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HE .priées quoted in this list are as low as consistent
j _-\ﬁtlﬂ first-class workmanship, and no deductions there-
from will be made. Customers ordering from a distance
will please remit by reglstered letter, money order, or draft,

‘made payable to us, or the croods will be sent C. O. D.

Partlcs m ordering goods will please g:ve the number

-of arttcle in th:s Cataloofue

Small artlcles can be sent by mall at the purchasers

: nsk “hen the cost of postage ‘qne cent “for eve ry ounce is
Vi

remltted in addition to the' pnce.

“‘We furnish packing boxes at cost prices.
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E herewith present to the Engineering Profession our new
Catalogue, giving a detailed description of our instruments
and some information which may be of service to the reader.

The various improvements we bave added to our instruments lately
have led us to issug this publication. Our Coupling—a new method of
rapidly and conveniently attaching or detaching the instrument to or
from its tripod—is of great importance, and, undoubtedly, the mosi
valuable improvement made during recent years in Surveying Instru-
ments. Of almost equal value is our improved Telescope, having
nearly double the power of ordinary ones. Our new Tangent Screw
and Clamp; reduction in the weight of instruments with an increase of
strength; their construction in such a manner as to bring the center of

- gravity nearer to the tripod head than any other make of instruments,

- thus making them more stable; the employment of composition and bell

. metal instead of common brass, and several minor improvements, have -

. all contributed to the value of our instruments, nnd w111 we trust, be
" appreciated by the profession. :

We shall leave it to the intelligent ren.der' to decide as to tha o
superiority of our instruments over others. 'We shall only call attention .

to the different merits and points of ours, and invite comparison, |

For the convenience of our customers, we will furnish any articlgs
not on our list, but described in the catalogue of any American manu-

facturer or dealer in mathematical or optical instruments, at catalogue .

prices,

A. LIETZ & CO.
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NEW TRIPOD COUPLING.

© This important {mprovemont, which sclves a p-:'cb‘.sm that has or.éup!ed the

attention of Instrument Makers and Engineers for years, and which has met the
approbation of all who had occasion to either use or see it, was inyented by us dur-
ing the past year, Belore describing it, we will mention the different methods of
connecting the instrument to the tripod that have been employed, so fer, and the
defects they are all more or leds possessed of. E

: TREAS

There are known in general sarveying two kinds of Transits, the Engineera’ and
the Surveyors’. The Engineers’ Transit, as now made by almost every maker, is
attached tothe tripod by means of a screw at the basd plale, and cannot be taken apart
above the levaling screws. The Burveyors’ Transit is attachable and detachable in
the ckntre above the leveling screws. In most cases the parallel screws can also
be detached from the tripod in the same manner as the Engineers’' . Transit, but in a
great many they remain with the tripod. % !

To attach an Engineers' Transit by means of the serew at the base, is a very
tedious aud unsale method, as probably most every engineer knows. Very often the
serew will not catch, thus making the instrument lisble to r.i}a over. .Besides, since
its whole weight while turning rests on the screw, it naturally weare ont the thread
very soon.

The mode of attaching the Surveyors' Transit in the center is, though mcre
safe, very defective. It is almost impossible to keep the center clean; a httle dirt
will often cause it to move very hard, and sometimes it commences to fret. But the

eatest fault ia ils necessitating the conatruction of what is called “the flat center'™
or turning the upper plate. In such an instrument the plates stand tao high above
the leveling screws, and therefore canse unstendiness. We bblieve it to be very difii--
cult, if not impossible, to do sccurate work with such an instrument, and will explain.
it more fully in our description of Transits. ¥

The same reason which led to takingapart the Transit above the leveling screws,.
viz.: *““The unsalety and inconvenience of attaching and detaching,’’ also caused the
different methods of taking apart levels, While some are constructed so 28 to leave.
the center on the instrument proper, others sllow it to remain in the parallel plate,
‘We believe the latter method the most defective of the two, because it throws the Y's
out of adjustment every time tholeast dirt setles on either the socketor the cone, and
because the bar and Y's have to be brought too high above the leveling screws.
Both constructions have one comumon defect. The cone and the socket have to be
stuck together tight to raako the instrument steady, and in order to take it off again,
it generally requires a sudden shock, which, of course, is liable to throw out the
adjustment. = - - 0 R SR Rt 0 119 e r A (s it

The foregoing description Lins shown the defects which all instruments are pos-
sessed of. We shull now deseribe our new arrangement, which remedies them.

On the tripod head, instend of the ordinnry screw, we have three claws, (as
shown in the nccompanying cut) the base plate of the imstrument is swallow-tail
shaped on thoe inside (as shown b{ F) and is provided with the spring case C. The
connection of the two is done by letting one of the cuts on the base plate meet either
one of the claws on the tripod head, when a third of a revolution to the right will
make the connection, the same time the spring C will fall into a hole on the tripod
head, and thus prevent a disconnection, the latter can be done by lifting the
spring C and turning to the left. If the tripod head should have been worn or bent
by accident, the movable claw D, which is worked by the side screw E (with the
large a.djusting[pin) will 6till enable to give the coupling friction enough to hoid the
instrument perfectly firm on the tripod.

3 - T LS T AL 2

T G 0 T T




gb

e & s ’ 3

b RTAA TE Sy 2 e

4 CATALOGUE AND PRICE LIST OF

device so far known, and without dividing the instrument into two parts, which lat-
ter method is always iujorious to its accuracy, stability, eto. In moving from oue
station to another the engineer can take the instrument and Jeave the tripod to be
carried by his assiatant. To this we might add that it is more durable, easier to

.keep clean and canpot get out of repuir.

TRANSITS. i 7

The unreliability of the fint center or Surveyors’ Transit Las, during recent
ears, cauged its being discarded by almost all Engineers and by s great many
Surveyors, This is proved by the fnct, that the very irm which introduced this style
about 50 yeara awo, has, according to their own statement, almost abandoned it, and
adopted for most of their instruments the iong compound center construction. The
grenter {riction of the plates upon each other in a tlat center instrument, is linkle to
mbve the limb alightly, whon the upper piate is turned in oxder to take an nngle, and
therefore will not give the'porrect one, Diffarent readings taken for ona angle, will
often give different reaults, as probably all those who have used this style will have
observed, One of the results of this.great friction, Is its wearing out tha centers
rapldly. Another defect of the flat center Tranasit, is ita unsteadiness, which in a
windy day ia often so great as to render useless the attachments of a level to the

&coen of the limb, cnused by an iunccurnte centering on the graduating engine,

: ulewggo. One error which onn be found frequently in theaw inatruments, isthe
oity

. 'The ohief merit of onr arrangement is, that it enables us to attach or detach: '
the instrument to or from its tripod more rapidly, firinly and safely- than any other °
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h the lower plate or limb {s at the same time the center, it {s evident that such an
error can not be remedied, unless the gradnation is tuken off, and a new one put on.

. The only advantage which {a claimed by the few advocates of the flat center, la
{ts ability to withstand rough usage. Thin {s, however, of little importance, con-
sidering that a fall or blow which is capable of injuring long compound centers will
in nine cnses out of ten also bend the plates, standards, axis, &o., and necessitate its
being ropaired by a competent instrument maker. !

From the above it will easily Le seen, that a fiat center instrament is imperfect;
and can not give satisfaction ; we will therefore state here, that 'we do not and will
not manufacturc thin style. The superior quulities of the long compound center
instrument will more than make up for the small additional cost, and we advise pur«
chasers, wishing to save mouey, to rather buy a second-hand long compound center
than a new flat center Transit. -

We shall now deseribe those parts of our Transits, which are common to saveral
or all of our different styles. : . .
i THE CENTERS. ok

The length of our centres {s from 2!{ to 4 inches, accordinig to uize and style of
instrument. To the beat of onr belief this is more than is posscssed by the instru,
ments of any of the many different mukers, which are constantly passing through
our hands for repairing. Yet, by examining our cuts, it will bo noticed that the limb
and vernier plates are nearer to the tripod head than theira, owing to the judiciouns
placing of the centers, which reach almost down to the base, thusinsuring the utmost
stability, Altogether regarding steadiness of construction the reader will consult
his best interests by oompnriug our cuts with those of othér makers, which wi.l

@

guide him in forming a correct idea beftar than the arguments of either ourselves or
others based on mere assertion. - :

BINIFTING PLATES.

All our Transita ara furnished with shifting plates for the precise aentaring. oi
the instrument over a point afler it is set approximately by the legs. Thiaisof great

- .

.convenisnce to the engineer, and, indeod we have made the observalion, that whoaver

had occasion to unse it once, will be unwilling to dispense with it niterwards. In
order to centre the instrument, two of the leveling screws have to be locsened, then
shift the instrument until the plumb bob is over the point and level up, which will
clamp it again. We have placed a thin metal plate under the leveling screws, pre-
venting the accumulation of dirt between the two shifting plates. :

LEVELING SCREWS.

" Asthe leveling screws are used more than any other part of the instrument, it is
evidont that they should be very durable. Ours have a very deep thread rounded a
little on the edge, which insures a nice smooth motion and a greater durability than
sharp-edged threads. The screws are made of composition metal. We do not use
the common round nut for the leveling screws to work in, but have the lower part of
all onr instruments so constructed as to allow the leveling acrews to pass through a
nlotted star, A, Fig. B. on Pnge 4, any lost motion of the screw ean be taken up by
tho clawp screw B. This is of great importance on Leveling Instruments or Tran*
sits used for leveling. By placing caps above the screws, these aro well protected
against dirt, :

TRIFOD LEGS, :

™ We have adopted the new style of fitting legs to the tripod head, as the engraving

will show. Instead of fitting the leg between two Lrass ehoeks, wo fit one cheek in
the leg. [n the old construction, the checks, when drawn closer by the bolts in order
to tighten the log when this gets looss, will often spring the plate or loosen the serows
which hold the latter. In the new arcangenent the tighteming of the legs will not
effect the plate in the least. While Ly the ald method the legs would only fit at the
lower part of cheaks when drawn in by the bolts, they will in the new one always fit
the whole surface of the chiesk, and will, after ten years' use, be just as steady as
when new. The shocs are made tapering graduully to n sharp point and securely
fastened to the leg.

If ordered, we furnish the round legs instend of the split onen,
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e-50 0 e+« character of his work may require,. The finer the instrument, the more sensitive the« .z
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SPIRIT LEVELS. ! by

All Bpirit Levels are ground to a proper curve and tested by us in person. Our :
advice is, not to meddle too frequently with the adjustment of a spirit level. Though 5
it may appear to be out one duy, it mny be in perfect adjustment other days. Itis :
the function of a Spirit Level to indicate the changes taking place in an instrument,
8o that the angineer may make proper allowsnce and apply bis correctivns, as the

spirit levels mnst be, in order to admit of corrections to arrive at closer results, As
a rule, a spirit level that does not indicate changes taking place in an instrument, is
too insensitive for the charncter of the instrument, and in many cases entirely unfit
or ressonable good work.

PR ——

GRADUATION. I 20

This very important part of a good instrument we guarantee ezact and accurafely
cenlered, opposite verniers rending the same. The lines are straight, thoroughly
black and uniform in width, Thers are two double verniers in every transit to read
angles with great rapidity as well as to make four separate readings at every sight,
when extreme accuracy in the repetition of angles is required. The horizontal circle
is graduated from 0" to 360° with {wo sets ol fignres, running in opposite directions
(unless ordered differently). The fignres are large and distinet, aud, to avoid iis-
taken in reading, the figures of these two sets of graduations, and those on the ver-
hiers, are inclined in opposiie directions, thus indicating the directions in which the
Yerniers shouid be read.

. The remark is hardly necessary, that an instrument should always have two
veruniers, for the reason that the manunfacturer himself cannot, withont losing a great
deal of time, be suro whether the graduation ie correct or not, even if 1t is dons on
the most perfect engine. We believe tbat the facility of provicg gradustion and
centers, which can be done only by having two opposite verniers, will be fully worth
the slight additional cost. We will here ventnre H‘:e assertion, that those instruments
with one vernier and flat center, generally known ss surveyors’ transits, are made in
& manner not admittiog of acouraoy. To distingnish the verniers one {rom another

~ we engrave the letter A on one, and B. on ths other, which is very convenient for
,thoas who always read only one vernier, as well as for thoss who read both. |

.+ Itiswell understood that the graduation is the most important point in a Transit,
-and any error rendera the instrument almost useless, even if all the other parts are
rfect, The most accurate gradusation will, however, be of no value without a well
tting center. To prove both, ssveral msthods are employed. Ths surest test is to
olamp the vernier plate to any point of the circle, and if by edding the two vernier
readings together tge sum ig == 150, and this same proceeding is repeated s number
of times all around the circla with the same result, then they are correct. The grad-
uetion of au instrument having but one vernier can only be tested with the telescope,
which test would take several days’ time, All instruments, unless ordered differ-
. ently, hava the verniers so placed.that they may be read without changing the
position of the engineer after sighting through the telsscope.

.. Glass covers protect the aro and verniers from esposure. For ease in reading
the verniers, we have added to all of our instruments two plates of white gluss, which
caat & very clear light on the verniurs in any position,

To graduate on solid silver adda $10 to the first outlay for the instrument, but
its many advantages, great permanency and smoothness of surface renders it the
only satisfactory surface for fine gradustions,

; | THE COMPASS.

. Our needles differ somewhat from others in shape, being & little lighter in the
- pontre than towarda the ends, for the reason that tEa meguotism is alwaye in the
ends only, decreasing towards the centre, 8o that all the metal there may be oalled

. dend weight, Compared with those of other makers, our needles ara aluo a little
Jighter, which conditions the increased durability of tLe point, :

Hurd dtee] hns the capacity of retaining magnetism Jonger and better than when
temperad, and we therefors now leava uno—gnil ineh on both ends perfectly hard,
Eo noccuiaoy or

e
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Ths olosest attontion is given to the pin and centre cap, on which ¢t
senaitiveness of the needls principally depends,
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. The lifter arrangement is mnde in such A manner as toraise and lower the needle
ently, and to prevent the sudden jerking and falling, which so often is the carse Itor :
o rapid wearing out of the point and centre cap. SN SR AL

o

S GRADIENTER SCREW, ki i

This attachment was fiest introduced by Prof. Btampler, of the Vienna Polytach-
nio School, It does nat add to the weight of the instrument, and once used we have
found it to be universally approved by our customers. By means of it grades can be
established, and horizonlal distances, vertical angles and differences of level can be
mensured with great rapidity. Indeed this attachment to an engineer's transit is one
of the most useful introductions in pructical engineering. It is 8o universal in its
application to railroad and genoral work, that when once used it will aflerwards form
an indispensable parl of an engineer's oulfit, Bl

CLANMFE AND TANGENT SCREWS.

The lower clamp screw of our transits are of the best doviged plan:, they are

strong and rigid and answer the slightest touch, . . .0 . .
The upper clamp is 8o donatructed that it leaves the limb circle untouched, just

grasping the sleeve of outside center against this clamp works a fine micrometer 1
sorew with opposing spring. This olamp anawers the slightest touch and is very -
rigid and the micrometer screw can never have any lost motion, s the opposing 1

spring takes up all possible wear, - e . 20, ST )
In closing these remarke, we shall call the attention of the reader to the loss of
time and annoyance srising from a Tangent Borew having “lost motion'’ while ad-
{lnstlng the line of collimation in the telescope. While revolving this, the plate is
able to turn slightly, and the operator is never sare whether the oross hairs are in

adjustment or not. _ = o iy,
FIXED STADIA WIRES FOR .DISTANCE
W4 Y MEASUREMENT. ¢ -xf

‘We have specially devised an optical and mechanical apparatus for the purpose
of placing fixed, or non-adjustnble sladia wires 8o sccurately upon ‘the disphragms
of our telescopen that their disinnce apart will read 1% 100* ¢ on any leveling rod,
as with the gradienter screw, thus dispensing with & special rod. ; i

It is well known that adjustable stadia wires are so apt to change their distance
apnart with every change of temperature, that no reliance can be placed upon them
unless previously adjusted. With fixed stadia wires, annoyances of this kind are
obviated—they are reliable al all times,

As regards the degree of nccuracy attainable by the usefof fixed stadia wires,
experiments with our powerful telescopes, made optically as perfect as the most
advanced optical and mechanical skill enable ua, warrant vs in saying that with soma
experience and proper care the results obtained will approximate and even equal
those obtained by chain mensnrements, The price for this accessory in any new
instrument is only $3.00, but if inserted into a telescope gent to ns for that pnrpose,
we must charge $10.00. We ndvise to order both the gradienter ecrow and the
fixed stadia wires, as each in itself, separately or juintly, will prove of great value,

GENERAL MATTERS.

The general demand in these days is for light instraments. We have succeaded
in producing such, without reducing their streugth, but rather adding to it. Thisis
mnmglinhud by the method of bracing aud ribbing all the heavy Tam. By removing
metal in snch places which did not impart strength, and applying a part of it to e
points where the most strength is required, we have (Ivmincd stronger and
somewhat lighter instruinents. .

Yellow brass has been entirely discarded by us, composition and bell metal being
employed exclusively. The greater strength these metals have, compared with the
former, is an important item, especially in case of nccidents. When such tako placa
with a yellow brass Transit instrument, the limb in most instances will have to be
redivided, while when made of hard metal, it must be a very severe blow or fall
which is capable of bending it, 80 as to require a new graduation. Many an accident
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which will damage a yellow brass instrument sufficiently to necessitata its being re-
paired, will not effect one made of hard metal. We ought to say here, that the em-
ployment of the harder metals increnses the cost of manufacture, and this is the sole
reason why it is not adopted by every maker.

Another defect yellow brass ia possessed of is, that it ensily frets. To prevent
this as much as possible, we use for every movement two different metnls, for one
part composition, and for the other bell metal. T'hus the axia to telescope is made
of composition metal, the centre to the vernier plate of bell metal, that to the limb
of composition, and the leveling screw, again of bell metal, The collara of the

““*Lavel telescopes are made of exira hard boll metal, cast especiaily for us, to prevent

wear,

LEGS,

These are made of well-seasoned ash, Experience has shown us that ash is
})refaubla to mahognny. In fact for lugs, the latter is even inferior to black waluut,
or the renson, that if exposed to the weather and dampness of the ground, this soon
becomes rotten, an observation which nlinost every engineer has made. Many in-
stauces a8 known to us where legs, after an ordinary useof two or three years,
broke right above the shoe. For legs, we believe ash the best, being very durable
and standing firmer than mahoygany does.

The thickness of the wood of the boxes in % of an inch; they are nicely finished
and provided with lock, key, brass hooks and lesther strap for carrying conveniently.
PACKING OF INSTRUMENTS.

Every possibla precaution is taken by us to secure safety. Each box is pro-
vided with adjusting pins and sun shade, & plumb bob, and magnifier for resding the
gradustion, is also turnished with Transits. g

" CARE OF INSTRUMENTS.

—

.. 'The usefulness of an instrument can be preserved for many years if proper care
is taken of the same. Wae shall therefore mentiona few of the principal points which
the engineer will do well to observe.

'To preserve the sensitiveness of the needls, the dulling of the centro pin must be
avoided. The instrument should never be lifted without being sure the needls is up,
and, if by letting it down again the swing is too large, it should be gently stopped
when within a few degrees of its natural bearing. Sbould the point become dull, it is
best to have it fixed by an instrument-maker; if vuch, howsver, is notaccessible, or no
time can be spared, a watchmaker perbaps oan do it, It must be remembered, how-
ever, that after being sharpened the point must be centered, that is, must be bronght
in the center of the graduation. This work, however, can only be relied upon if done
by the instrument-maker. i K :

I{ & needle is mads of good steel, well hardenod and properly charged, it will not
often Jose its magnetism, and if, when placed away, itis always brought tolie in the
meridian, it will retain, or even increase its polarity. It should not be left resting on
the point, but alter it has asaumed its position it should he raised against the glass. If
a needle has lost its maguetism it ean be charged again with an ordinary horse shos
magnet; one of three inches in length will be suitabls for this purpose, The opera-
tion is this: hold the magnet with the poles npward, then, with agentle pressure, pass
each pole of the needle from center to extremity over the opposite pole of the magnet,
describing, befory ench pass, a circls with a diameter of abont double the length of the
needle, taking care not to return it in a path naar the pole. Ifthe magnet 1s stron
enough, the needle need not be tuken out at all; but by ruising it agninst the glaasan
then pasaing the magoet over this, it will be charged sufficiently, Aftsr oharging,the
::hmgo hl;:' l°¢'l| its balance, which can easily be restored by shifting the brass wite on

o Bouth end.

" “The general tendenoy in the nuse of screws is to ovarstrain them. . This should
never ba done, eapecially with the cross-wire screws, which, when too much tightened,
are liable to constant vhange and loss of adjustment, Leveling and clamp screws also

T -
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ahould not be overstralned, as it wearsthem out sooner and sometimes eauses fretting.
If this takes place they should be taken out and brushed with efther soap and water or
benzine, The nutscan beat be cleaned by scrawing a flat piece of soft wood throogh
their apertures. In putling together, grease them elightly.. 5 i

Fretting of the centers and of the telescope-alide will interfors more with a correct
working of the instrument than any othor part outof order, They should be watched
therefors, vory closely, and as soouas any rough motion wanifests itself, it should be
remedied at onoce, il possible, by aninstrument-muker. If this cannot be had, and the
fretting is in the slide, first soraps and then burnish down the pluce where it frets. It
may s?so be ground slightly with oil and very fine pumice stoue dust, which is beat
obtained by rubbing two pieces on ench other, Aftergrindingthema littla, the tubes
should be cleaned and placed together again with oil only, then move them in and out
a number of times, wipe the oil off and tinally put them together when dry. If the
fretting takes place in the centers (wheu properly made and constructed, so that they
do not come apartin detaching the instrument {romthe tripod, this will never happen),
employ the same means, and if this is not effective, place a washer, made of paper or
a thiu oard, betwoon theahonlders  Thia will cause a shake, meking aocuracy impos-
sible, and produce errorsof parallax in reading off, which, however, 18 better than
destroying the conters wholly. The best grenss {or centers is very fine watch oil. Ia
regard to our centers, we can say that no fretting will ever haigen. o4 they are always
covered and carefully made, The object slide should not be greased. Never use’
emery pa J:ar or emery inTepairing Any movement, as it can not be removed aguin and
will grind continually, For greasing, leveling and clamp screws, pinions, eto,, good
rendered marrow should be used, e e

In oleaning object and eye piece glasaes, use o soft rag or chamois leather, If
the glasses should become greasy or very dirty, wash them with aleohol. The inside
of the glasses will very seldom require cleaning, and it is advisable not to take the
telescope apart often, as it destroys adjustment, elpeciallr in those instruments in
which the object glusses are loose in the cell, If dustshouldsettle on the crors hairs,
it is best not to touch them, The only means which may be tried is by taking out
the object glnss and eye Eieaa and blowing gently through the tube. For dusting off
an instrument & camol’s hair brash is best suited. It will brush dust better ount of
the corners than can be done with a rag, snd preserves the lacquer. [Its uwe is espec.
dally recommended for cleaning limb, vernier aud compass ring.

1t is advisable to look sometimes after the fitting of legs and shoes. If there is
any shake in the legs, or any shoe loose, the instrument can not be steady.

There should be no delay in repairing dofects. 3
If an instrament is upset, bending centars and plates, do not turn it nnnecessarily,
(1] ilt will epoil the graduation, but send it to & competent iustrument-maker immmedi-
ately.
'

ADJUSTMENTS..

All the various adjustments which the engiveer is required to look over occasionnl-
1y consist in placing certsin points, either at right augles or parallel with others. To
adjust the verniers and compass, consists in placing certain points in a straight line,
but as these adjustmoents are always mads by the instrument-maker, they should
bardly be termed such. We have inserted that of the needle and point, as these
sometimes get out of order nnd are easy to correct. The adjustment of vorniers and
limb, if properly done, will not get out of order {rom ordinary use.

The general method used in performing the various adjustments is that of rever-
sions. As these always double any existing error, itis evident that the mean batween
the difference indicates the true point. Wo shall commence by giving the adjustments
to transits, which, in practice, should be made in the same order as given here.

OF TRANSITS.

I. LEVEILS.

The object of this adjustment is to bring the levels at right sngles to the centers
of the instrument, so that when the bubbles are brought in the center of the tube, the
vertical axia of the instrument stands in a true verticsl position.
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b To perform it, bring the bubble in the center of the tubs by means of the leveling

| ' sorews, then turn the instrument 180 degrees. Should the bubbles not stand in the
centers of the tubes again, correct one-half the difference by means of the capstan
head screws of the levels, the other half with the loveling screws. If the proper cor-

) rections have been npplied, the bubbles will remain in the center in any position of the

4 instrument; if not, the same operation munst be repeated. If the levels should be
l out much, it is best to adjust one, approximately, and then the other,

AR Sy VL CTINE STANDARD BEARINGS, s

The adjustment of these ia necesaary in order to make the telescope revolve in a
true vertical plane when the centors of the iustrument stand in a vertical position. To
erform it, set up the instrument about fiity feet distant from a house. Take a well-
‘defined point as high as passible, then turn the telescope and take another as low as
can be obtained. After this, reverse the instrument on its center and direct the tel-
escope again to one of the observed points. If, by turning, it does not strike tha other
point, correct one-half the difference, and the m]{iustmnntis dons. It is not necessary.
to level the instrument, but preferable to bring it in such a position which permits to
take two well-defined points. Care should, however, be taken that the observation -
is made at the intersection of the cross-wires, and that the instrument is seourely
.clamped. | { X
Thia adjustment should alwnys be made bafore that of the cross-wires, for the
reason that, unless points of equal height are taken for the latter, the adjustment will
.not be correct, if the nxis does not revolve in a verticsl plane, We make this remark
Devaube sume caialogues are evidentiy in error ou this puint.

ILI. TIHE CROSS-WIRES.

The object of this adjustment is to mnks the line of collimation perpendinnla'r to
the axis, upon which the telescope revolves.

© We nssume that the telescope stands in the center of the instrument, that the

. tubes are perfectly straight, and are set at right angles with the axis npon which the
. telescope revolves, points which must ba nccurately performed. by the instrument
‘maker, and which are necessary, if the adjnstment on a long distance shall also ba

" eorrect on a short one. :

. 'There-are two methods employed. The firat one, which is moat generally used,

, consists in taking back and fore-sights. .Before making the adjustment, thu yortioal
wire must be sot truly vertical, so that the-upper and lower end will remain npon the

~ objeot if the telescope is depressed or raised. In order to do this, the instrument
_ must be firat leveled up. ‘

Having performed this, proceed in the following manner: clamp the instrument,
- “and by means of the tangent screw, set the intersection of the wires on some well
defined point from one to five hundred feet distant, then revolve the telescope and take
or place an object in the opposite direotions at about the same distance. Now
unclamp the nstrument, turn it half way round, clump it again, and set tho wires again
".on the first point, If then, by revolving the teleacope, the interasction bLisscts the
second object, the vertical wire is in adjustment, If such is not the case, correct with
the two capstan head sorews, on the sides of the telescope, by moving the vertical wire
bnck one quarter of the spnce betwesn the point now obtained and the mecond
object. If the correction has been exactly one quarter, the wire will be ndfuuled,
if not, the same proceeding must be repented. The renson why the correction is only
one fourth is evident from the fact, that in first revolving the telescope, the error is
donbled; then in revolving it again after the instrument has been reversed, the error
is again doubled, but on the opposite side,

It is not necessary to level the instrument while making this adjustment, but in

cnsa leveling is dinsmnned with, the observation must always be made at the interseo-

. tion of the wirea. Itmustbe remembered thatthe image nt the ornes-wires |s inverted,

that, consequently, the screws must be moved in apparently wrong direotions, * Old

Instrumenta which have back lash in the tangent sorew, should be turned very carefully
#0 08 not to change their position, : ;

. The socond method conaista in loonting with the telesonpa thres pointe in onadi-
raction, which are necensarily in a ateaight line, no matter how much the wires are out
of adjustment. The instrument is then moved to thecenter pointand the wirepeton -
elther of the two other points, Then revolve the telescope aud ses whother ths wire
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bisects the other point. ' 11 {t does, the wire is in adjustment; if not; correot by moy--
jug it midway between the point obtaiusd and the trme point, This method requires
loveling of the instrument. r . ¥y TEONRE R PR TR

We have been spenking go far only of the vertieal wire, ns this is the most impor-
tant in & Tranait Telescope. Ina p!a{n Transit—that {8, one without level to teles-
cope, and without vertical circle—the horizontal wire simply serves to define the center
of the vertical wire, so that no error may arise in cass the latter does not stand in a
vertical direction, : ' :

1f & level is attached to the telescope, the horizontal hair shonldbe bi-ougﬁtin the
optical axis also before the level is net parallel with the line of collimation; otherwise,
if adjusted for long distances, it will not be correct for short ones, s

To perform adjustments, sat up the instrument alongside a house or fence and
Jevel up carefully. ‘Ihen elamp the telescope and by means of the tangent sorew take
a point several hundred feet distant; thenturn the instrament on its center, and mark -
a point on the house or fence about 10 feet distant. Now unclamp tha telescope, re-
verse it, olamp iL again nud set the wire agaln oa the nearest point. Then turm tho
instrument on the center and ses whether the wire bisects the other point. If not,
correct by moving the wire hall way between the two. g A ‘o

No directions are given {or this ndjustment in the catalogue of any other maker,
which omission has for its cause their assumption that no noourate leveling can be

XV, THE LEVEL TO TELESCOPE. - .
. . The object of this adjustment is to make the lovel parallel with the line of colli-
mation. The method by which this is accomplished ia based on the priuciple that
points taken with the ssme angls of elevation or depression, and equally distant from
the instrument, are of equal height. :

To perform adjustment, the instrument must be carefully leveled, and on opposite
sides, at equal distances, stakes mnst be driven, giving an equal reading. Thesetwo
points are necessarily on a level with each other. Now move the instrument to a
point in a line with both and about 10 fcet diatant from one. Level agnin; take a
reading on the nearest, and then another on the turther stake. if both agree, the
level is in adjustment; if not, move the wire with the tangent soruw over nearly the
whole error, and sight again at the nearest atake. Repeat this until the readings nre
the same on both, when the telescope is truly horizontal. Now bring the bubble in
the center of the tube, and the adjustment is completed,

THE ZERO LINE OF TIIE VERTICAL CIRCLE.

This adjnstment, when once made by the instrument maker, will seldom get out
of order. '.{‘ha object is to make the zero lines of the vernier circle agree when the
level of the telescope is truly horizontal and the centers of the instrument stand in a
true vertical position.

To perform ndjuatniunl. the instrument must be carefully leveled; ﬁuf, with the
small levels on the plates, and then with the level to telescope, When this has been
done, shift the vernier until the zero lines cut each other. 5

OF THE Y LEVEL.

. ,. This requires three adjusiments, viz.: 1. Making the level parallel with the
* bottoms of the collars, 2. Adjnsting the Y's so that the bubble will be at a right
angle to the vertical axis of the instrument. 3. Adjusting the line of collimation.

TIHE LEVEL.

The object of this adjustment is to make the lovel parallel with the line of col-
limation. At the same time the axis of the level must be brought in a plane with
- that of the telescope.

iy
It ia best first to bring the level nnd telescope into & vertical plane: {. e,, to cor-
rect the side motion of the level, which is done iu the following manner: Clamp the
instrnment and bring the level in the centre.of the tnbe; then turn the telescope in
the Y's 80 as to bring the level on either wide of the bur.  If the bubble changes its

done with a Transit; a mppmit_jonl which we do not share with them. . | et e
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sition, it shows that its axis is not in a plane with that of the telescope. Correct
K; moving the two side screws nutil the bubble is hall way back., I the leval is
funnel-shaped, which is often the case in poorly made instruments, the ndjustment
cannot be properly done, and the operator must always take care to have the level
stand over the center of the bar.

The level must now be made parallel with the bottom of the eollars, which is
done in this manner: bring the bubble in the centre of the tube, then carefully
reverse the telescope in the Y's, end for end. The motion of the bubble is the
double error, which is removed by bringing this half way back by meaus of the
{0 greyl 4Ny o adjusting nuts, the other half is corrected with the leveling sorews. Rapeat the

same operation until the bubble remains in the centre,

Remarks.—To make the level parallel with the line of collimation it is only pos-
sible if the collars are of equal diameter. If such is not the case, the instrument
will not beany better than a Dumpy Level, and must ba adjnsted as such. The level
can be mndo exactly parallel to the bottom of the collars; the Y's adjusted so that
the bubble remains in the center of the tuba; the line of collimation brought in the
oceatre of the revolution of the telescope, this reversed end for end in the Y’s, leav-
ing the bubble in the centre, no matter how much difference there may be in the
diameter of the collars. It is the general opinion among engineers that after lavel,
Y's and cross-wires are adjusted, the instrument must be correct, while this is by no
means certain, as the least difference in the size of the collars, which difference is
sometimes found in new instruments, more often produced by unequal wear, denting
eto., will throw out the line of collimation considerably. It is therefore advisable
that the equality of the collars sliould be tested from time to time, which can only
be done by taking a test level. If found incorrect. it can only be remedied by the
instrument-maker. More informstion regarding this point can be found under
*'Telescopes,’* where the subject has been treated more in detail,

TIE Y’S

The object of this adjustment is to place the level and the line of collimation at
. right angles to the centre. ;

To perform it bring the bubble in the centre of the tube and over two opposite
leveling screws, then turn the instrument half way around on its centrs, The
difference in the position of the bubble is the double error, one half of which is cor-
reoted with the nuts, and the other half with the leveling screws.

; TUHE CROSS WIRES.,

% ' "l'he object is to place the cross web or line of collimation in the optical axis of
thla telescope, so that their intersection will remain on an object in revolving the
telescope. = . .

To perform adjustment, set the intersection of the wires on some point about
two hundred feet distant, then revolve the telescope half way around. 1If the wires
have moved away frown the point, bring them half way back, °

Remarks.—In this, as well s in any other telescops, we assame that the tubes
are straight, the object glass well centered, and the slide well fitted, If such is not
the case, the teleacope can ouly be adjusted for certain distances. It is nrged by
some makers that it ia almost impossible to prodnce straight tubes, and thut, thera-
fore, the object slide must be adjustable. This iu, however, not so, Perfectly straight
tubes cnn be madeif only the necessory time and money is expended, The fact is,
that in most of these instrumen's the object glasa is not centered, the slide poorly
fitted, eto., which is by far more injurioua than ever if the tubes ara not qnite
straight; besides, the constant working of the slide in the adjustable ring will loosen
the screws and cause a great deal of annoyance,

OF THE SURVEYORS' COMPASS.
Th" adjuatments coﬁllnt .of: i L L AR ; '
A% Thy Wes ot Gl b, . 7 e S s

3. The Bights. .
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Properly speaking, only the first can be called an sdjustment, and as this has
been described already in that of the Tranalt, it is/ not necessary to repeat it here,
The second aud third are points which belong to the instrument-maker, but as Com-
asses are oflen aubject to rongh usage and liable to get out of order, we havo in.
serted them to enable the surveyor to correct such delects temporarily, $
i

THE NEEDLE AND CENTER FPIN.

The former will very seldom reqnire adjustment unless handled very carelessly,
As the pin has to be taken out rometimes, in order to sharpen it, and in replacing
the point will generally not return to ita true position, it has to be brought again
in th; centre of graduation. Au each depends on the other, they must be corrected
together, : e s

To perform adjastment, bring the N end of the needle on the N zero of the
compans and note the position of the 8 end of the needle. Then ‘turn half way
aronnd and Yring the N end of the needle on the B zero of the compass, and note
again the position of the 8 end of the meedls, If this should bave changed, i. e,
should have moved either to the right or left, it is evident that the pin is out of cen-
tre and must be bent, If the reading is the same, the pin is in the line with N and
8 zeros, and any existing error must be corrected by bending the needle. If the
readings are not the samein amount, both the needle and pin must be bent-—the
needle most if the reading remains on one side, and the pin most if the reading is

on both sides.,
, THE SIGIITS. . -

"

The object of this adjustment is to bring the slits in a vertical position when

the instrument is leveled,

To perform, snspend a plumb line at & convenient distance and note whether it

Euuat rough the centre of the slits when the instrument is leveled. Ifnot, correct

y filing down the base on that side, which {sthe highest. It can also be temporarily
remedied by placing paper nnder the lower. -

REPAIR OF INSTRUMENTS.

This branch of our business has grown rapidly of late years, principally on ac-
count of the advantage Western Engineers derive from sendifig their instruments to
us instead of to the Eust.

As our location requires us to repair all the various makes of the conntry, while
Eastern establishmeuts, as & rule, only repair their own, we were obliged to procure
all the material, Enttema. tools, eto., necessary for these. Having the patterns for
all those parts which often want to be replaced when injured by falls, snch as the
axis to the telescope, centres. ete.; focilities for cutting any threads from b to 100
to an iuch; objectslnsaea and eye piece lenses of any desired focus; level vials of
every diameter and length, including even the sometimes odd sizes of English in-
struments, we are J’repared to do the work as economically and promptly as the
maker himself can do it By sending their instruments to us the Western Engineers
and Surveyors will save time and expressage.

Instruments sent to us are always thoroughly overhauled and put in a8 good a
condition as possible, nnless directiona are given specifying the repairs desired. We'
believe that the best policy, insuring satisfaction and a saving of money, is to leave
it to our judgment, as there are often points nppearing trivial to the engineer, but
which must be corrected if the instruments are to Le relied on.

A good denrl of correspondence arises to ns from inquiries about the cost of

repairs, and, although it is impossible to state the exsct figures, we will give a gen- .

eral idea of such here,

The most costly instrument to repair is the Transit, being the most complicated,
It injured by a fall, new centers and new axis to telescope are generally required, the
cost extending {rom $10 to $30, or somelimon even §50, If slightly injured, the cost
will vary from $5 to $10.

T
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Injuries that leveling instruments sustain from falling are generally less serious,
ranging in cost from $5 to $15. A new level vial costa from $2 to $7.50, according
to size and scnsitiveness. In instruments which are defective in construction or
workmanship, sensitive levels will be a source of constant tronble und annoyance to
the engineer, and such bubbles are preferable which are in accordnnce with these
qualities. As a rule, we place to the better instrnments levels giving for snch inch
motion of the bubble an angle of two minutes: to inferior ones such giving three or

I X S XTaTES i
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Compasses sent to us are princig:llyin'ured by the dulling of the center pin.
Bometimes the plates and sights are bent and glass broken.  Very often the center
cap is worn-out and a new one is required. - The cost of repairing ranges (rom $2
to $8, and sometimes even $10. A new needle, baving the largest breadth in a ver-
tical direction, which is far superior to the flat style, costa $5. A new center point
costs 76 cents. A new center cap, with jewel, $1.50,

Transits and levels should always be accompanied by the leveling plates; the
legs and the head to them need not be sent. With compasses, the ball apindle shonld
be sent along. We advise our customers to carefully pack instruments sent to na for
repairs, as they might ba sometimea injured by neglecting this precantion. When
an instrument is sent to us, a letter or postal card should always be mailed the same
day, giving us the ’d.irectionu and stating when the return is required.

TELESCORPES.

It is well underastood that the Telescope forms a very essential part of al good
instrument; hence, it will be of interest to follow up those rules of optics which
govern the construction of such. We shall Jimit ourselvesr to the small fleld

uired for the special class of instruments we have been describing, and shall treat
the subject in accordance with some of the best authorities on optics. “fi e g

THE FORMATION OF IMAGES BY LENSES AND
S MHEIR MAGNIFYING POWER. | ..

+' - When parallel rays, such as those from a star, (which by reason of  their great

length may be considered parallel) fall npon a lena in a direction parallel to ity axis,

the ray which coincides with the axis will pass through without suffering any refrac-

tion; but the other rays will be refracted ond found to meetata common point in the

line of the axis. This point is called the focns of - the-lens. When the surfaces are -
equally convex, the focal distance is equal to the radius of the surfnces.

 When thie rays fall in a direction oblique to the axis, those which pass throngh
the center of the lens will suffer refraction at each surface; butas the two refractions
are equal and in opposite directions, the refracted rdys will finally emerge in the
same direction as the corresponding entering rays; consequently any ray passing
through the center of the lens may be considered {ree from refraction, as the thick-
ness of the lens is insignificant.
When the diverging rays, radialing from a point not very distant, fall upon a
lens, the refracted rays will meet at some point more remote than the one for parallel
- roys of light—or in other words, its principal focus,

The nearer the radiant point approaches to the lens, the more the focua will recode
from it; 8o that when it has approached as nenr ns twice the principal focal distance,
the focus will be at the sanie distance behind the lens as the radiant point ia before
it, and when it has approached to the principal focal distance, the rays will emerge
parallel with infinitely distant foous. .

When the principal foous of a lenas is known, the formnula for finding the focus
for diverging rayn is, p = principal focal distance; a := distance of the radiant point
from the lons, a p i i .

As all the rays of one point will be ngain refracted to one certain point by a con-
vex lens, 8o will the rays of a great number of points, of any objeoct, be refracted and .
formed to an image on the above desoribed principle; and it is a universal rulp that
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when an {mage is formed by a wﬁru lens, it In fnverted in position relatively to the

position of the o J:ct. and 1ta magnitnda 14 to that of the cbjeot aa its distance from -

istance of the object from the lens,

the lens is to the

et : e : e g

i
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If a b is an object placed before the convex lens m m, every point of it will send
forth rays in every direction, Those rays which fall upon the lens m m will be
refracted to a focr behind the lens, and st such & distancoe {rom it as may be deter-
mined by the above formula, - 9 e s

The point a will send rays to every po[ii-t. of i.illellehls. one ‘of which' will pass

through the center v of it, hence will not suffer any refraction; consequently the point
a’ of the image representing the pointa of the object must lie somewhere in the
continued line a v—that is, where the refracted rays a m meet this line. Inthesame
way the raya of the point b or any point of the object will be refracted, so that g’
represents @ and b', b of the object, whose imuge is consequently inverted.

As the angle a v b is equal to the angle a’ v’ ', the length of the object a b must

be to the length of the image a’ b’ as the distance of the object a b from the lens

mm is to the distance of the image a' b’ {rom the lens m m. - 3t

The brightness of the image will always depend on the brightness of the

object; when the brightness of the object increases, the brightness of the image will
increase proportionately, It is aiso evident that we may increase the brightness of
the image by increasing the size of the lens, or the area of its surface. If a lens has
an area of 14 square inches, it will obviously intercept twice as many rays proceeding
from every poiot of the object as if its aren were ouly 6 square inches,

If we place the eye about 6 inches /the distance at which a normal eye will see
smell objects most distinctly) behind the image a’ b) we will seé the same very clearly
and distinctly, appurently suspended in the air. Thae cause of this will be readily
underatood if we consider that all the rays which form by their convergence the
pointsa’ b' of the image, cross oue another at a' ', and diverge from these points
exactly in the same manner as they would do from a real object of the same size and
brightness placed in a’ b'.

The image a' b’, therefots, may be regarded hs a new object; and by placing
another lens behind it, another image of the image a' b’ would be formed, exactly of
the snme size and in the same place as it wonld have been had a’ b’ been areal object.
Since the new image a' b’ must be inverted, this new iinage will now be an erect one
of the object a b, obtained by the aid of two lensed; so that by using one or more
lenses we can obtain erect or iuverted images of an object at pleasura.

4 In order to explain the power of lenses in mugni{'(ying objects, or rather in giving .
magnified images of objects and bringing the image near us, we must examine the -

different circurnstances under which the same object appears when placed ot differ-
ent distances from the eye. |

If the eye looks at & man placed at a distance,|Lis general outline only will be
seen, and peither his features nor his dress will be distinguishable, When he is
brought gradualiy nearer, we discover the different parts of his dress; till at a dis-
tance of a few feet we perceive his {eatures distinctly.

* The nearer an object is to the observing eye, the greater the angle will be under
which it is seen; and the apparent magnitude of an object can, therefore, always be
measured by the angle at which it is seen,
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*  Buppose an object be placed at a distance of 100 feet from the eye, and a lens of
25 feet focal length be placed half way between the abject snd the eye—that is, 50
feet from ench—this lens, a8 previously shown, will form an image of the object 50
feet behind it of the same size as the object. If this image is looked at by the eye
placed six or eight inchen behind it, it will be seen exceedingly distant, and nearly as
well ag if the object hed been brought from a distance of 100 feet to a distancs of six

magnitied, because its apparent magnitude is increased in the proportion of 100 feet
to six inches, or 200 to 1. . .

When the focal length of the lens is quite incousiderable, compared with the
distance of the object, as it is in most cases, the proportion of maghifying power
will be considerably changed, compared with the preceding illustration, on account
of different foci at different distunces.

Buppose a lens of one foot focal length forma an image of an object 1000 feet
distant, this image would be formed at very nearly the distance of the principal foeal
length from the lens, If we counld now place the eye in the center of the lens, we
would necessurily see from this point the image at the same angle as the cbject would
appear on the otherside; hence, the apparent magnitude of the image would, when
viewed from a place one foot distant from it, be the same as that of the objec{ when
viewed from the center of the lens, although actually diminished 1000 times.| But
a8 a normal eye can have a distinot view of an object nt a distance of six inches, we
enn alzo approach to this distance from the fmays formed iy & lens, aad still see it
distinetly, The apparent wagnitude of the image then observed will be twice as
large as the object anears when viewed from the center of the lens, and conse-
quently the object will appear twice magnified.

.. In the case ol a very short-sighted person, who secs objects distinctly at's dis-
tance of three inches, the magnifying power wonld bs four.

From this, the rule for inding the magnifying power of the ienn, when the eye
.vlews tbe image which it forms, is: Divide the focal length of the lens by the dis-

. tance at which the eye obtains a distinct view of the image. -

' Here, then, we have the principle of the simplest tolescope, wh!cﬁ consists of a

* lens whose [ocal length exceeds six inches, placed at one end of a tube whose length
,must slways be equal to the focal length of the lens, plus the distance for distinet

vision, ; i :
But there is still another way of increasing the apparent magnitude of objeats,
particularly of those which are within our reach. |
* Itis proved in oirtica that a good eye can see distinct] y when rays of light par.-
sllel, or nenrly so, fall upon it, as it has the power to accommodate itself to objects
at different distances. . ;

It we bring an object, or the image of an object, very near to the eye, soan to
give great appnrent magnitude, it becomes Indistinet, na the rays of light which pro-
ceed from it diverge to wnuch a degres as to render the eye unable to accommodate
itself to them; butif we can, by any contrivance, make the rays enter the eye nearly
perallel, we shall necessarily see the image distinctly, *

But we have ulready shown that when ravs diverge from an objoct placed in the
focus of a lens, they will emerge parallel. If we, therefore, place an object or an
image of one in the focus of n lens, helid close to the eye, the raya will enter the
:ge rnnllel, and we shall see the object dintinutlir. The present short distance of

e image to the eye is equal to the focal length of the lens, so that the magnilying
wer produced by it will be equal to six inches. divided by the foeal length of the
ens, consequently the shorter the focal length, the greater the magunilying power,
* When a lense is used to mngoify the image prodnced in a single lens teleacope
from a distant object, the two lvuses togother conntitute what is called the astrono-
mical telescope, _ : ey

MAGNIFYING POWER OF TELESCOFPES,
Every telmnge consiata of two distinct parts; the objeot glass forming the image
and the eye picce by which this image is viewed and magnided,
= Although the different kindn of telescopea differ in the constrmetion of their eve
pleces, they are yeot subject to the same rules in regard to maguifying power, fleld

.
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. inches, at which we can examine minutely the details of the Object, . ; .y umg sr i
" ""Now in this cuse the object, though not actually magnified, has been apparently
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and light; wa 'will therefors illustrate thene rules in the most simple manner, to avold
the.extra tronble of tracing the light through two, three or more lenses, gnd desaribe
the eye ploce saparately, - L AR e W S S P
. We have previously shown that, when viewing an image from a place as far
distant as the focal length of the lens by which 1 is formed, it will have the same
spparent magnitude as the objsct, and by placing a lens between thé image and the
eye in such & manner that the foous of the lens will be in the same plane with the
image, we can see it distinotly by placing the eye close to the lens. | !

As the rays of light diverging from the focus of the lens emerge parallel, we seo
an object placed in the foous of a lens ot the same angle as it would be seen from
the center of this lens; and as the apparent magnitude of an object increases in
proportion to the decreasing of the distance at which it is viewed, the rule for finding
the magnifying power of an astronomical telascope with single lens eye pilece, is:

Divide focal length of object glass by focal length of eye plece, =

By this rule it is evident that a telescope with o long focal length object glass,
and an eye piece of very short focal length, will magnify very much, but experience

'

has shown that unless certain limits should be maintained, such a tolescope would,
" by the loss in size of fleld and light, berendmd;nlelesu.'- T AT R e SRR

.« FIELD OF TELESCOPES. = "

The fleld of view of a telescope is always measured by the angle which the
object visible throngh it subtends to the ?’o. Should the moon, for instance, just
fill the fleld of a telescope, the fleld would be half m degree, as the moon subtends
that angle when viewed with the naked eys. ARSI f b

s L . o
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Two lines drawn from the outer edge of the lens nn (in above figure, m m rep-,

resenting the object glass, n n the eye lens) to the center v of the lens m m, and con-
tinued would just cover the object A4 /I, Bupposs these lines 4 v and B v to repre-
sent the rays of light sent from the points A and B of the obllaet through the center
v of the lens m m, they will be incident at the very margin of the lens n n, thus the
points 4 and B can just be seen through the telescope, while the points a and b ean
not, as the dotted lines @ v and b v indicate., Therefore, the angles Av Bornun
;ﬁdthe greatest that can be seen through a telescope, and consequently consatitute its

‘It is evident now that the size of the object glass does in no way contribute to
the size of the field of view, but that the same may be increaséd by enlarging the eye
lens or shortening the focal length of the object glass, ;

We have prev'iouslg seen that in order to increass the magnifying power of a
telescope by means of the eye lens, we must shorten its foeal length; at the same
time oxtm-ienca has shown that the diameter of the aperture of this lens must not
exceed half its focal length, s otherwise the spherical aberration of such a lens
would distort the image to a very annoying degree, which error necessarily must be
avoided.

By this rule the fleld of view i alwnys fixed for a single lens eye piece. For
this reason and others, which wiill be explaived under the heading of ** Eye
Pieces,” a combivation of two lenses is used| with the improved astronomical
telescope. Two lenses of equal focal length, cumbined, will et like one lens of
half the focal length of each; the aperture of each iens being half its focal length,
the two combined will, therefore, afford twice as large a field aa a single lens of the
same power.
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LIGHT TRANSMITTED RY A TELESCOPE,

It is at once perceived that the quantity of light entering a telescope is depen-
dent upon’the size of the object glass or its aperture; the larger its area of surface,
the more rays of light proceeding from every point of the object will be intercepted
and transmitted.
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ZMand = m are the outward rays of all those radiating from a distant point, and
intercepted by the lens M m ; they are refracted to a focus at f, forming the cone M
Jm, vE{ch receives all the ight contained in the cylinder Z M z m ; from point f
they will diverge again, forming thecons N fn , of which a part of lens N n forms the
base; us the point f i the common focus of both lenses. the rays will emerge 'Pnrnllel
from N n forming the cylinder ¥ in k. ~ i
Evidently the light contained in the cylinder Nink is more dense than in
Z m 2m ; the degree of density is reversedly proportional to the square of their vertical
section. The dirmeter N n is to the diameter M m, as the focal distance 1 f to the
focal distance v f, or ps we have previously seen, as one to the number of times the
teleacope magnifies; hence the dinmeter M m divided by the diameter IV n will give
us the magnifying power. ; i Aoy b
: This rule remains the eame with all felescopes, the eye piece may consist|of one,
S - i two, or four lenses, g g el e B .
A - Elncinf the eye a few inches from the eye piace of any telescope, the pencil
' oroylinder of light ¥ { n k will appear as a bright speck, diameter of which may be
very closely measured by means of a finely graduated rule; divide by this diameter
-the diameter of aperture of the object glass, and the quotient is the magniflying
power of the telescope. S : |
+ . In order that the whole pencil of light, Nin k, may be received by the eye, its
diameter { k must not exceed the diameter of the pupil of the eye, because being lar-
r, o partof it could not enter the eys, and consequently part of the light intercepted
y the object glass wonld be lost. ; v ' -
.. The diameter of the pupil is, as found by experimenta on an uverage 1-10 of &
4inch, hence the constrnetion of a telescope should aways be so, that i k does not ex-
: eeed 1-10 of an inch in diameter, Taking r to be the magnifiying power of A tole-
soope, the vertical section i & i r times smaller than Z 2 ; the square of i k, conse-
uently, is r r times smaller then the square of Z s ; hence the brightnesa of light r r
time greater at { k than at Z 2. |
Aceording to this it would sevn as though objects were seen r r times brighter
4 through & telescope than with the naked eye; but, considering the telescope as mag-
nifying the dismeter r times, and the square surface rr times, the rr times inoreased
light will agnin be r r times decreased. |
Therefors no combination of lenses in posaible, by which the brightness of an ob-
'jafotiwlc:uld appear greater than when viewed with the naked eye under the sams angle
of sight, R ! i [Pz
We mentionad above, that the diameter { k& should not exceed 1-10 of an inch, in
order not to lose any light; therefore a telescops constructed thus, to make the pencil
$ % 1:10 of an Inch in dlameter, wonld, in regard to brightness of lmnga,rlve the beat
Tesult, as the diametor { k would be aqual to the diameter of the poncil of light, inter-
eopto(i by the pupil when viewing with the naked eye. I
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., When { k becomes amaller than 1-10 of an inoh, the brightness of ‘the object will
be less than when viewed with the naked alye. ns in the latter cane the eye would re.
oelve a larger oylinder of light; tho brightness will obviously decrease in the
same pritl:portion as the square surface of { k is smaller than the square' surface of
the pupil. :

As the brighitness of view is an indispensable requisite of a gnod telescope, the
magnifying power sbould never be rnised to an excessive degres, espacinllr with ter-
restrial telescopes, which are very often used for viewing objects only faint y illumin-
ated; nevertheless, experiments have shown, and it isu iversally admitted in optics;
that the magnitying power may be inereneed to auch a degree as to give the pencil § &
only 1-20 to 1-24 of an inch diameter, before the eye will perceive a sensible diminution
of lrght: this limit however, should never be exceeded. - ) = Ak 5 §

A good telescope, mnagnifying thirty times, will show an oﬁjaét onJy: nearly ne

bright at a distance at 800 feet, as when viewed from a distanes of thirty feet with
the naked eye; the reason for this is, the power of abworbing light possessed by all
bodies; even the air, the most transparent body in nature, is capable of absorb nga

reat quautity of light. On the summit of the highest mountains, where their light
Eu to pass throngh a much less extent of air, o much greater number of stars is
visible to the eye than in the plains below. Glass in & medium of still greater ab-
sorbing power than air. Each refraction of light is| slso conneoted with more
or less of light, through the existence of very small imperfoctions in the surfaces

of even the most perfect of ienses, and which _cause reflections and dispersion of *

light. : ) )

In the above instance the rays of light intercepted and transmitted by the teles
saope have to pass through 870 feet mors of our atmosphere, throngh three (astron-
omical telescope), or five (terrestrial telescope) thicknesses of glass, and suffer six or
ten refractions before entering the eye, whereas the light intercepted by the naked
eye only passes through thirty feet of our atmoaphere.

When the naked eye is viewing an object, for instance, large and we!l-defined
black print on a white ground, faintly illuminated, it must approsch to within a cer-
tain distance, in crder to read thes print, and see wvery iine distinctiy; if twice as
much light is now turned upon the object, the eye way recade to nearly twice the
distance as before, and still gee the,griut as distinotly as in the first place; if the
object is very brilliantly illuminated, the aye may receds to & considerable distance
further from the object, and etill read with the same distinctness. -

In nearly in the same proEorticn may the eye, viagwing throygh a telascope;.

rec®de from the object, as the brightness of the objeot increases.

If, in the above instance, the distance at which the eye may obtain a distinet.
view of the object is 6 feet at first, a good telescope magnifiying 30 times, would, ut
nearly 180 feet show the object equally distinct and bright, to equal the distinetness.
of view f{rom the second position of the naked eye, the distance ing about 12 feet,
the telescope could recede to a distance of about 360 feet,while, in the last instance,
when the object is brilliantly illaminated, and the naked eye may see distinctly from
a place 60 feot distance, the telescope would afford the same view, from a place abount
1,800 feet distant, or, alter making a liberal deduction for loss of light, at about
1,500 feet distant. | ;

It is therefore evident that it would be absurd to use the distance at which any
certain object can be seen distinetly throngh a telescope, #s a mensure for the quality
of the same, without defining the brightness of the object, and also the state of our
atmosphere at the time of observation; but, as this with naturally illuminated objects
is very uncertain and difficult, it leaves large margin for exaggeration.

All the above comparisions with the naked eys presuppose a normal eye, which
can see distinctly very smull objects at & distance from 6 to 8 inches.

SPIIERICAL ABERRATION OF LENSES.

We have heretofore assumed that the rays rofmct.odi at spherical surfaces will
meet exactly in a common focus; but this is by no means| strictly true.

The rays incident near the axis of a spherical surface, or of a lens, are refracted
to a focus more remote from the lens, than those which are incident at a distance
from the axis; thorefore an image formed Ly an ordinary lens, is clear and distinot
in the centre, but grows faint and indistinct at the edge.
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In using a lens of different radical curvatares, or a plano convex lens, for form- |
ing an image, it is by no means immaterial which side 18 turned to the object. A
Iane convex lens, with ita plane side tuimed to a distant object, will produce nearly|
our times as much spherical aberration as if its convex surface is tnrned to
the object. For magnilying & near objoct, its plane surface must be turned to|
the object. {
In using a plano convex lens, therefore, it shonld elways be placed so that
parallel rays either enter the convex surface or emerge {rom it.

-4 The lens which has the least spherical aberration is a double convex vne, whcss

radii are as 1 to 8, When the face whose radiua is 1 is turned towards parallel rays,

the aberration is only 1.07 of its thickness—that is, when the two surfaces meel in &
sharp wedge, and the whole area of surface is used.

By uducin? the diameter of the same lens by covering up the outer partsof it
with a ring of black paper, the aberration will be greatly diminished; therefore the
aberration will obviously increase with the diameter of the lens whon its curvature
remains the same, :

The dinmeter of lenses used for forming an image should not exceed one-seventh
of their focal length, or the angles which the lens subtends to ita focus shoanld not ex-
ceed 8 or 9 degrees. 1

But, though the spherical aberration of single lenses cannot be removed or
diminished beyond a certain limit, yet, by combinin? two or more lenses and mak-
ing opposite aberrations correct each other, this defect can be remedied to a ve
considerable extent in some cases, and in others altogether, Correct caloulations
for the spherical abarration are, in the construction of any optical instrument, of
great importance. |

CHROMATIC ABERRATION OF LENSES.

White light, as emitted from the sun, or from any lnminous body is composed
.of seven different kinda of light, viz: red, orange, yellow, green, blue, indigo and vio-
let; called th:&)rimnry colors of the prismatic spectruny, 'This compound light may
be decomposed or analyzed by refraction. A ray of white light incident upon the
_surface of a lens will not only be refracted, but also split into its prismatic colors.
‘As thesa colored rays have different degrees of refrangibility, or ditferent indices pf

: _refraction, it is evident that all the rays which compose the incident ray of white light

cannot possibly be refracted in the same direction, 80 &8 to meet at one peint; the
formation of an image is therefore imperfect. A T W e

_ " The focus of the extremo red ray with the index of least refraction will be mare
remote from the lens than that of the extreme viclet ray, which has the greatest

“jndex of refraction, the intermediate rays having their foci at intermediate points

between the two, REAT X L7 |
Therefore, the image of any luminous point ‘consists of as many colored lmag'eu

-a8 there are colored rays contained in white light; so that if we place the eye behind

i{t, we will see a confnsed image, possessing none of that sharpness and distinctness

_*which it would have had if formed only by rays of ons color.

The combination of both spherical and chromatic aberration will, thare{ofn.
render an ordinary lens useless for forming an {mage, unless possessed of a very
‘Tong focal length with a comparatively small aperture,

ACHROMATIC OBJECT GLASSES.

. ' Oneof the greatest inventions of the last century was that of achromatio lenses,
which destroy the chromatio nberration, :

Thoey sre formed by combining two lenses, a double convex crown-glass lens and
a nearly plano concave flint-glass lene; the inside surfuces wre ground to the same
radial curvatiure; as the concave lens hus a longer focal length than the convex one,
the combioation still nots like one convex lens, ¥ (e

The proportion of their focal lengths is 80 calonlated that the dispersion of light
caused by the crown-glass lens is corrected by the flint-glass one.
The counternotion of the dispersion of light of one lens by means of another ls

» result of the difference of dispernive power, at the same mean refraction, of the
two different kinds of glasa, G 1l
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Bupposa & ray of light incldent upon a donble convez lens; this ray, as we have
seen, will be aplit into seven different colored rays hnaving|different degrees of refran-/
ibility, and will, therefore, foous at differant points from the lens, - 1f we now place
hind this lens a double concave lens of tho ssme materinl, having its surfaces ground
to the same radial curvature,; it is obvious that the refracted colored rnys, converging
to their respective focl, will again be refracted, to emerge parallel from the conocave
lens. As I.Ea two refractions were equal, but opruuhe to pne another, the dispersion
of light caused by the first refraction is certainly correoted by the second one, and
white light will finally emerge. - But it [a nlso evident that the combination forms a
piece of glass whose faces are parallel, the outor surface of the convex leus being
parallel to the outer surface of the concave one, ;

Though we have thus corrected the colors produced by the convex lens by menng’
of the concave one, we have done this by a useless combination, sinecs the two
combined act only like a piece of plain glass, and are incapable of forming an image."

If we make the oconcave ienn, however, of-a longer {pous than the convex one,
the combination will act a8 & convex lens and will form imnges behind it, as the rays
will converge to a focas behind the concave lens; and if we make it of another ma-
terial having a greater dispersive power at the same mean refraction, we are able to
correct the colors also, o g B : 1 : ¢

The dispersive power of crown glass is to the dispersive power of flint glass as
1 to 1.8703. (This proportion varies somewhat with different glasses.) If we,’
therefore, combine a convex crown-glass lens of one inch focus with a concave flint-
glass lens of 1.6703 inch focus, this combination, huving a focal length of o
2.149 inches, will refract white light to a single focus free of colors, By

Buch a lens is called an acliromalic lens, or when used for forming the image in
a telescope achromatic object glass. N A

The dispersion of light can, however, by a donbla lens never be completely cor-
rected,as the equal spectra formed by the crown and flint glass are notin every respect
similar; the colored spaces in the one are not equal to the colored apacesin the other ;
therefore. ouly thosa onter ray4 of the prismatio specirum ars conipletely coirected,
uton which the calculation-ia based for finding thie focal distance of the two lenses,
while it leaves a slight degree of dispersion for the intermediate colored rays, thus :
forming the secondury colors of the prismatic spectrum. |These are insignificant if
the lens is otherwise periect and of good workmanship. '

In mounting the two lenses of an object glass in the cell, it is of great importance
to get the axis of the two lenses to coincide. (Gross neglect of this important rule is

often the cause of indistinctness of image. Another important requisite is to
keep the inner surfaces slightly apart by means of three equally thick pieces of silver
or tinfoil placed at the very margin, at equal distances between the two lenses. By
neglect of this rule colored rings will be produced upon the surfaces. -

The first of the above mentioned results is only attainable by the instrument
maker. After the two lenses are carefully cleaned and properly placed in the cell,
with little }fiaeen of silver foil between them, which must be fastened with the least
moisture of gum arabic. . . e %

By taking the lenses apart the eentering of the same is disturbed, and the engi-
neer is anable to replace them proporly, especially when they fit loosely in their cell,
which is very often the case. ’Fhe ataining of flint-glass lenses is caused by the cor-
rosion of the oxide of lead contained in the glass. Generally, however, it will only

+
1)

occur when the lens is kept in a damp place for some length of ‘time, .« @l i dwi sas i ok

In cleaning an object glass, care should be taken mol {o rnb it any more than is
necessary, Brush off the dust first with a camel’s huir brush or a goft piece of worn-
out linen, and then wipe it carefully with a clean piece of chamois leather. When
very dirty wash it with alecohol or water and solt chalk, being careful to have the
chalk free from grit. .

EYE PIECES OF TELESCOIES.

When an inverting or astronomical eye piece is used in surveying instruments,
it is generally the so-called Ramsden Eye Piece. It consists of two crown-glass
lenses, placed at such a distance as to correct the chromatic aberration of one lens
by the other. |
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A ray of white light proceeding from the achromatic object glass will be refracted
by the first eye piece lens and split into different colored rays; but these rays, being
intercepted by the sscond lens at different distant points from the axis, will enffer
different degrees of refraction, _

The extreme red ray, with the index of least refraction, will be intercepted by

the second lens at a point more diatant from its axiy than the extrema violet ray;
therefore it will suffer a greater refraction than the vislet one, notwithstanding its

inferior refrangibility; 8o thut the two rays will emerge parallel from thesecond lens, ..

The erecting eye piece in general use consists of four crown-glass lenses, placed
also at such distances as to correct the chromatio sberration. In this eye piece
the inverted imago of the object glass is again inverted, and an erect image is formed

l_)ol.wuen the third and fourth lens, which is viewed and magnified by the fourth lens,

This form of eys piece, however, ia inferior to the astronomical or inverting eye
piece, owing to the loss of light it must suffer through obliging the light to pass
through two more lenses.

« At the same time the inverting eye piece allows a longer focal length object glass,
which is very important in correcting spherical aberration.

i For these reasons this eye piece is universally adopted in Europe for all survey-
ing instruments, and we are perfoctly convinced that it would also be prefsrred by
our own engineersif they would accustom themselves to its use. It may #eem incon«
venient at first to work with an inverting telescope, butl in a remarkable short time
this diffionlty is entirely overcome, and the work mny be Jone with the same rapidity
and certainty as with the ereot one.

As the erecting eye piece is in general demand, we do not intend to introduce
the inverting one, but, we think, however, that the professors of ecivil engineering in
our colleges should draw more attention to the above facts, as gratifying results may

. be often obtained by the use of this eye piecs with no material incouvenience.

We have previously seen, that by incrensing the diameter of the eye piece lenges,
we may enlarge the fleld of a telescope. In the erecting eye piece (Kellner Eye
Piece) which we nse in our telescopes, by inserting one achromatio lens, in place of
a plain one, the formula is 20 chonged as to permit ths use of lenses of larger diam-
..+ ater, and thus increase the fleld considerably, compared with the ordinary eye pipoe-
" 7" of the same power, ’

+ 1, In constructing a combination of crown plass lenses to ba nsed for magnifying
| objects, the spherical abarration can easily be reduced to its minimum, by giving
 ench lens ita proper cnrvatures and position, whils the chromatio sberration is far
. more difionlt to overcoms withont the use of achromatio lenses; therefore, befors
‘aohromatio lenses were invented, refracting talesoopes had to Le made of enormcns
length, with comparativaly very small aperture of object glass, in order to reduce the

- ~ehromatio aberration.,

On the anme principle the Kellner Xye Piece is improved by the use of achrom-
atlo lenses; it s, however, nothing new, and the only reason for its not being uni-
versally adopted in firat clnss telescopes is, undoubtedly, its extra expense to the
instrument maker, ; i3

TRANSIT TELESCOPES.

After having viewed the optical rules, which govern the proper construction of
a telescope, the mechanical part will be easily understood. |
., . The slide to which the object glass ia attached fits directly in the outsids or body
*  tobe. Particulur attention is paid to this part, to prevent even the siiyhlest shake,
. and still proours an equal and smooth motion, whick is absolutely noocesaary, as other-
wise no {rus adjustment for line of collimation is pessible. |
' The slide 14 movable by a rack and pinion, to permit a precise focusing of the
object. A slide protector is furnished with each Telescope, )

The oross-wire framoe {s auspended in the tabe by four oapstan head-screws, tiy
which it is also sdjustable, The frame is so constructed that the cross.wires cannotb

. be torn, in cass the adjusting sorews are tightened too much, .
. 'The spider's web, nsed for the cross-wires of our instruments, {s always rro?url}
treated to avold all fwist, and prevent lengthening and becoming erooked in damp
woather, and is woll seoured to prevent Ita coming loose, (8ee prge B—6lass Disphragar))

AWt Lk and therefore be colorless. |

£
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The eye-ploca (always ereot unless specially ordered) is so arran ed as to permit

ts easy removal, if necessary, by simply unscrewing it,| Inreplacing, itshould always

be wolhightened up. It la movable in and out by a revolving motion, turning the cns
about one-sixth of s revolution back or forward, a manner which affords a finer an

more precise foousing of the cross-wirea than a rack and pinion is capable of doing,

With our high power eye-pieces, & motion of ouly about three-sixteenths of an
inch is necessary to allow for diflerence of eyes. | .

| .
As the sliding motion of the eya.piece is only to allow for the difference of eyes,

it is not at all neceanary to disturb it after it s once properly set, as long as the same
rson is using the instrument; nnd even in packing it away in the box it may be
oft 80, a8 we always allow for this extra motion in packing the instruments. The
eye-plece cap is provided with a slide to protact the eye-lens from dust while the
instrament {8 not in nse; the engineer shounld never neglect to close up the eye-piecs
and also cover the object glasx with its cap, as soon #s the instrument s set at rest.

. Copsidering that, in cleaning, each rub will destroy more or less of the fine
finfah of the lonses, upon which depends the brightness and briliiancy of iie imuge,
the engineer will be well repaid for his care in this particular, e AT

LINE OF COLLIMATION.

" The line of collimation in tranait telescopes is * perpendicular line drawn froma
the center of the object glass upon the axis, or center of motion of the telescope; to
the other end of this line the vertical cross-wire must be adjusted, thus marking this
line in the field of view of the telescope. . g N

As the line of collimation is a perpendicular line npon t.helsxis. the elide hy' :

which the object-glass is moved in and out must also be perpendioular upon the
axis, as otherwise the adjustment for long distances would not be true for shori ones.

' To obtain & correct adjustment for long and short distances, it is also necessary
that the line of collimation shall lie in the same plane as the verlical cenler of the
instrument. : 3

If the line of collimation is adjusted for long distances and the slide not pe -
dicular to the axis, the center of ile oUject-glass will bo shifted obliquely to this lina,
when moving it out in order to focus a near object, and thus a new line cf collimation
parallel to the first one is formed for short distances, sometimes causing very serious
€rTors. .

In some telescopes the slide is adjustable in the same manner as the eye piece
guide-ring by four screws. ‘I'he principleof this adjustment is very good, but practi-
cally it is very objectionable, as the constant friction upon the ring will work it loose,
after which nothing but a loose ring gnides the slide; an attempt to correct it will be
found most difficult, a8 there ia no way of defining the value of the error, in reference
to the adjustment, and, also, the inverted position of the iraage will confuse the en-
.gineer 8o that it will be abandoned before u true adjustment is obtained. The only
effective manner in which to produce a (rus slide for the object glass is by good work-
manship, without any adjustment whatever,

The above error may also be caused by crooked| tubes; but & more frequent oc-
currence ia shake in theslide. If thisis the case, there is no true adjustment for line
of collimation possible, as the ’Iiﬁhm‘ turn of the milled pinion head will throw the
object-glass to one eide or the other :

This defect can only be remedied by a competent instrament maker.

B g X

Our Level Telescopes are in every reapact, except size, similar in construction to
our Transit Telescopes.

In Y levels the telescope rests on two verE Liard bell metal rings, or collars, which
are soldered fast to the tube, and it is reversible, enp for end, in the X's.

The very first requisits of a Y Level Telescope is to hava these two rings of exacly
equal diameter, and perfect cylinders. If tley are of unequal diameter, the line of
collimation, when the bubble indicates a horizontal position, will not be parallel
with a taugent to the curve of the bubble at its highest point, and, therefore, no true
level can be taken with such au iustrument. )

VUL EVEL TELESCOPES, « k| in aikewts

B

B
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NGRStk reversals, end for end, of the telencope, and revolving on center, will always give the
e

" the manner described with level adjustments. |

" nothing more nor less than a dumpg
jue

S . The effectual remedy lies only with competent instrument maker. -

’
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Itis nri often believed that, in the course of adjusting the Y level, by reversals
of telescope and revolving on center, (see Level Adjustments), the bubble will show
up any inequality of the collars, This is by no means true, |

If the Y s ure both filed out to the same angle (which is gencrally the case, or at
least vary near 50, as they are by most all justrument makers dled out by gauges),
the {nequality of the collara may be ever 3o much and the instrument will still be adjust-
able in all its parts; that is, the instrument may be 50 adjusted that the bubble onall

sante reading on both ends—that is, indicnte a true horizontal position.

A final lest is, therefore, necessary after the instrument is properly ndjustedl to
ascertain the equality of the collars,

Make two bench marks, place the instrument exactly midway between, and find
the troe difference of level between the two by reading leveling rods set upon thém.
Now place the instrument near one of the bench marks and read both rods, If the
difference of the readings obtained now is equal to the true difference of level, then
the collars are of equal diameter, and the line of collimination is st a right aug!? to

- the vertical center of the instrument.

If the distance at which this test is made be so long na to make corrections for
curvsturs and refraction necessary, the difference of the readings with a true instru-
ment wonld be equal;(when pluced near the higher bench mark) to the true differ-
enca of level plug correction for eurvatare and refraction for tha distance st which
the rod cn the lower bench mark is viewed. g

When the instruwent is placed near the lower bench mark, the difference of the
readings must be equal to the true difference of level, minus corrections {or curvatire

- and refraction.

If the lins of collimalion is thus found to be af right angles to the verticle cenire

. of the instrument, then this test, once made, is good forever, as it shows that the

collars are of equal diameter; and, consequently, a trus adjustment may be made in
- It need hardly be mentioned that denting, the settling of dirt on the collara i[nd
unequal wear will also affect the adjustment in the same manner, - - Gl

" I the teal shows that the lins of collimation is nol perpendicular to the verti'kﬂ
centre, then the collars are of unequai digmefer, nnd the instrument is virtually
’ﬁ:d. as this defect deprives it of all the advan-

tages for an easy and convenient a tment, which characterize the ¥ Level in com~
parison with the dampy. : e iz
e
Bat the defect may also Ls temporarily remedied or aa?ulted in the ea
manner as the line of collimation in the dumpy level is adjusted. |

' Eastablish a true level line a8 described in above test; plnce the instroments be-

"yond one bench mark, and, by means of the parallel plate sorews, bring the lins jof

collimation in & true horizontal position;then raise or lower the adjustableend of 111:»
spirit level whatever may be necessary, until the bubble gives the sume reading at
esch end. Now, the line of collimation is parallel with the bubble; that is, with
the tangent to the curve of the bubble at its higheat point. To place the line |of
collimation at right angles to the verticls denter, place the telescopa over a pair|of
paralle] plats screws, and, by turning them, bring the bubble to the center; reve
the inatrument about its verfical center as near 180° as possible; correat balf the
deviation of the bubble by raising or lowering one of the Y's, and the other half ty
means of parallel plate sorews; ropeat the operation until the bubble will give the
same reading st ench end in any position of the telescope during and entire revo-
lntion on the vertical conter. .

-The telescops must now remain permanently in the ¥'s, as it would, if roversed
exd for end, double the error which existed provious to this adjustment, - -

. The adjustment may nlso be made by placing the instrument beyond one ben
mark, laveling it up and then simply shanging the position of the horizontal o

© wire by means of the oapatan head screws to the place which will make the Hna

ecllimation truly horizontal, and at the same time be parallel with the spirit level,
which was placed arright angles to the vertical center previous to this test. The
instrament will then be in true adjustment, |

Y
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7 .. The dlasdvantages of this adjnstment, compared with the preceeding one, is

that the line of collimation will not bes parallel with the optical axis of the telescope !
and, furthermors, the obliaot glass slide, being made to slide paralle] with the optical
axia, will not move parallel with the line of collimation, and, for the same ressons
as given with line of collimation of Transit Telescopes, the adjustment will not agres

. on short distances. Another advantage of the first ndjustment is in its preservin

 adjustment by taking the utmost precaution for equi-distant sights. But looking at -
evel then, instead of the more

&

the facility of overhauling the eross wirs adjustment by turning the telescope roun
its longitudinal axis, The other adjustmnents, being stable and strong, remain
perfeot for a long time, while the cross wire adjustment is more easily deranged than
any other, and, therefore, needs frequent inspection. | o »

. We have carcfully explained thia defeot, owing to the conviction on ouf.'psrt
that it is a much more common one than is generally s’::gectad. Numbers of cases
'hmre come under our observation whers the defect exigted in s remarkable degree.

' VWe are aware that correct leveling may be dous with a level entirely cut of

it from this point of view, why not use the '‘dumpy 1
costly Y level ? . : L i VR R
- - Upon perusing the numerous works on engineering and surveying, we notice
but v’aryi few which mention the aboye defect, and still fewer which give a.correct
teat for it.. | :

e i t¢1uoope is to be tested for its qualities, makil sure first that all the lenses
are perfectly clean. = S G TR e Ear e R i = o
-1 To test a telescope for ite definilion, emall clear print should be used, and viewed

; from a distance of about 30 to 60 feet. If th:{fﬂnta clear and well defined,.
with the noked eye at the distance.

and f{ully as legible at thia distance as il view
for distinet vision, the surfaces of the objrct glass ave perfect and well finished. If,
- on the contrery, the print appears dull and indistinet, and the fine details illegible or
even invisible, the surfaces are imperfect and not tru!p spherical, as the rays pro-
ceeding from each point of the object are not refracted to iheir corresponding puiuls
in the image. |
Indistinetness may also be caused by spherical aberration. : 3
To test this, cover the object glass with a ring of black paper, reducing the aper-
ture to one half; focus small print to distinet vision; remove the ring of black paper
and cover the center of theobject glass (previously left open), then mark how much
the object glasa has to be moved in or out for distiuct vision.

When the spherical aberration is rednced to its minimum, very little if any slide
motion is necessary to obtain a distinct view under both tests, The amount of shift
is, however, a mensure for the spherical aberration of object glass, 3

Another test, but not as good as the one above, is to focus the object to distiuet
vision, and then moving the object glass in or out by means of the milled pinion
head, at the same time observing how much motion is necessary to render the object
indistinct. If the spherical aberration is completely corrected, the object shonld,
theoretically, be rendered indistinct by the slightest motion in or outl; but, practi-
cally, it is not, as the eye will accommodata itself to acertain degree to the difference
of divergence of the rays, which is caused by the mation, in or out, of the object
glass, in the same manner as it will accommodate itsell for near and distant objects
when viewing without the aid of lenses.

|
.. . Bo,if the imsfo formed by a perfect object glass|is viewed by another perfect
“Tena of long foecal len
one-fourth of an inch from the point of distinct vin'ion. aund the object will still
appenr comparatively distinot, as the one-fourth-inch| motion, with an eye lens of
auch long focal length, cannot cause enongh ditference in the divergeuce of the rays
to prevent the accommodation of most eves to it. The shorter the foeal length of
the eye lens, the more rapid will be the change of divergence or convergence of the
rays with a certain amounnt of motion: thersfore the gecond test is only applicable
with eye pieces of very high power, which at the slighest motion in or out, will cause
a sufficient amount of divergence or convergence of the rays to prevent the accommo-
dation of the eve toita change.

To test the chromatic aberration, either a colestinl body or a white diso should be
selected for an object. |

- e

. . TEST OF TELESCOPES. : &

gth, say 6 inches, tha objeot glags might be moved in or out:
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. Foous the o'b eot to distinet vision, and then move ths object glass slowly in and
out alternately. If, in the firat instance, a light yellow ring is seen at the edge of the
object, and in the secoud one & ring of purple light, the object glass may be con-
sidered perfect, as it proves that the most intense colors of the prismatio spectrum
(orange and blue) are corrected.

To test the flalness of field, take a square flat object, not o ronnd dine, whose sides -

. are about 4 inches long and perfectly straight — the best object is a heavily lined

SRR | tanca thet it will nearly

square, drawn ou white paper with India ink. Sight this object from such a dis-
gll the fleld of view of the talesoor: and see if 1taull Bp-

pears flat and its sides perfectly straight; if so, the telescope is a

contrary, the object appears distorted; i. e., if the sides, inatead ol Leing ntnnght

form curves and the surfaces appenr concave, instead of flat, the telescope is not

o sfod as it shows that the proportions of 'foci, aperture and distances between the
e

rent lenses are not nccording to the laws of optics, owing, generally, q: the at-

g tempt to force the magnifying power beyond its limits.

As all the refractions of light in the telescope are caused by flat and upherical
surfaces, it is evident that the edge of a round flat object, when used for above test,
cannot be dutnrted. but that only the surface will appear concave to a keon observ-

‘ing eye.

A Telescope which distorts the image to a perceptible degree, will, llwwsver.

©“not cause any errors in common use, but is decidedly ob;er-honnbla for stadia

measurements yhore two points in the field of view are used at the same time.

STADIA MEASUREMENTS.

Having given an account of tha different mathods for measuring dlnllance! in
another part of this book, we will treat the method termed stadia measure-

~“ments mora at length, as it is the most superior, in our belief, and one which

~ will, in time, euperseda all others, except chaining, of which it will always be a use-

{nl companion,

- After having read the artiole on the * Formation of Images,” the prin?iple will
mdlly understood.

The length of image of a oertam objeot, whon length and dhmnco are Hnown. is :
" marked in the field of view by two extrs cross-wires, equally distant from center -

cross-wire, The distance between the two wires may thus be m«l 88 & menm !or

" finding the distance of any objects whose length i known,

’ Tha laws of dioptrios teach us that the length » dbm lmago formed by | |s convex

lm may be martalned by the fnllmdng rule: n..i 2 IS e 2
p-—focal ‘length of ob]ect glnn. i ‘G-p LI, i | gt s
* h=length of : . .

-~

* a~distance of oi:ject from the center of object glm

: Thln formula shows at once t.hn.l the grester the distance o the ;mall*r will be
thé image n,

good one, If, on the .

We leam. fu.rthermora, that the distance b from the image to the oentc: o! ob-

ap
2 jaut glnu, using the above uign, is —-

a-p |
Thll formula readily shows that a nhange in the distance a ohaugnl the .ﬂntmee b

oft)nnldambly. espocially when distance a grows very small and becowmes nearly squal
to distance p.

~ . Therefore, as a change in the dl-lnnoe a also changes the distancs b, the lmlga n

of the objeot A (in the cut below) ennnot grow smaller in proportion to the ir.mruu of
distanceia. We must, conseqnently, find a correction for the error which jwould be

- _caosed by mn]dng the center of the object glass the starting point for thmmeuum.

ments, .
In the out bolow, tfocal lenqth of objeot glul.
length of object.
y a-dintauca of object from unuu ol objoct glm
o g bedistance of image **
n—length of image.,
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. Therefore the image is as many times amaller llmnIthe object as the focal length
of the objust glasa (by which this image is formed), ix cuntained in the distance from
the object to a point ona focal length in front of the object glass; cousequently, shis v
the true starting point for all stadia measurements, | e :

""" The Telescope must also be first-class in regard to power, definition and light, to
enable the taking of long sighta correctly without the use of two targets to'rod; the lat-
ter style, however, insures a greater accurncy than the self reading ones, as by means

- of the vernier the rod may be read to 1-1000 of a foot. r g

" To measure the distance between two certain points, the rod is placed et one of
them, and the instrument over the other one; foocus the rod ersely without paral-
.lax, and then take the reading, that is, see how many {eet, and fractions of a foot, aro
_covered by the two stadia wires in the field of view; add to the value of this reading
the focal fength, plus the distance of object glass to the center of the axis, and the
_-sum is the desired distance between the two points. NCT IRt G

"“The focal length of the object glass may be measured near enough for pmlicai
rposes with any ordinary foot-rule, by focusing a distant object, and then measur-

.

-~ pu
rng the distance from the object gluss to the center of the capstan head ecrews, by

iy

- "W Dhis rule will also change with different degrees of illumination; it is, however,

which the wires are adjusted, also, the distance from |the object glass to the center
of the axis.

.-, . 'The sum of thess measurements is a constant to ‘q'e added to every single stadia
reading, no matter how sliort or how long theé distance may be. To enable the rod to
be held right angular to theline of sight on rising ground, s rodlevel should be used.
To a transit instrument intended to be used with the gtadis, a vertical circle or aro
should be attached for nieasuring the angle of elovation or depression of the line ot
sight on inclined ground, in order to reduce the stadia 'distance to the desired hori-
zontal distance. | ! e

The following will illustrate the necessity of employing first-class telescopes for
stadia measurements. ] [ : R

Innumerable experiments, made by various phildsophers, have shown that the
human eye cannot perceive an object distinetly, when the angle which it subtends to
the eye is less than forty seconds, or when the eye views them from & distance equal
to 5,150 times their width,

This rule will change considerably with some lnd#v{duds; while some are able
to see objacts distinctly when the above angls is only thirty seconds, there are alsa-
some with whom the above angle must not be less than sixty seconds.. This peen-
liarity of the human eye, limiting the angle of sight for dietinet vision isindependent
from long or short-sightedness. [ s

based on the illumination afforded by fair daylight.

It is understood that it is immaterial whether a Jeni object, or the image of an
object (as produced in a telescope), subtends the angle to the eye; both circum- -

stances are subject to the sne rules. |
Whena rod, divided to 1-100 of a foot, and having these divisions painted, altor-

nately, black and white, is viewed with a good telescope magnifying the diameter
twenty-eight times, the angle which is aubtended to the efe by one such division of
the image, is equal to forty seconds, when the rod is 1,444 feet distant, . :

Under very favorable circumstances, when the nlod is well illuminated, and the
atmosphere clear and pure, each character on the facd of the rod may be seen clearly
and distinctly enough to permit direct stadia readings without the uss of targets; but = «

T -
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.o !
under most circumstances this distance from distinct view will be found, by reason -
of the absorption of light, to be reduced to about 1,200 to 1,300 feet.. y
For greater distances, this rod will be found insnflleient for correct stadia nuil- '
ings, and either anotherrod with fewer divisicns must be used, or the ordinary level-
ing rod provided with two targets, .
With the aid of the above rule, knowing the magnifying power of the telescope,

and the longest probable sight which may taken, & self-reading rod can always
be made to suit, if, for very long distances, sllowance is always made for the

T e ; :
R T0g8 of light, S e T T e A R

- It will thus be found, that the better the telescope, the finer may be the single
divisions on the self-reading rod, and, consequently, the stadia readings obtained will
bs g0 much the closer. ; 1

. Oneof the chances for errors in taking long stadia readings, is in the thickness of
the wires covering a portion of the greatly-diminished image, and thus cnnsinph:‘n n-
certainty in the readings, {rom center to center, of the wires. Considering t o
image of an object 1,500 {eet distant, formed by a nine inch focal length object gi;qa.

* ~ {is diminished 2,000 times, 1-100 part of a foot in the object will only measure m

! |
part of a foot, or I_G—GE part of an'inch in the image, which is far less than the very
finest thread of a spider's web will cover, 1t will be found that closer stadia readings .
m'-:g bo cbtained from upper to npper edge, or from lower.to lower edge, of ?F:
stadis wires, In the one case the intersacted parts of the image are covered, while,
in the other one, the intersecting edges of the wires may be considered mathematical
lines, not covering any space at all. . R

Both wires must, necessarily, be of the same thickness, | L

 GLASS DIAPIIRAGMS.

“*  Quite a number of these have been cut by us for the U. 8. Const and Geodetio
" Barvey. ‘A small diso of very thin glass is fastened to the diaphragm instead of the
AL ider webs, and fine lines are drawn with a diamond on same; it i3 easily seen that
s gﬂe cannct get out of shape; for stadia measurements we think them to be of great
; -'sdvantage.. The only disadvantage there may befound, is that small particles of dust
-will settle on the plate glass sometimes, and as these are in the focus of the eye pixa
' they will always be visible to the observer, R T e '
 °_We make no extracharge for putting these diaphragms into onr new instruments
if ordered in time, ; : : L - s

- = - |
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‘(From the Bunveron's Comraxton, published by W Bomwors, 1541

BY BUN'S DECLINATIONS NORTIL,

Plus: o From March 34 to peplomber 334, a0D 1
G Yoe Hours | Bun'sDectinations In Nastical dim.
April. from
i  Latitade, | yorid. | 4+ 200 | 4-180 | 1100 | «.8C
-— s e . ‘e v i
s or o8l aEE
May. " s, ﬁ s 82 |- 0
pan " ™ 0 B L] ‘62
_ % 360 3s § o1 | ;| e
S - 2. .38 81 28
Juns. - “ o ¥ B a a8 i1
: : “ . 89 a1 66 | 108 -
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" 9. :: % 40 | -8
: ! “ 8. 'Yy 1.1 lo8
August. -~ g Pi 10 11 1382
RS { w0 1. | a0 | o1
L “ 2, 88 | 8 55 | 108
1 “ 3. 41 86 | 100 | 120
September. # 4. 100 ' 148 |'200 | 800
—22d— BY BUN'S DECLINATIONS BOUTH,
f From Beptember 234 lo March 14, subTRACT @
. Minus: r
For Hours Ban's Declisations {n Naabical dlm,
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. Latitade. | yferid, | —80 | —100 [ —180 | — 209
P — ¢l ee Yz Nz v o
i 800 X, [40 ') 5 | 100
{ November. “ 2. 4“0 84 110 118
H w 8. |85 | 106 | 118 | 1386
s “ ‘. 119 | 195 | 167 | 32
i 350 X | 48 57 | 108 | 120
i Decernber, " 1. 85 10 118 184
i : “ 2. oo | 12 | 140 | 300
o “ ‘. 0 | 300 | 28 | s
“w 1. 100 | 108 [ 130 | 140
i January. “ 2, im 120 | 136 | 200
: “ 8. 20 | 140 | 200 | 240
. - ‘. 200 ( 330 | 32 | 500
D E 0 % 1oa | 130 | 140 | 200
Nl s " 2, 120 [ 1460 [ 200 | 33
i o s. 140 | 200 | 288 | 330
: i “ ‘. 220 | 800 | 440 | 800
o8 i Mareh. .80 1. | 1% |10 | 200 | 24
-. DR PR land iE.
. o "o v 00
#8q " ‘. 300 | «%0 | 700 |1500
TABLE OF THE CURVATURE OF THE EARTH.
Dist. in Dist. in Dist. | | Diat, |
miles Helght. miles, Helght. mllu.El liill.iht m‘u'“.n Helght,
inches, ft.in, foet, L
X P 1 ) 18 e 40 i‘&‘.
P 8 1.5 18 1io 6 1346
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Engmneers’ and Surveyors' Transits.

Transits No. X to No. X C.

e L |
"DIMENSIONS. ;

i ige i v ‘v Horizontal Cirele, )\ 0 8%y, et 05 2.6} inches Diameter.
' Vertical Aro...... PR T O e 44 o]
Compass...,.. ... N RS g L Sl
Ob]BctGI!IBB —u-.-‘uu IR R N R RN 13'16 b |
Welght of Tnstrument. .... ..o 16% poundu ;
. . Bo

i Tnpod..... copons B T I
The instrument is designed for engineering work of a high class,
such as is required on 'bridge building..wa.ter works, and for city and
land surveying. The size of the circle is such that it may be gradu-
‘ated to read fo 80 or 20” without fatigue to the eye. The Tel lescope
is of the best definition, and has a large aperture with perfectly flat
field.  ‘whe eye-piece is achromatic, and gives a large field with plenty
‘of light. The horizontal circle has two double verniers, reading to
gingle minutes, which are placed so as to allow a reading without
stepping aside when sighting through the Telescope. Long compound
. centers; improved Telescope object erect. Telescope balanced and
~reversing both at eye and object ends, and with one end of its axis
ad]uatnble, protection to object slide;’ shifting tripod head, and our
: naw 1mprovcd tripod coupling.’ The case has a leather atrn.p, hooks,
« It contains a sunshnde, a plumb-bob a msgmfymg gls.f:s, and -
laveml ad]untlng Plnﬂ o RRIAAS b ot G DDA e PR Al s o B

Extras to Trnnslt No Tto I“C lnclusive.

Stndmg—LeveltoAxmof 430 AP TR P20 00
Graduations on Horizontal Circle, on sohdasllver............. 10 00

ey e R ol -4 'readingtod(}”......'....... 10 00 -
BT RS s R N i Al R R
il Vert:cnl Arc or Vertical Circle, on solid s;lver. | 6500
GradiontorAttnchmunt tetssstrrsiisssssiesesnessnsisveres | b 00

L

- Bladin Wires, 264, .o ivaivatss dxenvessassssnensoinasvene |8 00
: AR R ™ [ R L e R T
Three Leveling Screws, instead of f0Ur.. .vviernennrersasars |10 00
- '8hifting Center for Instrument with three leveling screws. .... 6 00
Arrangement for Offsetting at Right Angles....covvvervesnss | B
Varlation Plate, .o, eviirivs vorvarsnsiovaesssmsnneissins |10

Bottle ot Watch 011 to lubncata the Contars .o o. oo o v lege®

TR e o et £+ e b ST L ——

L e ey Loy Dot et 3
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As made by A. LIETZ & CO.
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vedRhti PLAIN TRANSIT, i iy

Prioe we8bOYE . i ii i iia i s iR s an v e s en s s A sl s s ey e s v e B185.00

For size and desoription of this Instrument, ae well as for éxtras,
4 see preceding page.
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\ A- made by A, LIETZ & CO.

0 rh . P:ioo. uabun, £2158 00,

For liza md panioulm of this Instrument, as wu aa Ior l:tru.
' .t seq page 82, .
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TRA\'BIT, wlth Le‘cl Attuchment to 'I‘eleaco?e.
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No. Ib.

As made by A. LIE'I‘ZS & CO.

Price, ns above, $230 00,

For siu nnd pnrhou!ars of this Instru mem, as well - for

Extras, sce page 32,
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- The S-inch vertical sircle is providid with dou]

to minutes. .

Comiilet:a Englneéu’ and Surfeyorl’ Translt.

T A T R o i et

For sizes and parliculars, as well as for Extras, see
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: 'I'ha goctional out Fig. O, shows tha conutruchon. and the atton-

hon of the engineers ia called to this poin, on which steadiness and
strength of the instrument pnncapully depends. ~As will be observed,
the centors exumd down to-the base of the instrument, which con-
struction permits giving them their full length, and at the same tima
brings the plates or center of gnmty as neur as poaa:ble f,o the tnpod
head. / .

SECTIONALr CUT
—OF— !

ENGINEERS’ AND SURVEYPRS’ TRANSIT.
WP e IS N ANy o A Lo P T kTl
One improvement which we have added toall our instruments,
isthis: We place an extra piece on the shoulder of the center (not
shown in the cut) on which the clamp fits. This extra piece enables us
to continue the outer center through the clamp up to the plates in the
Transits. It also serves to lessen the damage in case of a fall,
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s **'  No.2. PLAIN TRANSIT. ‘- o ¥

f

t

y i

. A. LIETZ & 0O, e b : 20 0 !
i

"+ 4 . This.Instrument is-made exactly as those enumerated under No, I, . E
with the exception of size and weight. We can recommend it as being
& very reliable and superior instrument for general land surveying and '
mining purposes, ; h Kz vaing e gl s
iR to il o S DB RIONE. (kA Sy it el S Byl - 3T :
Horizontal cimla..-..-..onlt..".*tll B'inChdil.meter.- ¥k 1
Y S S e e i R SRS el e R
: OO PRER. o SN Il s e ik cae e e e M S E
L ’ObjectlGlusaio-o.t-oftot-ootc. ol.--l o .“J-‘ i S 3
“. .7 ' Weight of Instrument.... 8} pounds, " ' 4
e e e as Ietnd| (0L Soel SRRD AR aubsces o i - F
S PO BB ADOVE. Lo e icaranssn enrs ohinennssesss $180:00 T ¢.i ;
ISR IR ¥V G R S P ' s 3 ¥ 1 P ple Sl s 1 i

... Extrssto Plaln Transit. . U 0

. -, .. Vertical Circle (reading to minutes of Are)...esveeheries sosvasarinesss” 826 00
% OE NOTHORE AT\ veossioivavstnns on s bont i vns s sl e sossuwsveaarsesosor s 1500
Ui, Olamp and Tangent Movement to Axis of TeleBCOPS..ovuuersarran.eneees . 15 00
. Long Level on Telescope Emund Graduated Bubble. ..veuseariensentnnssn
.-~ Graduation of Horizon irale, on Bolld slVer,...s Juvsvecsciorensannns
LSl Vertical Circle, or Vertical Are, on solid gilver.............
Variation Plate......v co0vvenns, Ve AR e SN e n R e s s AR AN s b
~Arrangement for Offeetting at Right Angled.....ovieeeaecsrnieerssnnenes
"Thrae Laveling Berews, instead of £00r.. ... vvveeedcssncaccsorsossannars
‘v Bhifting Center for Instrument with three loveling BOOWE. .. 1. isseens
L TR TR T e e s R B O T R S e
et Wb Dl e e S e
Btriding Level .. ..., S ke ai A g
Lamp for mining engineering, of brass, with ground lens...., ..........
Reflector, for illuminating the cross-wires...... e S e
Priam, ntt-aohabletoeya-piece.................;..T, .....
Detachable side Telescope.....uvviverinnns AR P S SR S D
Half-length Tripod..... T T o et e L SRR R
i EXtra Bxtnsion TODOd .\ iinivnescanassace saniboiiness oavihants s iss
Plommet Lamp,........ L PR PP
' Gradienter Attachment..,...... vvusess. e O e
;. Large Plumb-bob, weight 4 pounds, for use in s]n!ljl.......... S
* . Bottle of fine watch oil........... cteisssressacistecracntaranianassred

g

[y B T .
nmcmugm*ﬂocuwamomc

58822333888333888888

.No. 3. MINING TR ANSIT.—Dimensions as in No. 1.
' . Graduations on solid silver; verniers, reading to minutes, are provided
#suo With glass shades; G-inch full vertical circle; spirit-level, clamp and
tangent screw to telescope; extension tripod, ete. Price, $253.

ST T A T ARSI T pr e s T

No. 4. MINING TRANSIT.—Dimensions as in No. 2. !

Graduations on solid silver; verniers, reading to minutes, are provided

- with glass sliades; .4-inch full vertical circle; spirit-level, clamp and
tangent screw to telescope; extension tripod, ete, _ Price, $253.

S 1

_ Minlng i’ranslu Constructed with Eccar:nrlo Telescopes to Order. [
5 ;
i
| 4
i
i
e 3
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TRANSIT-TEHEODOLLTE.

For Use In Citles, Iin Tunnels, and for Trlang_ulntlén.

No. 5. Of late years it has been found desirable to design a
transit for use where instruments of ordinary construction would fail to
ive eatiefaction, or do not permit of rapid work where the highest
egree of .accuracy is required. - The instrument,.as shown in the
accompanying illustration has no compass, and therefore the upper
frame mounting the telescope is in one piece, which.s provided with
ribs, and which rests directly on the top flange of the inner center.

mits of mounting the telescope axis by means of eylinders at each end
in wyes. On top of each bearing of the telescope axis is mounted a
cap provided with an adjusting screw, with which the neceesary fric-
tion for the revolving telescope is obtained, and these caps are also
provided with two milled-headed screws, which can be removed readily
when the telescope is to be reversed for straight line measurements
over the bearings. ,These caps are so arranged as to completely exclude
dust from the axis. ln this new arrangement the telescope can ba
reversed 2s in ordinary instruments through the standards, as well ag
over the bearings, as is usual in triangulation and for aligning straight
lines; and last, but not least, the movement of the telescope in the
vertical plane is the most accurate known. Ordinary transits cannot
fulfill these functions owing to the peculiar form of the bearings
wherein the telescope axis revolves, which bearings are so made to give

- |1ateral stiffness to the telescope, on account of the slenderness of the

standards resting on the upper plate, . The instrument is provided with

“| three or four leveling screws. The verniers can be EMEd at right
‘fangles to the line of sight, or as shown in the cut.” T

e dimensions,
ete, are: Horizontal salabe 6} inches, graduation on solid silver pro-
tected as in our regular engineers’ instrument; two double opposite

‘verniers, reading to 80”; two rows of figures in opposite directions;

long compound ‘centers; 11-inch telescope (inverting or erect); 1%

| inches clear aperture; power, 24 diameter;: profeciion lo' object slide;

single spring tangent screws for the upper and lower plates; 4 leveling
screws; shifting center; split-leg tripod; case; ete. - ?
Price for plain Transit-Theodolite .., .... $240.

. Extras to Plain Transit-Theodolite.

JOR EXTEAS 10 TCNNEL TRANSITS, 8EB EXTRAS TO MINING TEANSITS, Page 39,

Horizontal Limb ?% inches in diameter, verniers reading to 2/, .......... $
"o, i i . o [ ]0”

Vertical ‘Aro B o " " minutes.,,....
Full 5-inch Vertical Circle, . L LT e S I e 2
Two Reading Glasses, with ground glass shades to verniers. ... ;
Instrument provided with 3 Leveling Scrows.....,.co.vvuaue
Bhifting Center for Instrument with three leveling screws,. . :
Btﬂdh '1"11’!!, BXML . ivinn s waenPsbkihnnCnearaihs i asniie regnaen
" AR LT T R R (e s s L e seussines
Btridiog Level.....ooiiveans Yk et d LIy TSR A e BT Ol
Bix-inch Epirit Level with reversible clamp, tangent & gradienter to telescope
Oblong (‘ompass, with motion for setting off the variation, . (Three-inch
needle reads only a few dogrees f"b‘ WAy {rom 2010 Jesserervsannnennns

—— 3

'8,335wa=u0333

-8 38288338328

Kore.— i Plaln Transit.Theodolits le withoot a level, clamp ‘nnd‘ n;-e to inlmap-.

The result of this is that great lateral strength is obtained, which per-.

B I g -t




COMPLETE TRANSIT-TILEODOLITE,
3 : ——FOR USE—
"IN CITIES, IN TUNNELS, AND FOR TRIANGULATION.

1

As made by A. LIETZ & CO.
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oA .Wh?le T Bome exceptional cases such an instrument might be preferable, we believe
.| that in our 18-inch lEe
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The three main qualities to be secured in a Level are: stability, powerful Tele-
scope and a sensitive Bubble. iy § i ol it |

In regard to the first point, an examination of the cut will ba snfiicient to show|
that thiseﬁna been accomplished in a perfect manner. Our Patent Coupling, which

attach it conveniently and safely to the Tripod, and the continuation of the center

r LS [prinelpally rendered this possible, as the instrument noed not be taken apart in crder
: i %:rongh the clamp up to the bar, enabled us to bring the center of gravity as near asl

possible to the Tripod Head, ' ~ - e ey -V e i
The Center or Spindle is almost three and one-hslf inches long. Great eare is
taken in fitting it to ths socket, and, being made of steel, it will be apparent that it
is an utter impossibility to wear out these poris even by fifty years' constant usa.
The liability of bending the Spindle, 80 comwon an accident with instruments having
brasa centers, and the fretting of the same which will also sometimes happen, is alto-
gt‘har avoided by a steel center. 'The fact is, that every level ought to have one, and
e reason for its omission by other makers is simply becanse it is more expensive
to manufacture. R L R T
It is slways desirable to have a sensitive Bubble in Level, as the engineer will
sometimes be called upon to do accurate work, which a dnll one is not capable of
performing. Qur Level Tube is curved so as to give for every two minutes of angle|
one inch motion of the Bubble. Oneinch of the scale is divided into twelve parts,
which gives for each division an angla of ten seconds. snd as a moving of the Bubble
of one division will canse a difference of two in the reading of the two ends, it will
be seen that a differenca of one division in the reading of the two ends indicate an
angle of tive seconds.”- B e I ) - |
. Theremarkds hardly necessary that a Level Telescope should have power and
definition. To obtain liis regult, and the same time to keep the dimensions of the
Telescope and the other parts of the instrument within the proper limits for steadi-
ness and portability, hes been our earnest endeavor. - : X
./ A length of 18 inchea we have found the most advantageous in result. E:po—!
rience has shown us that, though san increassd length adds to the mngni!y:nm
wer, it will only be of some valae if the other parts of the instrument ars enlarge
rororllon. which however, will make 1t too heavy for carrying conveniently.
('

vel wo can meet even the most extensive requirements called
for in engineering, . gt el . e i
.- Our new improved Eye Pioce, and the application of a large diameter of object
Inss and tubes than is usaally fonnd, enables us to obtain & magnifying power of 33,
e incrense in size of diameter of objsct giass and tube adds but very little to the

weight of the Telescope,.and does not require a longer bar and larger plates, as an

"| three-eighth inc

increass of lenr.;];h necessarily will, to retain sieadiness. An aperturs of one and
es used to ita full value, as the tobes are large anousl;h to let all the
Tays proceeding from the object glass pasa through to tha field of view (which im-
portant point is disregarded in the mbjority of instruments of other mnakers), aifords
8 high illumination, with the above mentioned power.  This power is in proportion
with the laws of optics given in our account of telesoopes.t |
It has been there shown that the sizs of the aperture of the object glass divided
by the power gives the dinrueter of the pencil of lizht ontering the eye, and as this
in our Telescope is ons and three-eighths, divided by thirty-three, giving one-twenty-
fourth of’ an inch, it will bo seen that power and brightness are in sccordance with
 these laws. To force the power beyond theso limits we cannot conscientious! do, ag
it would be preferable only under certain circumstances, such as in a perfectly olear
atmorphere with a strong illumination of object. -
Thecollars are made of the hardest boll metal, and of exactly equal diameter,
How important this equality is, will be scen in onr mocount of Lovel Telescopaes,

® Buoh a Bubble, however, will only do good service with an instrnmens perfectly steady “"'"i
provided with s powarful and aharply-defining Teloscope. If placed in an fostrument which n
oonatruotion s top haavy, or where the settling of the dnel on the socket and cone will throw oul
ihe X's every tima they are detached from the leveling sorews, it wiil only ba a sonroe of annoyd
800 in working, Thess defocis mpruhtnl{‘tho causswhy s greal many englneers are projiullesd
sguinal sensitive levels, and prefer a slugyiah or dull nne, We assure the resder that a seositive
bubble, aven if & little out of center by reverwing the tnstrument, will still sfford better restits than.
8 dull one, which gives Ahe inetrument the sppearance of steadiness, The engineser only dmlnﬁl

. . ®
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: 18-INCH ENGINEERS' % LEYEL.
Price, as shown, packed complefe in box, with nsual 4ccessories............$145 00
3 For Agate Fitted Wye's, we make an additigri[al charge of $10.00.

thol, A et !

No. 7. ENGINEER’S nmﬁ-t LEVEL.

This instrument—in Europe employed almost excinsively—has been used but
very little in American Engineering, cansed partly by the greater inconvenience in
adjusting as compared with the Y Level, andp partly on sccount of the defectiva con-

| struction, inferior Telescope, ete., to be found in most|of this style Instruments, we
believe that & Dumpy Level possessing a good ‘I‘eh-uog:; sonsitive bubbie and
1 vel, While the adjust-

lubi]it{. will do just as good work as the more costly ¥

.. ment of the latter is easier made, the former will retain it Jonger.

“2 ° Qur Dumpy Level has a steel contre, 15 inch Teloscope, the Level is placed
between the Telescope and the bar, and the vial is curved so as to give for each inch
motion of the bubble au angle of 3 minntes, The instrument ie attached to the tri-
pod with our new tripod coupling.

5 SEBOPrivce s cOMPIMEG 0 J ives i asens o Panei b s ises s $100100

i g o LT . The same with three leveling screws, £10 extra.

himself by uaing & poor Bobble giving apparent satiafsction By concealing tha errors which a
sensitive one will show, A good Instrument will nol suffer from heviog tts qualities indicated by &
senaltive Bubble. i A g

e t To better underatand the principles and laws of optics, by which the construction, power,
- JWumipation, eto., of telescopes Is governed, the reader would do well to study Lhe ahort treatise
4 on telescopes we heve fnserted In this book, It will alsa serve to correct Impressions formed by

sational quallties * for telescopes,
e
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some through several publications (ssued of late years, clurniilu what can ooly be called ** sen.-
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No. 12, The same with Yariation Plate.......vvvvieneis

e

CATALOGUE AND PRICE LIST OF

No.8. PLANE TABLE. |

The principal novelty in our Plane Table is the reduction of weight effected b#
I bracing of all the heavy parts, . Rt . -
'+ The table is usually 24 inches square, and cousista of eight different pieces 4(
" hard and dry pine wood, which are 80 joined ns to mnke warping impoessible, Thi
Alidade is 21 inches, and the Telescope 15 inches long. The latter ie either invert-
ing or erect, has a magnifying power of 32 dismeters, and is always supplied wi
stadia hairs.

~...The radius of the vertical aro, if such is attached, is 3}{ inches. In case a level

& 4-inch needle will anawer. The inxtroment is always provided with a plumbing
The price of this instrument, with table 24 inches square, wrticsfcircle or arg,
level to telescope, stadia hairs, compass box, clamp, ete., is $300, |

SOLAR ATTACEHMENTS. |

No. 8.—G. N. 8aegmuller's Patent Solar Attachment with sun shade and prism
foroye DIetl. ciiie s viains e R el R s serees-360

No. 10.—tchmolz Patent Solar Attachment with improved level for . polar |
SN ROATUSENIBIE. oo v b tasavinsiseiis Iasbereasnitrrsbisrsarisnse sl

Advantages of the Solar Atfachments. .

The intelligent syrveyor will readily understand that the more perfect horizon
obtained by the use of the telescope lavel, the greater length of the arcs nllowi
finer readings of angles, and the nse of o telessops in place of sights, all render the
solar attachment more accnrate than the ordinary solar compnss. |

It can also be put on the teleacope of any good traueit at comparatively small
cost, and thus enable the surveyor to establish the true meridian, to determine the
correct latitades, and to obtain true time very nearly. - |

. SURVEYOR'S COMPASS. - |
‘No. 11, The instrament has 53 inob needle, 14-inch plate, open sights, in ’is
]
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No. 13.:

Pocket Compass with folding sights. Pric.sess.r:s..80 to $25 00 .

.8 .

is required to the telescope, we recommend the ** Striding Level.’” For the comw e
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No. 18.

e SR

L ...-. 75

divided aro to show gradients, in morocco case,

+ No, 19. Abney's Reflecting Level or Pocket Altimeter, with Bar Needle,

No. 18. " Abney's Reflecting f&ul or Pocket AltIEeler, impmvod.';rlﬂ.:
OompuanndmketlorhuobEstaﬂ'.............l.....................

B cra s st e vev 15 100
PIIB 00

: 2 LAl S
St :f{.'_' "No'hmv'i od xi i e i
I’r!mnticﬂom a.u,Sinc es diameter, with divid ngonn eandfold-. . ..
ing sighu,ppukod in neat case, vary convenient ior rooonnoiumoe.. . 915 00
> No. 15. '
i No. 16. Bmall Pocket Compum without and with ulghh, from.,. ....Sl to SB 00
Telaw 2 pep '._\,g:;..a.._, ) A
5 w2 NOs 18 .
No. 16, Loolea.nd I:Mel,......... inenasasssas
No. l? Lock’s Hand Leval,mnnd.. A Ry

- i A
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A NEW CLINOMETER.
8 TPl Priod 42000, te N 3

';;I'ha acéom'bar;ﬁng- cut .h about half size and represonts a new clinometer,
ssigned by Melville Attwood for the use of the miner and prospector. It can ensily
b carried in the pocket, and is made a3 small as possible consistent with accuracy.
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j .,..‘lt;t\i.r;o'd’s Cllnometéi, show!ng Compass,

ssure on the knob of whiok sets the cirole free, and on the removal of the fingera
ho instrument can be taken up and the angle of inclination easily r_esd. j

#|* ; D represents a compnss for taking spproximate bearings. . 8 E ey
B and @ are emall lovols, one on the top and the other at the end of instrument, |.

5 e v B
i N

AW
et

- Circle of Aftwood’s Cl.llllbill.et;!l';_ _

oln may be accurately taken, and in positions where a larger {nstrument could, not
tsed; also the dip of any bed, or stratum of rook or seam of coal, L sell i)
The timbering of any level, sbaft or inclins may be set by it It can be nsed in
artz mills to glve the proper angle to’ the silvered plates, blanket, trays; and sluice
xes, The instrument is a very practical one, ° . =2t
0, 31, Attwood's Improved Clingmeter in motal frame, .. 0vet.rnessass, ' $35 00

|« E, is the graduated circle which is kept in place by a small spring at 4, a a!igl_.tt' ’

With this Olinometer and & small atralght-edge the under Iay of any metaliferons |

L e N L R e R ND '--2.05-’;3 L R L SR IR S RTE S e
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44 Lamp for Mluminating @ aduations.

No. 22.; Lamp for ll!nm!nn!ing g-rnansdonl, cross wires, etc..fur use in an-

Farlen und work, of brass with ground lens..
% go. gz anllrgomnmet anpo( bmu. steel point Seesens peeats.
0, 44, rge sbneessVpsnenswenn s

No. 25._ Plumb Bobi ot tha most fmproved lha.pa, from........ .$1 e

$7
8
0
6

[

00
G0
00
00

LEVELI\ G I!ODS.

Tfo. 26: Phlladelphi.n lalt-readlngfodmth vernier clamp and hrget road-"
s s lngtolOOOlhnfrom&toBfeatlong .]. T e $ 9 00

| Ml\'n'a non.' B sa T o
i 'N'o. 27. 3 feet lo::;;, alzdmg out to five foet with v(:rnl'eir clamps and u.rget, '

gto 5. ...... 00
FER e -, R S e

g n.uerG POLES. i [ rie vilie

: &qo. as eandemuong. with steel pointed shoe and Qivided red and whm e &
o ﬂl&mate]y' each, .-l-l.lclo|nllll--'|Iuolo-o.-0-l|-|.ulnll-l.l PR $2 75
2 'No.29 7 feet long of teel, €ach 1uuuuiteeiiiriniiiibineierennirnanl i <800

L. - | SURVEYOR’S CIIAXNS,

: ’Il:?. g(l) Iron Chein, Brass Handles, No. 8 wire, 33 leat................ t
neAe 32.. S5 0 L e L gg et Y ha e
(83,0 . AL, S e e A
_“ 34, Sbeelchainu. v No 10 3 iR esvansrduenats i
(4 ‘“ 85 " " £ " m " .
PO . i SIS "'.-“ o (o B R U A
ok “ g7, “" B i e [ 308 ] IR DL Nl
SEAL :: gg. Blea}. Ch&ms bmed l.mks and nng \o. 12 mr:. gg foot...-vuscnere
(1] 40. [ a“" 1] " 11 G’G " .“-“:::::: 1

et P * i s “‘ 100 f' seerseseaene

cnnsTEmlu"’S STEEL TAPES. i

No A& 36 feak. oie o iiiiliilov i oo, srassedensensisenarcasseses$4
dm b e e R T S SR LIl T S B PR g
i

L DR e T

B N IS I

-

OO0 M0 Tk COrD '..'

L e

- 833833R3IHSKRS |

2 ,.“ 44- 50 £ T IS VD R e R e -4--:----.--------. -4-
bl T .‘.."p" 46,+ 68 ¢ -.--Su.uiu\u...-.-...uouu-uvL-'

L ¢ P Trerarsrassaadiesersssbarsiiscirenarats o u

-u!niq...nnu-‘a:-.a 10

ssssss

1
8T R A e s e s R T

CHESTERMAN’S HETALLIC TAPI_-]S.
NoA8. O gaiy, LU 050 oo e divas dtusa sssvanns sellts shontasnebene chuis W48

£ #e 49. w e OII-IUQl‘l.UCQII--ulI‘ .l..'oﬂﬂtl'l -lIIl-.'i--to-ll..--qn 275

o 08 T8 L SN coseuimins spenasa ke st IS dxnas AR E vapns L 300

L PO (L ......._.............................'............_...... ves 876

bod U oe LTS, RIS e S SR S SR R 1
: -No.‘53.‘ Rod Level for Plumbing, a Rod or Flagstafr....85 00.

L)

-
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S ‘mometers, ranging from 5,000 feot to 20,000 feet, size

= O

% No! 59, The Teleacops

& "Nov 68, Pocket Heliotrope, Btoinheil's, ;bmuutu instrument that requiroa '

A, LIETZ & uo.i P 4

ANZEROID AND ALTITUD}:
iy -BAROMETﬁ:RS £l

e ¥

P:ioal llrom 312 to $60 according to ul#o and altitude scale, =

:_5 s Anemld bnrometers made expresaly for na ‘by the best makers, in G-rmnn silver

-or nickel plated cases, truly compensated for f.amqemtura with or without ther-

1%, 234 and b inches. Guar-
lnbuad oorruct, ovary one bemg subjected to a severe test betore}:emg sold.

MEBCUBIAL BTA\'DARD MopNTAIN A\'D SEA,.
el s . BAROMETERS.

Px’lou from szo 00 to UJO0.00

e Bnppliu for these Barometeu, as tubu. meroury packjngs. etc., wa bave cone

ll.antly on hand

|
2 llELlOTROPE$ :
" No, 68., Gauss Haliotmm......,.. O T o G L R AL 'SIEOG{D
dy {8 ‘an iron tuba, in the niiddle is a wood serew
< with joint for attaching the Instrument to atree, onlpoat. Price in box. .- 30 00
No. 60. Heliotrope as made by ns for the United (:tnl.aa Coast and Geodetio
Burvey with wooden base, mirrors 4x4........ SRS desasiaavias  $35.00
No. 61. Same as before, but with mirror 6:6 ...... B R e ek s & (11
No. 62, Samowzt.hmirror. Lo S S e S| T S s s .48 50
" Prices for larger sizes on application. ’

e wh e

v no adjustment, INnCand.......... vovveenee S I PR 25 00

i ,. Extras to Heliotrope No 60 to 62 Fuclmsita.

Tangent Screws for vertical and horizon:tal movement...ouiiennei i L7 60
Ouﬂuung maugemtnt[or'rmgent Borews.......iceiiiaaiiiiinidie. 600
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"Acn'nmu'ni‘j FIBLD & MARINE.

'GEASSES AND TELESCOPES. | -

; - ODOMETI]RQ a 2

. No, 64 For menstring d.B!nnuaa- by, wagon, It is enclmad in bms Ay
box. 4%4 inches diametar, furniahed ‘with leather case nnd | dnu‘bla straps

to fasten to the center of the wheel. It is.the most correct Odometer

for practical nss, Price........., ..................................-

No. 65, McDonnell &domﬂteﬂ..,..,..,,.‘,.... Coarais

VU PEDOMETERS,: .\ - roof
% AT8, pockct instruments for measuring tho dhmme !rnverud

-lﬁcu—alliilalvr" f

. Pedometor

Inted watcheasing, end operated by the motion of the body.
.= Watch rize, registering 20miled and divided m=3{ of'-ma.a... oo ..Prica, 25
€7, " The eams with t.hrea {acen and bends, regmrring singlo ll-opl..‘Prioa. 9

M. Attw oml‘
Bcreen M. X

{nafrumant by which the diameters of the a
vire serecus ¢an be measured with tolemble

It {5 o vory small vostp ncku
tures in diffarent punched slut ane
rac
little lmtmmene a vory Lhnndy ous for the purpwu L indlu.wi
No. 68, In Brass, reading w IULr ths
M} 691" ¢ Nickel,
Na/70, ‘', Brass,
N1 s, %

01||‘ }u.--;.. R

Tieroivetérs for Measuring Qnurt '

n

walking, the nr nmber of miles belng reglatered by a mechaniim inclouml Ju & niokels . ¢

Those mill superin wendent who are particular.in. their work will tnd uiit-- b

-l-‘l.l.ll.‘.‘.ll..i ‘1 D =

5"

RO

;
i"

4 31:“! Sprns Divilers. Bow' Pens,’
5, Lithoproplinrs® Dividars, Curve

ik ! 1 I..\Ill; . P
.

CONSTRUCTOD! FOR THE Usl OF MILLWRIGE
T AND ”zpnnr'rnns
; s adjustable levoly aix and theoe iuches long,

‘i"‘. i i 1B EATY 'lonm ..... BAT RN crsbsnbontaatprarn N ‘lsm
vith gl'l'ﬂ..‘tl IA"‘TJT' ............ L R T W W

LR D
5w

Lad s

byt nnns Ay

FPenof
¢ cus, Rallioad Pens, Iio,

Tha Lron Frame ia lvmlg-eth'
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Altitnds Baromel 't
 Baromeior Altitule .
W ‘n?epl.
- COare of Centers
urg of Inet-ame
-,':'e of Telerioye Liag
nters, The , ...
Lualns, Fnpgigrers® sl
Coupling for "‘r!poa ne
-""ainTuses Meall Sagniats
Chesterman's St:e:l‘rnr- X
Clty Trunalt.. .
Linometer.
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ane whieas

I
N
aks
1 : e
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iy L LTS ST
't" 44
Enpee
Sd | ElL I
45 UallE el

1.0 Bpirit Losjeln
40 Btadin Tiel

Q 5 os 46 | Straight
3 GOIIIM;TBO..-. ELpt vees B SurvEyers Ve
l; : w;npmel. Buveyors' rocker o Ah=45 cRarverirel Gompars. .
& ‘.Oominaﬁonot{.nmmnu, Gigoralvesnin os T wof Toausit ..
! t i Oross Wites aaiees . esdv PRy LS VRS L :t'..m'n sesdkaves
} ; Dnmayun! sntespashs sose 43 Tapos, Blepl .nd‘.uom
il e e pdjuating, . : ...:‘Jti‘rr:.-mu.a...... S8 AL i Faa a1 i
L Eaxlnm Chadon..... e T8 L p 00 oned Descrption of T
Lyt ; !'_n_allﬁh Dumpy- Level.. _abdk; Onteal Prinein e
i Ry . Wye Level. ... ranicle Cifty. . .
" Extedalon Tripod ....... Elginears' and Hurve
“Graduation of Clreled.. Afangs SRl s
} : Grm!uu.u:rﬁaum. Fansrsige Maintet 3
A [ Heliotropes, ... . o { '
i ‘Hand Level, Totke' s 548
i ‘Lanip, !ﬂrﬂin.lug‘tnblnawing . 41
. Leveling Tnstrnment, Englasers’ D" ,,,,, 43 Tra
1 aa s Ao SEnAneER WY L. 1 S B
$ Level, I.or.kc l,.. P L e U AT ufl»r,.“- 1, Zrtemad X
i LereltngBods.c.. oo fass KD TN Tiag Tength 2ouies
Leveling Screws.. CLEEREE. & AR TR | 1T {11 o
b ‘Magnetio Neodln.. i O vt ;
i Mining Transit. . . J‘w;uu y o !
! Mountaln Tepnalt..doqiscessarsey PP . b'-ili " L fueting Disetion 1
B -bhjoci. Glul. BLIES Protecter . ieranee It .
S Glass 'Dlnplu'a"nu.... Mage 28
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