the fncorrect
reading of e bebile. —This instrument is of very strong build, eombined with a mini=
mum of weight, and a5 it eonsists of a fewer number of picces than the Wye Level, is
less liable to dverangement in case of accident. The adjustment onee properly made by
the two peg methold (seo adjnstment of Dumpy Level, page 64) is apt to stay so for
years, thos removing one of the chief objections as compared with those of 2 Wye
Level. In making the adjustment of this Iampy Level the engineer does uot depend
go much on mechanical perfection, ag on his own superior akill and sense of aecuracy.

To meet an urgent demand this tvpe of Dopy Level ia now provided with a
clamp and tangent serew to enable, in a strong wind, to keep the teleseope upon an
oalbiject, and, althongh it vaises the price, it will prove an invaluable accessory, well
worth the extra eost. The npper part of this instrmment is leather-finishedd.

The teleseope can be inverting or erecting; see cuts on pages 131 and 131,
The ohjective in either case will have the same aperture.

We recommend this instrament highly for all work of a high character, such as
henck leveling, water-works, railread construction, also for reconncissnnce.

SPECIFICATIONS: —

{ Inmverting 15 inch long, aperture 115, power 28 dia.

| Erecting 17 1 inch long, nperture 135, power 32 dia.
Focussing slide very long and provided with a dust guand when run oot for sighta
as near as about 132 feet,

Eye-piece with large flat field of view, provided with an improved serew
arcangement permitting to focns the wires by simply turning ita head slightly
to right or left.

Spirit Level 7' inches long between centers of suspending arma,  The spirit
level iz very sensitive and acearately ground 1o a troe carvature and barrel shape,

Center of hard bell metal is cast in one piece with the hollow eross bar.

Clamp and Tangent Scerew
Mahogany box provided with strap, lock, and hooks, containing sunshade, wrench,
gerewidriver and adjosting pins,

Welght of instroment 10 s, Welght of tripod aboun 10 1hs,
Gross welght of instrament secarely pueked forshipment intwo boxes about 50 1hs,

Telescope

Code word : 15 ineh inve

i AT erecling L Acnia

sting telescops Ahardo

P I"il;:t“', each as nbove, $ 114

{ For Code Waords of Extras below, see page B of complete code at back. )

Extras to Engineer's l?mmupg,r Level.

Stadin Wires fixed in ratio 1 0 1040 . 83.00
Steel Center running in o east iron :-sm.,ki.l fo insnre I'n l.d! mnt 1011w nh

]:rerHLl fit, zee page 132, (Made to order only.) . . ' ; " LA (D
For quick leveling attachment see page 126, 1500

Fine mirror monnted inease with universal joint [This is readily attach-

ahile to either side of the instroment and facilitates the 1t'altltlg of the

bubtle on soft ground without stepping aside) 10,00
Gossamer water-proof bag, to protect the instrument in case cl[ rain or -dl.‘bﬂ.t. 104
Bottle of fine watch-oil to Inbricate the level center . . . . : L35
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Code Words for Dumpy Levels,

16-inch Inverting Telescopse
15-in~h Imverting Telescope with fixe |l stadia wires . "
{For Extras and changes from Abardo and Abello see page B of complete code at back )
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The Berger Engineers’ Dumpy Level.
Additional Information pertaining to its mechonical Constroction,

From the illustrations, pages 131, 131b, it will be seen tnat the mechanical parts of
this Dumpy Level are few and ean easily be made to be mechanieally correct, and that
there are no working straing whatever in the metal to exert an undue influence upon the
adjustments with changes of temperature. . 5

The telescope barrel and both uprights are cast in one piece of hard composition
metal; and in onder to arrive at a bigh degree of accuracy the barrel is bored out to be
truly eylindrical, a eondition never attained by the use of drawn tube. {For reasons
mentioned later both ends of the oulside tube are slightly larger in diameter, forming
collars turned truly concentric to the bore, serving in principle the same object as collars
of a Wye Level telescope.)  This being accomplished, the bottom surface of the uprights
is turned truly parallel to the bore.  The strongly-ribbed cross-bar and instrument center
are cast in one piece of hard bell-metal. AL the time when the center about which the
instrument revolves is fitted toits socket, the resting-places for the uprights are also turned
off 20 as to be truly at richt angles 1o it, from which follows that the geometrical axis of
the telescope barrel when latter is placed upon them must also be at right angles to the
center, The level easing, too, is a casting.  The spirit-level itsell is fastened into this cas
inge by o superior method to preclude any strain, so that its troe form IE:_ET be preserved
The focusing slide is the only tube made of brass, turned and closely fitbed in the lathe,

In adjusting this instrument in the shop it is treated like a Wye Level.  The collars
ab the end of the telescope barrel serve to adjust the cross-wires for collimation by revol-
ving the teleseope in wyes, When this is aceomplished the telescope harrel with its attached
levelis then firmly serewed o the cross-bar, 'the next step in the shop s to adjust the spirit-
level to the line of collimation as described elsewhere,  This being done, the adjuster
in the shop now proves whether the meometrie and optical axes of the telescope are real
in the horzontal plane by revolving the instrument 1807 on its centers should the bubly
remain in the middbe of its tube it must be assomed that it is; however, il not, he touches
one of the uprights off until it does.  As a role the mechanical work is =0 correct that
the meometrie aml optic axes coincide within o few division marks of the graduated bevel,
requiring but a very few strokes with o fine file for fioal adjostment,

From the foreroing it will e seen that a leveling instrument so constructed, barring
severe pecidents, must hold its adjustments for vears, and that all subsequent verifications
of the line of collimation in the field by the two peg method muost be made by the Engi-
neer by slightly moving the cross-wives, and that the adjustment of the spint-level is
to be made in the customary manner by simply torning the instrument 180° on its conter.
An instrument so constructed peeds but little care and therefore is better adapted to
roigh usage (b which it is subject at times) since its simplicity ensures grester frees
dom Trom dersngement.

The Dumpy Level described above must stand as an expmple of good practice.
Many Engineers prefer it to an onlinary Wye Level. The prevailing mistrust can
peneralir be Iracr_‘grt‘u the use of cheap commercial Dumpy Levels.  The above infor-
mation as to the method of construction in the shop has been given ab great detail b <how
that thi= instrument may well rank with the best wye levels,

{For I'rice of this Incstrument and Extras zce page 130.)
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Code Words for lilump}' Levels,

Tlz-inch erecting telescope ' X F : : 4 K Avc 1 in
174 -inch erecting teleseape With Jl\.uJ atadia wires | 4 i : - \. :.H

1

Extras npu changes from Aonia and Actus see page B of complete code at back. )
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n The Berger
18 MONITOR TYPE WYE LEVEL.

A combination of our Dumpy and Wye Levels, see pages 130-133,
Far elose beneh leveling and constroction work
whether nsed on the surface or ll!iill’:"l’ﬂ'l‘t'l'llll-llu
Essential features (- Compactness with great strength as exemplificd in our
Imunpy  Level, to resiss severe treatment in rough country work. Protection of
spirit-level and collars, thereby securing inereased aceuracy, efficiency and
greater permanency of adjnstment.

In this new type of instrument the adjustment of the line of collimation of the tele-
srape anl telescope level i made in the same maoner as that in the regular Wye
Level, but to prevent the wear on the collars and (o secure compaciness, it
differs from that fnsofar as the telescope can only be vevolved in the wyes about
20 to 307 to permit of the laternl adjostment of the gpirit-level, a0 as to redoce the
wear on the collars to a minimom. The line of collimation of the telescope neels
to be verified only at times by liftlng the latter out of its wyes after bi-secting a
puing and then rveplacing it with the telescope rotated 1807, to have level now up
thereby seenring the sune condition as where the telescope is revolvable in the
wyed—It i3 a well-known fact that the wear on the collars where the telescope is
revolvable is often so marked that their equality of diameter and true form can-
not be depended on, and therefore, whila the instrument apparently ig in adjust-
ment it may be very much ont. The only conrse left open in such a ease is o treat
the mstrument like a Dumpy level and to adjust the level to the telescope by the
two=peg methol,

The Spirit-level suarded by the telescope and by a double casing formed as it were

by the prodection at the sides raises it to the standard of & glass-protected level
vial shown in the Precise Levels described later on, but withont the detriment com-
mon to the latter devices when films settling on the inaccessible wvial amd inner
sirfaces of such a protecting glass cover impair the reading of the bubble. To fully
proteet thiz level vial from sun and rain at timez, or in anderground work from
smole and gases o thin piece of white eelluloid spread over the exposed part of the
vinl and held in place by the sides of the cross-bar, will accomplish the same e,
and it ean be eleaned and venewed at will, thus securing to this instrament and s
spirit-level all the advantages posseasad by our precise levels, at a very low cost.
Size, power and all other particulars are like those of onr regular 18 Engineer’s
Wye Level, pare 132, but it is almost entively finished in our supervior and dora-
ablee leather finish, sccuring perianency of adjustment and presenting o very fine
external appearance,

SPFECIFICATIONS: —

Telescope., Objects erect, aperture 122 ineh, power 35 din. Focussing slide,
very lomg and fully protectsd by dust guard, Collars hard bell metal.

Eye-picee with lange flat field of view, provided with an improved screw arrange-
ment permitling to foeus the wires by simply torning its head slightly to right or
left. Line of collimation correct {or all distances, Telescope balanesd cach
way Trom eenter when focussed for a mean distance with sunsbade attached, to
geeure Dighest aeeuracy attainable, Stop provided 2o that the cross wires will
always be horizontal and vertical in instroment,

Spirit=-Level 855 inch (between centers of aupporting arms) level vial aconmtely
gromuld tea true enrvatare and barrel shape,

Center hard Dell metal (very Javge in dia, anl long, atrong and unyiclding.
Mahogany box provided with strap, lock, and hooks, contains sunshade, wrench,
serewdriver and adjusting pin,

Weight of instroment 11 e, Weight of tripod abont 10 1hs,
tross welight, securely paeked for shipment in1wo boxes, about 56 1bs.

Code worl, Aeway Price, as ahove, 14O}
Exitras to Monitor Type Wye Levels,
Bteel center running in a socket of east iron, o insure freestmotion witl e fect e B
Stadla wires, fixed | i 3 i : 5 7 . i : . SR
Short forus lens (see pages 118, 1000, ane S8,50 . . . . . 1430y
Fine mirror with universal joint veadily attachable to either side of the
instrument, facilitating the reading of the bobble withont stepping aside LTI
Gossamer water-proof hood, to protect instrunent from rain or dust : 1.0H)
Bottle of fine wateh-oil 1o lubricate the level center . . . . L35

Y]
205 MONITOR TYPE WYE LEVEL.

Aperture 1%z Inch, Power 38 dia,
Code word, Aceell l"l'il'l‘p as deseribed above, $I41":.UU
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18“ ENGINEERS’ WYE LEVEL.

Leveling Instrument of Precision,
For Fine Bench Leveling, Water-works, Railroad Construction, ete.

Tnstrnment has the strong, hollow and lomg eross=har, introduced by us in
1871, wonnted upon which ane the wyes snpported by adjusting nuts of large diameter,
which, together with the long center also of Jnrge dinmeter, gives the necessary
stability to withstand rough treatment, To secure compactness the telescope anul
level tube are close tosether (to protect latter from sun and rain), and, as both arve
close to the cross-bar, the instrument is steady in a strong wiml. To ensure perma-
neney of adjustment, the teleseope and level mounting fube have our leather finish (see
page 111, which teeatment enables us to combine many parts into one, that would have
to be serewad together, therehy securing not only great rigidity, g redueing to a min-
imum the effeet of swilden changes of temperature, and affonding a degree of satis-
factioninthe field, secnved inne other way. This finish presents a fine appearance and
is more dorable than o metal finish, As much depends upon the sensitiveness of the
spirit level we select this for the charaeter of the feld work, and, therefore, it ranges

in value in this gy le of instrament. from 10t 20 seconds of are 10 owe tenth of one inch
of semle.

SPECIFICATIONS:

Telescope. Objects erect, aperture Lig ineh, power 35 dia. Foenssing slides
very long and protected by dost goard,  Collars hardzbell metal and of large
diamerer,

Eye-picee with large flat field of view, provided with an improved acrew arrange-
ment permitting to foeus the wires by simply turning its head alightly to right or
left, Ldne of collimation corvect for all distances,  Telescope balaneed cacl
way from center when focussed for a mean distance with sunshade attached, to
gecire highest accuracy attainable.  Stop provided so that the cross wires will
always be horizontal and vertical in instrument,

Spirit=-Level 835 inch (between centers of supporting arms) level vial acourately
grommd to w tre eurvature and barrel shape,

Center hard bell metal (very large india, and long, strong and anyielding).

Mahogany box, provided with strap, lock, and hooks, contains sunshade, wrench,
sgrewdriver and adjusting pin.

Weight of Instrument, 11 [bs,  Weight of teipod, abooae 10 s,

Gross welgnt, securely packed for shipment in two boxes, about 55 Ths,

Code word Adlumin. Pricve, as above, 140,040

Extras to Engineers' 18" Wye Level,
Steel center running in a socket of cast ivon, 1o insure freest motion with

perfect fit,  (See cul on opposite page]. . : P . . 5 15,00
Staalin wires, Hxed | : i ; F ; . : = . : T
Short focus lens (e pages 118, 16807, one 28,50 . . s + pair 14504
Fine mirror with universal joint readily attachable to either gide of the

instrument, facilitating the veading of the bubble withont stepping aside 1ekAbr
Extra sunshade with smaller apertare, for nse with the 18<inch wye level

when the sun's ravs are too bricht for accurate workk . . . : 1.5
Gosspmer water-proof howl bo protect instrument from rain or dust . i 1M1

Bottle fine watch oil, to lubrieate the level center 2

14" ENGINEERS' WYE LEVEL.

Its essentlal features are like those envoeraled above, anid shown in cut of eigh-
teen-inel Engineers” Wye Level, with the exception of sice and weight, It is de-
gigned for nae abere o lghter inatrunient s desivalble.  The Telescope has an
aperture of 1 r_f inches and a power of 27 diameter, The 57 inch spirit level
5 very sensitive. The center is of bell metal. Full length, split-leg tripod.
Weight of instrument, whioat '24’;_: 1hs: welght of teipod, .3:1-'1 1=,

Grross weight of instrument, packed securely for shipoment in two boxes, alont 401k,

Code world Alyssunm. Price, as above £ 130,00
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18" HYDROGRAPHER’S WYE LEVEL

Having s three-serew® leveling base with arms of greater radins®#
(E=imel ) fo afford maximam stability when exposed to wind pres-
sure and to better control the spivit level of this instroment.

The instrament shown on opposite page has the npper part, viz: eross-bar, telescope
and level exactly similar in size and style to our regular Engineers’ 158" Wye
Lazvel | page 182 ) vacept the telescope which in this instroment ismostly of the inverting
kind. —If an erecting telescope is desired we will be pleased to farpish it in which
case the aperture will be the same but the power will be 35 dia. only. —As regarnds the
misle of securing the instrument to the tripod by means of the fastener, see cut and de-
geription, page 446, in article, * Shifting Center.™

This fastener is very aimple and even in the eoldest weather easy to manipulate,
It maddda very little to the weight and securea the necessary stability in taking up all
back lnsh of the leveling serews afier wear, It is better than any other device
that we know of to achieve this end.

The tripod bolts are the same distanes from the center as the leveling serews,

Made to order only

SPECIFICATIONS:—

Telescope; objects inverted, aperture 134 ineh, power 40 dia.; focussing slide
very long awld protected Ty dust guard; collars hand bell metal; line of collima-
tion correct for all distances; telescope balanceed each way from center when
foenssed for a mean distance with sunshade attached to secure highest accuracy
attainable; stop provided go that the cross wires will always be horizontal and
vertical in instriment

c=pieee perfectly achromatic with large, flat field of view; provided with
al improved serew arrangement permitting to focus the wires by simply turn-
ing it= hewl o vight or lefe.

Center of hard bell metal is large in dia., long, strong and unyielding.

Spivit Level 854 inches between centers of suspending arms.  Sensitiveness is

8 1o 10 seconds of are for one tenth inch of the scale. (unless otherwise spec-
itied).

Ey

Maliomany box provided with strap, loek and hooks, containg sunshade, wrench,
serewilriver anid set of adjusting pins

Weight of instrament about 12 e, Weight of split-leg tripod about 18 [be,
Gross Weight securely packed for shipment in two boxes about G 1he.

Code name Andromeda Price as above $158.0480

Extras to Hydrographer's Wye Level.

Btadia wires fixed . ‘ . . . . : . . ' - K100
Bteel Center running in a cast iron socket to insure freest motion with per-

fect, fit, 3 : i : i i ; . . . . 5 - 100
Fine mirror mounted in metal frame with universal joint, (This is readily

attachable to either gide of the instrnment and facilitates the reading of

the bubble on soft ground without stepping aside). . . : . . ik
Extra sunshade with smaller apertere for uee with the telescope when the

sin’s raye are too bright for accurate work . s : F . 5 1.50
Gossamer water-proof bag, to protect the instrmment in case of rain or

st . ¢ : : : : . s L : ¢ d . 1.0
Bottle of fine oil to lubricate the level center ; . : i . A 0,35

Prior (o 1888 we have sometimes placed npon this instrument an adjnstable wya
with wmierometer sevew arrangement [or the pointing of the talescops apd setting of the bubbla
mlll'lwillll.:llﬂf ol the ]E"-'L!"IIE vorews,  The very marked wenr on the collars 8t Lhe peint of
the wyes when the talescapn is moved in gltitode bhas indoeed as teabandon this leature,
) nalrument in this ling and at the same time entirely free from any elange in bheight when
Llis mierometer serew is extensively used during an extended leveling oparation is our Engineers’
FPrevise Level, pags 157, Plafs latter instrument i= capable of the most precise work and 18 offered
al @ prlea go ¥ery lew that it shouwld be imeloded in the instromeant eguipment for precise levaling
of noy magnitude,

Ta prevent o change of height, after an appropriate leveling of an instrament with thres
leweling seraws, it I8 advizable o elamp one of e leveling serews by its elunp serew at the side;
iwndl to level ap ey the other two serews alone, Thiz should bhe done in lika mannar, also, to sorreet
for =light changes in the lewal cauged by the settling of the tripod-leps,

* Four leveling serews commend themsalves in the more ordinary class of instraoments for
the presrer rapidity with which an instrument ean be levalad up approximately, and that (o neg-
fer lovw el tha T-.*rl-]iup; serews may be worn) when brought bo s true 'bl_-arlng oll the lower leval-
g plute, all sucl leoseness is taken up,

# Norn: In some types of levellng Instruments monnted on & three-serew levaling hase the
Intter 12 aften oo =mall Torthe lengeh, power, eight and welght of the instrument, making it top
heavy, thereby remdering it unsteady nod unsuitable for eloge work.
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Fine Mirror with
Universal Joint.
See Extras.

With
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Hydrographer’s 18-inch Wye Level,

three Leveling Serewn. As mude by O L. Herger & Sons

(For size; power, and other par
page

slars of this instrument, see

a)

Patented

Code Word Andromeda.
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Reversion Level,

Applicabls ta any af our Enginesrs’ Wye Levels,

The spirit level used in this feature differa from the ordinary ope in that it ia
groand 1o the troe shape of a barrel go that the tangents to the lavel bubble curves, at the
zoro points of the seales, are parallel and diametrically opposite, By the use ofthis rever
sion 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 spirit level
and cross wires are entively deranged and the collars worn (see remark below), by first
making the level bubble central and taking & reading, then by revolving the telescope
180% in its wyes. which point is indicated by an adjustable stop® making the bubble
again central and taking another reading,  The arithmetical mean is the correct result.

This device will, in an emergency, ba appreciated when it is known that by the use
of the method above the work will average as good as that done with an ordinary good
wye level, in adjustment, The adjustment of an inatrument prn\'ix!ed with a reversion
lewel i3 made in precisely the same manner a5 if the spirit level was of the single read-
ing kind, since the adjustment of the level when it is reversed will take care of itaelf.

The reversion level is suarded by a revelvable outer tube { Palerfed, not shown in
cut) leaving a space of air, as a non-conductor of heat between it and the ordinary level
mounting tabe. This exterior tube serves both as & protection against breakage and
suwidden changes of temperature, and, as its inner surface is painted white, it also acts
a3 a reflector which facilitates the reading of the bubble,

Remark @ The inequality of worn eollars cannot be eliminated in a etriet sense
by using the reversion level, yet for ordinary good work it may be said 1o be. Nor can
the test {or the equality of the collars be directly tested in this way but shonld be done
a3 in the case of the ordinary wye level ; viz., by the two-peg method deseribed under
the ad;nsgtment of the Dumpy Level jpages 64 and 55 of our handbook), The follow-
ing modification is 1o be noted: After the line of collimation has been adjnsted for dis-
tant objeelts by rotating the telescope in its wyes and the spirit level has been adjusted
by reversing end for end and adjusted laterally, ithe telescopa having the sunshade at-
tached, as it gerves to balance the telescope when the 1.'r|:}:|e-:t glide is drawn in), the in-
strument is set up close to the near tarcet, and a reading 15 taken with the level tube
in the direct position.  In order to eliminate the error of collimation for nearer objecta,
shounld any exist, another reading is taken with the teleseops rotated 180° in the wyes,
and the mean taken as the troe reading.  If, now, the horizontal wire also bisects the
distant target and the bubble remains central in each position of the te]esm'f:, the
eollars are of equal diameter. Should the latter not be the case, the error may be cor
rected thus ; Bisect the distant target with the telescopa in ita direct position, and adjust
tha level till the bubble is central.  Rotate the telescope 180° in its wyes, indicated by
the siop, and note the number of divisions through which the bubble moves in order
that the distant target remains bisected, so that a correction can be made when most
precise work is required.

It ia assumed that in making this test the temperature of the two collars has been
alike and that the telescope has been in proper balance by being focussed for a distance
of about 300 feet with 2unshade attached. A seratch on the telescope or object slide
indicates the focus which the maker used in equalizing the eollare,  An apparent error
found as above may be due to 2 change in the shape of the level tube which may oceur
In time (for which the maker, of course, cannot be held responsible), as well a3 to a
worn condition of collars, or thesa canses combined.

In order to trace the error to ils source the only sure test 1s made with a striding
level, (See Engineer's Precise Level.)

PPrice, as above, if ordered with our Wye Level in place of the single reading
Mnd . G e ow e e ety I e e g
% Tt is an extremely difficult matter to grind a level of this kind so that the babble will remain central at

all positions during this rotation through 1825 The stog just mentioned is so adjusted, however, by e maker,
lh.:l!l Iwhen the level has been turned cxactly 1592 1t glves a correct reading, : :



137
C. L. BERGER & SONS’ ENGINEERS’ PRECISE LEVEL.

Fatenfed.  [(For cut se¢ page 170.)
With micrometer screw for closs sstting the spirit lavel.
For use in cition in wntablishing benches, ote., alvo Tor all work requirlng speed and the highent
- degree of accuracy In rplrit levellog.

It iz a wellknown fact that, satisfactory as it may be on account of s great sim-
plicity and compactness, the ordinary wye level (pp. 132, 133} will fail in degree of ac-
curacy o in rapidity of manipulation when the closest results are required. It often
happens when precise work i4 required, the time spent in leveling up and keeping the
level bubble of an ordinary good wye level in the center of jts graduation by means of
the four leveling screws is often very considerable and, when the course is over
swampy or frozen ground, the vexation attending the work is apt to be great, and the
results witiated by the numercus readjustments required to keep the bubble in s
place.  This manipulating of the leveling serews is very apt to lead to o change in the
helght of the telescope, varying in magnitude aceording to the style of the instrument.
(It is here to be noted that this change in the height of the telescope is less in our
levels, or transits with leveling attachments, than ia the case with the instruments
of other makes).

To ald the Enginecr in the prosecution of exact work, avoiding the errors caused
by the readjustments above referred to, we bave designed and are prepared to furnish
the instroment shown on page 189

By referring to the cuta it will be seen that this instrument is mounted on three
leveling serews, and that the center about which the instrument revolves ls unusually
long and unyielding. Two small spirit levels attached to arms extanding from what
we may call the cross-bar (since the center of the instrument is permanently secured
to it as in the ordinary style of levels) serve to put the center in a vertieal position,
thus securing at once a nearly horigontal position to the cross-bar. These small levels
are adjosted the same as the ordinary piate levels of a transit.

At the eve end this cross-bar carries a micrometer gerew by which the telescope
and its level can be raised or lowered at will independently of the leveling screws, A
strong spiral spring on the same side holds the wyebar down upon the micrometer
gerew. This arrangement provides & most delicate motion up and down, and enabiea
one to set the bubble accurately at every sight and in & very much better manner than
can ba done by the leveling screws alone. 'The head of the micrometer serews is di-
vided into one hundred parts, and as a rule its pitch will be auch that 250 to 252 parts
of revolution of the zerew will make a chanze of one foot in the reading of the rod held
at a point 100 feet away from the center of the instrument. It may be seen that the
instroment can be very advantageously used for making grade measurements. The
graduated disc, when reading zero on the index-bar, brings the instrument at once
within one or two divisionz of ite normal position,  The dise can also be readily turned
on its hub by taking hold of the milled head (the disc is held on its arbor simply by
friction), so that, for convenience, a reading may always start from zero, though the
gross-bar be not leveled up, This instrument, a8 above atated, is provided with three
leveling serews, 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 leval, without making use
of the micrometar, (Seep, 35

The Chief Featore of the Instrument, however, consists in the fact that the
pivots * on which the wye bar can be raised or lowered, are in the middle of the instru-
ment and within a fraction of an inch of the plane of the line of collimation, thua se-
curing to the telescope a motion in altitude free from any change in height of the line
of collimation, lhuugrt:‘lhe telescope were to move throughout the entire range of the
micrometer gcrew doring an extended leveling operation. As a ruls, the working range
of the micrometer will be limited to a few revolutions each way from ita normal posi-
tion in order to keep the instrument as compact as possible.  The instrument is also
arranged so that, whenever desirable, it way be used as an ordinary wye level. For
this purpose, it is provided, at the object end of the cross-bar, opposite the micrometer
serew, with a milled-head screw and check nut, by means of which, and by the micro-
meter serew, when set at zero (ses cut), the wye-bar may be set exactly at right angles
to the vertical center. However, for the fine settinga of the bubble in bench leveling
or pointing of the telescope, ete., the micrometer screw should be used exclusively.

A clamp and tangent screw motion is also provided and so arranged, that it can
be readily reached from the eye end of the telescops, The cross and wye-bars are
cast hollow and the former fits inside the latter.

$NoTe. —It will ke noticed that in instruments of a similar character, having pivot screws acting in and below
the opposite the micrometer screw, as for instance, in the 17 il Cn:st_gmwr odesic levels,
,,.;ﬁ.mk, {see Report 187g), any motion of the I|=!|=:|:_up= in altitade will alao change its height. n
imjudicious use of the micrometer screw cur own hydrographic wye level (see page 1o4a, catalogues I:I!B-IB?I‘E
partock of this same error, and this together with the marked wear on the collars due to this samse motion
45 10 the abandonment of it. We note, however, that other firms who are in the habit of copyiv ~ our styles
akd patterns have sioce brought it cut as a detail of a precise lovel.

(-
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The Tulescope will be invariably fusereing in order to admit of as large an aperture and as high a pewsn
asis pomsible. Thus: its apertore will be |§-{h-{:h.e5. the total length is abeut 17 inches, and it will have a
magnifying power of 4o diameters. It will be provided with ficed stadia wires, in the propertion of © to 1ea,
the distance 1o be measured trom a polnt in front of the obiective equal to its focal length.

The Spirit Level is of the single reading kind, and 55 generally made so that one division (of i of an
inch) equals from & 10 10 seconds of are.  The sensitiveness of the level will, however, fe adagied’ fo fhe par
ficnlar reguireieents, It is not necessary, howewver, to have it any more sensitive than is required for a fme
field inetrument, as an over-sensitive bevel is apt o ghve more trouble than benefin in its use,

A Reversiom Level of same sensiiveness might be :._pﬂli-:d. instead of the single reading level, if desired,
as @ ponvenience{ane Reversion Level . |;_”'I,‘-h.¢r|.|h¢h1g eat precision isnot needed, O course in fine work
the reversion level must be used in the divect position as with a single reading level. However, one will un.
dersiand that a reversion level is very apt 1o change its true barrel form in time thus becoming wholly
unreliable, and therefore we do not advise Bt at all, and particalarly not for an instrument of such a fine
character as this la,

A Melal Mirror will be furnished with the instrument, attachable 1o either side of the level, enabling the
eip:mmr ta read the bubble without stepping aside | a convenience which will be appreciated when working on
shaky grownd

Adjusiment. “Lhe adjusiment of the telescope and the level must be made precisely as in an ordinary
wye Level.  [See adjustment of the wye level, pages s and gyoof this hamd-book | The sparit level will by in
thorough adjustment when the telescape with its sepsdade affacked i focwrsed for a distance of about goo feef,
when the telescope is in perfect balance and the equaliny of the cellars is assured thereby @ for sharter distances,
however, there is 2 small error due to the unbalancing of the teleseope caused by the abject slide being thrown
out.  Small as this error may be it can be entirely eliminated by simply bringing the bubble 1o the eenter by
the wse of the micronster sorew

Explenation. The foregoing has besn written at some kength to give a clear undersianding of the prin.
cipal features of this ierement.  Nawrally, the qeestion may now present itself, why not use a striding level
alone, in place of the fxed or reversion level, as is done o seme 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
apart, 1o readily permit the revolutlon of the telescope with the fixed level in the wyes. To this we may sav,
that & fived bevel placed below the telescope, where it s goarded against breakage and, in a measire, from the
action of the sun, is better adapted to the wanis of the O Ewgdmeer in running quick and accurate levels
in cities, towns, ete,, than a sriding level with its more cumbersome features and manipulations would be,
partkcularly bf the work was 1o be of the mos precise character,

Itis only when the collars of a telescope & badly worn ar imper]edlg made that the steiding level has
any advantage over a fAxed one.  Asa rule a fix.d level keeps in beter adjusiment, is simpler to manipulate
than the stnding level, and is free fram the errors due to the uncertainty of contact ::f:hg collars and the wyes,
Mareover, the construction of the new instrument bs such that it bas & greater stability than these of previous
make. we therefore belizve that the fixed level has as legitimate a standing as the siriding one. {In this
connection read articles on the fived and striding levels: pages o4 to g8 of this mameal.}

For the above and similar reasons the American Engineers have and will give preference to the instrs
mint which lvas the level ficed to the t=bescope; and this has led us to the adoption of this feature in cur new
instraments. This idea is also prevalent ameng the best instrument makers and engineers in Europe, as may
be seen by examining Prof. Nagel's published description of o similar instrument,

Instrument, Finish, Packing, Weight, ete. The telescope is leather-finish,
while some of the more bully parta of the instrument are aimp];r 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 aceuracy and utility: altogether, as all the other

rta will ba bronzed and lacquered in & manner customary with us, it will present a

andsome appearance. This instrument s packed erect in one box in the same man.
ner as we pack the regular engineer’s wye level. Tt is secured to the tripod in the
same manner as are all of our instruoments with three leveling screws,  (See page 134
for desoription )

E . " R

The mahogany box contains a sunshade, wreneh, serew-driver and adjusting pin.

Weight of instrument, 114 pounds; weight of tripod, 103 pounds ; weight of ma-
hogany box, 104 pounds ; gross weight of instrument complete, securely packed in twe
boxes for shipment, ) Jha.

Frice of this instrument, inverting telescope, leather-finish, fine
mirror monnted in case, fixed stadia wires, and a single reading fired
spirit-level, . . : . RIS

Extras to Engincers’ Precise Level

Center of instrament made of steel, and hardened and running in a socket of

cagt iron, proved style (zee cut, page 133}, . ; 2 : : 15.00
Sunshade with smaller aperture, for use with the telescope when the sun

rays are too bright for aceurate work, : 4 s . . s . 1.00
finssamer bag, to protect instrument, F i : ) : i : . 1.00
Bnttle of fine watch oil for lubricating the centers, ete., | ‘ . . . .55

Ll 1] 'inmlmin woek is lo o dome. a higher sensibility might b2 permissable, bat our customary fusd wosld be sluggish in
such a tevel, and 1he bastible tulie woubd have 1o be filled with pure eiber, in onder 85 make it quick acting |ses pages 7, 1
Am air chamber would be necesasy o allow fof @djustment of the bubble, which s this case Ehml i length rapidly fur
slfght chasges in femperature, Fy addimg a chamber, a feature s introduoced which is liakle 1o 1 the reliatalive of thy
pirit 1evel and esiail extra expenss,

Codde Word. Engineers' Precise Level bt with steel centre Arethusa
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Enid view, showing Pivots and Fine
Mirror with Universal Joint.

C. L. Berger & Sons' Engineers’ Precise Level,
[Patented.)
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THE GEODETIC LEVEL.

In Tespomse tn a request of President T. . Mendenhall to construct wor tha
Wercester Polytechnie Inatitnte a Precise Wye Level, the senior member of this firm
in 1896 desimned and made the type shown on next page.

The leading featnres are great compactiess, Fgidity, simplieity of design, ease of
manipulation, and thorough adaptation of every part to its parpose.  In order to lessen
the height above the tripod, the weight of the instrument and the surfaces exposed to
winid pressure, this partienlar form of cradle bar has been adopted ; and, while this
reduetion might have been carried to a greater extent by placing the vertical revolving
center inside the tripod head, it was thonght not advisable, as sometimes it is desirable
o aet the instrnment on the leveling serews when detached from the tripod.

As will be seen, the improved tripod is of a very stiff form, which is necersary
where telescopes of great power ad highly sensitive spirit levels are used. To eliminate
the effect of unequal expansion, the telescope collars are of smallest possible diameter
compatible with the diameter of the object glass, and at first were of hardened steel
resting on agates at point of contact in wyes.  The striding level adopted in place of
the fixed level is of tbalar form and has very short lege,  To still further redoce the
eflect of unequal expansion, the substmeture, such a2 cradle bar, fixed bar and other
parts, below the agates at point of contact in wyes in this instroment, consisted of steel
anl fron.  Bobeequently, however, as the danger of meting in the field became very
apparent, the wse of steel and iron waz not thowght to be as important in portable field
instruments when used on tripods as n the stationary astronomical instruments ; there-
fore we arve making the substroetare of our costomary hard gun-metal, and ghall so
furnish them, unless ordered to be of steel, in which case the instrument will have to
be specially made,  (See below.)  The same may be said of the hardened ateel collars,
Unless ardered otherwise the collars will e made of hardest hell-metal.

All the parts that most be handled during a field operation are protected by a
shielid of a non-heat-condueting material, By means of a micrometer serew the telescope
can be moved in the vertical plane around the center in the middle of the instrument
in order not to disturck the height of the intrment.

The striding level has a bubble tobe reading to 3 of are and is provided with an
air chamber. Mounted above it 15 a mirror to enable the observer to read the bubble
withont stepping aside.  Prowvision is made to readily lock the striding level to the
eradle bar, to enable one tonse the instrument like an ovdinary Wye Level {with level
fixed to the teleseope ), and to carry the instrument on its tripod from station to 2tation.
An arrangement s alzo provided by which the striding level upon reversing will always
fined its proper plane on the collars, soas to reguive ot very little attention on the part
of the operator. By means of a clamp serew opposite the micrometer serew the cradle
bar can be secured so that the instrmments can be nsed for ordinary wye level work.

Twor auxilinry levels placed at right angles serve to level np approximately ; after
which the tinal setting of the striding level iz done by the micrometer serew attached
to the ixed bar.  The vertical center is of hardened steel and rans in & socket of cast
irom. ALl the main parts are either cloth finished or japanned. The beantiful appear-
ance of the instrument does not depend apon the external finishing and polishing of
parts, bat entively npon the harmony, gimplicity and excellence with which the essential
features of the instrument arve designed,

For a detailed deseviption of the Instrument we refer to a paper read by Mr, David
Muolitor before the Am. Soe, of O, E. (Bew Procesdings 18051000, )

The teleseope is inverting, with an object glass of 115", focal length of 177,
and o power of #0 diameters, Tt is provided with the weaial cross and stadia wires.
Instrument packs in pine wood box, which containg a sunshade, serew driver, adjusting
pin and gossamer bag.

Weight of instrument i ; f ¥ i i s 14 lbs.

Weight of tripod " . . . . . 5 15 lbs.

Giross weight of instrument packed securely for shipment in two baxes 75 lbs,
Price as above, of brass and bell metal collars, : 5 : . B280,00
Frice of instroment, substmetare of steel, as above, extra, . . 25.04)
Price of instrument, collars of telescope of hardened steel, exira, . 25,00

Code Waord for tdeadetic Leval of hrass and bell metal collara Al“tﬂlni&ia



The Berger Geodetic Level.
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COAST SURVEY PRECISE LEVEL

The Ademand for a level whereby the ntmaost precision possible in leveling may be ob-
tained comes from many sourees in work where the absolutely correct detérmination
of the relative height of a line of benches iz songht.

The Coast Survey Precise Level, illnstrated by aceompanying euts, is designed to
meet this demand ; and it is probably the most perfect instrument made of the dumpy

level type. ) )
The eszential feature which gives value to this instrament is the fized adjustwent be-

tween the line of eollimation and the level by the use of nickel iron, with coefficient of
expansion of 0000004 per degree Centigrade, in combination with nickel steel, with
coefficient of expansion of (LOO0O0T per degree Centigrade ; and the loeation of the level
partially within the telescope and a3 near as possible to the line of collimation,

The instrament is so maile that the line of collimation s adjusted by the maker onee
and for all as in our Dumpy Level, by revolving the telescope in auxiliary wyes on
rings turned coneeniric with the bore of the telescope tube.  If it becomes necessary
to replace broken wires in the field, the reticnle must be removed, wires and reticule
then replaced in the telescope, and adjusted for collimation Ly its capstan-headed
serews and the two-peg method,  This lavier operation assumes that the position of
the spirit level in relation to the telescope has not been disturbeed, and that its adjost-
ment is still perfeet or nearly so.

An important feature of the instrument is the prismatie reading attachment for the
level mhble, whereby the observer reads with one eye the rod and with the other eye
the level simultaneously without change of position.

With short sights the instrument permits great aceuracy and quick action in skilled
hands.

Sranding erect, the obgerver takes the back sight by rveading the three horizontal
wires on the “self-reading"’ rod, and then again the middle wire as a check, each of the
readings being made with the bubble set 1o the normal by means of the vertieal fine
mation serew,  Swingiog the telescope round 1o the forward rod, he repeats this pro-
cees for the foresight,  The reeords of the Coast and Geodetic Sarvey show that the time
of occupying cue =lation is somewhat less than 5 winutes.  Io the season of 1911 one
of the engineers of the Survey ran 14.35 miles single or 11,547 kilometers completed
{back and forth) line in one day of 7 hours 30 minutes actual work. None of this level.
ing required re-runming, all of it closing within the evror of tolerance, i, €., 4 mm .
in which K stands for the distance expressed in kilometers. '

In construeting this instrument we follow abzolutely the Coast Survey specifica.
tions, using nickel-iron and nickel-steel as ealled for, thos insuring a rigid maintenanee
of the adjustment of instrument under marked changes of temperature,

Thislevel is guarantesd to pass the Cosst Survey’s inspection,

For details of construction and use, see Transactions of the American Society of
Civil Enginecrs, June, 1900, pp. 127.176; U, 8, Coast and Geodetie survey Report for
100, Appendiz Koo 4, and Repore for 1906, Appendix Ko, 6

SPECIFICATIONS —

Telescope, inverting, length 17 inches, aperture 13, power aloat
A0 dimeters,

Level to telescope, length 53 inehes, ehambered, graduated in 2 mm
divigions — eacl sensitive to 2 of are.

Stdlion wires, rmtio 50 em 1o 100 meters,

Micrometer serew, T revolutions ro 1 inch: head di
A cam is provided for lifting telescope from m
when not in wsie,

il oo 100 pares,
rometer serew

Welght of tripod, abwut 19 1bs,; in packing box about 50 Tha,
Weight of instrament, about 14 [bs; in instroment b about 80 1hs,

1'-:-1_;:5. “Ti;;ht, of livel packed securely in two boxes for shipent, about
M1 Lhs,

Code word, Astler, Price 837500
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U. 5. Coast and Geodetic Survey Precise Level.
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PLANE TABLE

This instrument, as shown in cut on opposite page, hag been designed to fill a want
where a high class of work In topography is requived. It i5 made in two sizes.  The
alldade = built strong and light. The ruler iz of brass.  Other parts are of alumi-
num, or brass, as best serving the purpose.  The telescope is well lighted, powerful,
and of greater length than usual, the latter enabling the observer to readily sight
at an object when the alidade s some diztance from the edge of the board. The raler
is provided with two fixed levels and is so arranged that lines can be ruled in the
vertical plane of the telescope, if desired,

Toobtain great rigidity and strength, the diameter of the bearing surface of the lower
maotion in both sizes iz largzer than uzaal and the hoard rests on radial arms extending
considerably beyond this bearine surface.  The tripod head is of correaponding size.
To be portable, all the essential parts are built on (he skeleton plan. To avoid a loosen-
ing of the leveling serew fastenings so often experienced where the latter are fitted
to tripod heads made of wood, we make this head of composition brass, or of ala-
minnm, and to prevent all wahbling of the leveling serews when worn, these latter are
also provided with check nuts. Materials and workmanship are of the best,

SPECIFICATIONS: —
Aliide. Length of miler 22 inches.
Telegeope. Inverting, Aperture 13g inches, Length 16 inches, Power 36 (ia.
{For saljusting the line of collimation, the telescops can e revalved
1207 on is longituwdinal axis,

Stadlin wires, Hatio 1:100.

Yertical are, 415 inches, graduated on aolid silver, double verniers reading 1o
minitE, — The vernier i= provided with n level on top for o
ready control of wero of verniers,

Striding level, & inches over all,

Comnpenss needle, 41 inches,

Laovwer motion, (usual size) with tangent serew (for boards 24 3 30 in. or 22
24 iny  Spread of arms from eenter 414 inches,

Weight of Alidade with brazs raler, . . 4 : about 7 s,
= % Lower motion, usaal zize, with arms 4 %2 inches, 15 o
e sTeped,: S ; ; ] : ; ; : < 164 =
Ly  Board, . : i ] y i i ; ke A a8
“ & Alidade and acceszories in mahozany hox, | A 18
e “ Lower motion in zpecial box, with legs detached, L 15 s
= « Board in eanvas ense, : b 11 o+

Gross welght of instrument packed in four boxes ready for shipment, 100

Price of Plane Table as above, and as in cot, ineloding one board
24 w30 inches, detached compass, serew-driver, clamps, reading
glass, plumb-hob, (hoard and cripod packed in pine wood ship-
ping cases, alidade with attachments in mahogany box, lower
w0t ion in pine wool box) . . . .

£:300.00

Price of Alidade alone, as above, with striding level, detach-
able coanpass, ete,, in mabogany box, bat without board anil lower

wurtion anl feipod, i % A " . ’ & i FEO0 W

Price of Canvas Case for Loard , . . P . #2040

Note: Lower motion as abave, bot with a bearing snrface 3 inehes in dianmeter,
having arms extending to 6 in. from the center, can be capplied for regular or larger
Bsaardl=, bin plness of the one spereitied above,  Weight aboat 11 s,

Price extra, S100.00

To meet o want where greater portability and lightness are thought to be more ad-
vantageous than greater righdity and consequent aecuracy, we are prepared to furnish
in place of the above degcrilwd lower moticen of the Plane Table (shown in the accom-
panying eut) one of the Johnson type awd character. A description of this may b
omitted here, sinee it is deseribed in any of the wodern text-books on Plane Tahle
Work. Saffice it fo say that this motion is operated in 2 manner similar to that de-
geribid under our Quick Leveling Attachment (see pages 39 and 126) of which it is an
inverted adaptation, bat is of greater size, range and steadiness,

This movement, with legs all complete, weighs only from O to 10 Ihs,

Price of Johmnson's ITmproved Plane Table Movement,
monted on large tripod i : p A 3 Y _

F45.00
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The vernier arm of the 4 -dnch are has o level attached at top for the ready control of gero of the vernler,

and Compass,
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6?11" ENGINEERS’ AND SURVEYORS' TRANSIT.

This instrument is designed for engineering work of a high class, such as i3 required
in bridge building, water-works, and for city amd lapnd surveying. The size of the cir-
el is sueh that it may e graduated to read to 307 or 20 without fatigue to the eye,
The telescope is of the best definition, and has a lavge aperture with perfectly flac field.
The eye-piece is achromatic, and gives a lorge field with plenty of light. We advise
our enstomers to ovder solid silver graduations for this instrument.  Silvered gradua-
tivns are made to order only, being of rarve inguiry.

Transits size No. 1—No. 1ec.
Specitications : — Hovizontal Cirele
Gy in. (edge of g‘]'m]uati:m;}.. double opposite verniers read to minutes, two rows of
ficrures in apposite directions from 0° to 3607, igures on limb and verniers inclined in the
dirvetion they shonld ke road, verniers protected with fine plate glass, and provided with
rlvss shades, graduations silvesed ;) long compound centers with heavy fHanges;
cilme-bar* magnetic needle 47 ingg spring tangent serews ; fine telescope
1155 inches long, objects erect, aperture 1Y inches, power of telescope 24 diam, {well
ddapted for stadia work), eye piece provided with an improved screw arrangement for
accnrately foenssing the eross-wires, teleseope perfectly balanced reverses at both ends,
line of eollimation correct for all distances, protection toobject-slide, adjustment for ver-
tieal plane of telescope ; spirit levels of standard length, ground and extra sensitive;
shifting center toset the instrument exactly overorunder a given point ; topof telescope
provided with p very fine puneh mark to alsoenable to center the transit from & poing
above; standards leatherized (528 po 11, full length split=leg tripod, et
The Mahosany e hing a leather strap, hooks, ete., and contains a sun-shade, a
wrench, a serew-driver, an adjnatable plumb-bob, o magnifying glass, adjusting pin, and
weighs from 915 4o 10 [hs.
Welght of Plain Transit ¥o, 1 : . F i 1:404 The,
5 “CTransil with Level Attachment (No, 1ay 14~
. iplete Trangit (No. 1b aml X, 1 . kg ™
LE] Iylm “."r}gl[l. of Instrument complete, prekel securely Tor shipment v two boxes,
mlarint G0 11k,

I Weight of tripod
1_ sbiont @ 1,

Plain Transit, size No. 1, as deseribed above, see cut on opposite page,
Code Word, Balwelle, Price (graduations silvered), S180,00

Transit No. 1a,size, ete., as under No. 1 above, with long, sensitive level, clamp
anl fangenl serew Lo telescope, ses out page 144,
Code Word, Balmodle, FPrice (gradoations silvered), F270,00
Transit No. 1 by, size, ete,, a2 under Noo 1 above, but with a level, clamp and f-inch
viertical are to teleseope,  Are bas double verniers reading to minutes, see b page 145,
Conle Word, Besica, Price (gcradnations silvered ), 225,00

Transit No, 1, size, cte,, as under No. 1 above, but with a level, clamp and
S-incle full vertical civele to telezcope,  Vertical civele haz double verniers reading to
mrinutes, and iz protected by an aluminum guard, ag in cutb page 146,

Croade Wonl, Bosearilo. Price (graduations gilvered), S23 700

Extras to Plain Transit No. 1 —Transit No, 1¢ inclusive.

Standarls polished and lnequered (no leather finish), made to order only AR
Giraduation of horizontal cirele, on heavy inlaid ving of selid silver : : 10k M1
i Ik ik o pemling to 30 : . " : . Tib. O
ak ik ki i i e T : ; . 3 2 5 {00
K “ vertieal are or vertical civele on heavy inlaid ring o solid silver A.00
Graddienter attachment (see p, 89) . - ; i i = 2 & 5,00
Brmdin Wires, fized 2 H 4 2 : . 5 i = 5 . J.00
Short. Foeua Lens (pp. 118, 1060, One pair . : i ; ] F . 1ik. 0

Arrangement for offsetting at right angles i F . i i 3 4 500
Variation plate, adapted for ali declinations E. or W, | E : I % 10,00
Crmventte o (heavy, mives pood protection); Sitk (light, not waterproof) cach 1,00
Bottle of fine wateh-oil to lnbricate the centers, ete,, of transit . * ; 035

Aan Inverting Telesceope of 1% apertore, 1 137 focal Tength and power of 28
oo, can e supeplbead winh D al=eve Lransits in phoee of 1 aular erecting e at was additionnl
waeal, This felescopee 19 particalarly well awlapted for stadin work, The weight is § oz, more,
In=trumeul is il to ardsr anly. . '

* Correct form having no index error.
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No. 1.

1B In. at edge of gradustion.)

Plain Transit.

For size and deseription of this instroment, as well as for Extras, see apposite page.

Plain Transit No, 1, as shown above, and as described under Plain Transit

No. 1 (Babelle), on opposite page, verniers reading to minutes, but with graduations
on solid silver, as usually sapplied.

Code word, Babiana, Price, 51940040

(For code words Tor Extras anid ebnnges fom Babiana,
pen page ) of conplete codde at bk}

The verniers of this instrnment can be placed at an angle of 90° to line of sight, if so

ordered to be made specially.

disd

ar

P=TLL, *ATS T

JEueLy, 3
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No. 1 a.

By i at edge of grvlamstbon, |

g
e
/

'8

Transit with Level Attachment® to Telescope.

Fov size aml particalars of this instrament, 25 well as for Extras, see poage 145,

Transit No. 1 a, as shown above, and as described ander Transit No. 1a.
(Balmoded, page T2, verniers remwling to minates, bt with graduations on solid
stlver poil with fixed stadia wires as nznally supplied.
valis Woord, B l=am. Price, 225,00

tges from Bal=nm,

mstrament can e placed ab an angle of %02 to line of sicht, if s0
Tl mpecially ] ;

leveling can bi done, as the power of (s telescops and
al maost Wye-love s,



146
C, L. BERGER & R0ONS

No.1b.

165 In. ot edge of graduation.)

Complete Engineers' and Surveyors” Transit,
Fuor pize and desoription of this instrument, a8 well as for Extras, see page 142,

Transit No. 1 by, as shown above, and as deseribed under Transit Xo, 16 { Besiea),
on paze 143, verniers reading o minutes, but with sraduations on solid silver and
with fixed stadia wires us usually supplied.

Code word, Betoniea. Price, 8243400

{For code words for Extras and changes from Betonien,
see pages O, I and I of complete code at back.)

The verniers of this instrument can be placed at an angle of 907 to line of sight, if =0
ordered to be made specially.

3

IS,
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No. 1.

(B!, in, nt edge af Fradaation.)

Complete Engineers’ and Surveyors' Transit.

For gize aml particolor=s of this instroment, ns well as for Extras, see page 142,

Transit No. 1 ¢, same as shown above, and as described under Transit No. 1e.

{Boscardo), page 142, verniers r o to minutes, but with graduations on solid
silver pnd with fixed stadin wires, as ||-".|.|I|_1. s|||_|]|'.|. il.

Codle word, Ronvardia. Price, $255.04)

i For cmle words for Extras amd changes from Boovardia,
Bt | EEE [ !, ¥ and I of con prlete coile al ack.)

The verniers of this ingtrument can be placed at an angle of 90% 1o line of gight. if &0
ordersd to be made specially. SR AL
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No. 1le, Styleo.

The Berger Tdouble Opposite Vernier Attachment for transits goo-
wided with a S-inch full vertical eirele.
Prrice, extra, 20040

Far price of Dhouble Opposite Vernier Attachment with Open Frame Protected Ve
tical Circle Graduation Glass-covered, see page 1670,

In the above illustration the frame in front of the vertical ciede carries two of lllflxl.i. -.l.r||1l. s e .Jdl.u,,a to minutes,
The vernkers are double, o that anghs of elevalion and depressi 1 i 'k, For ardi=
nary wock the vertical 'mgl-:'s may be rend only from one vernier. T izontal axds of
revolution, and is circular m order fo protect the graduation of the ver

Two opposing capstan-beaded screws, working against n_projectio
adjust the zero-paints of the verniers to coincide with thase of the ver |,. circle, afier ment has been
leveled up and the telescope placed in a truly borisontal position, and when adjusted =0 l there = no Jooseness
hetween the stud and the capsian-bended screws the vernier frame maintains o fGxed peesition, while the telescope

and cirche are moved in altitede,  This device can be attached to transits peovided with & s-inch full wertical circle
in new instruments only when so ardered,

| circle fll-l|1 inju
d on the st

rd, are provided, o

The Plaving of Plate Levels.

In all our Transits with o compass where the vernlers are at an angle of about 30 to loeof sght,
ta enalde 1o read them withaut -sl:ur]unl. aside, the froeat plate bevel is muounted on o strong hracket slightly :xtr il =
ing over the plate at one end.  This arangement has ved highly satisfzctony, |n1=r1'1._h A5 |:h{~ leve] can be of
standard length and character and is fully protected {:;. a shield and guard against injury and desangement af
ad]us.lml.nl Flacing the plate levels insde the compass, as has been done sometimes, makes them subject to rI'-mg;'c
of adfustroent and also roquires that they be shortened, therehy Josing their fine character, and that the beig
hetween the plates, and therefore the whale instrument, be raised one-hall inch, The level apenings in the vernier
plate, however, 32 weaken the [atter that it cannot be depended on as o base for the standards and  telescope,
solar aitachment, ebe, b rest on, amd to resist the rough tratment the insmament is liable f2 receive in the field.

Transits whose verniers are at 927 to line of sight will have the {zont phate lewel divectly under the telscose

Reversion Level,

For leveling alzo with telescopa
reviersaed,

Applicable to any of onr
Transits of sizes No. 1, 2,

2. 4. 5 and G Price, extra (over price
5,4, D .

of transit with level 'ﬂhu-h-

Ijllul rl.lll'-c-|u|:l|" *l AWy

NoTe.— This level has a rey rolvable tube which acts as a reflecior, as well as a guard to proteet e exs

'poch side of the level when not in use.
The adjustment of this level and the horizontal crossewire has to be made in the manoer described [or

the fixed level attached to the transin telescopss, see PAgEE g% and 54,

=L, 4]



Tachymeter.”
Fuor size aml particalars, az well as Dor extras, see pp. 142-145.
\'u. 1 ¢, Stvle pa Gradoaf
swiling to ||||:|1||I|< b-inch full ve

inge to minutes
fxed siadin wi

of horizontal and vertical eivelea on aolid silver,
al eir with twa double opprsite verniers read-
lass shades over verniera; Sd-inch striding level: gradienterattachment;
ete,  Standarids leather finished.

Coale World, Buckwheat, Price as alwove, $200G 00
This inatrmment without a striding level, . . . . . . ez, =200
i a "

doulle opprsite verniera for vertical eivcle, but with a doolle
vernier between the legs of the standand as in No.o le, page 146, § lowz,  E16.0M

nts of
i1 ATe
1EA5UrgImenis

adrur
I pe
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No. 1 d.

dg made by U, L, Berger & Rons

Tachymeter,
For =ize aml particulars ol thils instrument see pages 142145,

N 14, as in enat, graduation of horizental eivele on solid silver, opposite verniers
repding to 207; graduation of vertical are on solid silver, verniers reading to minutes;
glass shades over verniers; detachable reading zlasses for both circles, 114-inch tele-
seope showing objects inverted, power 27 diameters; S4-ineh striding level; pradienter
a wires: et Standards leather findshed.,

attachment; tixed stad

Code Word, Bumelin. Frice, as above, $312.00
Wo, 14, as in eut above, and as deseribed under No, 1d “Boamelia®™ bot with full

vertical circle protected by an aluminum guard as shown in No. 1« ga 1410,

Cixle Word, Burton, e, BE2 1M

This instrament without n detachable reading glass to the vertical areg, [

MoTe.— For a description of the stridimg level, its use and ad justment, see page 6.
and the detachahle reading glasses, as shown above, can be attached only to our transita of the aboy
tion; we cannot attach them to instruments already made.

Jsueay, *)
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the bripod-

e Fully cone
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adlela abmigt 1 Ths. to the
atruments of this size ar
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in order to make tise stemdinesa of

2
L]
u
g
£
B
=
8

= disadvantages =l

For finer instruments see types emamer:

graduate in

Tha

This increase of size 1wt o

r on account of the greater

We do not

divided so finely.

ik,

=5 alarger leveling baze than s vsoal with those of the same sie

scTEws Tequir
to 20’ direct.

ef in an imstrument of this class,

o ba Targx

8

sypected from such an instrume

e ik s box s also more complicated,
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ding as it does only
‘of accurate and easy reading when

artalle on the shoul

1.
evelin
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ed acou
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B
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E
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Patented.,

trument of this ki

ith the increa
ering an ins

but remders it at the same fima

Z screws,®

oy
head. The packing of an instrement with three

i
aldered belore ord

MoTE, — An Instroment of this size with three lewel

provided with foar levelin

* For mors information on this polet see page 35,

to read to 10''; the A1 fnch circle being too small

the tripod correspond w
ated under iransit No. 51, ele.

wedphi ol the t

Tachymeter.,
With three Leveling Berews and Shifting Center.

No. 1 f, as imcut. Graduation of horlzgontal elrele on solid silver, opposite ver
piers reading to 207 ; graduation of § inch vertical are on solid sliver, verniers reading
to minutes ;) glass shades over verniers 5 detacholile reqiling glaszes for horizontal
elrele § 11Linch telescope showing objects inverted, power 27 diameters ; 6-inch apirit
'-E-_i"i"'l parallel to telesoopse ; 3% inch striding level ; gradienter attachment : fixed stadia
wires, ete, Soaulards leather-finished. rice, s above, $322,00

Far size and varticalars of this iostrument. as well as for Extras see PAEES Taa-145.
Fur adbuztmen

Transverse striding-level resting on special collars see page go.

Comle word  Burdocl,
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Tachymeter,

For size and particulars of the above instroments, as well as for extras, see pp. 142-145.

No. 1 goas incut, Bame as No. 1, bur having a s-ineh (ol vertical eirele with twao
double opposite vernlers reading to mdnutes, and two reading-glasses (6 s vertieal
circle.

Code Word, Buttercup. Price as above, $352,00

IS, 1
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Engineers’ Transit No. 1 m.
With Yoke Standards and Wye-Bearings. Without Compass.
For Triangulation, General Congtruction, Tunnel and all classes of Underground Waork.

In the Transit illusteated on opposite page the yoke-shaped standard frame carrying
the wye-beari-zs for the telescope's axis of !I'("’\-‘I-ll-ll-'_i-'H'ln- is cast in one peece, .'l_nd its form,
heing of superior design, is such as to give reat upright and lateral stilfness, with compara-
tive lightness in weight. This fact, coupled with the desire to have an instrument free
From the deferts so often noticed in the Transits enumerated under Nos. 1 and 2,
e, with compasses where the necessary lateral rigidity of the standards must be obtained
by the peculiar conically-shaped pivot ends of the telescope’s axis of revolution, at the
expense of aceuracy, led us to adopt the evlindrical form of pivols resting in wye
bewrings, to ensure 2 true motion of the telescope in the  vertical plane, (one that is
free from any deflection of the line of sight eaused by wabbling in bearings loose from
wear and Interal stewind,  Tothis Transit the telescope reverses only through the standard,
as usnal, the aim being bo furnish a Transit most eminently fitted for the highest class
of enginesring work of all kinds, but at & cost lower than those enumerated later on under
Triangulation Transita.  In this instrument the wye-bearings are well protected from
dast and water. The main plate level is placed in the center of the upper plate, where
it is entirely protected by the base of the standard frame and by the aid of a special guard,
and where it ean easily be read from both sides.  The upper surface of the vernier plate
is slanting downwards, and the vernier openings are l‘:liﬁi'd] above the surface, and special
channels are provided, so that water will run off immediately. The Yoke standard frame
will be leather-finished, In this, as in all other instruments, the fine appearance and
general character depends principally on simplicity of design, conpled with fine work-
uusuship, and a high state of efliciency of every part, Uther parts that cannot easily
b finished and lacquered in the neal — bot mostly antiguated —manner, ave therafors
alsa leather-finizhed, Thiz is in line with good taste and medern thoneght and im-
provements, to enable 12 to anite as many pieces as possible to secure great stability
anil steadiness nnder all conditions in order to arrive at guick and thoroughly reliable
resiltsE, :

Transit No. 1 m, as in cub (for size, weight and particulars, see Transit No. 1,
puge 1440 gpraduation of horizontal eircle on aolid silver, double opposite verniers
repiling to 5075 graduation of S-inch vertical cirele on solid silver, double vernier
reading lo minutes; aluminum guard to vertical circle; glass shades over verniers;
FH-ineh erecting Gelescope with 13-inch aperture; power 24 diameters; long spirit-

lewel ter beleseape; fised stadin wires: ete, Mude to order only.
Price, as above % . " ) . E . . 265,00
Covlle Worid . . . . . " . . 5 < Buxana

This transit can he made with i||1-:-rli|_|,-_f telescape when so ordered: length 12 inches,
clear aperture 1§ inches, power 28 dinmeters. No extra charge.

Hdﬁirﬂl with inverting h']!'.-d'-:llll' alid Lo the Clasiles word ¥ Invert,"
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G i at edge of graduation

Engineers’ Transit No. 1 m,
With Yoke Standards and Wye-Hearings. Without Compaas.

For Triangulation, General Construction, Tunnel and all classes of Underground Waork.

UNELTEEAN
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Surveyors’ Transit No, 1 s,
With Compass, Yoke Standards and Wye-Bearings.

It is well knowo that in Transits with compass (styles Nos. 1,2, 3, 4. 5 and 6) the
strenuth required for the standards to support the teleseope, and to prevent the latter from
shifting laterally in the bearings, is derived mainly from the veroier l!iih! and its compass
ring as a base, from the rigidity of the standards themselves and their width apart, and
last — but most important — from the peculiar shape of the E‘;"I-'Ot'ends of the horizon-
tal axiz of revolution, which latter prevents both of the standards from swaying to and
fro. Ingenious and time-honored as this construction is — being exemplified in many
thousands of instruments — it cannot compare in degree of accuracy with that afforded
when the ends ob the telescope’s axis are of eylindrical form running in wye-hearings, pro-
vided the necessary upright and labersl stiffness can be obbained in the standard frame,
The Yoke standard frame, shown in the eut on opposite page, is of great strength com-
bimed with lightness, and enables to suecessfully mount the telescope’s axis by means
of evlindrical pivots in wye-shaped bearings. The motion of the telescope in the vertical
plane iz therefore entively free from such  defects, as deflection of the lne of sight, ete,,
notieed in the older styles, when cansed by wear and strain.  To obviate this, has heen
the object of imtroducing the voke frame — ecommon in all owr  trisngulation Transits
— but having a compass moanted in the central portion of its base,  With this arrange
ment the surveyor is now placed in possession of an instrument whose chief featiures
have no superior in point of accuracy, fine workmanship and thorough adaptation te his
needs. The telescope reverses through the standards only, The Yoke frame will be
jeather-finished; all other parts will be polished and lacguered,  The whole instroment

has a fine appearance,

Transit No. 15, as in ent (for size, weight and particulars, see Transit No. 1,
page 142); graduation of herizontal eirele on solid silver, double opposite verniers
repaling to panutes; Seinch vertical cirele with one double vernier reading to minutes, at
cve-end ; graduation on solid silver; alnminum guard; glass shades over verniers; 113-inch
ercit telescope with 1-inch aperture, power 24 diameters, long spirit-level to telescope;
fixed stadia wires; 5% -inch magnetic needle with variation plate; ete,

Made to order only.

Price g 2 5 q 2 : i 3 g i ; FIR00L00
Conile Word . . . . . . . . . Buxoia.
Extras to Transit No. 1=,
Horizontal cirele graduated to read to 507, extra % 3 i E = 1000
Py P p W w g w ) ) ) . ) 000

This trans=it can be made with i
clear aperture 13 inches, power 28 dia
If desired with inverting telescope

rerting lelescope when so ordered; Jength 12 inches,
eters,  No extra charpe.
add to the code word « Invert.”

Surveyors’ Transit No., 2 s,

Transit No. 2 s (size, weight and particulars as in No. 2, page 152), but with
Lity whe needle 247 bz variation plate; otherwise with ssme features as for
MNan 1 5 above.

Muade to orvder only.

Price ) . . , . . a P : " § . 300,00
Caonle Word . 7 . : . § i . . Buylis.

This instrument with inverting telescope, add to the code word * Invert.”

For prices of solar attachments, ele,, see pages 154 to 157
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H

Surveyors’ Transit No. 1 s,
With Compass, Yoke Standards and Wye-Bearings,

{Above Instrament is shown with inverting telescope, )

]

e

=Ly, 3
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5:" ENGINEERS' AND SURVEYORS' TRANSIT.

The essentinl features of this transit are like those enumerated nnder I";!"L i,
page 142, with the exception of size and weight., We strongly 1'&-1.“'1.““'-_&‘"'1 it for
nse where a lighter instrument is desirable for land surveying, railroad, mining and
underground work, ete., of all kinds and where a graduation reading direct to single
minutes and to 30 and 20 by estimation is preferred, Every part is made with great
care and the aperture, focal length and power of telescape are properly related to each
other and to the size of plate to make thiz a very compact, portable and aceurate transit.®

Complete Transit Size No. 2. Asin eut (see opposite page ), bat with
vernicrs b J_BD‘:' to line of sight {unless ordered to be at #07), SPRCIFICATIONS:—
Horvizontal cirele 5i=ineh (at edge of graduation), graduated on heavy inlaid
ring of solid silver, double opposite verniers _rem_li:i: to minutes, two rows of
figures 0 to 200 in opposite directiong; fisures inclined in the direction verniers
ghould be resd; verniers at 307 to line of sight.
Vertical are B-inch, graduated on solid silver, double verniers read to minutes.
Telescope 105 -inch, objects erect, + aperture 114 inch, power 18 dia.
Stadia wires, fixed, in ratio 1:100,
spirit level 5-inceh, with clamp and tangent screw o telescope,
Plate levels of standard length and very sensitive,
Magnetic needle 33~ edge-bar form having no index error,
Shifting center, to set instrument exactly over a given point,
Punch mark on top of teleseope, toenalle to center the transit from a point above.
Standards leatherized (see page 11}
Full length split-leg tripod.
The Mahogany case hasa leather strap, hooks, ete. It eontains a sun-shade, a wrench,
a serew-driver, an adjustable plumb-bob, a magnifying glass, an adjusting pin, and
weighs about T 1hs,
Welght of transit abont 10 1bs, ; weight of tripod from O (o 9% 1be,
Gross welght of transit packed securely for shipment in two boxes, about 55 1bs.

Codde Word Calypso. Price, $24.3.00

] Transit No. 2 asin Calypas but without solid silver, graduations silvered.
Closle Word Calixa, Price, $228.00
Transit No, 2 as in Calypso bat withouot vertical are (see No. 1 a, page 1441
Code Word Calamus, FPrice $223.00
Transit Mo, 2 asin Calypso Lut withoot level, clamp, tangent screw, arc
ar stadin wires te izlescope (see cut Flain Transit No. 1, page 143 ).
Code Word Caladivm., Frice S1940.00

Extras to Complete Transit No. 2,

Standarda polished and lacguered (no leather finish), Extra e GE i uE
S-inch full vertiesl cirelson place of arc), graduation on solid silver, double vernder

between leps of standard reading Lo minotes, with aluminum guard {as in cot, page 155) . B
Gradienter attachment . . . . . . . . . . .

B5.00

500
OiEeiting arrangement woeraboemm M Hp A & MM OBE OGR W ® & T
Bhort Focus Lens (see pp. 108, o). One paie i . : f i d i F 16,00
Variation Plate, 1o set off all declinations E. ar W. . i 2 ¥ : z u 100,04
Cravenette hoodd (heavy, gives good provection); Silk (light, not waterproof), each ., 100
Bottle of fine watch-oil, to lubncate the center, ete,, of transiy % : RS E 035

* For close atadia work, Transit telescope slze No. 1, with its longer focal length and higher power, will
T bt suited for that purpose,  Butin all cases where greater lightness and porabiliy and wihere anly peneral
greod results in stadia work, as obtained with a less powerful telescape, will be degmed satisfactory, ize Mo, 2
shoald be chosen. We canoot put a telescope of the size described under Mo, 1 upon a Transit size o, 3,

fAn Inverting Telescope of 17," aperture, 100, inches ]ong and with a power of 22 din. cang
be supplied with the above transits in place of the n-g:llartremmg one at no additional cost, bet the jp.
strument mast be made 1o order.  This wlescope i3 parbcularly well adapred for stadia work.
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No, 2,
{51 in. at edge of gradustion).

G=inch Complete Engineers’ and Surveyors’ Transit.
Faor size, welght, particalars and extras of this instramenl see oppasile page,

Transit No. 2, as alreawdy deseribed on opppsite page — Calypso —and as shown
above, but with verniers at 307 to line of sight (unless ordered to be at 00%), grad-
nations on selid silver, fixed stadin wires,

Code word, Calypso. Price $243,00
(For code words for Extras and changes from Cnlypsa,
son pages 1O, I and F of complete eode at back )

Nore —Ii verniers are desired at 90° to line of sight, as in cnr above, the instrument
must be made specially, —no extra charge,

=MLY, *1
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The Surveyors' Solar Attachment.

Flaced on the side of the transit it permits the wmain telescope to e reversed through
thie stamdards at all times,

Our Surveyor’s Solar Attachment, or meridian finder, iz in principle like Pear-
gon'a (made by us heretofore), not requiring computation, but inswead of the lens-bar
it hasa small telescope with d-inch apertore and 6 inches foeal length, This telescope
is provided with a detachable prism and colored glass for the eve-piece, and also a plain
eolored glass for use with the main, or selar telescope, and our customary solar square
as in figure KK, page 126,

Thiz solar attaches by means of a gerew to the end of the erosz-axis of the transit
telescope on the side of the clawp and tangent-serew, as shown in the ent, and when
not in wse can be again readily detached from the instroment proper. It has no dec-
lination arc.  The declination of the sun, and the latitude of the place of observation
are both scet by the vertical cirele of the transit.  All settings for position, viz., that
of the polar axks for latitade, that is, for eoincidence with the zero warks of the vertical
circle and verniers, and the seiting of the declination, are secured by two spirit levels
placed upon the polar axis and upon the solar telescope, as will e seen in the ent,
The degree of precision attainable and the ease of manipulation in the use of this
attachment iz commensnrate with that of our engineers’ and surveyors’ transit.

Tor determing troe meridian at any hour nis’a day, it i only neceassary that the
declination and refraction of the sun on that particnlar day and hour be known to the
observer, and that the polar axis be rajseld precisely to the co-latituile of the place of
abservation.

By the use of our Latitude Level (also attaching to the cross-axis at the side
of the vertical civele, as shown in the second cut), not requiring a reading of the ver-
tical circle for every setting of the polar axis for latitude except onee in a day, obser-
vations can be made repeatedly with apeed and accuracy, With the declination and
refraction of the sun previouzly worked out for the varions hours of a day, observa-
tions can be made nearly as fast as a needle can be read of the surveyor's compass.

A coneise deseription of both attachments will be found in onr manonal.  The ae-
eompanying ilustrations of the solar attachment represent them as applied to transits
Fo. 1 and Ko, 2, Of all the different kinds in use, we believe it to be the most
eflicient, Owing to its position at the side of the transit, it can be easily
manipulated. The adjustments are few and simple, and need (o be verified only
from time to time; besides, they can be readily proved and perfected, being similar to
those in the transit.

Weight of this Solar attachment i2 1 1, that of the Iatitwde level about § 1h
Itoth are packel in o separate box of mahogany provided with a shoulder strap,
and can also by packed in the box with the instroment.

Price of Solar attachment, as above, with connterpoise, prism with colorved
glassed aud additional eoloved glass toapply to the telescope of the transit to
ohseryve the sun's altitude, in order b apply the correction for refraction in

gular transit worlk, F85.00

Price of Iatituwide Jevel, as alave, | * . ‘ g . F 15.00)
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C.L BERGER & SONS,

Surveyvors' Solar Attachment,

Shown ns applied to a Transit with Solar Attachment,
I can he placed only upon Tranziiz Mo, 1,

Worm.-The surveyors' solar attachment and oor latimde Jewve
Nao, 2, and Mo, &, and then only when ordered with the instrument.

‘1
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The Berger Solar Attachment and wop Telescope

Combined.
Attachable to Tramsits, Sizes 1, 2 and 3, having a Full Yertieal Circle
For U. 5. Deputy Surveyors, Surveyors and Mining Engineers.

This Solar Attachment and Top Telescope combined may be used either ns a first
class solar in aarface surveying for determining werldian, or as a first class anxiliary
o telescope in undergronnd work when oljects eannot be seen with the main tele-
geope.  The solar telescope being longer and more powerful than heretofore, permits
it. to b also nsed for mine work, and as its horizontal axis s provided with our
patented Iateral aljustment # (gee cuts a, @ on right-hand side of illustration), we are
enabled to place its line of collimation so traly above that of the main telescope as to
be exactly in the same vertical plane, and therefore this auxilinry telescope can ba
depended npon to the same extent as those of our resular Mining Transits,

As nosolar attachment, or meridian finder, it ia in prineiple like Pearsons’ and that
formerly made by us (see cut page 57), not requiring eomputation ; buat instead of the
lema har, or small telegeope. 1 it is now eonstructed with a telescope of one-inch aperture
and six-inch foeal length, provided with a diagonal eye-piece, coloved glass aml wires
arranged in a aguare, as shown on next page and descriled on pages Gda and 168,

This solar attachment fastens by means of a gerew to the crods axis of the transit
telescope, It has no declination are,  The declination of the sun and the co-latitnde
of the place of observation are both set off by the vertical civele of the transit. Al
settings for position, viz, that of the polar axis, to be truly at vight angles to line of
srht of main telescope and the setting of the declination, are secured by the spirit
level attached to the solar teleseope, The degree of precision ad simplicity of manipa-
lation attained thereby is cominensurate with that of our Engineers' Transit.

To determine froe meridinn at any hour of the day it i only necessary that the
declination awld refraction of the sun on that particular day and hour be known to the
obgerver, and that the polar axis be raised procisely to the eo-latitde of the place of
obaervation.  The adjustments are few and simple, and need to be verified only from
time to time ; Desides, they can be readily verified. being similar to those in the transit
proper.

Latitiule and transit oleervations can also be made with this auxiliary telescope
when the sun'a altitnde 2 too high for observations with the main telescope, in 'LEE
game manner ag deseribed on page 108 for our Interchangeable Anxiliary Telescope
atyle 1.

Thiz golare attachment and top telescope combined can be readily attached or de-
tached Trom the transit without altering itz aljustioents,  When detached the tran:it
is then =imply an ordinary complete Engineers’ and surveyors' Transit,

By the use of onr Latitade Level §fastening to the cross axis at the gide of toae
vertical cirele, see cat) not pequiring a reading of the vertieal eirele for every setting
of the polar axis for latitmde exeept onee in o day, observations can be made repeatedly
with gpeal aml aecuracey,  Dndesd, with the declination and refraction of the sun pre=-
viously worked ont for the varions howes of the day, observations ean be made nearly
as fazt as a needle of the surveyor’s compass can be repd. A concise description and
use of hoth attachments will be foand in the Manoal,

The weight of the selar attachment sl top teleseope combined is 1 1k, , with coun-

Qe Words orroise, 2 ls that of the katitade level aboae ' b, Both ace sevewed into the in-

Lura

anthus

centra

strumment box,

Price of Solar Attachment and Top Telescope Combined,
as abwve, eomplete with connterpoise, prism sl coloved glazs, | A $70;0‘]

Price of Solar Attachment with Small Telescope, non-

adjustable laterally as generally aupplied for solar work alone, and
withont counterpaoise,$ bt with prism amd eolored elazs, o 5 X SRR 1]
Price of Latitude Level, as moeot, £ 4 2 . ; . H15.00
*ikher telescapde =olars of similar design as heretofore made may be ot from b4 to % from the cen-

ter of the main telescape, and then of course there must be a divergence of the lines of siglit of both te
inwvelving errors 0 that ameant.

T The honor of Arst conceiving the dea of applying a small telescope in place of the lens har and of using
;1 sparit ;..-- | for the accurate setting of the polar axis, belongs 10 Mr. . L. Berger, of this firm. See Cata
ppue of 1878, i

3 This [asitude Jevel can alan be used Tor grades and distance measurements, ete, Tt will be found ta form
a very iiedul adjuncy to the Engineers” Transit, evgn without the solar atachment,

410 ks mar atrictly necessary to counterpaise the smaller solar atachment in order to obiain good wark
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JI=ULY, %)

[Ee—

Che Berger Solar Attachment and Top Telescope Combined.

. Instrument with Solar Attachment rexdy for an observation.
Eve end view of Solar Attachment showing patent lateral adji " 4 .
¥ b Ii i £ jestment 1o enable us to place
Salar Telesoopa exactly in same vertical plane with the main one, to seTve as ';up 'I'\l'll.u;c(:u;l.:

TS

in mine work.
Shows Solar Telescope used as Top Telescope i mine work,

, Latitude Level, i ordesed, for use with Solar Attachmend.
B, b Wire DMaphragm n Solar Telescope, soe page 168,

!:-:'5
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Davis' Patent Solar Attachment.

This invention is destined to supersede all other solar attachments, being by far
the moal gecwrle, the most simple, and the cheapest in uze, The z2un cbservations are
made with the instrument’s telescope divect, whereby greater range and power are
secured, and limiting the adjustmentz to those common to the instrument proper
itzelf. It can be attached toany engioneers’ and surveyors' transit which has o ;:U_ﬂd
vertical are or full vertieal elrele. A great many have been placed on our t:‘l'uuﬁltn
{gizes Nos. 1, 2, 3 and occasionally on No. 4, for the use of U. 8 Deputy Survey-
ors, and others having oecasion to do =olar work. : ;

However, as its manipulation involves a few mathematical caleulations, differing
somewhat from ordinary 2olar attachments, we advise our patrons to carefully read
pages 73 and 75, ete., of manual, where a full description will be found.

The serecn, shown in Fig. 2, can he applied with erecting and inverting tele-
geopes,  In making an observation with an erecting telescope the full aperture of
the object glass is utilized, but with an inverting telescope it most e limited
to about 1 oor 3¢ inch diameter to get the wires sharply defined on the sereen. To
this end the telescope cap is provided with a central opening, permitting of such an
adjustment, which may e closed entively when not in use.

Attachments shown in Figs, 53 and 4 are for divect obaervation when the sun's
altitude does not redquirs the screen. These latter attachments ave now made by us
in a manner superior to those shown in these cut2 on opposite page, They are
mounted as in Fig. 5, upon a feame, readily attachable to the aye-pioes by means of
a clamp, which can be clamped in any position most convenbent for the observer,
To bring the colorel glasses or the prism before the peep-hole of the eve-plece, it ig
ooly necassary to revolve them, henee they can be used in mpil succession. It will
he seen that these solar attachments are easy to manipulate, and therefore must
insura hetier results than heretofore obtainable with mechanical deviees of any
other kind,

Price of Solar Sereen as in Figs. 1 and 2, A L I S6.00

“ Prism and Colored Glasses, see Figs, 3 and 4, but of improved

maunting, as in Fig. 5, . 2 : : g ) a i 12,00

“ Bolar Beveen with improved prism and colored glasses combined, 15,00

If wa attach the sereen to instroments which are sent to us for that purpose, we
must make an extra charge of $4.00.  In such cases the telescope should be sent to
uz,

S arn.
C. L. Berger & Sons' Patent Inelined Square.

Far Sun flservations with Davis' Patent Solar Attachment.

This device eansists of four additional wires forming an inclined square of equal sides placed at an angle of
457 with the usual cross wires, and equi-distant from the Jatter’s point of intersection in the Survevor's Transit
T?::|:$-r.<l|_'w. Fhe space contained within this square, as will be seen in the greatly enlarped Figures g and a, is
slightly smaller than the sun’s disc; thus an cbservation of the sen for position cam be made by simply setting
the e lescope by means of the angent screws until the foue sepments, Termed by the Lilack lines against the bright
dise of the sun, are of equal size.  In this manner the sun's disc can be beiter bizeeted, as when it must be
quarte red by the cross lines abone — bat, if desbred, bith methads can be a plied s a check upon each ather
_ The arrangement of the wires in the inclined 2quats is i B0 way confusing, as it keeps the cross and S-I:-;dia
wires distinctly apart for the regular work of the transar, and, in rapid work, is A help to distinguish the
horiznntal from the s1adia wires, as shoan above, which cannot be said «f the erect square H ==a]sg Fatented, —
shawn on the page illustrating the various sighting wire diaphragms, Part [ ;

I"rlicq of Pateut Inclined Square, bt only, wkea eedeved with the instrument, extra . | FRT)
f al=n provided with S2adia Wires, as in i, H ¥ 1:“0
with cross and stadia wires lor instruments of other make 10,

] " i
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Davis® Patent Solar Attachment.

Fig. 5.

. L. Berger & Sons” Improved Prism and Colored Glass Attach-
ment for Solar Observations.

{For Code Words for Prisms, IMavis Solar Screen and Inclined Square
see page ' of complete code at back),

VISUALL], )
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THE 52" MOUNTAIN TRANSIT.

This instrument i3 of the same size and in other respects similar to tl:llﬂrt d_ES'_:"ibB‘d
under Transit size No. 2, bot being intended for use in mountainons regions,it is pro-
vided with an extension tripod to adapt it to suddenly changing grades, and in order
to facilitate the reading of the verniers without stepping aside the latter are placed at
an angle of 30° to line of gicht.  This trausit hasa full vertical circle protected by
an alumioum guard,  [ts work is as acenrate as that of larger transits of ita class,

Mountain Transit No. 3. As in cut shown on opposite page, but without
Idavis Bolar Screen. SPECIFICATIONS i—

Horizontal circle 5l=ineh | at edge of graduation ), gradoated on heavy inlaid
ring of s0lid silver, double opposite verniers read to miouteg, two rows of
figures 0 ta 360 in opposite directions; fisures inelined in the direction verniers
should be read; verniers at 307 to line of sight.

Yertical cirele S-inch, gradeated on solid silver, donble verniers read to minutes,

Telescope 10 -inch, objects erect,* aperture 1% inch, power 18 dia.

Staddin wires, ixed, in ratio 1:106.

Spirit level 5-inch, with clamp amnd tangent screw to telescope,

Pllat.v. levels of standard length anl very sensitive.

Gradienter attachment.

Marnetic needle 35" edge-bar form having no index error.

Shifting center, to set instrament exactly over & given point.

Punch mark cn top of telescope, to enable to center the transit from a poiot above,

Stamdards leatherized (zee page 11,

Extension tripaol.

The Mahogany cazse bas a leatherstrap, hooks, ete, It containg a sun-shade, a wrench,

a serew-driver, an adjustable plumb-bob, a magnifying glass, an adjusting pin, and

weighs ahont 7 he,

Weight of transit about 10 1hs, ; weight of extension tripod from 9 to 111 lbs.
Giross weight of transit packed securely for shipwent in two boxes, about 56 lbs.

Code word Forsyvthin., Price, $2060.040

A reduction of S15.00 can be made if graduations are noet on aolid silver,

Extras to Mountain Transit No, 3,

OMsetting arrangement, . ’ ‘ : ; s . . : i &.00
Variation Plate, adapted for all declinations B, or W, . 4 . 3 10,040
Quick leveling attachment (see manual), . . . . . . 15,04}
Full length split-leg tripod, for use with trapsit in ordinary practice {sse Note) 10,50
Plain I*rism, t with colored glass, for observing the sun's altitnde (fie, 1), .00
Improved Prism, with colored glasses, for observing the sun’s altitude (fig. 5), 12.00
Davis' Bolar Attachments, screen with improved prism mounting (p. 157), 18,141
Berger's Solar attachment (pp. 154 and 155), . i . 3 i a T0.TH)

e Latitude Level attachment, = : i i - 3 F 15 1m0
Bhort Focus Lens Attachment (see paces 118, 160}, Ona pair, . ; 2 16, 00
Leather Cover over caze arranged to be strapped to the saddle of a horae, 1300

s g b * as above with shonlder straps, 5 ; , : 1500
Cravenette hood (heavy. gives good proteetion); silk (light, not waterproof), each 1.00
Bottle of fine watch oil, for the centers of translt, ¢ : 3 . . .35

Hore.— Althaagh the extension tripad is very slender and about 2 1bs. heavier than our regular tripad, it
superiarity for mauntain work is very apparent,  Stll, for eral practice, it is desirable to have the regular
trinod, giving greater steadiness and increased accuracy, 1t will be advantapecus to order bath kinds.

11 willl be observed that in the cut the verniers of the horizontal circleare placed at an angle of 33 to the line
of gight as in our Mining Transits, l'Il_u_s ada?«ing’ the instrument toe the work in 8 wsuninoos country. Om
the ather hand this change in the position of the verniers requires the level in front of the telescope to he
carried beyend the limit of the plate in order to be of standard length and character, and although fully
tected in it3 partially exposed pesition [rom injury, by an i|n|\r\ut‘u§gnl:ﬁd surrpunding it, it is, ng\.-grth:!gsl
sabiject to slight rl."ll.l.ﬂj:eiall'l adjustment, as when compared with one mounted a5 shown in Transit Mo, = where
veralers are placed at 4o 1o the telescope. I all cases where this change in the pesition of the verniers is not
deemed of sufficient importance, we advise 10 order our Transit No, 2. 4 small striding level, illusirated in
Transit No. 14, can alzo be placed upon the telescope axis at an extra cost of Brs.00. »

* Ao Inverting Telescope of 11" aperture, 100 inches long and with
can be supplied with the above transit in place af the regular Lverevu::lir.;]; e a-:.‘ o :ll"ldfi: ili:"':l:;‘;('}m{ qu?il?.e
imatrurient mast be made to arder.  This telescope is particelarly well adapted for stadia work., '

t Im 2 mountaknias coantry, it frequently happens that & transit must b 3 in pl chere it |
fremely difficult to get standing room to take bath back and ~ With the 2id of a prism, attachod bo
the eye-piece, all thia can be done from the side of :;i ir::rrm?::erﬁ.mhml Wi nr; prii ncied o
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0. L. BERGER & S0NS,

No. 3.

Sli-in at edge of gralastion.)

Mountain Transit No. 3.

{Bmhuewn with Solar =ereen Attae et ®

For sige, weight, particulars and extras of Chis instroment see opposite page.

Code Word (without sereen), Forsythin. Price $260.00

{For code words for Extras and changes from Forsythia,
see pages G, F and G of complete code at back. )

* For deacription of this Solar Attachment see page 73 of the Manual, and for illus-
tration and prices see pages 150 and 157,

T
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The 4%“ Mountain and Mining Transit.

For those desiring a Transit smaller than the & L Mountaln Transit just described
and illastrated under No. 3. bat lareer than our Transit No. & (pages 160, 161), we fur-
nish this one in size and weight between the two. With this exception the instru-
ment is like oar Transit Now &, as will be seen by comparing the cuts. It has com-
ponnd centers.  With careful use, necessary only on acount of its lichtness,* it is
capable of very aeeurate results.  Uwing to the short focal length and high power of
the teleseape we strongly recommend the inverting Kind, although an erectingt one
can be supplied to order, Instrument packed to stand upright in carrying case.

Transit No. 41;

APECTFICATIONS : —

Horizontal cirele 4 '3 ineh, gradosted on heavy inlald ring of solid silver, double opposite
yerniors reading to minutes, two rows of figures 4 to 36 in opposite directions, figares in-
climedd im thie ditection verniers shionld be rend, vernbers at 52 to line of slght.

Vertical cirele d-inch grodunted on =olid silver, doable verniers reading to minutes,

Telesvope 5 24 -ineh, oljects invertingt apertare 1 ig inch, pewer 18 dis.

Gtndia wires, fixed, (o ratio 1: 100

splvit level 4-inel, with elamp amd tangent serew telesengee.

Plate levels oth of standard length and very sensitive,

Mugnetic peedle Sinch edge-bar form having oo index ecror,

Slifting center, to el nstriment exnetly over a given poink -

miark on bep of telascope, to enable to center the translt from a point above.

r findsh.
Extenshon tripod
The Malogany case hus a leather sirap, hooks, ete. Tt e inz & sun-shade, n wrencl, n sarew-
deiver, an adjnstalle plimb-tob, o mougnilying glass, an wijesting pin, aml weighs about 4 Db,
Weight of transit abont 68 The, ; weight of extension trbpand about B 1ha,
Giross weight of transit packed secorely for shipment in two boxes, nbowt 50 Ibs,

Code word  Grenila. Price, 824 7,00

Exiras to Transit No, 4 1..

Gradienter attashment

. P . " d . F : 2 . . i 500
Varintion plate ot off nll dleclinations 15, or W, 3 i ¥ 3 ; . ) Ak A
FPrisin amil colered elass (plain form only permiszsikle, Fig o, page 157) g i i H OHE
Relector for iluminating the crossawires b 4 i B : F s . 5 &, 0y
Short focus lens, pages LIS, 1489, one g 5 3 ¢ b H i g : . . .50
Edge graduation tor vertival circls, with & double vernler at eve emd, puge W7 b . BRI
Eige grivluation for vertical cirele, with dunble eppasite vernlers, page b . ) 5. 1MF
Fatent interchongeable auxiliary teleseogee, style i.'lmg\e L& & E a i 5 A5
Berger aolar attachment with small teleseope, poge 1 . B 00

gplit-leg tripod in mbdition (o extengion tripal furnished with the transit . % A5
Hracket in b, page 108 & . " " . 3 . u f . f 14,01
Trivels, pupge 16k . . : < A L i ] « & A 4 .
Lateral adjnster, pags 1Eh * - i 2 . i 5 ok i 4 A . PR
Leather cover with shoulder straps o . T 1300
o W withouk * b 1 . L s . = - . . . 1104k
Mol b protect 1 it from roin ol dust C ¥ § 2 ‘ ¥ 1000
Botile of fine watoh oil | : f ; ] i i ; . : T w A A5

® A chief danger may arise from Us excessive lightness, it being apt 1o be overtorned,  Consequently
carelul use is required.  And to further goard against an accident of this kind, we forsksh with this insirument
a heavy extension iripad, such as furnished with transiis size No. % This secures 1o the transit the neces-
sarv great righdity and stability. ; However, when required, we can furnish an extension tripod mig‘ning
7 Wb omly {price being the same), in plaoe of the g4 1 tripod, or in addition if desired lor special purpones,
W ean alan furnish the stiffer ;|'-Iil.-|eg tripod weighing only 7% Ibs. in place of the extension tripod. This
we recommend very strongly whenever applicable.

T Mot infrequently we are asked to make the telescope of this instrument te show ohjecis erect, Thia
cannot be done to satiddaction, singe it i5 impossible o make so amall an erecting elescope that will have
the necessary power for pood work and be at the same fime of good quality. FI: seems that in all such
cases the mierest of our [riends will be best guarded if they will order Transit No. 2 or 65, as coming nearest
1o the deslred gnd. I'I.:.'l.-i.rl. l:h:lsan:ql.uimm{ our frignds with this fact, we would add that we are prepared 1o
carry oot their wighes n this respeer, if they are willing 1o sacrifice the higher power, greater light and
sharper defimition of the inverting telescope for the erecting.
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C. L. BERGER & SONS,

No, 4%

(4% dn. at edge of graduation)

Complete
Mountain and Mining Transit.

For slze nnd parthealars of this instrument, = well as for Extras, see opposite page,

Code word, Genilas Price, 2474000

VUL, SO
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The 4" Mountain,
Mining and Reconnoissance Transit.

Thae smallest Transit smade by us.

The cut represents a complete transit of this class, in every respect similar to our En-
gineers’ and Snrveyors large transits No. 1 and ¥o. 2, except in size and weight, The
verniers of the horizontal circle are placed at 35° to line of sight, unleas ordered to be
at 90°, when the transit must be specially made. The instrument has compound centers
and is as cavefully male as the larger ones, and with careful use, necessary only on ac-
count of its great lightness,® eapable of very aconrate results.  For use in mines, moun-
tains and for explorers, travelers and for preliminary work of all kinds, as well as (o
fill in details, it is especially adapted. Owing to the small size of teleseope and hizgh
powir, we supply the inverting kind  The instroment is packed lying down.

Tl‘i’lnﬁut No. 4 SPECIFICATIONS : —

Haorizontal cirele $-ineh, gradoated on heavy inlaid ﬁn;i} of solid =ilver. donble opposite
verniers reading to minutes, two rows of fgures 0 to 360 in epposzite direations, ﬁg‘urea in-
olimed in the divestion verniers should be resd, verniers at 36 to line of sight,

Vertionl cirele d-ineh groduated on solid silver, double varniers reading to minutes,

Teleseaps 7o -Ineh, abjects invertingt aperturs 144 inch, power 18 dia.

stailia wires, fixed, in vatio 1:100

=mpirit level d-imeh, with elamp and tangent serew to telescopa.

l‘?ﬂ.h& levels hath of standard length nhﬁ very sensitive.

Magnethe needle 2'-..-il'|<‘ll edge-tar form aving no imdex &rror.

Shifting center, to set instrument ﬁxacﬂ{ over & given point, :

Funch mark on tep of telescope, to enable to center the transit from a point ahove,

Stanidards metnl fAnish.

Extension tripamwl.

The Mahogany case has a leather strap, hooks, ate, Tk conlains o sun-shade, o wreneh, a seraw-
driver, no adjustable plumbebob, & mognifying glass, an pdjusting pin, and weighs about 4 1bs.

Weight of transit about 5 [ba, ; welght of extension tripod about § 1=

Gross welght of transit packed securely for shipment in two boxes, about 45 Ihs,

Code word Crenista. Price, 824700

Mountain, Mining and R. Transit No. 4,22 above, bat
with arc only in place of full vertical circle and guard,

Code word, Gialanthas. Price, $238.00

Extras to Transit No. 4.

Gradienter attachment . . . .,
Variation plate to set off all declinatlon: E.orw, , . | |
Frivm and colored glass iplaln form only permissible, Fig, 3, page 157
EReflector for {lnminating thea crossrires . 3 ¥

Short forus lens, pagea 113, 16, one & . > s , 5 % i
Edge gradustlon for vertieal civcle, with & doulle vernier at eve end, page 167
Edge gradustion for vertleal cirele, with double opposite vernlers, page 167 b
FPatent interchangeable anxilary telescope, style 1, page 166 . i
Berger solar attachment with small talescope, pare 154 i " 2
Bplit-leg tripod in mbdition to extension tripod Tarnished with the transit
Brm—lmfiu hox, page 108, o R R T R )
Trivets, page 1k | e i . i a . H > e . - # %
Lauteral adjnqter.]pnfn 16Dk i 3 d Y A i i : 3 :
Ih:u sh

RN i

Leather cover wit oulder straps . : i % ;

g * withont e ; i y i
Hood to protect tranalt from raln and dust ] &
Buottle of fine wateholl . ., . .

s .
g

A4 chiel danger may anse from ils excessive lightness, it being apt to be averturned.
careful ws= is :\_equE::e_d_ And ta farther guard agnins.tgacc&lenat of thii I:I:nd, we farmish w':th tlﬂzrrns:ﬁmu;::g
a heavy extension triped, sach as furnished with transits size No. 2. This secures to the transit (he neces-
sare great rigidity and stabality,  However, when required, we can furnish an extension tripod weighing
(Ve Can alo Fuieb e slr chba 08 Wipend mobotes ooy S I addision, f dtsled.for apeeial parpcaes.

e ripod wei i i i i

we recommend very sivongly whenever Al‘llﬁﬂhﬂ. S0y T e wheg o the cxlchrion wripod - T

t Mot infrequently we are asked to make the telescape of this instrument to show ebjects erect.  This
cannot be done to satisfaction, since it is impassible to make so =mall an erects telescope that will have
the mecessary power for good work and be al the same time of good quality. nft seems that in all sach
cases the interest of our Friends will be best guarded o they will or«fgr Transit No. 2 or 6§, as cominge nearst
Er:;k duisilrif._em:'l_.h }!qvlnﬁ_thus al.'n:p.llifrnl::gl¢ our l'!i.:n.:lja. with thiz fact, we would add that we are prepared 1a

ou Ir wighes 1n this respect, if t arg willi vl i i

sharper definition of the im-erl.ingﬁl.tmopc Iu_:l:lr Ih‘i HL:::?ES-M sl e Mgty pusisy pres e Hlgar i
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C. L. BERGER & SONS,

No. 4

(4 in. at eidge of graduation.)

Instrument
Packed Lying Down

Complete
Mountain, Mining and Reconnoissance Transit.,

Fuor size amd particulnrs of thiz instroment, as well as for Extras, see opposite page.

Code word, Genista, Price, as above, 824 7.00

(For eode words for Extras and changes from Genista,
see pages {1, F aod (x of complete code at back.)
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The 4"
Complete Transit-Theodolite No. 41,

With YVobke Standards and Wye-Bearings,  Without Com pass,
Siwe Az in Nood, page 16k

For trianzulation, filling in details, ete, o secondary triangula=-
tiomn, aleo for explorers, engineers and surveyors where the lueee instroments
deseribed under No, 11, ete., become undesivable on aceount of their size and weizht,

The Yoke Standard frame is of our advanesd pattern, east in o single piece
of almmdnam ® (unless ordered to be of brass composition ), to sain great lateral stiff-
ness, and i3 leatherized,  The inverting telescope can be reversed over the bearings by
turning the npper covers aside, and also in the wsaal way throngh the standards,  The
grauduation of the horizontal eirele and its verniers ane protected by glass,

It dlonble oppuosite verniers are desired for the vertical cirele the figares will then
run from O-4-0and back (as in the regular field instruments), instead of elockwise with
single opposite verniers enumerated below. A level s attached to the vernivr arm
{instend of to the teloseope as in Xo. 4), This instroment will be wade with three lev-
eling sevews only anl packed lying down in its carrying case,

DMagle Lo order only.

Complete Transit-Theodolite No. £ by, as in cut on oppesite page,
SPECIFICATIONS: —

Horvizontal cirele d=ineh (at edge of gradustion), graduated on heavy inlaid
ring of solid silver, single oppesite verniers read 1o minutez, one row of lizures
Ak to B0 verniera at 907 to line of sight,
Vertieal ¢ircle d-ineh, grodnated on solid silver, single apposite vernioms rend
to minntes, ong row of firuees 0-800 elockwise (unless orderved ofherwise ),
Compounid centers of bell metal.
Telescope 7 la-inch, objects inverting, aperture 11 ineh, power 15 dia.
Stalin wires, fixed, o ratio 1:100
Spivit level 25 =ineh, with reversible elam
Striding level rests ot pointa of contact in wyes,
Reading glasses to horizontal and vertical circles,
Plate levels borh of standard length and very sensitive,
ﬁhifﬂ"w center, to set instrument exactly overa given palnt,
Punch mark on tops of telescope, to enable to conter the tmansit from apoint above,
Standards leatheriaed (see page 115
Extension tripoal,
The Mahogany case has a leather strap, hooks, ete, It containg a sun-shade, a wrench
a serew-driver, an adjustable plomb-lol, o magnifying slass, an adjusting pin, aoul
weizhs about 7 1ba ) '
Weight of transit about 5 lbs: weight of extension teipod 0 s,
Giross weight of transit packed securely for shipiment in two hoxes, about 50 Ls,

wil tamgent serew to vernber sro.

Price of Small Complete Transit-Theodolite No, 4b, as de-

soribed above aod shown in et (with extra vertical wives if desived  for stellarob-
SETVALTON )

Code word, Chorastis. R 5000

Extras to Transit No. 4b.

Caomponamd centers made of steel running in sockets of cast iron 2o inswee Treest motion with

O e e L e . w00
h with reversible ¢lamp and tangent screw o telescape [see cut Mo, 4.0 1o ad-

L wermier arm shown in the opposite cat R < * I3 . H LR

il volared glass @ Figo g page 100 A 3 s X E . i : Ho My

Split-leg tripod in addition 19 extension wipod later fomiched wish treassich A 1.

Leather cover with shoulder siraps i ; 3 ¥ Z 4 7 i I. : 12,50

™ * without * E o GEE OE 1 P 1050

Mol 10 protect transit from rain ged duose : . 5 z F . : 2 : T

Bottle of wntcls oll A R ¥ i F [ R . a5

* IF desired, the Usshaped stamilard frame can be made of brss, weighing about 1 1h,
wore, no extra charge. I instrument is o be used near salt water, brass will prove
more durable for this standand frame, as alowinum and iis alluys are apt to be alfected
Ty salt water, snline al alkaline vapors apd lguids,
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C. L. BERGER & S0ONS,

No, 4h.

{4 in. at edpe of graduation.)

Small
Complete Transit-Theodolite No. 4b.

For aize and particulars of this instroment, ns well as for extras, see opposite page.

Code word Gorastis, Price, as above, $315.00
Made to order only,

Fuor eode words for Extras and changes from Gorastis
see pages Iy (& and H of complete code at back. )

For a transit of a similar deseription but with a 443<inch horizontal cirele
2 ¥
Madle ta arder anly.

sep next page,
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4" Complete Mine Transit No. 4k.
With Yoke Standards and Wye-Bearings. Without Compass.

For use whers Transits sizes No. 2, 3 and @ are consldered too heavy and No. 4 and 4 b
o Light in welght,

The Transit shown in the cut on opposite page Is best fitted for underground work
on account of its fully enclosed vertical circle.  However, with a change from this lat-
ter type to any of our open forms of vertical cirele, such as described and illustrated
on pages 147, 161, 167 and 167d, this instrument is egqually well ar,rll::fted for engineer-
ing and surveying work of all kinds, and its price will be correspondingly lower.

The Yoke standand frame carrying the Wye-bearings, combined with the larger hor-
izontal circle, is of a type permitting of the placing of the plate levels of standard
length and character, in a manner more satisfactory than in the 4-inch Transit No. 4
described and illustrated on pages 180 and 161,  This frame s of aluminam, and being
cast in a single piece, gives great lateral stiffness to the telescope and its attachments
and is leatherized or japanned as we deem it best.  If desired, this frame can be fur-
nished in brass, when the weight of the instroment will be increased about one poand.
If the front plate level is desired to be in the center of the Yoke standards, as shown
in the cut of the Engineers’ Transit No, 1m, then the height of the Yoke frame is
therehy raised !4-inch and the external shape of the latter will be like that illostrated
in Now 4 Iy Transit.  The telescope reverses through the standards as usoal,

Instead of three leveling serews, this instrument can have four, when a reduoe-
tion of 10,00 will be made from the price given below.

Made 1o order only.

Complete Mine Transit No. 4Kk. asin cot, with three leveling serews.

SPECIFICATIONS : —

Horizontal cirele 4'-inch (at edge of graduation), graduoated on heayy inlaid ring of solid
gilver; doulls -:l].'u;u.lxil.e vernisars mmfztu minutes, TWo Tows of ugum{ﬁn 6D in opposite direes
tll‘-':'éu; Egurr-ilinehuml in the direction veronlers shonld be read, verniers at 307 to H:m of sight,
glass coversd,

Vertical circle d-inch, fully enclosed, e duation on selid silver, gplasgs covers
double oppsoesite varnluafﬂnd [ mjnur.r.u,:;uml from 0-Ho0 and back, & M

Dretachalile r\ﬂll.l'“'ﬂ.ﬁ Iasses with refactors for herizonial and vertieal clreles,

gn!mp-unml Tu-'li'l.lvpru. pl] metal,

‘wlesenps 7lo-ineh, objects inverted, apesrture 1Y -neh, power 18 dis.

Stadla wires, fixed, in ratio 1 100, il oy

Epirit level 415 ; wWith clnmp and tangent serew to telescopn,

Flate levels of standard length and very sensitive,

Gradisnter attachment.

Ehifting center, to set instrument exactly over a given point,

Punch mark on top of telescope, to enable te eenter the troneit from o polnt abova,

Iluminator shmde.

Extension tripad,

Instrument packed to =tand upright in carrying cnse,
The I'Illﬂil"gﬂ-ﬂj' ense has a leather strap, hooks, ele. 1t contains n sun-shade, 8 wrench, & sorew-

driver, an adjustable plumb-bob, & magnifying gluss, an adjusting pin, and welghs about 5 s,

Welght of transit about 5 1ha ;) weight of teipad about 9 The,
Griss weight of transit packed securely for shipment in two boxes, about 45 1ba.

Code word, Grallus. Price, 336,00

This transit with an open face graduation to the vertical circle
with double opposite ¥erniers shown on page 147, but without reading glasses,

Code word, Gromla, Price, $316.00
Extras to Transit No, 4k,

Center of stoel running in sockets of cast iron, insuring freest motion with perfect fit | 3 LR T
Biriding Il'l-'l‘]_'restmg at poinis of coniact in wyes as in Moo 1 (applicable only when there is
na Style 1interchangeable telescope ordered for this instrument) . 4 5 2t i
Level nnd spring tangent screw to vernier frame for the contrel of vertical angles as in
Mo ab, inoplaee of the level to the teleseoapae, no extra charge,

L

Level anid spring tangent serew to vernier frame in addition o fixed level to telescope, 10,00
Solar attachment with small tlescope as on e 154 but with counterpoise 2 & & . G0
Prism and colored glase (only plain form, Fig, 5, page gy, permissible) , . . . . S0k
Shart focus lens, pages 118, 16, one i G % B 3 2 3 A . L . .Gk
Fatent interchangealide auxiliary telescope, sople 1, page 1650 % = s i i . A%k
Split-leg tripod in addition 10 exlension tripod furnished with Em framsit . . . . . 1850
Eruvket in box, page 165 . i s A . 5 i H 5 . M . a s a 14.0HF
Trivets, |u|it_- LI . . P g . a . . . [ . . . . ;:
Lateral adjnster and trivet combined for Oiree beveling screw " 1 :
Lealher cover with shoalder straps . 3 i G L] : 5 .s" pIFE ::b:qb 5 4 . i w 1% :.':g
= withoat 1 ] + . . . s B a : . 5 B . 1l.oo
Harinl 1nﬁpmn:¢: transit from raimamddust . . . . . . . . . . . 1.00
Boitle of fine watch oil . rL B x &  ia b e 4 .36

o !
* The post to which the auxiliary telescope attaches to the main telescope is shown in cuts but thi 1i
not furnished with instrament unless the interchangeable anxiliary :e!eauupemrdgmd with the transit, T
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C. L. BERGER & S0ONS,

No. 4k

(‘:I'_}‘; i at edge of graduation)

Putented.

Complete Mine Transit, No. 4k
With edge gradaatien and tally enclosed vertical circle.

For usze in Mines and Tunnels.

Alao for ]5ri|,1g-,- and Topographic work, ete., when provided with our open form

vertival cirele,

(For a front wiew of this instrament ses celored illustration

Faor slze, welght, particalors aml extvas of this instrument, see opposite page.

Code word, Grallus.
(Fnr eode words for Extras to Gralloas,
sen pAgEs F and H of complete code at back.)

Price, $336G,00

YOk

[



(For Code woids for Micing Transite No. 6, 6 and @ [ and Extras enumerated on this page see pages G' F, H ond 1 of eompinte aisde st back.)

152

Mining Transits.

Al of the foregeing instruments, parficulerly No. 2 and No, 4 we recommend for
general underground work.  (The latter ipstruments chiefly on aceount of their greater
portabillty and lightness.) The telascope may be either inverting or erect, and may
have a prism attachable to the ordinary erecting or inverting eye-piece to facilitate
sighting in inclined shafts. We frequently attach to the crossaxis a side telescope,
awinging free of the plates, of nearly the same length and power, which permitz of
vertical sighting up or down a shaft (see cut p. 164, also pp. 104 to 106).  We also furnish
atiached above and parallel with the line of sight of the main telescope of Nos. 4, 5§ and
6, another one of shorter length and lesser power mounted on a central pillar firmly
secured by means of & threaded stud to the cross-axis of the main telescope, as in Style
II; or cast on, as in Style L {Ses interchangeabla auxiliary teleacope, pp. 166, 168,
aleo pp. 106, 107.)

This Intter telescope, which of necessity is of lesser power as compared with our
regular sida telescope, will in most eases be deemed sufficient, as sights in mines are
ghort.  Its power varies from 8 to 15 diameters, according as the telescope is erecting or
inverting.  We are, however, prepared to mount one of same length as our regular aide
telescope in cases where a complete revolution of eross-axis is not :ﬂ*uf_-quirfyclg.l-1 In our
improved style No, I1, the top telascope can be truly set parallel with the line of sight of
the main telescope by means of adjusting screws, It will be seen that vertical sighting
up or down a shaft can be done with ease and ascuracy, and this latest device has nearly
all the advantages of a telescope mounted on inelined standards with none of its faults,,
and is second only toour Universal Duplex Mining Traneit, in so far as it entails the use
of an auxiliary telescope of lesser power. When not in use the auxiliary telescope may
be removed at will and stored in the box.  In style IT, the central pillar may be left on
the instruoment or talen off at pleasare,  In the [atter case only the stem for the coun-
terpolse on the under side of the telescops remains attached. Botin Style I, which we
now strongly recommend, the central stem ia permanent, a5 explained above, As will be
@sen by reference to the description and cuts of this device, pp. 108, 107 and 165, the
anxiliary telescope can also be readily attached to the end of the cross-axis of our
Mining Transits No. 4 and No, 6 when it becomes a side telescope, The ready interchange-
abality from top te side makes the awxiliary telescope one of the most desirable additions to a Mining Transit,

To avaid errora in reading cardinal prodnts, the compass ring is figured from 02 o 3607, the same as the
horizontal cirche,  Mining instruments ghoald have large vernier openings 1o admit of as much light as poss
sible, and all graduations should be on solid silver,  For the luminatnon of the crossawires, a small reflector
is sometimes placed in 1J_1t cenire l.!:I' the cr\clss—axi:} of the Ltlescrﬂ:e of our :Iarg_\er instruments : but as in the
amaller telescopes much light is being cut out by its use, we prefer to attach a reflector shade 1|.|| front of the
ahject glass, The tripod is provided with three adjustable lega to permit of ratsing or lowering the instru-
ment In cramped places,

No. 5. Mining Transit, — Dimensicns as in No. 1 (unusnal large size);
rraduations on selid silver; ¥ verniers reading o minuales are prooided with grovad gless
shurdes ; Selnck full vertical civele; spivit-level, clomp and langent serews fo lelescope @
extension fripod, ete. Price, $253.00,

No, 6. Mining Transit. — Dimengions as in No, 2 (eostomary size) )
graduations on selid silver; * verniers resding fo winufes are provided with grownd
gloss shades ; S-incl full verticed cirele ; apivit-level, clomp and tangent scréw to fele-
goope ; exbension tripod, efe, Price, 255040,

A wedustion af Figoo qeld fe seds F Pe pradueiions ave rof on salff sifoer.

Extras to Mining Transits Nos. 4, G, amnd 7.

Striding bevel (for description and Hlustration, see P 65, 145, and 178) N N - % x « 20,00
Stadin wires, fived 2 : 7 ) . & X " 3 F . E . & & z E 200
Disappearing croms amd stadia wires [or erecting telescopes (pp. liaa) Patented = i A 800
Gradienter attachment for Mos. Sand 6 4 E ¥ ” . ' A i a . . 5,00
Fivesinch vertical circle provided with double opposite verniers (see p, 147) A 2 1 % 2 20,00
Edge F“lﬁlli“- IJ lor wvertical circle with & dovble vemnler at eye-end, which is glass-covered, as in
cur . . b it o . k f . s . .y B Rl
Sdige graduation for vertical circle with double opposite vemiers (p 1678 . . . ¢x1r: ﬁ.ﬂﬂ
Patent short focus lens {pp, 116, 1689, Fig. 11D, g . No.1,#850; No.2, #8505 Moz, 1 and 2 1608
RBeflector lor illominating the cross-wires 5 g i % X 3 = 7 5y 3 _ AL
Aluminum guard to vertical cirche 5 a . & i i g : h 2 H i : i 4.0
Frism, attachable 1o eye-plece . i 5 E; ; K i F N i & & z =00
Dietachahle side telescops with counterpoise (. 164) z A , I k g g 5 # > 2500
Fatent intgrchangeable avsiliary telescope. Style [, described on p. 107 and shown on p. 167, of :
superlor construction ; strongly advise it in place of Style 11 F 4 2 . i e 45 o
Patent adjustable and interchangeable auxiliary welescope.” Style 11, p, 165 v . R 5 : F0LK
Patent eguatorial adapier for solar observations, siriding level, prism with colored glass, and dia-
phragm with square of coarse wires (p. 165) z 7 2 i E ? ] 3 = 5 = B0 ()
Arrangement for offsctting at rightangles totelescope . . . . ., . . 5,0H
H"mu leveling attachment for sice Mo, 4, #5000; (o5 3ll other sizes e
all-length triped . e 2 - : 2 _ 2 T wouy ® i#ﬁ
Extra extension triped i el I . P T : N £ e B E: A
" oplitleg tripad (500 note 10 oo @) & L % ° P T B g A « 1950
Plummet lamp (large sieey . . . T a8 R S YA = 16.60
I _: 5 'I“ islrlrlill sized . . . i i i : e : ik i : ¥ s & lg::‘l;
racket in hox, with atrap, . . . . Y ) . - .
Trivet (ser page HE) r'll. ﬂ'-'h:“-l an;-j I..-.r-.-rll"u, I, on o lidgh . . B ¥ A i . - 16 (4
Plambing device for carrying a e dow, 5 " nE, & SRl e A W A
L [imnl Aﬁwm”;'h ﬁ;m eld m:- a 51:Ill. rp.-. 16 :.E-J. a,a..Hm:_-.-.. h; ]-i.r.llﬂ | : . . I
Large plumb bob, weight 4 Ibs., for use in shats ., - o8 2 + . Hdw
itle ol fine watch oi TR R T TR o 2 o lwa 4n g B DA @ I'.""';'
Silk bag, ta cover transit . E i i . A U Fon o e . 0.35
Leather case for Na. 4, with or withou, shoulder straps . 5 5 = . ¥ . .  Jno L
“'N el f%rh?'ﬁl.-l 6, with ar without shoubder straps ; & H 3 = ! 2 # 15 00 :g ié‘ﬁ
OTR, — abjecl prism, 2z somerimes wied to enable steep sig. T - d r bl i ’
wbesgope, is not enumerated here for reasons staled on . ﬂ_e sigativg in mines with the tranak
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Dlaphragm showing ar-
rangement of wires as used
with our mine transits, to
distinguish center horizon-
tal wire from stadia wires,
to avoid mistakes.

Patented.

Complete Mining Transit,

With detachabile Side Talescope and Keflector for illuminating cross wires,
X ) Asmade by . L. Berger & Bons.
Bize as in Nos, 5, 6 and ¥. For price and atlachments ses page 162,

NoTe.— The side telescope was formerly the more customary attachment to mining transits, It can pe
readily attached or detached from the instrument praper. It can be of the same length as the main Lelesonpe
when g0 ordered, but it i3 waeal with ws fo make it an inch or so shorter, 1o keep it ag light as possible, and
save weight in the counterpaise.  When the side tElE.'\c':lpld and its counterpoise are attached to the transverse
axis, they halance each other, and therefore e adjustment of the line of collimation of the main telescope is
not diswirbed in the vertical plane. The weight of the side telescope and its counterpoise is about o b, for
each.

The side telescope shiown above is now almost whaolly superseded since the introduction of the siyle T
interchangeahle telescope, see page 1bca; inasmuch as the side felemcugpe requires an offsel or correction
when used for measuring horizontal angles inaccessible 10 the main telescope.

An instrament baving its ront level placed a8 shown abave miglt be avcompanied by a 5|r';r;i-"§ tevel For
best resclts in steep sighting if instramen: has no pest for artaching a top auxiliary t=lescope.

Al onr transits are provided with a fine ponch-mark on top of telescope to enalile
to center instrument from a point aliove as well as from below,

' @Yo



EPatented.

Style 11,
With Adjustable Trivet,

Complete Mining Transit,

with €. L, Berger & Sons' Patent Adjustable Anxilinry Top Telescope, which iz made
Irvtere liangenble for wse on the side (Style 11).

Rize as in Nos, 5, 0 and 7,

page 162,

MoTe, = The Fact that this anxiliary telescops, though batendod chisfly for the measurement of lorizontal
anzlea bn ateep mincs, can also be uied a= & =ide telescope [or measuri g veriical angles, ehviating the mecess
sity of corrections foF eceeniricity in either case, we feel, will be a|'-||'-r|.-- tated by the :‘|1i|'-i1|5 Enrgineer, who
under irying circumstances in the mine must have often felt the e

For reasens stated on page of g, &
a striding level canme

For general description, price and attachments zee
For full deseription aml adjustments see pages 106 and 107,

§od just such an secessory.

truding level might be ordered, bot as with this style of transit
applied, we can F||.||_|_l ingtead a revolving eross level on the man telescope, near
the eye end, which will perform the function ol a striding lewel, controlling the line of collimation of tle
welescnpe ina vertical plane when best resulis in very steep sighting are desined,
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Patentad.

With =tyle 1, Interchangeable Anx-

iliary Telescope.

Slze as in Nos, 5, &, and 7. Fora general descrips-
tlon for Style 1, elc,, see pages 105-108. For
price and altachments, page 162,

yrm. — With the addition of th

rchangeable auxil-
5, with

cult engineering prable:
a wery sumple and (b ulis « e are & Aol rdll
as those in surface work — with itg aid all s ts im the verti-
cal plang are possible where the main telescope will fail, and
the wertical and borfzomial angles can be measured withe-
ot an ofset or tipns lor excentricity caused by the
distance of the auxiliary telescope from the main telescope.
i Fi .|'n:_ d F ¥, wlen Jirife SRCeune SRacs

A ke mvada B ofe avker weasmring fore-
r>-m'...!.|' angles, to gplace the awrifiory feleicope on dog, and
ikea fhe Emang  comdilioRs r‘p-'.*.vl."." fn measnrrng verdival
argiis, e place i on the rrfr,

When the auxiliary telescope is detached, the transit is
just as serviceable for 2urface work as any other.

For use of the auxiliary teleacope for asronomical obs
servations, see page sof.  For finding meridian with it aid
and the use of the solar equatorial adapier, see pages 64 and
168,

All onr transits are provided with a fine punch mark on top of telescope to enable to center
instrument from a point ahove as well as from below,

e b e e



The Berger Patent Mine Tachymeter No. 4 and No. 6
With Style T Patent Interchangeable Auxil

Fer Mindug Transits, sizes & and G, pages ol m":}-&
L, ¥

ry Telescope (pages sof amld 167
For price of iestrument and exivar see pages

semient of instrument sh wet for auxiliary telescope, and a reflecto

harizontal
o1 b seen
on with the

Il.u. or meTis
casowell as for time

ced parallel with the
hed only when the =ola

wires indicating center for -u;1d.;| -.~|r v, for
ﬂrll:,,l.l'llt L of wires as shown «

Fig. . Le: |I.I-tr ase Ml'll =
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Fig. 10, 2tyle I, auxiliary telescope withstriding
level mounted oo solar equaterial adnpter
when making meridinn obsprvations (paga
18}, Duriug cbservations striding level i3 re-
maved,

Fig 12 Plambng Device A pnd B for carrving a

5 ridiadi or surface line down & shatt by the

wline method.*  Fig. 14

ateral adjuster ntt

£ rmooany bed wpssm 1t

en line., For deser

SURILIIILLE

tar tripodd with
ging transit un
wand met luod of

1
|

Fig, 14. 2lows i
carrying a line down inte th | 1

of the plumbing devices and lateral adjuster,

# For valuable s stipns in earrylng oot the

perfection of tli vies wa are indebeed o Mr,

{7, H. Potter, M. E., of Butte, Mont.

SRR

F

.

|l|'\-'|f£

| ! s

l [

EORTEATR

VTEETICAL BECTION THEOUGH SHAFT
14

The Berger Patent Mine Tachymeter.

amtinuation.)



Magmnolia
Marigold

1 auxiliary telescopes.

-]

inom
ing

ode Words.
Transit No. 61, a3 enumerated %o sucerting main and anxiliary telescopes
]ﬂ.",,' IMAT AN

hut with erect

Ly

Magnol

(Telescopes will be elther both inverting or both erect
(For Extras soe pages F and H of complete eole ot back),

Abeve lustrument |31 A8

Mining

166
Complete Mining Transit No. 6D, without Compass,

SBhown with our Patent Interchangeable Anziliary Telescope, Siyle I.
(See pages 106 and mog.) 5 .

Rezponding to many aolicitations to make for mines containing magnetic ore,
or an electric plant, & transit similar in style and aceuracy to our No. 11 (see page
180}, we have designed the instrument illustrated on oppozite page. It is light,
poriable, aud of the same size as ouwr Nos, 4, 2 and 6 transis ; but, owing to the
omission of the compass, the standards are cast in a single piece, affording greater
lateral stiffuess, with increased capability to withstapd rough treatment. It is
adapted to all the eomplex conditions prevailing in underground work, and is very
gimple in style and manipulation. It possesses all the advantages, as regards
accuracy of division, highest permissible telescopic power, and sensitive spirit-
levels of larger instruoments.  With the interchangeable auxiliary telescope added
for use in steep sighting, either on top or oo the side of the main telescope, as
redquired, it bocomes a most capable instrument for correctly solving what would
otherwise require special instrument2 and methods, When the auxiliary telescope
Iz detached, it iz just as applicable to the common work in the mine or on the
surface as our regular engineers’ and minlog tranzits N o8, 4, 2 and 6,

The Usshaped siamdard frame of the telescope is made of aluminum, covered with a fine darg _I'a.E.h:
nat affected by moisture ; all other parts are fnlshed in the same manner as in our other instruments,
plate-levels * are of our standard character and length, mounted directly upon the upper plate, where they
are easily accessible for the purpose nE_ adjustment and ready observation, and are fully protected from la'lllug
boalbis,  The principal plate-level b directly under the eve-end of the telescope.  The bwo opposite verniers
ol the horizontal circle are in line of sight with the telescope, and are protected from dripping water by ce-
mented glass covers. The circle itself is provided with two Tows of figures from o te 360%, in epposite direc-
tions, with double verniers to correspond to them (unless otherwise ordered),  The wertical circle, with figures
fram o o 180, both ways from pero, has & doulle wermber, 1o enable the observer to read angles of elevation
or depression with equal facility, and is provided with an aluminum protection guard, which carries the ver-
n'ner_:md also serves to readily lﬂ.jl:l.s-l the latter to zere, Dowble apposite verniers can alss be placed on the
wertical circle, whin the figures will ran from o to go” each way and back 1o gero,  The transit has inverting
telesnopes (pmfers etdertoure ordered ), A new and imporant feature of the instrument, which greatly increases
b2 value, is this! t'ie line of collimation of the main telescope is adjusted for distant, very near, and interme-
diate distances, by means of our recently patented device, to a nicety never before antaingd; and no readjust.
ment for near distances is necessary except after a severe acchdent.

The interchangeable auxiliary telescope, doseribed on pages 106 and 107, ia fur-
pighed in two styles.

Style I, illustrated on opposite page, has oo trivet, and is therefore non-adjust-
able, buf it has been 2o muaeh improved that the line of collimation of its principal
wire, which is the vertical one when used as top telescope, and becomes tha hori-
zontal wire when uzed as a zside telescope, lies o nearcly pavallel to that of the
main telescope as Lo be practically correct in mosk eases,

Style IT, with the trivets, can be adjusted =0 that the line of eollimation of both
of -itg wires will be truly parallel to those of the main telescope,  All of the chief
features of this tranzit are protected by letters patent izeued 1o ws,

IPeight of Mining Transit No. 6D | . o 5 : 5 2 R z ’ . . an lba,

*  ausiliary telercope and counterpolse, each 12 oz, . z 2 ¥ 5 : !
exiension Lripnd ; 4 L a " £ T 5 & i 2 : about ¢
instrument in mahegany box, with plumb-tab, sun-shade, reading-glass, etwc., ete, ** 733
Gross weight of instrument complete, packed securaly for shipment in 2 'E(-:zs ; e eml W

No. 6. Mining Transit without Compass, as in eut, with Style L In.
terchangeable Auxiliary Tolescope. Horizontal and vertieal cireles, S inches; solid silver
graduations reading 1o minutes; ground glass shades ; 5-ineh level Lo telescope;
2 plata levels; inverting telescope, 10 inches long by 13-inch aperture; (if erecting,
93 by 1% inches); powers, 24 diameters; inverting anxiliary teleseope 6584 by 1 inch
aperters; (if erecting, T by 1 inch); fixed stadia wires; gradienter; 2 illomin-
nator shades; extension tripod, ote. Price, complete as above, 833500

Price, with double opposite verpiers to vertical circle, extra, & 65,00
T o prism attachment 1o eye-piece o 5.4

£ “ quick-leveling  attachment ) 10 (i

H # style I1, auxillary teleseope in place of style 1. & 26,00
withowt stvle T, anxiliary telescops less, 45.00

e with one illuminator shade only for main telescope " 4.00

* To place these levels helow the upper plate and within the space formed by it and the graduated circle,
as ks the practice bn some Instruments of minor grads and in seme Surveyors' compasses, has the great dizad.
vantage of partly obscuring them from view, and that such bevels are too small in dinmeter and length to be
reliable and are apt 1o :_:-'nsc their adjustment, and that they cannot be reached in case of required treatment
E}“Itht' mes] El':uuﬂlllhlll'l'!ldlm are :Ihﬂi the two large openings required in the upper plate of a transit to afford
A el view, weaken the Latter to cuch an extent as to Jeapararze e sbability of fhe ke
Bhe permanency of the adiusiments defendy in case ér‘ wﬂ-‘ B freatpens. > of T ARG P o Wi

ur Interchangealile auxiliary teleseope, heing of the most substantial eonstrucliomn
aml vharicter, may alse bhe used for finding meridian and latitode whes direst
observations cannaet be made with the main telescope, See page 108,
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Counterpoise. ATl Melsrane:

Style L.
MNon=

Jomplete Mining Transit, No. 6 D,
With Patent Interchangeabls Anxiliary Telescope (Style L)
A= mada by 0. L. Berger & Sons.

adjustable, .

LI
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?..-.E Complete Wet-Mine Transit No. 6H, without Compass.
E--—' Fuor aole use nndergronnd.

EE Shaown with our Patent Interchangeable Auxiliary Telescope, Siyle 1.

This Transit is of same size and has the same characteristic features described
under Mo, 6D, pages 106-T, with this difference, however, that it is specially de-
shoned (o meet the more exacting requircments existing in wet mines, with the object
of fully protecting the horizontal and vertical civeles from dripping water, and also to
o certain extent from the action of fumes ol gases, if used e coal-mines.  To this
el the upper surface of the vernier plate of the horizontal l.'in.'lll.' is slanting down-
* * grarid, the vernier openings arve raised above the surfoaee, and specinl channels are pro-

vidial 5o that the water will run off immediately.  The same can be swid of the verti-
o+ eal eirele, ns will be seen in the illustration on oppesite page. In order to more fully
protect the main plate level from accidents, and 1o favilitate its reading from either
gide of the instrament in the dark, it has been placed just below the teleszope in the
center of the upper plate, awd s fally protected by o gunard.  The yoke standard
frame has therefore been remodeled, and like its profotype Neo 6I, page 1467, is of
g our west advaneod design o thiz line, combining lightness with strength, beanty and
ceneral adaptation to poor artificial lighe, The verniers are so placed that ne shadow
can full on and interfere with the reauding of them in a faint | t. and the eolor of
the japannel yole stamlard frame, ag well as the caging surronnding the vertieal cirele
anl the npper horizoneal plate, s very light — almost whire — enamel, so a2 10 make
the ipsteament and i3 varions parte more easily distingnishable in the dark to pre-
vent aecidents,
e Chwing to the lmited distanee between the atandands and the larger space oecupied
by e wholly encased vertical cirele, ne stride or revolving eroas-devel can be applied
to this insirument,  The plate level in the center, however, is one of sufficient | 2mrth
amil sensitiveness to inswre o full contreol of  he motion of the line of collimation in
the vertical plane,  The only 1Iim-ll.:unagv in having the p!:m- level fn the center is
that the standards must be raiscd o livtle more than ape-half of an inch, which makes
the instrmment this amount higher than ¥e. 60, and therefore less compact to that
extent, O the other hand the greater height of the standards enables often to read
ateeper vertical ansles direet with the main telescope and thus often obviates the use
of the auxiliavy telescope,  The whole instrument, however, is so0 bailt and the alumi-
num yoke atanidard frame so strong that it is perfectly steady, and noticeably so for an
instrument woed goderground.  No water can come in contact with the vertical cirele
or verniers as they are completely enclosed in a casing resembling a dise in form,
thereby allowing all water to trickle off while in use, but when the instrument is carried
o1 the tripedl or in hand itshould be so held that the front surface of the vertical circla
is tilted slightly upward.

Owing o the solid disc-casing this inatmment is not adapted to surface work where a
atrong wind pressure has te be contended with, inasmnch as the large exposed surface of
the dize {which eannot be of open formn, would be conducive tovibrations of the instru-
ment and great liability, in o strong wind, to being blown over. It is in this particular
only that this instrament is inferior 1o Mining sl Mo, 6D, which mtter has Leen
dusigned for srface and mine work, and has the open form of vertieal cirele to prr-
mit of a free paasase of 4irenrrents (o prevent accidents amd insuree the grearest nmonn
of steadiness and freedom from annoy ing vibrations.
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Made to orider only,
No, GH Complete Wel=-Mine Transit withont Compass, asin ont, bt
baving only one donble vernier to vertical cirele ag eve end, with Style T, Interchange-
able Auxilinry Telescope.  Horvizontal and vertieal eivcles, 6 inches; solid gilver grad-
uations reuding to minutes; gronnd gl shades: edge gradualion for vertical cirele
fully encased: S-ineh devel to telescope ; 2 plate-levels ; inverting telescope, 10 inelies
long by 13-inch aperture; (if erecting, 94 by 11 inches); powers, 24 dinmeters: ipe
verting anxilinry telescope, 65 by 1 ineh aperture ; {if erecting, T by 1 inch); tixed
stadin wives ; gradienter; 2 illaminator shades : extension tripuonl, ote, :
i e, complete s aluove, 360,00
I*rice, with double opposite verniers o the edge graduations of the vertieal
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Mining Transit No. GH, as ennmerated,

cirele, extra, #F 10,00

“ e Mlat glass covered graduation to vertical eirele (in place of cdee
graduation) with donble vernier at eve einl asshown on p, 167e 260,00

u ¢ fak glass eovered graduation w vertical eivele (in place of e
graubuation y bt wit b two doulsle OPpsite verniers, see page 17e S00,060
o withent style L auxiliary telescope less, 15,010
e «o o wtyle Loauxiliary telescope bt with provision for same, o 2500
e with one illominator shade only for main teleseope u 4.0

Fur other Fxtms see page 162,

¥ beleccope, heing of the mast snbstantial
3 =eal Fore flaaling wveridinn and Btitode wihen
e with the mamin teleseoge,  See page 10H.

NOTE. —imir Tntercl
o=t rn i sl eluaring
Adireet al=crvations o




Complete Wet-Mine Transit. No. 611

For Price and Deseription see page 167X,
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Different Types of Vertical Ares and Circles
for Mine Transits.

The regular ares and vertical circles shown 1 the Engineer’s and Surveyor's Tran-
#its No. 1h, page 145, No. 1e, ete., commend themselves for their simplieity of style,
accnracy of graduation and ease of reading. The latter feature is particularly well
attained in the above instrinents where the double veruiers nre situated between the legs of the
standard, where they are well protected from injury and ean be read simultznesusly with the level
attached helow,

In mines and underground work, where often the Transit must be set up in eramped places
and on stages erected in shafts, the difficulty of reading the vertieal verniers withont stepping aside,
of without =hifting the lorizontal plate, becomes apparent, To lmprove thess conditions amd in
arder to obtaln compaetness the vertieal are in the older types of instroments, nsel extensively in
tha roal mines of Pannsylvania, iz permanently gerewed to the slde of the standand, 1t is of larger
dlwneter, and |lf_1‘=~ & mavihlae vernier arm.  In other types the verniers are placed nt the sides, a8
exemplified in No. 64, page 167, ete., or the gradoations are pluweed on the r~|11|_'n of the vertical ole-
cle, which lntter type embodies, however, a great deal of mechanices] refinament

_ Allof theze types have ndvantages and Jdizadvantages, and therefore should e chosen simply
witha view to attain highest efficlency of an instrument intended for special work, 1t will ]|:|.r|I]I‘_r
he comprendible to put the most refined style of vertleal cirele (requiring o more eareful treaf-
nient—not to speak of itz attendant greatar cost to make nnd keop it repaith upon an instrament
intemded for the more erdinary purposes, while in ehanged conditions all these refinements muy
becotie necessary to obtaln maxinum eficieney under trylng EFTES T 2

. To enable to make the proper selection for the varlous instruments the different styles are
given below, .

n=ial but 1= e se
racy. 1L differs
in that it is s
tar the stan
veroler arm e
aml elamped to the cross o
telezeogse i any position, enabling to
readd verel anglez, plug o minus
Cram El imontnl plane to ahout S
Far G 3 1l a8 to read o
angles between any two points, when
g the vernder nrm ab 0 for
dnt and then painting the tela-
s al seeand polnt the angele can ba
Fesd Troom O of graslaation,

This are ean be attachad, without extra cost, to any Transit of size and style No.
1 and No. 2, in place of a regular are enumerated with instroment. Mode to onder only.
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Code Word.
Eleusine,

Movable Are.
[Iibenbed,
This i=am imp
ine Penn i

oF tlie tale-
I thit tha
el with

Code 'Word,
Elodine,

enn he

I to the varnier frame snd therafors,
o the st i

teleseope is in reversed posis

s prarts of |:||i-l:'|p_:1 i, Bovwavar, more canigelieatad

i iz ot only : X [RHIESEVE Lo s Ut is morg
the Pennaylvania are or the regular are (page 1455 1ixed
I bor dbrdler only.

the 2
E'rice exira (above price enumerated for regular are) . . . A T

witl
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Edge Graduation for Vertical Cirele
v.nh One Double Vernier at
E

Cole Waord,
Heliot rope,

In the [|'|_:|-\.i'
with @ fuall y
the angles r|-.|n I|

il work provided
il 1o resiual

thit s

anly,

]'I"i:l'l.L ol Edge-Grraduation, as
shown in cut, with doable ver
nier at eve-end, glass covered,
(extra over price of Transits
Nos. 4, 5ond 6, enumerated

+f the Made t-.r{lr'-d-r

with regular full vertical civele) $35.00
Price extra aver price of instru-
ment N, Gl u : . e (Patented,)

| Code Word,
Edge Graddunation (g Hepatica.
for Vertical Circle |
with Twao ]}nnl:—!t-
H]]pl]ﬁlhkl erniers

(Patented.)

Made to order only.

Price of Edge Graduation, With two double oppasite verniers, glass cov-
ered, fextra over price of Transzits Nos. 4, 5 and 6, coumerated
with regular full vertical eircle) . : 3 . : E 2 . Bdh

Price extra for No, Gd . . . . . . ) \ . T

(Patented.)

Berger Reading Glass and
Reflector with connter-
pise, for edoe graduation
Price, 510040
Same for double opposite ver-
niers . . . . . 1400
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The Fuliy Enclosed Vertical Circle with Edge Graduation.
For Transits nsed only in Mines, Tunnels, ete,
Applicable to Transits No. 4, 6, 6Iy, 6H, and 7.

In distinction
to the apen
frame  foem  af
the protecled
\-er1't.1.l circle
shown i the
foregoing  ilkes-
trations, destgned
to affer the min-
imum resistance
of the expoeed
area of 2 Trnsit ta wind pressureand o pres
vent Ih|."i:.:-|r':||'.'|-='1'|1 fram being blown o er in
2 suTveying, we recommend, where a

2 s amly uﬂrI:Thrl.-und the Tully

Lype Lo protect its gradueations, ns
srizontal circle, from dr
._'|:|1-I 1o o grest [ -;Lu,nl
ing in mines
therefore so -:--n-‘lru\lwl that it forms o shell

the gl wleeted ver-
h can be easily removerd

s yernieT Carrying she
nasng the vertical circle complen:
hat II.II.IU-'I.I:IH i move fredy with the telescope.
waler can penetrate inside this shell at any time w

T,
il pides pxist-
The vernier frame shown in this cut is

g w
l=n from fumes

withut

I-.' In use, mer when carried on its fripod or in band, if

ciution s tken 1o carry the instrument so that s fronl sutlside surfuce is slightly inclined in an upward

direction,

Price of vertieal civele with edge graduation, as in cut, reading to
minutes, but with only one “demble vernier at eye-enil, #llFH-.il'LP!’ni
—extra over price of Transits No. 4, 5 and 6, encnerated with
regular full vertical cirele A ; ' ;

Price, extra over price of Transit No. 61 . . . . .

Price of vertieal cirele with edge graduations as in eut, with fee
donble opposite verniers, reading to minutes, glass-coversd —extrn
over price of Transit No. &4, 53 and G, enumerated with regalar foll ver-
tical cirele . ; i

Pt‘jl:"{', extra, for Transit W o. hl} ® . § o &

Made to order only.

E35.00

25.00

45.00)
35.00

The Fully Enclosed Vertical Circle with the Customary

Face Gradustion.

Faor Transits nsed only in Mines, Tunnels, elc,
Attwclable to Transits Nos, 4, 5, 6, 61, 6H and ¥
'[-|1I|.-|3,|.t the AT ¥
ical rircle s with

[pRiges 147
wwedina shell,

a flat g
and 147
closed ot [N
|'_|I'1|"1 L |.r|_.|._ t il
toa,  from
ele. Inoall

u-~|-~| if dlesi b L
Mude to order l.m'l;h

P rice of vertieal cirele with @ Dt arral-
witiin. as 1w cul, but wilh only one
donihle vernier ateyo-end, glass-coyveped,

& |.||.r||\

exirn over price of Transits Nos. <4,
D 0 ol 7, havine regular full vertical
cirele e Tugre 14 X
l‘rh S enden aver price of Transit
Mo GBI . : - : 1501}
FPrice of vertical civele as in eut, with
teen dlonlile pesile verniers, pliss
COTET

extra over price of Transits Nos, 4, 5, 6 and 7, having regular

full vertical eirele, | : . 3 , g . . - S LLK)
Price exira for JJ.LH i \lr “]l . . 4 . - w 2 u $25 LRI

Code Words

Hestard
Hestensa

Hestite
Hestinm

Hestmos

Hestnia

Hestolm
Hestrg
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The Open-Frame Protected Vertieal Circle with the Customary
Face Graduation.

ransits used in Surface and Mine Surveying.

Attachable to Transits sizes No.1, 2, 3, 4, 5, 6 and 7.

Faor

The aim of this device, which is
similar 1o that of our glass-protected
edge  praduation w open frame,
age 1t7bh, is o place the same [
hl'ﬂnuul. az regards protection from
dust or water, upsn the vertical rrad-

-nl'll.] |'l. -'-f a graduatio
time compli an Instrumen
and add a littke ig the we tod the upper
Part, Made to order only,

Price of protected vertical cirele
with open frame, as in cut, bt :
with only owe double vernier reading to minutes at eve-enul, glass-covered, see
}I{*I!ul‘nuw e 167h, — extra over '|.-Illr ol J.T".I.II'tI[\ enumerated with full
vertical circle, sive Nos. 1, 2, 4, 5 and G . i E . SO

Price extra over Mining Transit No. 6D . : 4 ; : 7 15.00)

Price of protected vertieal cirele as in cut, wilh fes double opposite verniers, gliss-
covered, —extrn over price of transits Nos. 1, 2, 4, 5, 6 and T, when enum-

erated with a repular full vertical circle, . : : ; : . BL0.00
Price of protected vertical virele with open frame a5 above, extra for Transit
Mo, I . . . . . . . . . . . . A5 .M
Price of reading-glasse= il desired for double o asile verniers, extra LX)

The Level to the Vernier Frame of Protected Vertical Circle.

n, the level s placed unon
., which laiter i Apring

ich the hu

t-lﬂn.,li‘"'l“ ST
readily brou
When pro| ]
the bubble is required to b
of verniers a
d when the I<I-.-il.l.-|-|.
Lhion

aile to order only.,

isin a he

Price of level with tangent serew attached Lo any of the fnm,-gmng protected vertical
circles, extra B £ ¥ 5 s % . “ . . *I 2 AH)

Code words
Hestula

Hesuadil

Hesudra

Hesydo
Hetarda

Cade word

Hetesy

YT
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Stride Levels
Resting on Special Collars between the Standards {pages 142 and 149},
If desired, a stride level resting on special collars between the standards, sa as to
revolve with the telescope, can be attached to Mine Transits Nos, 5 and 6 only, if
! 4
latter are not to be provided with a central post for style 1 or 2 interchangeable
m”;i':‘“r." telescope.  This stride level cannot be attached to any instrument already
madk: — such Transits must | i
t be specially made., Price, extra, $20.00
Ii a atride level of theahove kindis to be attached p
1_!.1 Mine Transits Nos, &, 6 or 7, having =ivle 1 or 2
interchangeable ausiliary telescope, then the arrange-
menl l.l[ the central post and siride bevel will he as
shown in the annexed cut, shown also on page 171,
Male Lo order anly.

Price, extra, £30,00

Note. — A stride level resting on special |
f‘l.::ll-‘lrﬁ cannol be attached to Transits size |
Nos. <4, GI¥ nor GH.

For adjustment of this stride level of improved
Form, see page 5i.

Patented,

The Revolving Cross-Level for Mine Transits.

Thiz is & very ingenious device to con-
trol the line of collimation of the telescope
at any altitude, in place of the stride-level,
but owing to the limited distance belween
the standards, and the short distance be-
tween them and the vertical cirele, it can be
applied only o our Mine Transits Nos. &
and G: or to No. GI» il latter is provided
with an open vertical circle of siyle shown
on page 167,

Unlike the regular detachable stride-
level, this cross-level is permanently mounted
upon the telescope’s axis of revolution by
meang of two ,-uljust;ﬂ:-h* l.t]l]'if_[]ll.\. Its advan-
tareis that itis revolvabile between its uprights,
and therefore enables to wateh the bubble
in very steep sighting. We recommend it
only in cases where a regular stridelevel
cannot be u|:-[.l|i;"li awing to sl anil !-'1_1-']1‘.‘
of instrument, and where it is o msibered
that seme form of stride-level 15 a necessary
adjunct to a Mine Transit, The adjustment
of this device is somewhat more compli- ;
cated than that of the ordinary stride-level {in mm]‘mrimn with which it 1= also of a some-
what minor degree of accuraey), but by the aid of the instructions given below it can her
made at any time, if required. Made to order only.

Price, #35.00

Pitented.

Coule, Hetiea
Adjustment of the Revolving Cross Level,

¢ crafs devel, Jevel up the instrument approximately, ploace it supmrﬂ.l:lz
dving bevel 1o the center of s tube by the instrument leveling screws,
¢ ihe lateral adjustment of the revalvang level by turning it on itz axis
thiz adjustment is made propery the buobhle will stay in the midd e
Level) by the two capstan-headed screws at the side of the revolving

To make fhe adrest

i1 tigkes,
level.,
Kevalve the telescope 1557 on 1
naot, remave balf the error by the v
caprtan=headed s
simlrneo: i the tebemoapa:
This leing done, dice

croes axis, turn the revalving level Eace up again, and sec if alsa correct. If
ical capstansheaded screws of the revodving level tube and half by the vertical
Ithis latter must be done in order to also adjust the revolving kevel
slutiont and then repeat, if nec EETY,
s elitg arms  ho nial amd alss make the adjustmeny of the !'-'-lll'l'
former ndjustesent by the other pair of cisae-headed soews of the
ecnme 1557 b see i correct, and repeat this adjustment if nevessary,
LAt s well to pepent a1 ke abowe ageeesaban until perfected. When
st make the adjustment of the standards, so that the telescope’s axis
axis nf the instrument: in ather words, that the ne of collimation travel
me and verified hy smply tuming the imstrument 1 of i wertical
by the leveling screws and fhe ofher hnlf by the fasing oF rnw-e-rinu,
g =erews provided onoone of the stanedards,
justment to make, requiring somie patience, and is hesh rerfoirrmed
just as lkely as permanent as that of the plate or & stride-Jevel,

of the verr
it is 0 e
When properly performed
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The Adjustable Center

On Top of Transit Telescopes used Undergronmd.

Our transits are made mechanically so perfect
that the fine puncli-mek provided on the top of the
telescope, to enabl- to center the instrument from a
point above, is seldom more than one to two hun-
dredths of an inch from the true center, without
any oth:» device, and is penerally considered sufli-
cient. But for eases where even this small eccen-
tricity is objected to,in mine and tunnel engineering
of a precise character, we have devised an °
adjustable eenter, as shown in eut, to be altached
Lo the post {or if there is no post, Lo the top of the
telescope’s axis, if same has been originally provided
with a stud to receive it when being made) by means Fabtemted.
of which the center can be adjusted to be correct, enabling to set up the instrument under
a piven point =0 that the prolongation of the vertical axis of revolution of the transit be
truly in line with the plumb-bob hung from a point above, thus leaving nothing to be
desired.—This operation can be very much simplified by the use of our lateral adjuster,
aee page 160h.—When not needed, the adjustable center can be unscrewed and serewed
in the box,  If a top lelescope is to be used, the transit proper should first be sel up
correctly under the riven point.  This done, the adjustable center can be removed and the
top lelescope serewed in its place,  This device onee properly adjusted Lo its transit hy us,
does not require any more attention in the future, unless the instrument should meet
with an acricirnt. such as bending of the standards, or of the telescope’s axis, ete., when
naturally, after it has been repaired, this adjustment of the centering device must again
be made.

Price of adjustable center . . & T W i § . . B350
Code word . - - - . - " a - M « Hetillo
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The Berger Patented Equatorial Adapter

for Finding Meridian.

The above out illustrates our new solar attachment, more fully deseribed on
page Gda of onr manual, attached to the upright post of ourStyle I interchangeable
auxiliary telescope. [ will be seen from these cuts that by introducing the equa-
torial adapter & and the striding level O, the patented interchangeable auxiliary
telescope used with our mining transit ean also be readily converted into a solar
telescope, wherewith, by attaching it to the equatorial adapter, the problem of
finding the meridian at any hour of the day by the sun can be solved readily and
carrectly. The results obtained are more acenrate than by any other solar atiach-
ment of a similar kind, as the teleseops is larger and more powerful iban those
heretofore used.  Ifs position on the instrament, being congiderably ralzed above
tha main telescope, gives it & free motion in aoy divection without iprumbranee,
and Trequently pormits (he sun to be observed withowt the wse or the prism.
Most parts of the adapter arve of aluminum to deereaze the weight, When pot in
uze the adapter is pot attached to the transit. It is =0 substantially constrocted
that the adjustments nead only an oecasional verifieation. The sawe prism and
colored glass attachment accompanying the minlog transit may he uzed. The
patented striding level ean also be used with theanxiliary teleseone, when used as
i siile telescope, tolevel it,. The patented Jdiaphragm Dy, used with our auxiliary
telescope, wher arranged for solar observation, Iz provided with four coarse
crogg=wires equi-distant from the vertical and horizontal erozs-wires as shown in
eut.

We enn furnleh the Equatorial Adepter to nny of our mining trangits * os, 4 and 8, new or
old (if latber is provided with stxle 1 interchangeable auxiliary Telascopa), but it to be
attaehed to an cid instrument ic will be necessary to eend to us the nuxiliney telescope, or the

"L TE
I"'ri.q'elilé.!l 4

vial Adapter, steiding level, priam, 4 fitting both telescopoe with eolored glnas

and gpecial gingle colored { glass, for divect observations . 5 i % . . A E50.00

* Adse applicable to the Surveyor's transit when ordered with the inseroment by providing it

with an sauxiliary telesceps and with the vertical post, both a8 gtewn tu Seyie §, al an extrn ex.
pen=e of : = : a . = 4 . 5 & N 5 % - A : B45.0

1 Hew fgure 3, page 157, 1 Ses figare 4, page 157, i
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The Berger Bracket for Transit or Level.

This bracket is designed for supporting the instroment under conditions when the
use of even our extension tripod is inadmissible, and will be found a valuable auxilinry
for mining work, The instrument can be serewed upon the bracket, a3 ona tripod, and
the transit can be centred above or below a given point,  The bracket ismade of brass.
g0 fashioned as tooffer the greatest rigidity, and i= furnished with an anger and a lever.
Price, One bracket made for Transit No. 4, with four leveling screws in

box, with anger and lever . . . , . . . F14. 00
(me bracket made for Trapsit No. 6, as alove - ) . . 1a. 00k
Every additional bracket extra, for either size ! ) i i LENT]
Price of Bracket as above (but for instraments with three leveling
serews size Mo, 5 and &) with instruoent fastener and lateral motion
packed complete in box with auger, ete. . . . . . . a5, (i)
Price of Bracket for transits with three leveling serews size Mo, 4 and
4% inch . . 24,00

Short Focus Lens Attachment, (For extended deseription see page 1183
The above ent of our wye level and Fig. IT illustrate our patented Focus Lens
Attachment, attachable to the object end of the main telescope, which permits the
focusing of objects nearer than the range of the main telescops will permit.  As a rla
the main telescope can be made only to focus objects five tosix feet distant from
inztrument, These lenses are generally furnished in paire Lens Noo 1 will permit
focusing of objects about 4 fect from instrument.  Lens Mo, 2 will permit foeusing of
objects about 23 feet from instrument ; used together they permit focusing of objects
about two feet from instrument.

The lenses are adjustable to the line of collimation of the main telescope and per-
mit of & high degree of accuracy. They will often prove of great convenience as an
auxiliary to view objects that are too near for obesrving without them. Attachable
to transits Noz. 1, 2, 3, 4, 5, 6, and to our wye and dumpy level,

Price, Lens No. | . p ' . - : p ; ; ; . ER.5D

W i TR B 4 _ : 5 : : 3 . ; : B.50

w Lenses 1 and Fo, 2 . . . . . . . . . 16.00

SI[OPHE

Cawilix Wanrads,
Hibiscns.
Hildine.

Hilgrim.

Hilitos
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FPatented,
The Berger Lateral Adjuster
For Transits with FOUR leveling screws.*
Faor nse on tripods andd trivets,

The Lateral Adjuster shown above iz an attachment, made of brass, separate from
the Engineers’ Transit and its tripad, Tt serews to the tripod and then the instrment
ig serewed on top of it. It is designed 1o range the line of sisht of a Transit after
it has Leen leveled up, quickly and aceurately onto a given line which may be indi-
citid by the plumbing wires A and B in a shaft, as shown in a graphical manner on
page Midk, or onto a line given by any two station points in a tunnel or in sorface
work, without disturbing the position of the level bubbles,

Being primarily intended for underground work the indicator wheel of the feed
BCTEW luay serve as an aid in moving the instroment a requirved distance in the dark
in ratio of hbundredehs and thonsandibs of a foor.

T OPERATE THE LATERAL ADJUSTER. — Serew it firmly to the tripod
and also attach Transit to it, Place both index marks of the Lateral Adjuster im
coincidence, and alse place Transit about in the center of its shifting motion,  Then
place tripod firmoly on the ground in such a2 manner that the longitndinal axis of the
Lateral Adjuster is approximately at right angles to the line given by the plombing
wires A and B, and at the same time that the line of sight shall be as nearly in line
with these wires ag possible, Now level up enrvefully and move the line of sight of teles-
cope on to wires A and B by the feed screw of the Lateral Adjuster until the inter-
gection of the eross-wirves of the teleseope and both plombing wires are contained in
the same vertical plane. When Trivets and Lateral Adjosters are ordered for old
instruments the serial number st be given,

Weight Price |Codde Mame

Lateral Adjuster for transit No. & with four leveling
BUTEWE, Boe |.|.:| R L B . 14 1bs, F25.00 Topexura
Lailjuster provi iuledd with detachable trivet
mee e DL, e . 2 1hs. | 30,00 Toplhnas
1 addjuster ||'r--1.1-lut 1.-.|rI| elet e 'I"|.'I l|-1r|'r|_-r
Topalate . 2Ly e e
Lateral Adjuster for trapsitz= Xo, 1, 2, 3, 5, 6 and 11,
gee lorge ent above |, 2=, 7 oz 25,00 Topilera
Thiz lnternl mdjuster pr-ﬂ 1-I|,-<i -.1||:|:| a..-l: |-"I:|.|.'I I|' Irn--t
11.1|:uun|... B L :Il‘h i

This later

31.50 Topicomus

|
L Tor 3150 Topimot

Toz| 31,50 Topiris

33,00 Topisine
i 'Iqlq'r l adjuster ]-l'ul‘iqi.-
Topagala. ... . ... .oiciiiiianins
Lateral Adjuster and Trivet Cs ved m-e ¥
abwowe — for transits Nos, 1, 2, 3, 5, 6 and 11 |
{when Intter is provideal with four levelimme aerews. . . 4 hs. 5 oz, 30.00 qu]piquil
Lateral Adjuster and Trivet Com e, same as To=
|'|n|1||||_ but with an mdapter for use with transit
Nao. 4 2
Lateral Adjnster nad Trivet Combined, same s T
pixalil Il'|!- with Instrament fastener for transits
Nos, 1, 2,3, 4,3, 6Gand 11 with three® loveling

BOTAWE - oy pmacmmaiisaiiomiiisniaatiiosadionniiin conan § s, | 36.00 T"]“-';EU“.}'

. Tow| 33,75 Topitel

CGoz.| 33,80 Topodillo

® For transits with thres leveling zerews, see Tunnel Tripod with eentering and aliguing de-
viee, page 178, : ;

t This devies iz to ba placed upon the regular tripod head of our transita Nos, 1, 2, 3, 5, 6
and 11, when these are orders :I to be provided with THR ew]iurr— SCrews, or it may be
useid :|:|:||||l-r|¢\-n|1¢n:]:( on & bracke A= will be seen above ther also provided on top the instru.
ment thread for attaching trunsits No=. 1.2, 3, 5, 8 and 11 baving four leveling serews, so tlhnt all
the albove styles and =izes instruments having either thres or four leveling serews may be nsed
interchangeably on this three-serew tripod. It is of great advantage when i vir iely of instrus
ments are to be used on the same work,




1%

The Lateral Adjuster serewed to a Trivet
For Transits with FOUR leveling serews,

For wse in Tonnels and Undergronnd Work of all
kimds; al=o nseful in tlie erection of Leng

Hasvies  wndl thedir

Eriiges,
FTTE TR T

ey edpulpament, ete,

For Prices amid Pavtiealars of these soxilinrees
mee pubges LGWa anad LG,




Fatented

with Centering and Alizning Device Tor moving Uransit with three leveling serews
umiler or above a given point or onto a given line —see ent of No.o 10 b

The above tripod has been designed to fas
leveling serews in ihe axiz of o tunne]
to onr centering devie T
with & 1
geribi

Alitatae rlu' '|]II--'IIIL of onr Transites with three
i it For this om, in addition
1, w allowe the Transit to |
ool the level Bbubbiles mentiowsd in de
vs, piige T b,
iis |1aIH'r|11;_r andd nli ik -.I._,-.n e 08 very simple W bt ineregaas the weight of
the tripod-head, partic '-I-.l.l|": when the latter i=w olly g the tripod-lsem] for gize
Ko, 1 and 11 Trauzitz iz heavier by al to & dhx, thint for No, 2 aboug £ to 23 lbs,, and
for Mo, 4 a 1t 1% toe & 1, nond dm tlee 1K ||||I 12 abont 5 1hs,

T} USE.— Firat place the U I1'||L priece, upon Which the |r|-1l:r|:|:|||1‘:||!
rests, im the center of il= whichis | 11 mronnd it, and =1 1
il lateral adjuster, whicls is t lower sli
projections on tle tripad hemd gl elow mation pices of the I.|I1'|.1I al

Then place the tripod head in such a positlon that the ki Latera]l Adinster is
abont ab right angles to the line of sight: afler wlich level ug, and center over or halow tflv glven
point; then olamp the largs wit 1 nut in the u=ual manber and apply a =light po

ir

by turning milled § il 1amk et = apmingt the spring of the instroment fastener, The In-
slrument i= now ready for angle work,
T USE THE 1. RAL ADJUSTEER FOR ALIGNMEXNT. — Clamp the mi

e instru-
il fielewer

headed 2erew on top, benring in mind that, in order t hle dhie 1 serew tio e
[ t during this lateral motion, fand the faege winged cendeval clivmgiog sod b Sopoaf feipod
gpering helvar niwal fraf e relfense al

Dmsmuel a8 the pitch of the feed gerew corresponds to tenths of o foot, ench motion of a

tonth of the stour indicating whe arrespsoends oo thausamdth of o fot, |:IIII=-.-T‘.I-||-.|H'a-ruI:|1|I 13
if the poluting of the telescope on listant seml Apui e instrument to s moved 17 HH0LL or
5 1ML a2 of @ Tool, a3 the case may ba, that th anipn rturns 1 or & teeth groum] the inde

mark and the obj will be attaing When the line of sight of the teleseope i In the gyven Hoe
in the tunpel Mfea wfighil gyt Dovegge wiwged cortoad el geiag nod on top af Gl and anean slightiy
aprplyy Phe apring of the anstr ¢ firstemer.

It the conrse of op s the line of sieht most be moved laterally, then the central
clamping nut and spring not must again be frst slightly veleaged Crom the shifting piecs hefore
any lateral motion s]||l1|l|I s i !lem[lh-ll

T use Lhe r|||:-:-|’| 1 n trivet, unsgerew the exten=ion legs and serew the thres 4-ineh iron
leps in the places assigned theon, It can thon be wseld on brackets or any other specinl devies
rigged up to recelve it in the axis of the tunnel

Ta aoliwvinte the removing of :I:n‘ legs g thalt atlachment can be wsed G2 a trivel, g ll-|'1.1l
tripod head, having centering an d latera ljuster devi . Bt without wosdden leg
daradl.  This extra hewd complete would hay

After the Lateral Adjuster has been nzeil, before pudting it
placing the trisngular shifting piece, a8 well as the lower slow n

uster, again in a normal position, nod then clamp both by the centrs 1| l|llllirlll|.. nut
‘hmnlv-i k.

The tripod is made with fine mechanical nicety and should be well taken care of in order to
presarve it in good comd|tion.

This deviee (for Instruments with THEEE leveling serews only) iz made in four sizes as
follows :

Pl thres 4ineh iron legs heretofore |
o i Wl Tse well |l-l"]¢‘l.ll it,
1

.|.I|l] E-I:II.I.]]

For Transits No. I, Hand 11, . . . . Cnde Name  Topoltum
s Transits No, 2 .., o and 4G, . . . . 3 H Topomiara
“ Transit No. 4 . : ; : . . 1 e Toponia
i Transits No. 10 and 12 . . . o L Toposmus

The price of this lateral mljurter over the rvyﬂar centering device furnished with our tran-
git tripods will be given upen application,

appopo
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Mining Transit,
Interchangeable with Lamp Targets above Leveling Serews.

Telesrope is mounted on standards ps shown in cut of No, 3, with o doable vernier be-
tween the ]gg:, of the staamlard, and is provided with a i-lridlllg\-le\'ﬁl. g cul, page 148,
Compass Needle 3] inch.

The leading feature poesessed by this instrument, a3 made by ws, is, that it can be interchanged with the
lamp targels above the feveling seretis {see opposite paged 50 that after they have been set up their relative posi-
tion as 1o height and location will remain exactly the same upon being transferred [rom one triped to asether,
It is an inctrument Hrﬂi_;tl:p adapted Lo Lhe work of an engineer in mines, a:pd as ma'.:h. invalves o great I'.!I.'il.| of
apprratus oot possessed by instruments intended for suface work.  Viewed in its entirety, a5 a surveying instru-
ment, it is more cemplicited 1o handl> then the more customary #ivles, and with the atachment of a side or top
telescope it grows still mare so, and (s then difficult to manage in camped places. The advantages decived from
ft2 wee may, however, compensate for the mare cumbersome features of this instrument.  Two lamp targets are
commonly 2upplied with an instrament of this kind, but frequently one only is ordered, u'-"-'urd':r_:]a to the characs
ter af the work for which it = intended.  The vertical centers of the lamp targets have to he weil fitted into the
sockets of the leveling heads, and in consequence they cannot be furnished separately.  The engineer will there-
fore decide whether one o two lamp targets are necessry l:nr this work. "l."he_ linrny targets are of the same
height as the transit measured from the base above the leveling screws 1o the line of sight, and each is provided
with fwao spirit ievels. The trgels can e revalved in the vertical and horizontal planes. By means of a tubular
sight, situated on tap of the target, the laller can be readily sel in the direction of the instrament so that its faos
will lig at right angles to the line of sight.  The lamps can ne raized or lowered at will, and can be detached
whenever necessary, It is of the bulls-eve pattern, and the best lard-oil only should be boarned in it A dise of
milk-glass ploced between it and the target furnishes an ilumipated tackground, against which the inlersection
amd outlines of the Lrget are seen sharply defined, Made to order only,

Weight of Mining Trangit Ne. gesbout 0 0 0 0 w0 2 0 0 0 0 a0 o 1 lba,
O] i 3 YD

4
!‘[ ane lamps, e e TR L .
E 1% Mahopgany bex containing jestrument snd one lamp, @ngei ete, abaui 3z

E o one Extension Tripod, about of lbs. | twe Trip T R ke [
a Ciross wedght of this instrument, complete, packed securely bor shipment in two boxes, about 7o lbe

= E Weig;bl! ef Mahegany bex, containing instrument enly, abiit o & « « » 2z lba
i b i = luenps, targets, ek, Y, . o, ., . 26 M
4 o three Tripods, R B g | B
5 | Grass weight of instrument, complete, packed securely for shipment in 3 boxes, . . about 136 1bs,

Nuo. T Mining Transit, size as in Transit No. 6, but with one lamp target as shown
on opposite page; graduations on solid silver; verniers reading to minutes are provided
with ground glass shades; S-inch full vertical cirele; aluminum guard; spirit level, clamp
andl pradienter serew to telescope; illuminator shade; striding level and fised stadia wires,
telescope mounted as shown page 148, 2 extension tripods, two plumb bobs, ete, Lam
target packed in instrument-los. Price, 3350,

No. Tn. Mining Transit, as above, but with 2 lamp targets, both packed in
separate hox, three extension tripods, 3 plumb-bobs, ete, Price, $46G0,00

Mining Transit No. Y. with Yoke Standards.

No. Th Mining Transit, as shown in cut, with yoke standards, compass with 23 inch
needle; 5 ineh fully protected vertieal eircle with face graduation; double opposite verniers
reading to minutes, plass covered; interchangeable aux.ihu:}r telescope, Style Ii striding level:
stadia wires; illiminator shade; gradienter; adjustable center for accuratel ul*.nterinp{ Sidg
ment from a peintabiove; one lunp target packed with instrument in one 1 two extension

tripods; two plumb bobes, 1cigh', size, ete., as above in Transit No. 7. Price, $500.00

No. ¥h. Mining Transit as above, but with two lamp targets both packed §
separite box, three extension tripods, three plumb hobs, ete., g3 mgp["ﬂcg_.g 1;:&‘}};;

Fuor price of extra attachments, see Extras to Mining Transils, page 162.

Nors, —To interchange the instrument cnd the Jamp target proceed as follows : = First withdraw the sorin
oot ol e .-gwn:rc:.‘n:u]i: lor the outer center by mieang ol the small milled-headed nut nt the end of the clam npﬂhﬁ
the tanpent-screw.  “Then locsen the clamp screw immediately above the leveling head.  Now upon puil],lug bacik
the spang belt, situated 2t the side of the clamp, the instrument or the lamp can be detached Ly h}:l.ng it out of the
socket in the leveling head.  These sockets as well as ihe ciamps, which serve to fasten (e instrument or lamp
target to the Jeveling head, should be kept free from dirt o7 grit. After clamping the instrument to the leveling
bead, to prevent a.n{ metion in itz sccket, and then peleasing the smaall milled-headed nut from it= fastening oo the

spring bolt of the r tangent-sorew, the transit i ready for work and ey inulated t
Tatruments of GOF COmEIrUCt. ! ¥ nd can be manipulated the tame s other

For adjustment of the transverse striding level, sec page o,
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Mining Transit interchangeable with Lamp Targets
above Leveling Screws,

Mining Transit No, Th,
With Yoke Standards.
As maie by O L. Berger & Sons.

FPatented.

ayIfopo
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C. L. Berger & Sons’ Universal Mining Transit with Duplex

Telescope Bearings.

This instrument, reprasented by the annexed cuts, was designed by us June 10,
1889, in response to an urgent demaml upon us to construct an instrument which
eould be depended upon to give the closest resolts under the most trying cireum-
gtances, Ik was designed to do acoorate work in measuring horizontal angles
between points, one of which may be depressed as muoch as eighty or ninety degreea
balow the hovizon, while the other may ba as much elevated above the horizon ; and
alzo to measurs with equal aceuracy angles of elevation or depression above ot
below the horlzon, It was planned to meet the requirements of the Mining Engi-
peer, who must have tha exact location of every shaft and tunnel in & mine, the
lemrth of which may ageregate a number of mileg, and necessarily the instrument
must b 0 eonstracted, that it may be portable, as light in welght as consistent
with the end to ba ascomplished, adjustable by the engineer at tha botlom of a
mina, and its dalicate parts =20 protected from the dripping of water from roof of
tunnel or from the shafts, that they may not be injured. The instrument haviog
but one telescope, is as simple in construction as one with a universal adsptation
ean ba made, It is neeessarily a little erowded in order to be as strong, as com-
pact, and as light as Pussihle, To produce the last result, lightness, not only the
frame of the standuwrds, the vertical eircle, its verniers and vernier frame, ete,, but
also all the detached porta are mads of aluminam (see article * Aluminum for Instra-
menta of Pracision,” page 27). No attempt atelaborata fini=4 of the exterlor sur-
racies of these parts has been made, as it would require a diferent design at the
expenss of aimplicity, lightoess, strength and general efficiency.  For the most

rt they are treated with our eloth finish, or they will be bronzed in black or green.

ho form of standard is of o anlgqua design @ two arms reach out from its base and
from the usual bearings, and offer an excentric bearing for the support of the tele-
geope when it may become necessary for the englneer to direct the line of sight
down or up a shaft, thua affording two bearings for the horizontal axis of revolution,
Oneof these may be called the normal, the other the exeentric bearings,  To accom-
]E.Hsh the heat results in stiffness and solidity these standards are east in one piece,

here ara protection elasps over the bearings of both the normal nnd exeontric stand-
ard, Thoss over the excentric earings may be omitted if so desived, A connterpoise
iz to be used when the talescope is In the excentric bearings. The striding level
furnizhed with this instruoment is of a most sensitive character, In cases, however,
where thia instrument is intended for ordinary good work only, such as could be ne-
complished with Mining Transits Nos. § or 6 when provided with a side telescope,
a atriding level as described on page 56, resting on special collars between the
standardz, con be supplied,

In order to afford inereased steadiness, the extension tripod furnizhed with thls
instrument is larger than uzual for iz size, apd the vertical centers are of the
game lenglh and dismeter as those in our tranzits No. 1. The lamp targets (if any
gra ovdered) are of the pattern ahown in the eut.  They are interchangeable with
the transit on the teipeds, The telescope should be inverting for best resulta.

“rEi}ﬂ.Il of instrument, standard frame of aluminum, abaut 1o 1hs,
5 CounleTpoises . B . 5 [+ L
COMiPass, frame of alaminum, * ]
snding level, o £l s ol
one lamp tamet i v o 5 e ]
one triped about 12 Ths. 3 two tripads W ag W
mahngany box, contalnieg Instrament and its attachments, ete,, I about 10 Tha,

o i T cme lamp target and one plumb 5 - ) B
Gross weight of instrument, complete, pan:l:c]i securely for shipment in three boxes " 100 ™

No, 8. Universal Mining Transit,as inouta, —Horizontal and vertical circles,
Binches; graduations on solid silver, double opposite verniers reading to minutes,
eto. ; G-inch level to telescope ; S-Inch level to vertieal eirele; S-inch striding lavel s
two plate levels.  Teleseope 9 inches, aperture 1} inehes ifereeting, and 1§ Inches if
inverting ; power 18 diameters ; fixed stadin wires ; illuminator shade; prism, Mag-
netie needls 38 inches.  Ona lamp target, packed in separte box, ﬁvu extension

i E b .
ihos; b pluciil Nk, B Price, complete as above, $G20,00

Price of this instroment, without lamp target, tripod, and plumb-holb, 90,00 Lags.
e ki b i detachable compass, : > . 4nng
% o # * protection clasps toexcenlrie benrings, 10,00 ¢
with striding level rasting on special collars between
the standards, see page 148, : % . 2000 =

1]
"

[EErEh

a“ " r

No. 8a. Universal Mining Transit as In No. 8, but with 2 lamp
targets (packed in one box), 3 extension tripodds_and 3 plumb bobs, Price 37 10,00



Instrument with Striding Level attacheds
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As made by €. L. Berger & Bons

Instrument with Telescope, Vertical Cirela, ete., in

Counterpoise

the Excentrlc Bearings.

[ Pateotedl. |

attached,

No.

C. L. Berger & Sons’ Universal Mining Transit with Duplex Telescope Bearings.

HMote.—This instrument will be made in ooe size only and with three Ign.:el;inu SR WE,
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Imstructions for using our Universal Mining Transit.

Instrument and lamp target attach to their tripods in the manner described on page 46, To secure an
;?l.!ﬂ height of Lamp target and Instroment above tripods a slotted disk, provided with the instrument, mast be
laced and tighily screwed betwesn the head of the leveling screw and the leg of the imstrement’s stand on the
mide where the lowertangent screw ks situated.  This is none to afford a fixed leg, so that when the instrument is
leveled up, it be always of the same height, The lamg alse has a fred leg amd two leveling screws and when
leveled up is of the same height as the transit. When fnterchanging, care must be taken pot to disturb the
tripods, and to place the fixed legs of hoth instroment and lamp inthe chreolar shaped pecepiacle provided for
them in the sliding 1§itcu of each tripod,  Instrument and lamp will then be leveled up, each with 2 leveling
serews, after which their relative height and position above grownd will be again the same as before they were
imterchanged on their tripods.  Lamgss and targets must be manipulated as explained under Mining Transit Na, 3,
A concentric groove is provided near lhei:..urun of the center partaf the trivet of the instrament and lamp,
around which & fine wire may be fastened whenever their distance apart must be measored

All horizontal angles measure from the center of the instrument, whether the telescope % in thve normal
or in the excentrie bearings.  All vertical angles measwre from the center of the selescope’s axis of revolution
mriv:ly. The distance between the centers of both bearings must be d.e‘lernﬁne_d and correction sl e

* applied whenever, in measuring vertical angles, the telescope is in the excentric bearing=. A small hole drilled
in center on top of the transverse axis serves for centering the instrament under & piven point by means of a
plumhb bob suspended fram the roaf when the telescops is placed horizonial. : 7

The brass counterpmse permanently fastened Lo e nstrument bn (ront of the main vernier serves to
balance the weight of the excentric heanngs.

The large counterpaize of bead is to be fastened againsy the brass counterpolae by means of the milled
headed screws, whenever the telescope and its attachments are used by the excentric bearings,  The smali
counterpiodae of lead is to be ?hn:-:d. on the instrument when the striding level is to be used wver the excentric
bearings.  Both weights are sloted oo facilitate this operation. .

The large counterpobse shown i the cut is not gquite sulfickent to balance the weight of the telescope in
the excentrie bearings, but as the vertical :l'ﬂi.TI.t of the telescope, in measuring horizontal angles, is controlled
by the front plate level or by the stridiog level, 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, b twas
deemed hest, not to add unneceseanly to the weight of the instrument. A true eqluip-ui.s-e of the instrument
can be obtained, however, by simply lengthening out the milled headed serews by which the counterprises are
secured to the instrument,

As a rule for the more ordinary purposes the plate levels alone can be depended on, but for very close
wark in running Fnes down or up a deep shalt, et or when horizontal angles muast be meagured with the
telescope in the excentric bearings, the sriding level should be depenoed on anly, and then, in order to elimi-
nate all errors of collimation and inequality, if aey, in the pivots of the horizontal axis of revolution, the tele-
spape should alse be veversed over its bearings.  The telescope can be reversed through the standards in both
bearings, of it may be reversed over the beanings, as the case may be.  Ordinarily, when in the normal bearings,
1t should be reversed only through the standards s being more convenbent and maore Accurate. .

Bath, the normal and the excentric wye adjustmont of the telescope should be made with the striding
tevel abone.  The latter heing very sensitive (r div. of level=m" of arcl, there need be no uneasiness on
the part of the engineer shauld the adjustment under ordinary circumstances be not completed wishin one or
twes divigions of its graduated tube, but, of course, as the sizhis are longer and approach a_vertical line, it is of
great importanee to pay the strictest amtention ta the adjustments of the striding level and wye bearings of the
telescope,

'rnlji.rt the telescope out of its bearings, the spring bolts shuated on topof the protection clasps mus: first
be withdrawn, when the latter can be turned aside.  Next withdraw aoout one-tenth inch the spring balt of
the tel=scope’s clamp and also that of the vernier frame's angent screw by meaus of the milled headed Bt an
the end of each spring bex.  Now Jilt the telescope oul of 12 bearings aod either reverse over the beanngs or
insert iti 1 the excentric bearings, as the case may be, and azain release to the [ullest exient the spring bolts of
the tangent screws under operation.  This being accomplished, all setiings of the telescope in Lhe vertical
plan= must be made by its clamp and tangent screw alone, and we attention need be paid to the chmlf of the
vepnier frame. It iz only when wvertical angles must be measured that the bubble of t|1e1|u'e'| sitvated on the
vernper [rame must ke brought 1o the center of the tabe by means of its tangent serew.  Good results for verti-
cal angles may be obtained with this instrurment, although the plates may not be leveled up accurately, if due
n:g;n:l la paid only ta the factthat the bubble of this level must be placed in the center ol ils lube befors &
reading can be made. . 3

To make the adjustment of this level procesd thus: = Place the telescope b the harizental plane by
means of its tangent sorew, then move the vemier frames’ Langent screw until the zero line of the double
vernlers, marked A, is in coancidence with the zers line of the vertrcal circle, and now raise orlower the adjusting
serew of this level, a5 the case may be, until the bubble is in the center of its tube. S Gl

Itis now supposed that the zero line of the double oppesite vernders, marked B, are alse in coinckdence
with that of the vertical circle. 1 mot, the verniers marked B can be moved after 'ru'lua.umf-l the capstan-
hesded screws, until Both zero lines on that side of the vertical circle are alse in coincidence. awever, this
ima very laborious proceeding for fthose uninitiated in this worl, ard 25 i cannet alwavs be made quite
exact, owing to the mode of mounting the 1elescops on i.u_a-;la. it will L'-e found easziest to eliminate errors of
excentricity In the graduation ol the vertical carcle and verniers by reversing U felescope and taking the mean
of the readings. The vertkeal circle is praduated [rom & 1 4;4'.5_' and back, and the vernkers e double, sa that
angles of elzvation and Senression can be read with ease and dispatch,  For further information see nage 147,
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Tunnel Transits,

Nag. 104 Tunnel Transit with four leveling serews and without laterai
adjnater, otherwise as enumerated below and shown on opposite page.

SPECIFICATION ;| —

Horizental cirele 64-incl, graduated on solid silver, double opposite vernlers reading to 20,
gwo rows of Bgires Trom UE-SEF, i

Telescope 1-inch inverting, aperture e-ineh, power 28 dia, teleseope reversible over the bearings
as well as through the standard frome, reversible clamp amd tangent serew.

Spirit Tevel fo telesoope, Gnel.

strhiling level resting on special collars, 41-inel,

Slawalian wires fxel,

Retlector.

Shifting center.

Stamdard frame of alnminam,

Extension tripod Muade to order only.

Code word, Mobaco. Price, $202

No. 100, Tunnel Transit as in ent, with three leveling serews ;) tunnel tripod
with centering and aligning device,

SPECIFICATION : —

Horizontal cirele 6y-inch, praduated on selid silver, double oppesite verniers reading to 20”1
v rows of figures Crem 0°-360r,

Teleacops 12-inch inverting, aperture 125-inch, power 2.4din,, telescope reversilleover the Mnlinga
as wall as throngh the standard frame, veversibla clamp and tangent serew.

Spirit level Lo teleseope, Ginels.

Rrriding level resting on specinl collars, 48-inch,

Stndin wires flxel

Eeflectar.

Ehilfing center,

stamdard frame of aluminum,

Ex whinti £ri e, Maide to arder anly.

Coile word Mobalis, Price, $342

N, 10¢ Tunnel Transit as in oot on oppozite page and az deseribed in No.
10 by, bt having an extension tripod with shifting center only as shown
in No. 111,

Muade to order only.
Cole word, Mobatony. Price, 8307

Extras to Tunnel Transit No. 10a and No. 10Dh,

Lateral adjuster for transit o, 100 with four leveling serews : . 22600
T-inch horizontal circle, double opposite verniers reading to 10 sec, * exira, S000
Sdneh full vertical civele, solid silver gradoation, deuble opposite verniers

readding to minuies, as in ent, page 1832 ; ) ‘ : . ; . 6,00
Reading glaszes to horizontal cirele | 5 ; ; E ; 3 : . 15,00
Biriding level resting at points of ecoutact in Y's {instead of resting on spe-

cial eollars as inent) . . . . . . . . exXtriL e LX)
Apertuare, 1t -ineh instead of 13g-inch, length of telescope 12 or 134 inch

lomr, powers respectively 28 or 34 (dia. . 5 : : i ) . 1L
Gradienter attachment 3 . . . . . - - . . . N
Steel center mnning in east-iron socket ; : i : : 5 . MO0
Extra extension tripod, with shifting center only, for transit baving 3 level-

ing serews ; . . . F i 2 . ; ' ; . B3.60

* Dretae bible remding glas=es should always be orderad for n 10 see, graduation,

For additional Extraz to Tunpel Transits, sce Extrag to Mining Transits.



SYIOPOI, JISTRL,

No. 10b

Tunnel Transit
With three leveling screws mountsd on tunnel tripod with Shifting Center and
Aligning Device, See page 169d.

For Price and description of the above instroment, as well as list of extras,
zee preceding page,

Coleword — Mobalis,
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Triangulation Transit-Theodolites,

For use in Cities and in Bridge and Tunnel Construction, etc,

Since the introduction by us in 1875 of this style Transit with Yoke standard frame
enst in one piece and monnted directly on the top flange of the inner center, the de-
mand for them in all lines of engineering requiring high aceuraey hasattained so great
a magnitnde, on aceonnt of their excellenee, as could not be foreseen at that time,
Mamny of these instrunents are in use in the survey and trangulation of oor largest
cities, and are giving great satisfaction.  Many also have been supplied 1o Colleges and
are in use in State and Boundary Line survevs,

The great lateral stiffness attained by this form of standard frame enables to make
the trunnions of the teleseopes axis ey lindrieal and to mount them in wye-bearings.
thereby securing (o the telescope the most acearate movement in the vertical plane
known,  The telescope reverses through the standards as usual and over the bearings.
The trupnions are protected by dost-caps, aml wherever possible capstan-headed
serews will take up any looseness between these dost-caps and the trunnions,

These Transit-Theodolitez are made with three or four leveling serews,

No. 11. Plain Transit=Theodolite, with four leveling serews, a5 in cut,
ol opposite page, but without level, elamp and tangent serew, vertieal are, or strid-
ing level to telescope ; in all other respects as inent of Now 11e.  Specifica
horizontal cirele 6 i inches, single opposite verniers, asinfig. b page 366, v
ing to 240, glazs protected gradaation aud verniers, one row of figures O to 360
clockwise | 12-inch inverting telescope, aperture 13g inch, power 28 diameters,
achromatie eyepiece ; telescope is reversible over the hearings, as well as (hroush
the standards ; long compound centers of hard bell-mwetal ; shifting center ; gplit-
leg tripod; aluminum standard frame — leather-tinisheld; mabhogany box with

gorew=driver, reading glass, adjusting pins, ete,

Alaade to order only.
Coile word, Mobax

If instrument is desired with an erecting telescope of 24 dinmetera, add to code
waoril “erect.”

"l‘l;"q_-lght of instrument, about 14 s, Weight of tripod, aboat 10 Ths,
Giross weight packed in two boxes, ready for shipment, abont 60 s

Price of Plain Transit=Theodolite No. 11, asabove, with four
leveling screws 5 ; i : ¥ i ; ; REBESAM

Extras to Plain Tranzit-Theodolite No, 11.

Three leveling serews with shifting eenter (5ee page 46) : i : . 15040
F-ineh harlzontal circle reading (o 107 by single opposite verniers, single
row of fignres 0° to 3007 clockwise ; ,a0.00
Beading glasses to herizontal cirele {=lonld ﬂ]‘-’t V& 1.I¢ I-"'I‘!]L'fl{‘l.'i "-"-'Iﬂl I-llﬁt'l'l'li
ment rewling to 0¥ 5 . 15.00
Beversible clamp and Illlg\ﬂli serew 1.1I I{IUH:IHH‘ lll.l.l 1.1-"ilhul.1[. 1':"- el [l.'r
latter . 3 . 1500
Geineh apirit level with reversille |]un]} and 1'1:1«&-1“ BT ln::u h'ln H'Il‘].lt o 000
deineh striding level, 65 in cut, te rest onspecial collars to revolve throgh
the standanis ] E ; : ; ; : : 5 J 3 L 200
feimel striding level resting ab points of contact in wyes, see page 152 RREILRL
eal are, @48 in ok on opposite page . 20,00
Selmel full vertieal elrele, (35 in cut page 152} bt wlrh |r|'|'|} 1'|'|||' L‘iuul]lc
vernier reading to minutes at eye-eml ; reversible tangent screw . . 4500

Seimeh vertical cirele, see cut page 152, doulde opposite verniers reading
to minutez, reversible tangent serew | i : : ; : £ . GO
deimel bevel fo vernder frame of voertical cirele, gee oot page 182 i . B0

Two reading glas=es to vertical elrele, zee cut page 152 A i ] % . LT
Sadlia wires, lixed, ratio 1:1000 £ p . x 3 = i . 300
Gradienter seFew . . - . . y i % a i = N1

Center of instrument of stes]l rooning in o socket of cnst iron, Tor Instroment

witly thivee leveling pcrews, '|III'\:IJH.., LIECRUSE T HEE] r o)
D hlongr o 1|r = motn el o vernier plate atb side of standard, with motion for

sgitin the variation (three-ineh needla pomls only a few degrees eacli way

troon zere) | For instruments with hell-metal centers only| 3 . 4 = =




Patenled

No. 11 ¢, Complete Transit=Theodolite with four leveling sorews, (size
and particulars as described in Plain Transit-Theodolite No. 11) ot with level,
clamp, and tangent screw, S-inch vertical arve, striding level, and
fixed stadia wires to welescope, as shown above,

Made to order only.

Code word, Mobaya. Price, $300
For Extras see list of Extras to Transit-Theodolite No, 11.
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tomplete onble Opposite Vernier Attachment to S=inch Vertieal
Cirvele, with Level, Reading Glasses and reversibile
Tangent Screw to v er frammie,

Atrachable to Plain Transit=Theodolites No, 11, page 150 and 11,

3 Llunrlx thie emse in

= el by

iis vernlers = a=2ure] when vectics] augles are mansared

For preice :Lm'l particulars sce Extras to Plain Transit-Theodolite Moo 11,
page 180.

Triangulation Transit-Theodolite,
For w=e fn Cities, iy Colleges, and in Bridge and Tonnel Construction.,

No. 11, Plain Transit=-Theodolite with three leveling sorews, as in
eut on opposite page, ot without reading glasses to horizontal cirele, also with-
out level, clamp, tangent serew, vertical are and striding level ro telescope,  Yoke
standard frame is of alaminnm and of pattern shown in No, 11z,

specifications ; —

Horizgomtal civele Gi-inch, single oppogite verniers (as in fig. 6, page 3601 reading
tar 2007, plass protected graduation and verniers, one row of fignres 0% 1o 360° clockwise;
I2-ineh inverting teleseope, aperture 13g-inch, power 28 dinmeters, achromatie eye-
pives ; telescope is reversible over the beavings and throngh the standaeds ; long com-
poand centers of hard bell and phosphor bronee metal; shifting center (see page 406).
Mahogany box contains reading slass, screwdriver, wrench, adjusting pins, ete.

Made to order only.

Chomile waorrdy, Maolweda,

Weight of instrument abong 14 Jha,
e woogripaond abouat 181 Tha,
Grross weishit, seeurely [.wkt'l in two boxes for shipment, ahont G0 [hs

Price of Plain Transit=Theoadolite No. lld, with three leveling serews
s leseribed above | . " . = A . s $ "'-l-.:h{uj

For Extras to Plain Transit=-Theodolite No. 114 see Extras o

Ilai
Travstt=-Theodalive Wo. 11, page 180 H



Patented.

No. 111,
Complete Transit-Theodolite,

For use in Cities, in Tunnels, anid for Triangulation.
Ars muade hy O L. Berger & Sons.
No. 11 f. Size and particulars are in all respects like those dese ibed under No,
11, page 180, and No. 11d, page 182, but having three leveling screws, meading slnss
es to horfzontal eirele, level, clamp, and tangent screw, five-inch vertics! are, gradien-
ter, fixed stadia wires, and striding level Lo telescope as shown above.
. Made to wrder only.
Codeword, Mobelkia
Price, 234300
For Extras sse Extras to Plain Transit-Theodolite, page 180,
iFor Code Words for Transit-Theodolite and Extras and changes see page J,
Complete Code at bacl. )
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No. 11 m,

F=inch Complete Transit-Theodolite,
SPRECTFICATIONS : —
Noo 11 m Transit-Thesdolite as in cut on opposite page.

Horvizontal civele T-inch, single opposite verniers reading to 10V, one row of
figures 0°=8360° elock-wize, resling glasses to horizontal cirele.

Vertieal civele G-ineh, with one donble vernier st eye end reading to single min-
utes, ome row of Hores from °-90°-0°,

Level o vernier frame with reversible tangent serew,

Telescope 12-inch inverting, apertare 13g-inch, aclhvomatio eye-piece, power 28 dia.,
teleseope reversible over (he bearings as well as through the standard frame and
provided with reversible clamp and tangent screw,

Striding level at points of eontact in wyes.

Staddin wires fixed

Lomg eompounidd centers of hand bell-metal,

Shitting center,

Stamndard frame of aluminum, leather-finish.

Split=leg tripaod,

Instroment packs in one hox of mahogany.

Made Lo order only

Weight of instrument abont 14 s,
L “otripod about 138 T,
Gross weight packed in 2 boxes ready for shipment, abont 60 s,

Clomle word, Molwky Price, S385.00

Extras to Transit-Theodolite No. 11 .
Steel centers running in sockets of cast lron to insure freest mwotion

with perfect fit, i i ¥ 3 z ; : i . . . E20L00
Two double opposite verniers to vertieal circle (as in cut page 1852, in
place of one double vernier only at eye end) . : i : E : 1i. (i

Two reading slasses to vertical eircle . . u . . " 10, 0
f-inch spirit level to telescope ; ‘ H i ; o . 16, 00k



No. 11m.
Y-inch Complete Transit-Theodolite.

Faor use in Cities, Colleges, State and Boomdary-Line Sarveys,

For Blze, Price and Particnlars, see preceding page,
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No, 11 &,

T-inch Complete Triangulation Transit-Theodolite.
AFECIFICATIONS :
No. 11z Transit=Theodaolite, as in cur.

Horizomtal cirele T-ineh, one row of figures 07 to 360° clockwizse, single opposie
verniers reading to 14,

Vertical cirele S-inch, open-form face graduation, slass protected vorniers, one row
of ﬁ_';ul'l.':-i 0 to 2607 clockwise, single opposite verniers reading to 307,

Level to vernder arm with reversible tangent screw,

Reading glasses to harizental and vertical eireles.

Telescope 12-inch inverting, aperture 134 ineh, power 20 diameters, telescope re-
versible over the bearings ns well as through the standards and provided with
reversible elamp and tangent screw,

Spirit level to telescope, G-inch

Striding level at points of contact in wyes.

Stadlia wires fixed,

Gradlienter,

Shifting center,

Standard frame of aluminum, leather-finish.

Made to order only,

Codeword, Molwello.
Price as above, 546600
This instrament with steel centers monning in sockels of east iron to insure freest
maotion with perfect fit . A i i . : . . extrn 20000
Weizht of ingrment albont 14 [ha,
. fetriped abwout 14 Tha,
Gross weizht of lwstruwent, complete, packed securcly for shipwent *n 2 boxes,

about B0 e,



Patented,
No. 11 g.

As maile by
. L. Berger & Sons

Y-inch Complete Transit-Theodolite.

For use in Cities, Triangulation, Tunnels, Colleges and Boundary-Line Sarveya,

For sizge, weight, particulars and extras of this instrument,
s II-[)[llJ\.'iill_: EI;I:'I'.

EETH
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No. 12,
S-inch Transit for Triangulation.
Az made by C. L, Berger & Sons.

No. 12, The form of fruome chosen for mounting the telescope is similar to that in the
cut, which permits the reversal of the telescope through the standards as well as over the
beearimgrs, 00 is of improsed desion and somewhat resembles that shown on page 188, It is very
stiff and very steady in strong winds, and being of aluminum, very light.

The inverting telescope has o clear aperture of 1} inches, focal length of 134 inches, power
28 to 52 dimmeters, reversible clamp and tangent; siv-inch vertical are graduated to read to
807 by o double vernier between the bees of the standarnd frame, figures run from 0° to about
457 each way,  The horizontal axis of the telescope s provided with a 44-inch striding level
resting at points of contact in wyes.  The horizontal circle i= 8 inches in diameter, single op-
||||h‘i[t:' glass-evvered verniers reading to 107, one row of figures 07 b 3607 clockwise, with
reading slazses.  The rading of the theee leveling serew-hase is larger than vsual, and as the
hesd of the h‘i[ml:i is ||I‘1.:IE|||:T‘rlll.:lr|.u1,r_'|:\.' larerer, the instriment bas great stalility, It is Jmn‘id&[
with a shifting center.  The Yoke standard frome will Te japanned or cloth finished, as we
deem it best. Tn this, as in all our instroments, the fine appearance and general character
depenils princigally on simplicity of desizn, coupled with fine workmanzhip, and a high state
of efficiency of every part.  Other parts that cannot easily be finished and lacguered in the
usal — but mostly antiquated — manner, are therefore also treated in japan.

Thi= is in line with good taste and modern thought and improvements, to enable us to unite
a5 many pieees as possible in one to secure great stability and steadiness under all conditions
in_orider b0 armve at guick and thoroughly reliable results, Maide to erder snly.

Weizht of instrument, 18% 1bs,; weight of wipod, 10 b,

Price as above, 405,00

This instrument without are and clamp o telescope, less 835040

No. 120 Transit with a six-ineh full vertieal elrele (instend of with are as shown in
cut) vernier frame all open as in style Noo 11h page 1582, single opposite verniers
readling bo S0°, one row of figuees 07 to 3607 clockwise, reading rlasses, level to vernier
ure i = - = i : . . : . i , o B

No, 12h Transit with a siz-inch vertieal cirele with ]'hnll{-'{'tg'l.! u]'n(-ﬂ-hm vernier frame,
Face-graduation, single opposite verniers glass-coversd, as shown i eut poagre 183, rt'adijlg

o 207, oo row of figeres (F bo 360° elockwise, reading glasses, level to vernier amm,
LESHEC
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8-inch Transit for Triangulation.



No. 135.

S-inch Alt.-Azimuth.
Aw made by U, L, Berger & Sous,

Hepeating horlzontal cirele eight . non-repeating vertical cirele @ Inches in di-
cmeter.  he tormer can be provided with 2, 3 ord verniers reading o 107, (e lat
ter Is providad with 2verniers reading to 20°. The telescope has o clear :Jlu*l't,l;:r-:
of 143 inches, focus 1124 inches ; striding level,  Malhogany box, ete. =
Price, all complete as iy ety $5 100040
Coale word (he s

This instrument with patented vertical ejrele, faee graduation, glass covepes|
as in cot, page 158de, extra . &2y )
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No. 15 a.
Alt.-Azimuth.

Alt-Azimuth, es i eel. Graduwations of 54 inch elreles on solid silver, twa
::]:rgm—:.m\. micrometer-microscopes for each circle reading to 107, and by eatimation
to 2%, Botn cireles ean b shifted, so as to bring different parts of the graduation
under the micrometer-microscopes,  The telescope is10 inehes long, has an aparturs
of 13 inch an<d a power of 24 dinmweters,  Telescope iz provided with a ]r,--p{-,lpgm top
and with # horizoctal wires for leveling and for stadin measurements, and if desired
with & vertical wires for star observation, The telescope must be reversed in its
bearings hy hand, Teleseops axi= is of hardened steel. The striding and mleroseopse
levels re to 5 of are. Two ordinary small levels attached to the instrument
serve to place it in an approximate borlzontal position.  Complete in hox,

Price, as above, $580.00
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No. 15 b.
Alt.-Azimuth,

Alte-Azimuth, as i cul. Civeles 8] inches diameter, u.u'rruumu_-r-mr.-rusrc-pea
reading to & secomlis direct, and by -.'a'-[:llluf_mlrl to Hlll;.:!i:‘.js'L'l.‘I)H{l‘s. Tﬁ]._.w“ﬂ: 1.6 .
pperture; focal length, ]|i§_ inches; power, 32 :!r:ni 44, lq-lq_-;-;m;pl.- axls ia of hardened
steel and balanced by friction rollers, Reversing apparatus.  Complete in one it

Price, as above, 920,00
This instrument without reversing apparates, 7 Z less, £100.00

No. 15¢, Alt-Azimuth, asin cut abore, Circles 104 inches diameter, mip.
romatAr-microscopes reading to single m-u_-q1|u].~? direet, l-..'.'4.=r3.- single degree il ey
Telescops, 1§-inch aperture ; focal length, A inches; power, 40 and 60, 7 '1‘|L‘5|.'up;_~
axis is of hardened steel and balaneed by friction rollers. Complete in pyy boxes,

Price, as above, #1300.00
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Portable Transit Instrument for Latitude Observations.
Ag maide by C. L. Rerger & Sona.

No. 16. Aperture of object-glazs 3 in.z focus 28 in.; splder-line or glass
micrometer ; micrometer serew reads to geconds of arve; gpirit-levels remwl to :'.c'{-.nn_d_q.
of are: disgonal eve-piece 80 dia.; Ramsden eye-piece 40 dia.; vertical eivele 8 in.
in dlis. 1 bell-metal pivots, two lanps ad ars, adjustable reflector; reversing

Apparatns ; two Cises, enc. .
o 1 Price £980.
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Poritable Astronomieal Transit Instruoment.

No. 17. Apevtore of olject-rlass 3 in.; foenz 39 in.; spider-line or glass mi-
erometer; dingonal eye-plece magnifies from M to 120 dia.; Ramsden eye-piece
magnifies 73 dia. ; striding level vends to seconds of are; adjustable mirror to read
the level from below: rezerve level; pivots of harvdensd steel; small adjustable
plane reflector; two lamps and arms; reversing apparatuz; two finding civeles
each provided with double verniers; enst-iron frame restz2 on three leveling serews
of ateel, which are provided with foot-plates —one of them is adjustable to zet
instroment in the meridian ; two cases, ote,

Price %1300,

(Natice of phis Tuatrnssend, with full description, fu Folinson's New Universal Cyeloperdia, under
article * Frassid")

The above jnstrmument provided with an Tmpersonal Micrometer, U5, O & G, S,
Pittern, H i > : . i A " Fi +  Price on application,
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Astronomical Tramnsit Instrument,

As mude for . 8, Lake Survey.
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g Cirele,

Reflectin

Artiticial Horizon,

Mercary Horizon of boxwood, with silver-plated copper

wood for mereury ; bras=s rectangular roof with glass covers made of parallel glasa.
st quality, imported

FPrice, $50.00

bowl ; bortle of box

.

All complete, packed in a box,
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Sextant.

Sextant, Radios, 7 inches, 145%; four sun-glasses between sha jarge and the
#mall reflecting mirror, and three sun-glasses behind the small reflagting mirror, all
of which can be turned on their axiz 150°; graduation on solid silver, reading to 10~
telescope § inch aperture ; two astronomical eye-pieces with powers of 6 and 10 dia.
Une Galilean telescope with extra large objective, power 3 dia.; one fixed jeadin
glass ; two sighta for examination and eoreection of the large reflecting mirror. A

complete in box,  Best gquality, imported. . . Price, as above, $130.00
Sextant, az above, Radius 10 inches, all complete in box, . Price, 150.00
Pocket Sextant, best quality . . . . . # 43.00

Magnetometer, acoonding ro design Carnegie Institute, Dept. Terrestrial Mo

hetism. . . .« . e« o+« . Priceonapplication.

Pendulum Apparatns for determining gravity. U, S, O, & G, 8. Pattern,
Prive on application
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Current Meters,

The types of current mcters, as shown in Figs, T, 11, and 111, in our fermer Catalogues, have been
pmited, .;.-..?jil-.g to the many inprovements made and embodied in the Meter, as shown in F:JE!-- IV, V, and
V1. this Catalogue, We are, however, prepased to make te order Current Meter No. 111, as designed by
Mr. Clemens Herschel, i s 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 thé bank of a river, and current measuraments may be made
with it at any depth, and may be continued for a weelk, or longer, without stopping, if
desired. Half a dozen or more of these meters may be strung on one and the spme ver-
tical rod or wire, anid sisodfagesus observations then talen of the velocities at different
depths below the surface, : . i e

This form was used upon the ganging of the Connecticat River* by General Ellis,
and was designed particularly to avold the eatching of floating substanees, such as
leaves and grass, upon either the vanes or the axis, and to render the record of the
instrument independent of the position of its axis with respect to the line of the current,
also, to get less friction upon the axis so as 10 measure low velocities accurately.

This current meter is constructed upan the principle of Robinson's Anemometer, turning by the difierence
of pressure upon opposite vanes of the wheel.  The vases of this meter, however, instead of being hemispher-
ical cups with & straight stem, are made conical at the ands, and are hollow and taper 1o the gentral hub, 0 as
1o offer no obstrction 1o the shigpiog off of straws, leaves, or grass, as the wheel revalves, The central hub
is made tapering, so that any object can slide off ea-ily, and i1 extends over the joints at the ends of the axis.
20 a5 1o enclose and protect them from Acating substances.  The axis runs b feidiem bearings.  The forward
end of the frame which carvles the wheel can be turned and secured in any position, 80 that the wheel can be
Borizontal, vertical, or at any desired angle. y .

The electrical counection is made by carrving an insulsted wire from near the center af the instrument,
where the insulated wire from the battery is attached to it by a bindiog screw when in use, out 1o the end of
ome arm of the wheel frame, where it ends in a fine _|-I.'|.15|:u.m wire resting wpon a ring in the hub of the whee!,
This ring I3 made ol alternate interchangeable sections of silver and hard rubber, secured in place by screws,
o that their position can be changed woregister whele e part revolations as desired,  There is also 2 socket
and setescrew in the hidy of the frame near the csnter, for the return corrent, which can be carrbed throusgh a
plain wire slightly twisted around the Insulated wire so as to form one cord, 1E the instrument i run upon a
wire, of has & metallie connection with the surface, the retarn current can be made through that. A beter
methiel now in vopoe = toooese a *f twin " insalated wire

The universal moticn at the center of the frame and the tadl are of the vaal construction,  This meter
can be used in connection with any apparatus for registering the revolutions of the wheel by the breaks in the
ebectric circuit.

Price complete, ns in Fig TV, with electric register aml one battery
ete., packed in three cazes, ; # g " ; : E . B195.00
Price LIE this instrument without electric register and battery . . . 135040
® For further information on this point, see Gen’l G K, Warven®s Report of Surveys and Examinations
af Connecticut Kiver,

e cam fae fhis meder, as soeld! ar Nes, T7awd T, care/wdfy pated @f an additionad expense of from
Fig.oo fo Sxgoo.  Oludess ordered offernndie, fhe Desfeuarends wdll & ot sorrated.

Current Meter No. V, and No. VLT

Au iliurtration of (R fnntreaend will e found on page 108,

Thiz form of Current Meter ia specially adapted for observations wpon smaller
rivers, streams, eonduits, fuomes, ete. It §5 provided with a registering apparatus.
For more extended observation upon rivers, ete,, an electrio register and battery similar
t those used with No, IV ean Ebu supplied with this instrument. The dial wheels
ara completely protected by a glass cover, as shown by cut of meters Voand VI. The
counting mechanizsm is operated by a siring, by means of which the dial wheels are
thrown in and out of gear.  One short pull on the atving theowa them in pear, and the
gueceeding pall will throw them out again ; the next one in, and 50 on,

FPrice of Current Meter No, ¥, supplied only with the ordinary

1‘1!;,ﬁ=4t'l!l-"iI|{| apparatuz, as shown in the main eut on page 198, and with

12 feet of brass tubing, made in sectiona of fooar feet, and graduated in

feet and tenths, Complete In two eases, & ; L B1SS5AM

Price of Current Meter No. VI, in all respects similar to that above,
bt in addition to the ordinary resistering apparatus this instrument is
provided with an electric register, one battery and copper wire, as
shown in the smaller cuts on page 198, Complete in four cases, | . R220,.00
t For further information on this Current Meter, read * Description of some experiments on the Flow

of Water, made during the Construction of Works for Conveyving the Water of Sudbury River to Poston,” hy

A, Freley and F. P. Stearns {Transactions of the Saci=ty of Cleil Engineers, Jan-March, 08850, Also, * On

Fhu Cuarrent Meter, together with a Reason why the Maximum Velocity of Water Flowing in Open Channels

is Below the Surface,” by F, P. Stearns; a paper read at the Annual Convention of the Amerkoan Society of

Civil Engineers, 51. Paul, Minn,, June 21, 1853, [Transactions, ete., Vol X110, August, 1333),




Current Meter No. IV,

As made hy . L. Berger & Bons.



Current Meters No, V and YV,
As made by ©, L, Berger & Sons.

For price, efe.. see sge 0.
1 FRL
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For the convenience of our customers we append a list of miscellaneous articles kept im
stock, but most of them are not of our manulfacture. Thoss not made by us are of the bost
quelity obtainable, and the prices yuoted ars identical with those in the markst.

Precision Pa,ﬁamphs.

":';.--"'-'E_':l'!:l'I= of thess Panto- i raphs, to avoid friction on the paper, are suspended
from a sclid bron support (as will E:; seen in cutl, the latier being supphed with bewels
and _|'="|“"E screws. The instru- ment 15 m[lﬂ’l.l!u ol enlarging or reducing in all ratcs,
and s very useful for capying Y The brass arms are I'u-I'?mx anid square in Cross-

section, and are divided 10 millimeters with verniers reading 10 Lo mm. For the accurate setting of the

verniers slow motion screws are provided. ANl swivel joints turs spon center points,  The disengaging mech”

AnEEmM :i_! a 5pe|_:ir|l COnVEniEnee, The ratins from 7 1o -_-'-. are ze with pole at end, those from % to T to

Age st the middle.  The pale and pencil-holder are therefore interchangeabile,

No. 0% Suspended Pantograph, arms sboet 24 inches long, in wooden caze,
Price, as above, $150,00,

No. 100, Buspended Pantograph, arms about 15 inches long, in woolen case,
Price, as above $150.00,

MNoTe —The Pantograph with 24-inch arme when set at § can circumsciibe a tgeinch square, or an
oblong 15§ « 24 inches, approximately. : =

The Pamograph with 3S-inch arms ean clreumseribe & 30-ich square, or an oblosg 274 = 19 inches,
approximately.

Compensation Planimeter,

The compensation Planimeter illustrated abwove consists of two parts, which pack separately in the case,
the tracing frame and the pole arm. The vacing frame rests on 3 points, the measuring wheel, the tracer
point and the reller. A finely polished steel ball, ixed at one end of the pole arm, rests in an opening of the
tracer arm, lorming a ball and socket iu'znl:. This joint forms the axis «f retation of the racer arm, which by
means of the pole arm moves on a ciecle as guide line § an che same time it enables the tracing frame always oo
rest with its three points on the plan.  The length of tracer arm is alsout o -2 inches and pole arm 7 1-2 inches,

The polz condists of a brass cylinder attached at one end of the pole arm, s lower surface lorms an
edge at right angles to the pole arm, which by the rocking mation provided by this edge can be lowered uneil
its other end, which carries the ball, is firmly secured in the socket,  In the center of this brass cylinder a
emall steel E‘i“' 15 imserted and h:_:-pl: in _pl.'un.' by a setscrew.  This pin Lermi_n:le:; at both ends in a ﬁng]r
hardened point, one of which propects slightly under the lower edge of the celinder,  The tracer arm is pro-
vided with a vernter and micrometer screw by which it can be placed at any division mark on the racer arm,
which is graduated througheot in -2 mm, The axle of the measuring wheel, ending in Anely made pivots, is
of the he-t hardened steel working in cylindrical steel point bearings, With o e Planimeter is supplied a
proving bar, which enalbles by itz graduations to describe several circles of known radii.

In using, place the Planimeter approximatcly in the center of the arca te be measored, so that the plane of
the measuring wheel, il cxended, passes through the pole.  Alter sltaining the measurement by wsing the
Flanimeter with the pole arm on one side of the fracer arm, the pole arm may be placed an the other gide and
another measurement made.  The mean of these oo readings will eliminare any error ol the measuring wheel,
thus thils form of instrument {8 & compensation Planimeter. . . =

If the area to be measured is Loo lhm_n- for the scope of the instrument it should be subdivided intoe smaller
areas.  According to the importance of :re:iu?lts 1o be_ol:-lu.nl-:d. cave measuremenl may be sufficient around the
plan, but when very accurate results are desired it will be gond practice to make 2 or 3 consecutive measure.
ments with the pole arm on one side of the tracer arm and afterwarnd the same number of consecutive read-
ings with the |wre arm on the sther sideof tracer arm, and by taking the mean of the averages of readings
obdained, very closs results will be obtained. : ;

The Compensation Planimeter is made of German silver and bronzed brass,
The tracer arm is adjustable and gradusted to the I:'JI-!J., polee welght of improved pat-
tern, Instrument complete in velver-lined case, with table of constants for U, 8

standard measure, adapting it to any soale,

wwmnplete as above 2 2 . ¥ . B > F0L0)
Noe 105, Triee comBE A Nhen'pecially rated” 1 1 1 B4.00

=il
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Plain Polar Planimeter.

This Planimeter is of German silver, with adjustable tracer arm fully gradu-

ated, about 9 imehes lone, in paolislied |||.th1,;'lll‘- o with proving bar,
Price of instriment when rated az explained on page B2 . = .Eﬁﬂl_l_'lu
i nat rated b with all the o cment s : 27.00

Precision Planimeters,

Thess Planimeters ave very mnch move gecurate than the onlinary Pelar Plani-
meters,  The graduated rollers do not tonch the paper at all, but roll, Instead, on a
D, highly polished surfae: of steel, thns eliminating all ervors dwe to the irreera-
lavities of the paper surface

No, 109, Large Suspended Ball Planimeter,

Mot bepd dn stock

te work. The tracer arm is 118

This instrument is |_‘11:-.|.| de of doing very acear
Inches long, T'|'|-=" pole arm is G inches ) ] el the dimeter of the toothed cirele on
the pole is The angular motion of the tracer arm s aboat 109,

Hurfar x4 inches to 7 x 10 inches can b+ measared without moving the
pole.

Price of instroment complete packed in movroeens lox % E 2 #7500

No. 110, Large Rolling Ball Planimeter,

The Planimeter illustrated abo
bronzed beass, and enables 1o obiain -<|.-.I|.1 ul ;.::.:,j.l.nr ax
any sther Planimeter ver made
tracet arm is graduated tlhiro
b increased by a lengthener o nches,  [is angular
Thie twe vollers are made ol exactly equal diar
imstrument, as a whole, i 1 s straight line, A s
2o inches can be measured witl the 22 inch tracer som.

Price of instroment, with testing bar enabling to check areas
of kuown radii, and table of settings, in velver-lined moroces box

with lock a & 3 s . E i £ i “ 'i:;"}ﬂ“

lhag a length of |

tom of the
and a widch of
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Surveyors' Pocket and Marine Compasses,
Hﬂ- 111. Burt's Solar Cﬂﬂlp-‘tSS, with udjua[,]ug socket and ll_".'l_'ljltl:{ [j'i|i|)d1 F230.00

No. 112, Pﬂcket tnru]nr.& with folding sights, 214 inch needle, . . . £ 800

woOTiE .-'1/, inch nes l.i"r" ]'14:--  Stat mnurmnga & i P (X1
[Tl 114. I T 314 i 1= 00F
116 4 1 with level, Imdm; sights, d-inch m--a'x]ln with 1mll and

socket joint, . 18.50
116, Vernier Focket anp 155, I3 inch needle, l"npud and 2 levels . 200
*# 117, Prizmatic lomp 155, r_r.nmplr[-: with azimuth glaszes, aml divided alumi-

num ring, & inch Leather 8ling Case.  Best kind, . 30,00
# 117a. Hutehinson's Prismatic Compass brongzed, of improved [:-'u.[t-ern ne'uh

enclozed top, finating card dial, 2 inch, in moroceo case 11,00

“ 118, Pocket Compass, wateh 1|'1:|;er|:|. brass, 114 inches in di: uuLtLl \'uLh
hinged cover and stop to needle, i 1.75
“ 116, Pocket Compasa, gilt, watch pattern, with smp enamelled dial and
agate centre; 1or 2'inches in diameter, . a,00
“ 120, Ritchie's Patent Liguid Compasses, of all sizes, from '3:'-—:: 00 to §35. 0,

£45. 00 and 255.00.
Miners' Compasses,

No. 135, Miners* Compass, provided with gtop and glass covers, for tracing
iron ore, 3 inch Norweglan needle, . . $16.10

“ 136, Miners' Compass, prmidr:d wul.h. stop and -'-Iaﬂa. covers. 4 in. Nor-
weginn needle, . . i . . . . o 20,00
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No. 145
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Leveling Rods Ranging Poles

The leveling vods illusteated !

are of best make and are L

always carried in stock,

No. 145, New York Rod, 05
ft. extending to 12 ft., repding by vernier
to 1000ths of a foot, with improved
monntings . ; g S14.00
No. 1450, Extra Tarvecet for
N. Y. Bod for use with gradienter or
atardia measrementa 3 R 1]

I ‘
t tUE

ﬂ_lmhllﬂlhlhlllllllll

- |
| |
No, 146, Philadelphin Rod, | _E9
self reading, 7% ft. extending to 13 i, | = |
reading by vernier to 1000ths of a font, __-_--'-' | . |
14.00 ..-37 I |
=1 | . |
Noo 14Ga. Extra Target for =.-.| | |
Philadelphin Il . . A I i § i
No. 147, Boston RHol, o ft No, 149 i i i
extending to 11 ft., reading by vernier | ]
to 1000ths of a foot . . 1400 Hi

No. 1458, Mining Tod, TPhiladelphia pattern

like No, 146, 6ft. . . F i - 12,000
No. 148 a. Mining RHod., Philadelphia pattern
like No. 144, 8% i1, . < : ¥ E 12000
No. 148, DMining IRed. N Y. pattern like By
No. 145, 5 1, . . % . ‘ i 1200
No. 148 ¢, DMining Rod. X Y, Pattern like bR
No. 146, 3} ft. e e 12,00 |
N, 149, Flexible Self-reading Level T, [

10 ft. long, 8 inches wide, This rod is geaduated on
ecanvas and can be rolled up,. When nsed it 15 fasiened

upon & board with thumb-tacks . . . 2D .
No, 150, Metric Level Tood,  Thilad-Iphia 1
pattern, 2 meters o 3.7 meters " i I ENEN] |
No. 151, Metrvic Level Rod, X Y. pattemn, i
2 meters to 5.7 meters ¥ . . . 1AMy i |
No. 151 a. Hod Level for plumbing rod 5300 . # i
[ B
Ranging Poles | B
Painted red and white alternately i i .
each foot. ! .
No. 152, Range Pole, Solid steel octagon, | i
6 ft,, 1 inch dia. E i ; 4 ] S0 i
Z |
No. 153. Range Pole, iron tube round, |
6 ft., § inch dia . E ‘ : 3 L.95
No.154. Range Pole of wood, 8 fi., steel
ghos . . . . . . . 2.25
No. 155. Range Pole, like No. 154 bat 10 ft.
2.50
Nos. 152 153

L |

ol
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Paine’s Steel Tape Measures,
1 inch wide., In Leather Cases, with flush handles,

No. lﬁi] llfl:il fent P.une g "itx.el "1‘-1|w 1Imder1 in ll'lt,hi . .+« #1100
w 161, 50 "
wole2. 100 &5 L s b S one wiﬁ on the ﬂt,llar

in centimeters, . . . . . : . - 15.00

Chesterman’s Steel Tape Measures,
3 inch wide. In Leather Boxes.

No. 163. 100 feet Che sterman's "*Lr:fl Tape, div ulml in 'HJt,hs . R — L1000

b | T T . . i " =00
W65, G v E% b i b 5 i . . AN
LTY le‘ 33 b [T e ik .k . . . - -;'IU'U

Pocket Steel Tape Measures,

In German Silver Cases, with spring and stop.

No. 167, 2 fwt. lf.mg c]nnlq =l in 1|||_!|I-\. 4 LHD
W 168, & i i g F . . . » 110
LU {511 I on one side, and in centimeters and mil

|.:||m 'LETS 00 t]w other side, . : : 2 F g : . 1.25



e

Steel Tape Measures,
b Inch wide. Fatent Brose Frame with Handle,

Wo. 170, 100 feet Steel Tape, divided in Wths, . ; 2 i % 1100
0171, BO o o - - b . . oooE [
Steel Tape Measures,

t; Inch wide. In Leather Boxes,
Wo. 172 100 feet Steel Tape, divided in 10ths, . . w #11.50
s in e e . E-.'”l
.40

178. 4 ©
(S I ST

ik ia

Lufkin Steel Tape Measures,

3p imch wide. Im leather vase.

T ITs
T

208, 1.
2038, D. .
Wo. 206, 13, 100 feet Lufkin Steel Tape, divided in 10ths, i ] : £11.00
ie “ i Wi ) X “ ﬂ{l_

I

Ko 203. . 50 ¢ : ! 2
i i et m e {4 inch wide; 2§

No. 103, D, 50 ¢
inch dia.; 5 oz in weight; can be carried in vest pocket . 4,000

semlun],
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Surveyors’ Chain Tapes,
Heavy *-inch Stecl Tapaes.
Graduations etched on Tright raiged anrfaces.
Graduared to single feet, end feet to tenths (one side only),

No, 174,
Ko, 175a. 100 feet, complete with reel 3 i p i M 4 i &7.50
176h. 200 5 AT . . : . . " u . 150
[ ]75:_ m bg [E3 ak LU . ¥ ﬂlrm
Mo, 176a. 100 feet, complete with reel ; . . . . . T
v 176h, My B W z . . . . . ’ v i ?ﬂ'g

1T, M ot M o f . ' . . 2 21,540
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Lucas’s Improved Steel Tapes.
L inch wide,

AN tapes of this mannfacture are made from the best quality of cloclk-spring steel,
one-fourtl of an inch wide, and of thickness best adapted 1o strength and fexibility,
tempered straight, and graduated ander tension, being drawn on steel bars wade 1o
correapond with U5, standand, and are guaranteed to be as aconrate as any tapes made
i thizeountry, The graduativns an muaile cach
five feet or links, aceording to the style of tape,
by Dea=s or german silver bands fivwly solidered
to thie tape, and marked each side with plain
figares in such a wanner a5 to e convenivntly
read from either end without linbility of ervar
incount.  The intermediate points of feet or
links arc marked by asmall brass vivet through
the tape, with raised hemd on each side 50 a5 Lo
be easily geen,  Fach end foot on Engineers’
tapes iz graduated to tenths of a foot. The ad-
justmentz for taking lweasure are so arranged
that no difference iz mode by the use of large
or small marking pins, the measurement being made and taken from the same sile of
the pin. Soldering of the number bands secures them from peeling up or rusting
underneath. The method of nombering avoids the necessity of ehanging ends of
tape, it warka sawme with either end forward.

No. 178 D, 100 feet, Ensineer's, graduated to feet, each five feet by soldered
bands marked with firures_ end tect to tenths of a foot A ¥ 2 . =400
No. 175 K, 66 feet, Surveyor’s, graduated to links, with figured bands every five

3.5

links . : . i ; . 2 : 5 5 : ; B .
Metal Reel, 200 extra. Ring handles inelnded in pedoe of tape,
Tension and Temperature sent with each tape when solil

Roe's Steel Tapes on Brass Reel,
g Y imech wide.

These tapes are made of superior steel,
& inch wide, graduated every foot by a
brassrivet, end feetiotenths, Every five
feet has a brass plate with the nuinbers,
and every ten feet haz a copper plate
with numbers,

They are graduated from a standard
tape certified to by an official of the
. 5. Coast Survey Department as cors
Tect at a4 temperature of G247 ¥,

Wo. 170 14, 100 feet long, graduated every foot, end feet in tenths, . S—IIEIL:
= 4 ;w a4y i m 1 P i i " A 2
FPrices ab‘li'e include a Patent Brasa Reel and pair of Patent Brass Detachable
Handles.
Brass Reel, without Tape, . : ' . 2 £ R TEE IR EIZRD
Detachable Handl=s, per pair, . . i z i i i . s . 0,30

Tape Repairver

i e

No. 179 P, Tape Repairer : i H 5 F i . E 5 a2, T_:u
1K) Eyelers E ; 2 . . £ y . 1.25

Complete Ontfi. . 5 . {postage 17 cents extra) 4.0

WMotk — This repairer cuts a clean hole one-sixteenth of an inch in diameter through twao thicknesses
of the ordinary engineer's tapes, such as Lofkin's, Chesterman's, etc.  No filing is required except to round
the rough corners of the break. Place the tape on the I'!Ihhtr pad and punch the hale in the n::]u.lrrﬂ place.
Mext place an eyelet on the pivat pravided for it, insertit in the hole and rivet it, The first rivet holds the
tape in position for cunting and riveting l|_1e rest. Repairs can be made guickly, without any danger of split-
ting the tape, thos aveiding any chance of dirt collecting under the splices, of cutting the fingers when draw-
ing the tape through the hands, or catching in rags, stc., when cleaning.
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Standard Steel Tape Measures,
For elty and bridge engineering, in lengths from 100 1o 14HH) feot.

Thesze tapes are of exact United Sates Standard and have no joints. They are
wenerally made in lengths of 300 fect with graduations at every 10 feet, the last 10
feet graduated in single fect, and the last foot into 10iths, For railroad and under-
ground work we frequently furnish them in lengths of 400 and 500 feet, A clamping
bandle can be furnished to attach to the tape at any desived length, if shorter
measnres than the whole lepgth are intended to be made.  We also can furnish a
small brass clamp to fasten on the tape in order to mark lengths that are used re-
peatedly,

Price of tapse 100 feet, gradoated at every 10 feet, the Ll-ut 10 fer t grafluabed

in single feet, the last foot in 10ths, : 25480
Price of t,.‘lp-(', lﬂ‘l |1 i 1 gl.u]l.lgl,tq i s ..ﬂ,bD'l.F . ; = ; 5 . Z 45
[ i Pl g ey P o 12400
PP & 4,“” ‘ e ak a 5 ] . % g 5 2 15.75
T I L “ TR ; i : 5 c : : 18410

Extras to =tandard Steel Tape Measures.

Each additional graduation and figoring, &0.20
Reel, handle and stop to wind up tape, 2.50
2 large brass handles to unship, @50
(-’l:un g handles, eacl, LAl
S-I'.ll:ll{ hrass E]‘liup to fsten on t: L|H= T0

Metric Steel and Metallic Tape Measures.
In Leather Boxes,

Wo. 191 20 Ml‘ter Steel T lape, l;lufldcd In msrt.:-rs.mf] cent.:met,em.' Wmm. wide £11.00
102 10 L] ) % A Atk
195 20 -+ Metallic Tape, ilu ided in meters and centimeters, 17 mm. wide 3.50
Bl v Metallic Tape, divided inmeters and centhneters, 17 mm. wide 2.75



No. 195. Burveyors® Chain, 2 pojes, 50 links, No. 13 bhest steel wire, hraged

113

LT

links am] ringz, . . EE R
196, Burveyors' Chain, 4 pllh“:, TiH) lllik:-. No. l’ hi gt stecl wire, Iu':lze-ui
links and rings, . 4 0,00
197, Engineers” Chain, 50 foet, 50 links, No. 12 best steel wire, brazed
links and rings, . .
1498, El'll"‘l.lll_Ll'k Chain, 100 1‘{"I‘t. 106 rl_uki \:0 12 '|)| 2L -.I'_1 |1 wire, h:ru_zpn:l
links and rings, . I R {1 111

]}[etrm Gh'1 ins,

No. 199, 20 Mever Chaln, 100 links, No, |2 hest s:l;er 1 wi 1r|= brs umt ]I“ks and nng_s.. 10,00

L2000, 100 L ol e &, 8
Extras to 'Papeq and Chains.

No. 201. Pocket Thermometer, . i D i ; i o ; 150

202 Spring Balance and Level, p . . . . . . . GO0

Marking Pins. _

No. 203. Set of Marking Pins, eleven in a zef, steel wire, No. 6, . i £1.50

Odometer,

Ho. 204. An instrument for mersuring distances traveled by ecarriage, . £15.00

Peﬁnme ter.

Wo. 205. An instrument for rﬂmaurtng distances w ﬂlv.eri in german silver

caze, of the aize of a wateh, N . L P .



i

Pinmmet Lamp. Lamp for INluminating Cross Wires,
:I-:i..

- Ma. 2%, Lamp Tor illominating cross wires :hmug‘q the axis of the
4 telescope when i tat the side, Tor use in undsrground
wark, of brass and nickel-plated, with ground lens,
# a1 Small Plummet Lamp, of brass, steel pointy 10 oz
; % 211, Large Plummet Lamp, of brass, steel point, 24 o2,
N I| | # Wl Box with sheulder steaps, for pair of Plummet Lampsy

‘l Plumb Bobs of |.’1'L‘Ei!-¢i{]]|.
[}

K

i

ooy .

[T " “ Mo, 24, 9ox., E -

-, v - o patent reel adjustment, % oz,,

Oy o I e 1] it i ? oz, . s s - .
L T Ll bl with stegl shank pasing through the body for shaft work, 8 1h.,
oo L L Ll " iy ol i 4 1b.,
o ooy, Mercury Plumb Bob {body of steel) 132 oz., 524 inches long 7% inch digmeter

H o 1" 1oz B a 1 W T
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Pocket Magnifiers,

No. 22L

No. 221, Zylonite Case, as in ent, size of lens 1 inch diameter, . #0060
W aED b oh 3], ok 11 &% 0K
ogap. e a1, ok e g . L E 115
L ¥ ' b LU = ent tooflenses, g and 1Y in diameter, . 1.30
Gossamer, Cravenette and Silk Bags.

No. 226, Gossamer or Waterproof Bag, to cover Level in case of rain or dust, L1040
W Silk Bag, to eover Transit with solid silver graduations 1,400
o 23ta. Cravenette Bag to cover Transit, 1.00

Lubricants,
Mo, 227, Bottle of Fine Watch Oll, for lubricating Transit Centers, eto, | . &5
Ttensils for Cleaning Instruments.

No. 228, Camel’s Hair Bruzh : : ; Fih, 400

coo 220, Stiff Brush for cleaning screw-threads A
230, Chamols-skin for cleaning lenses, centers, ste. il
o231, Stick for i‘li:._lhi.]'lg centers M)

Spirit Levels,

Wo. 232, Engineers’ Spirit Levels of all sizes and grades of sensitiveness, aceon-

vately ground and tested by ns

Per inch, according tw length and diameter

/

o\

"‘l

Code word, Tycummn

from 20,80 to $1.00

Surveyor's Umbrella

Large, well-made nmbrella designed as a protection
from sun’s rays and wind, during field work. Staff pro-
vided with a zide socket and shoe. U'mbrella has rings
to which guy lines may be attached.

Price $6.00
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Portable Anemometers.

These instruments are extensively used in
ptudyving and controlling the ventilation of
dwellings, public buildings, faetories, mines,
et
The veloelty of the air current is measuraed
by means of a very light fan wheel, whoss
revolutions are recorded on a dizl

This fan whesl is very delicate, the vanes
being made of aluminum, and the axis of hard
gteel runs in jewel bearings,

The counting mechanism is enclozed in a
dust-pro-f case, and can readily be thrown
into or out of action by a disconnecting lever.

The instrument is provided with a thamb-
gorew forattaching it toa rod for uas in meas.
uring the velocity of air currents at any point
on the surface of the earth, mine shafts, in
pipes, condnita or narrow channels.  In this
case the eruntling mechanism i2 thrown in or
out of gear by pulling on cords of differant
colors.

Thiz Anemometer iz carefully voled and sup-
plied WITH A CORRECTION NUMBER.

Anemometer, Counting up to 10,000,006
ft. ; diameter of fan, din, ; complete, packed in
polished wooden box, £30,0:0,

The Brunton Patent Pocket Mine Transit.

de Waords, A pocket instrument which takes the place of a sighting compass, clinometer, pris-
vinleal.  patic compass, and an Abney level or Locke's level, Weight 8 ounces, Price, B22,50

S

Twilum, Bronton Mine Tranzit with leather sling case, ; 5 i 3 4. TH
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NEW PARTS FOR OUR TRANSITS AND LEVELS LIABLE TO LOSE
OR ACCIDENT.

The following list of parts of our Transit= anid Levels can be supplied in emergency cases
when it i3 impossible to send us the instroment.  {Articles not given in this list cannot be fur-
nished unless the instrument is sent. )

NOTE. As wemake many stvles and siges of instruments, a mere deseription in your letter of
what is wanted may not be sufficient.  For this reazon to prevent mistakes and loss of time we
always require the serial number and size of the instrument, and o rough sketeh
when the list below and the names given in the eross-section eut on pages 320 and 52 do oot
indieate the parts wanted,  Sending the broken pieces will also help to identify the part and the
BlEe.

We eannot undertake to work by sketeh or measures, and only agree to send the parts men-
tioned in thiz list to fit a3 pear as possible withowt foving the tnstrament,  (If we are to do the
fitting to detached partz sent to us there will be an extra charge made for such final fitting in
addition to the price given in the list helow )

Parts marked thus(®) ecan be sent to fit approximately only. In all eazes where single
parts sent out such a8s a leveling or a tangent serew fits too tightly or too loosely o competent,
mstrument maker should malke the final ftting, and it 3 only when teo far removed from one
that o good loeal optician, jewsller or wateh maker should do it —If there 33 no one to make the
final fitting in the town or vicinity, send vz with the order the parts, such as the bracket for
which the new tangent serew is required, or the leecling kead for leveling serews, or level mount-
ing tuhes, frames for glass shades, ete,, for proper fitting,

Under no eireumstances ever detach o standard, center, horizontal eirele, verniers, or level arms,
ete,, from the instrument.

Before ordering an article from the list below, please read Notes A, B, O, ete,
page 2100,

When applying any personal treatment to parts requiring care, it will be well to first rend the
various chapters on *Uare of our Instroments,” eic, on poges 13 to 25 of our Manoal,
which iz sent out with each instrument purchased also the varions notes appended to this list.

Emery muet never be used inany form under any cirenmstanecs for fitting as this
would spoil the part treated.

Parts sent to us by mail should be REGIETERED to ensure delivery.

The priced helow do not include registration.  Add 1O cents it registra-
tion is desired.

Tn order to avold opening acconnts for small amonnts, the price, inclnding postage, (amnd
registrntion if any } should accompany e order,

NEW PARTs FOR TRANSITS
For illustratlon =ece pagze .

Price Postage Code

Hooid: (Cravemette is supplied for Transits, unless silk is specified) i 2100 04 Acerh
Box: {New box eannot be supplicd without haviog the instrument. )
Plumb bhobs, see page 203, For Transite No. 1 and 5 use Na. 213 200 12 Ache
" FH o o g 6o, 212 ¥ 1.75 .4 Achor
15 .01 Acuts

Plumh hoh adjuster. . . ; . ; | -
Pocket magnifying gladses, =ee page 200 TFor all styles and sizes of
Transit exeept Noo 4 uae No.

anoong Adare

For No, 4 use 21 . : . Al 02 Algre
Set of rubber cnshions (4) for outside bottom of mahogany box % A0 02 Alcor
Adjnsting pins . i G i R i . . LI QB 01 Alpin
Tmstrumsnt packing plece (brass ring 1o screw instrument upen the slide
board) 1.00 .10 Ambear
Tripod:

(For entire tripods see page 1237Tn. ) . )
Tripod head (See Note B dor instruments having four leveling serews . 5.00 .35 HBahal
1 v pomplete with boles, nots and woshers 2 A0 Bacea

" halt i ; , gy . E N4 Nned

" mut . i 5 : ; . .3!»;! gee Note C N7 Baﬂ.“l.‘l
" ywagher 1, 2 & . . Lmasl. . 01 Balmy
“ cap of aluminam . ; ; . . ) . , ; 130 10 Baneo
*  leg full length, split, . ; . ' . ' . 300 Ex Bandy
“ 0T extension (Ser Note D) . : : 3 E L 425 Ex Haals
“ shoe 1. 2 i : @ 35 .06 Haton

“ glamp for extension leg (See Note CF L 100 W7 Bavin
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Leveling Head:

sLeveling serew with ball and socket cup attached l:‘"'r! Mote A)

Cup only for leveling screw | 5 %
Foot-plate on which nstrgment i= mounted , 1
Spiral Spring for fangent motion . 3 i L H
Spring bolt or planger v R . 3 ¥
Screw cap at end of spring box i:"m:- : 3 ::
Mook snd chain for plwme b ol uuspeullu:ll .

Horizontal Circle and Vernier Plate:

Clampr screw . '

FTangent SCrew {seo Note &) v .

*Vermier glass, of plano-parallel ﬂrt-ﬁ.nl J.';I.::m n:"*eo \(112 E} . i
Grranmid glass shade for verneer . .
Shade Teame (o zruulul s "h'ule (Hee Note E) . F i
splrnd =y g $
Spring balt or . v 4 . H
Scerew cap to hold spring in cose . F 3 L

Compass:

Nesdle, (Ses Note F) amd pivoet (must be Gtted to the iostrument )
Pivot . E . .
FET T — l;r.!:um purullel erystol glosa ) ;i i : i

Telescope's Cross Axis:

("I-m'r sorew [See Mote G ¥ . . . - . B

Spival spring . - . . & - . .
Spring bali \ A . f . ! ,
Sorew cap [or apring © e . . & + . ' '
Agorns (protecting ends of crosa uxis) . . . . . .

Vertical Clrele:
Serews for guard, 5 5 5 i . & . r

Telescope:

[We cannot supply new abject glazses and |""|.¢"1'|'|II."|"I"“\- without
having the instrument, or ut lenst the telescope.  Hee Mote H.)
Crozs and stadla wires (soe Noie L}
Cap l'nr u'l.lj!cl. glmm for sizes Mo, 1 and 2 Transit, (14% 1o 147 dIR ]
Mo, 4 Teansit : {14" and Ir\-w elin) .
o o} e-]JI:MH: erecting 3 s 9 . - -
a LL inverting
sunnlunlf for Lransita u|' GUT T gular al.sr aml leli pﬂ. " dl.l.ll:{"“"f"
where it is to it .

Spirit Levels:

Plnte ll"l- el, finely ground and grodusted

b |_||||'|.|r-1] in its tube when laiter is sent ua ml'!uﬂuu: rEEEiTation
Standard Tevel fnely ground apd graduated

Mounted in its tube when latter i3 2enl us Lmtudmz :I'I‘IIIS-TFMIM
Telescope level Anely ground and |':I'rtI'|I:IJ.IH'I]

Monipbed o its cubs when latter iz sent ua |n|'ll.|dmp; n'“-ilrulmh
Adjusting nat | . . . . . .

NEW PARTS FORE WYE AND DUMPY LEVELS.

Faor illunstration see page 63,

i 1,80

@ .25

EiE
Al
Al
-1

Hid
R

BEs

.03

A
01
02

For prices of ciher ports not glven hero see above list of New Paris Tor Translis,

Moo of possamer r|.|'hh-¢t give length qf fele m,u]'u,- over all &

Blirrup lockin 5 : ; = i .

Cembenr it g1 Fulium of -=r.|:||=|Il' A ¥ H i

Spirit level, hnel} ground nnd xrnduuh'd Sl.ﬁnl'l r
‘.Tq.-nml:u_'l in its tube when latier is sent us, 5.00

. 1.00
70
-85

05
LIl
4

254

Capal
Caddy
Calrn
Calid
Cansl
Capsr
Colmy

ace
Irala
Idater
elva
vivan
Irepth
Trigit
IrMitch

Domal
Tronmzel
Eldam

Fadge
Fugot
Fancy
Feint
Felon

Gnarl

Halr
III.'.I{
Harsh
Hellx

Thex
Ichor
Ideal
Tiles
Invage
ITmbamn
Incog

Tnidem
Jamh
Javel
Jetty
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NOTES TO THE PRECEDING LIST OF ARTICLES
SUPPLIED BY MAIL,

EFNOTE A. Concerning Tangent and Levellng Screws.

Tungent nnd leveling serews can only be mude to L ne nenrly as possible without having the instroment in our
shop. Both kinds are misrometer serews, made wich great care and Gtted to the pasticalar instriment, and, therefare,
nre oot interchangeable,  When possible the tangent piece or bracket, or in the case of o leveling serow the whola
lewveling head should be sent us, se that we con Bt it properly,

- lifor imstance the tangent sorew sent vou in the absence of the tangent piere or brocket should At ton
tightly and you have nobody to Geac, theo if you oon wait, unserew the tangent picee and send it 10 us by regis-
tered mail.  Alake sure to replaece ench smasll serew into it acrew bole io the plate. I the serews are transpoaed
they may project through, touching the circle and injuring irt.

~If yvou have aninstrument repairer in your vicinity, he oan Gt the serew by working it in a L im ita mut
with u little tallow until it warka frecly, then in the temperate or frigid zone the tallow must be remosy | from the
merew and female thread by using a little benzine on a rag wrapped around a stick,  When free from tallow a little
watoh o1l or vaseline should be applied ns s lubriesnt. A jeweler or optician should be able to do this,

Under mo cirecnmstances shonld any cmery be used on one of these serews, ns chis would :1|'|r|i| it for

ever. [If not sucossaful the entire tangont piecs sod the secew should be sent wa by regiatered mail, ns already
mentioned.

FFNOTE B, Tripod head.

When a new triped head is required for an instroment having four levaling serews on sesount of it being
bent, or the sorew threads worn too loesse, then geaerallv o n -.\-_I->W|-r foot=plate tn leveling hend (aee list nbove}
and a new packing piece to screw instrument to the slide board o box will be needed alsa,

g5 NOTE C. Tripod bolts, nuts, washers, clamps and shoes.

Aend us an outline s%etel on paper obtained by running o shorp pointed pencil clossly around the article
desired,

B NOTE v, Tripod legs,

As the extension tripod legs and elampa vary in size and hove hl"!':l'l._r'hll.:l'l.l{l:'-:_l. in style from those formerly sup-
plied, it will be necessary to dencte the size by sending the cutline obtained a3 in Note C.

s NOTE E. Glass shades, vernier glasses and shade frame.

Hend the broken pieces or nn outline sketeh sz deseribed in Note C. If the vernier glasses, ete., s=nt nre too large
& loenl optician oy grind them to size.  [f too loose the frame shoeuld be narrowed at the top.

s NOTE F. Magnetic needle,

When o new needle seema ta be required on account of loss of magnetiam, the trouble is usually that the polnt
of the pivet is dull and then needs 1o be carelfmlly sharpened to a fine point or that 'I.htjre“'el
cap may hove become rongh or rusty and needs to be polished. —A very little mognetism s

uired to make the needle wor sntisfactorily when the pivol point is sharp snd the cnr well polished.
oo preserve the sharpness of the plvot it is necessary to use grent care in lowering the
peedle onto the center point, since 1t may be dulled the first time it i3 wsed if the needle s
dropped carclessly npon it pivot.

#$FNOTE 4. Clamp screws to the telescope’s axla.

Only an acdioary regular telescope slamp screw ean be sepplied,  All transits provided with a stridiog leval
of & golarattachment require & clanp serew capecially made with head of smaller diameter to enable the poasnge
of these features around the head of the clamp serew when the telescope i3 pevolved on its horizontal axiz, A
sketeh with the sizge and length of head 9 be aossmpany the order.

S NOTE H. Ohject glass and Eve-picce.

Sometimes it happens that an object glass is slightly warped by the excessive heat of summer, shown by &
distortion of the image, making it impasssible to ohtain n shorp, well defined nnage, or that the extreme cold of
winter may ecrnck the balsam (see description afl the telegcope E;u;r &%) with which the lenses sre cemented bo-
gether, shown by numerous streaks o stars, (A few such stresks or gtars are oot hurtful, sinee they cut out
aoly & very amall amount of light. } Surch an object glags ahould be pent to ua for recementing. Then, io most
cases, m new cell is also nesded in which to mount it ngain which adds t the cost of repainiog. .

In every permissible case the entice telescope should be sent us.  After the ohjeot glass or telescope 18 returned
o the sender it ie nesessary to readjust the cross wires for collimation as explained under " Ad=-
Justments” on page 45 of catalog.

SrNOTE L. Stadia wires,

Stadia wires muat be fitted specially to the focal length of ench object glnes, and therefore, we should receive
tha .n[ilrg telescope iF possibhle, or at least the object glass, and it will also be well to stats
whether the talu.tﬂ"lt is erect oF jnrartln.‘. as olherwide Wwe Can DIII}" furnisl the wires LY
proximately correct. i )

When & now owject glase is required, now stadia wirea as a rule muat be supplied alas.
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Cross Scection of the Berrer Transit.

The heavily drawn center ling and the two parallel lines drawn at vight angles to
in the above cut, indicate conditions regquired inoa perfectly adjnsted transit
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