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The experience of past few years has compelled us to resort to a more general

use of C. 0. D. method of collection than heretofore,—a matter of regret to us,—
on considering the remote and widely distant points to which

but our friends,
oter

our instruments are sent, and the impossibility of determining on the chara
of the party ordering, will recognize the necessity for this change.

Parties with whom we have mo open account, corporations other than
those of confirmed standing with established days of payment by monthly

vouchers, will oblige by remitting with the smaller orders sufficient to cover

cost of expressage and return.
The prices quoted are those ai our establishment. When boxing is necded

the actual cost of boxes is charged. When boxed by us we guarantee the

safe arrival in good condilion of the instruments to any part of the country,

except under extra hazardous circumstances.
All express charges and charges for collection are to be paid by the pur-

chaser.
On orders for Engineering instruments, accompanied by draft to amount of
catalogne price, no charge is made for boxing, purchaser saving the cost of
boxing and collection.
All instruments made by us are guaranteed to be of m

ship, most uccurate construction, and of very best materials.

ost skillful workman-

The guarantee is

not limited to any time.
2

. For MORE THAN FIFTY YEARS has our establishment been engaged
in the manufacture of Mathematical, Engineering and Asrmﬂ:mieal
[ustruments, during which time it has always been under control of
Wm. J. Young, or his Son. : 5

For the character of our work we muake but one reference—the
oumber of our instruments throughout the country, the number of years
they have been in use, and the reputation they have maintained during
thnb'time, Some of these instruments, made over forty ycars since, are
yet in active service, doing accurate work, while cheaper instrnmenh; are
being discarded after from three to four years’ work.

W—e refer, with pride, to the introduction, by us, of the Engineer’s
Transit, both in its original form, und in the subsequent styles :s mad;
hy us  In the earlier days of railroad construction, when trausportation
Wwas slmir and difficult, requiring months for an instrument to reach its
dcsh‘nat:on or to be received back from instrument maker in case of
repairs, our Transit was strong, simple, substantial, almost impossible to
be placed out of repair. Our later instruments are replete with ever
wodern improvement, capable of the most delicate and accurate \lmrisjr
From the earliest to the present time, the superiority of these instru:
ments has been unquestioned |

Our experience has led us to produce several improvements, amongst
Ut.hem Gradienter, the Slide Protector, Eye Piece, Tangent I:‘:l.znt‘erlilzt{lE
of Level Telescope, Tmprovement for Obviating Error of I:'aralla.x i
well as improvements on various minor points. Our sell-reading Le’t:s;

Rod, introduced by us twenty-two years ago, is fast superseding all other

.t 3 »
styles, and the use of other rods, except on special cases, is abandoned
by those who have once tried this form.




4

_ The materials in our instruments, our style and modes of manufucture,
have been adopted after trial and test, during past filty ycars, of all
others, and our patrons may coofilently rely that the various new mate-
rials and new construetions, blazoned forth periodically, have been tried,
tested and discarded by us.

The graduations, the main point of all angular instruments, are, in
our instruments, performed uander cur persenal inspection, upon a line of
graduating engines, superior to all others in the eountry. So acknow-
ledged is this superiority, that no establishment but ourselves has
attempted the manufacture of finer astronomical instruments calling for
graduations of larger circles.

Making no pretensions for sale of low priced instruments, we require
only such 'pricea as will enable us to produce good instruments, and these
prices will be found, for similar instruments, not exceeding those reecived
twenty years ago. :

Having endeavored, by more perfect system and increased facilities,
to counteract the inereased (in some cases almost doubled) cost of skilled
labor, a fair comparison, including many minor points ol’ improvewents,
not so evident but of cost in construction, will show prices of present
Jess than those of past; and as it is upon the standing and character alone
of the manufacturer that the purchaser must rely, we fecl confident our
friends have no just cause of complaint.

The estublishment, at present, is under the munagement of Alfred O,
Young, who has seleeted Mr T. N. Watson, the senior of the late
Wu. J. Young's partoers, in the firm of Wm.J Young & Co., to assist
in oversight of the business. Mr Watson has been enguged in various
capacities in the business for over 45 years.

Combining, as we have endeavored to do, a theoretical and scientifie
technical edueation, with expericnce in construction in the workshop, and
experience in practice in the field, we believe we have retained every

possible excellence which bas heretofore distinguished this estublishment,

YOUNG & SONS.

CARE OF INSTRUMENTS.

It is highly important the Engineer should understand those points in the
eare of nn instrument, by which he ean preserve its usefuluness, or temporarily
supply any small deficiency.

In the ordinary.Compass ‘he main peint is to avoid dulling the centre pin.
If point is soft, this dulling will occur from natural weight of needle. If the
puint is hardened earefully iz will last, as far as effects of wear are concerned,
many years. To preserve the point avoid all sudden jarring and jolting when
needle is down, as the harder and more perfect the point the more subject to
vreakage from this cause. Never lift the instrument without being sure the
needie is serewed up. Should the point become dull, use a small oil stone, hold-
ing it against the point, and sharpen, if possible, by revolving instrument on its
centre while stone is moved slightly along. If instrument cannot be revolved
80 a8 to make centre pin revolve, sharpen by pressing stone against point and
moving i_t. in a circular direction. Do not use stone in a straight line, as then,
in place of a round point, there will be one with many sides, as it were, and it
will be impassible for needle to play freely.

. This method will not produce a perfectly shaped point, and will only answer
as a temporary relief.

The shape of centre pin should be so as to form an angle of say 15 to 20
degrees at point, keeping the upper part straight, not curved, so that on a little
wear the thickness of point, if we may so speak, will not be so much greater.
A dulling of point from wearing or breakage causes friction by its edges hearing
against side of cap, and is the principal and almost universal eause of failure of
needle to play freely. A perfect point is of greatest importance, and can only
be relied upon at the instrument makers.

The height of centre pin is of consequence as affecting the ends of needle.
When the centre pin, which is the same as bottom of cap centre, and the ends of
needle, are of snme height, the ““trembling” of the needle produces no motion
on its ends, and if these are on u level with top of ring parallax in reading of
u_ee'lle is uvoided. It is preferable to have the ends of needle a trifle above the
ring: breakage of point or coustant sharpening of pin brings point much teo
low, when the only remedy is a new centre pin.

Should the North end of needle become lower than South end, the balance

should be restored by sliding the brass wire on South end.
: With the cap to needle the Engincer ean do but little.  Tis shape is such that
it forms a centre and nothing more, so that point rests nearly on a plane. Any
wttempt to smooth the cap is likely to result in destroying this form, either pro-
'lum_ng 2 plane surface, where the needle finds no centre and will rest on no
p:;rllcu‘lur point, or producing an angle, the sides of which will bind on sides of
point of centre pin.

A good needle, of proper materials, and properly charged in first place, does
not often lc;.ze its magnetism, 1t may be, when power has gone, assisted by
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magnetising with a good horse-shoe magnet; but it is best not to use the magnet
unless its comparative power is greater than the needle. It is an accepted
theory that the needle will retain its magnetism more perfectly when allowed to
lie in meridian, and for this reason it is advisable, when placed away for a long
time, to allow needle to rest upon centre pin and take its natural bearing.

Object and eye glasses of telescope should be kept clean of dust, &nd especially
grease, or anything that will form a film over glass. Small particles of dirt
npon object glass are not so bad as a thin imperceptible spot of grease, &e.
Wipe with a soft, well used rag,—not with silk or piece of new muslin. It 18
very seldom necessary to wipe the inside of glasses that are protected.

The glass mext to the eye, especially in high powers,efrequently becomes
dimmed from moisture of eye lash. This should especially be regarded.

The object glass should not be unncessarily unscrewed, It destroys adjust-
ment of collimation.

The Cross Haiz Scrrws should be used earefully, the great tendency being
to overstrain them. In adjustment, be sure they come to a fair beariug with
each screw; nothing more than this is necgssary. Unloosen the screw on one
gide before tightening the other, and in erect eye pieces remember the real
motion is opposite the apparent. Forgetfulness on this point is frequent source
of ironble. Straining these serews is more apt to eause instrument to lose than
retain adjustment.

Should any little dust alight upon cross web, it may frequently be removed
by taking out eye piece or object glass and blowing gently through tube; but
unless on such part of web as to interfere with use it is preferable to allow it to
remain.

The TeLescors Braring should be so firm as not to allow shake, but nothing
more, —the friction of this will keep telescope in position. The screws which
confine these bearings should often be looked to.

The telescope slide should be watched that it has no shake. TIf not protected
by our dust protector, the slide should often be wiped. Should the slide com-
mence to fret and grind, take it out at once, and first scrape, then burnish down
the place where it has fretted. The blade of a penknife forms a very good instru-
ment for this purpose, scraping off with edge slightly inclined, and burnishing
with back of knife. Wipe out inside of tube, and if possible burnish and scrape
that smooth. Grease the slide slightly, and wipe off grease before restoring it
to its place. Too much grease causes dust to adhere. Do not use any emery or
gmery paper to repair slide,—it will be a continual source of trouble afterwards.
A slight grinding with pumice stone dust, fine and without grit, and a little oil,
may be of service, but should be carefully done, or 18 best left to instrument
maker.

Fretting of centres should be treated the same way as of the slide to telescope.
1t is advisable, if instrument shows any sign of working hard, to take out centres,
wipe them, and replace with fresh grease; but so long as centres work free, it
is best not. to disturb them.

Tt is not to be expected the Engineer will be able to repair this injury; but
where fretting once commences the tendency is to become worse very rapidly,
anil a few moments use may destroy the slides or cenires 5o they cannot be
vepaired, nnd unless necessity compels its continued use it is best to stop at onoce.

Should the fretting be in the centres and ihe above means not remove il
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entirely, a temporary relief may be found on placing between the shoulders of
the centres a washer of paper or thin card. There will then be a shake in the
centre, which, however, will be a lesser evil than entire loss of use of instrument.

The best grease is good marrow, rendered. Most oils, notwithstanding their
claimed qualities, gum, and become an injury to the insirument, cauging it to
work hard, sometimes so hard as to render instrument useless.

Fretting of parallel plate or levelling screws, can best be avoided by taking
out screws, washing them with soap and water by a brush, screwing a piece of
soft wood, with two sides thinned down, through the nut to clean it, and replacing
serew, greasing siightly.

Tangent and clamp screw fastenings should especially be examined from time
to time, that they do not become loose, sllowing play in reversing instrument.

The tripod legs shonld have no looseness in fastening of shoes, or where the
legs fit in tripod. The small serews which hold the cheeks of tripod head to the
plate should be examined to see if tight. No instrument will be firm if any
shake exists in fitting of legs or in shoes. Ii is important that the poinis of
tripod shoes should be somewhat sharp, sufficiently so to take hold on any surface
when set up. The greater the hold of shoes in ground, the steadier the instru-
ment. Without this hold there is only the weight of instrument to resist any
foree, either direct or resultant, in upward direction.

In the use of all screws, bring them to a firm bearing, but do not overstrain
them. Either the thread stretches and wears rapidly, or some part of instru-
ment gives way, and eventually becomes loose by overstraining. :

Moisture on glasses, either telescope, compass or vernier, can best be removed
by placing instrument in a dry, moderately warm room. If time cannot be
spared for this, wipe off dry, but while doing so, and in replacing them, be care-
ful no dust or dirt gets in the instrument. In cleauning object glass, dirt is apt
!o fall into tube, and afterwards fall upon cross web. In cleaning vernier, dirt
is apt to get between vernier and plate, bruising graduations; and in cleaning
of compass ring, & small ravelling of thread or lint, invisible to the naked eye
will sometimes adhere to side of ring, and prevent needle from playing. Thil;
last is frequent!y the cause of serious errors.

) It is not advisable to take instruments apari unnecessarily, Very slight
d:slu.rhancvs are often productive of great injury. Even where fitlings are per-
feet it requires care and experience to place them properly togeiher. A screw

?eft loose, or one tightened too hard, may interfere with correct working of
instrument.




REPAIRS TO INSTRUMENTS.

- -

Ttepairs to instruments injured by accident, are generally more serious than
the Engineer supposes, and usuaily the cost of these repairs excceds the saiici-
pated amount. Thereare several reasons for this, Breakage of parts is evident
to the Engineer, and he generally atiributes the whole cost of repairs to this
alone, whereas these evident breaks form the lesser porfion of cost, the greater
gost being in points only developed by more aritieal examination, and of which
he has no idea. None but those familiar with repuiring can realize the time
coasumed in removing what appears a triviel fault, but which the correct werking
of instrument requires to be thoroughly eradicated When we consider the se-

_vere tests to which the various fittings of the instrument are subjected, by means

of the graduatiovs, of the level, and of the telescope, the necessity for repair, as
near perfection as possible, regardless of time consumed, becomes evident, and
the cost of these repairs explained. What may be termed, 1 contradistinction
to the Engmeer’s adjustment, the Instrument Maker's adjustment, which econ-
gists 1 placing all parts of the insirument eorrectly together, so as to work
smoothly, detecting any points which may be wrong, secing that no part is
strained, that the needle, verniers and plates are properly ceniered, &e., cannot
be conscientiously and well performed in the Transit under a gost of $10.00; in
& Level under $5.00; and Compass under $2.00. These are independent of cost
of repuirs, which are charged according to time gonsumed.

In coure of repairs, points of injury not apparent to the Engineer develope
themselves, and those which appeared trifling, because of their minor importance,
become serious when the more prominent are corrected; so that it happens that
instruments are frequently sent to be repaired at certain points, and yet when
these points are repaired, the instrument is almost, if not quite, as useless as
before. We have adopted, as our rule, to thoroughly examine and repair every
instrument sent, believing it most satisfactory and egonomical to the Engineer,
and feeling assured the result is in all cases beneficial and in end satisfactory.

Tuansit.—This instrument, from its being the most complicate, is the most
costly to repair, nearly every part being liable to injury from a full. Tnjuries
to standards ean generally be repaired, though where great it is generally best
to replace with new, as much time may be wasted ineffectually in endeavoring
to bring bearings correct.

Bending of plates from a full, if the metal is rolled brass, can be remedied,
anless the bend is sshort,”” and severe. Where metal is cast brass a complete
turning and re graduation is generally found neecessary.

Where slides of teleseope nre much injured by fretting, or by a full, or by
wear, o new slide is advisable as the only cilicient remedy. A speedy method
of closing tubes gives nppearance of repairs, aud though difference is not evi-
dent to Engineer, the telescope soon becomes as bud as before, aud the slide will
not project on true line of collimation.

Where eentres or plates arve injured, the eost of repairing this part, if a flat
centerad instrument, is atiout $6.00; if u long centered instrument, ranges from
$10.00 to $40.00. Injury to telescope is serious, from difliculty of eausiug them
to work on line of collimalion.

8
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As a general rule, the cost to repairs to transit, even if injury is slight, will
vary from $7.00 to $12.00; and if scrious, such as from a fall, will vary, if a
flat centre instrument, $15.00 to $30.00, und a long centre, $15 00 to $60.0’U

Re-graduations of our graduating engine costs $15.00. |

LEVEL repairs vary from $6.00 to $12.00, unless new centres should be
required, or heavy repairs to telescope, when the cost may extend fo $25.00
or $30.00. :

New Level tube ground uniformly the whole extent of eircumference, to give
uniform motion, is $5.00. ;

Coxpasses are principally injured by dulling of eentre pin, bending of plates
and sights.

Cost of re-adjustment of needle, and re-magnetizing same, is $3.00. New
centre pin, $1.00; cap and necdle, new needle seldom wanted, $4.50; new ca
to needle, $2.25; new glass, best French plate, $1.00. i : P

chn.irs. to Bolar Compasses are especially expensive. The extreme accuracy
necessary in prineipal parts of this instrument to a correct working, and the
ttme.cnnsulned in instrument maker's adjusitment and examination, bring the
repairs to this instrument from $20.00 to $60.00. :

. We have intended these remarks to furnish a general idea to those of our
friends who are inquiring of us the cost of repairs; but we would impress upo
them what they expect their instrument to be and to do after repairs, and 1-e§- ll;
what we have said in reference to “‘instrument maker's adjustment " It is n'Lnl.
ulnl'requent that when we suppose the repairs and adjusiment almos‘t ﬁnishe:d we
;II.RC.lH]'cl' aol;ne point needing attention, which, though the concequences may be
r:,l:::?r;_me s attention, and may possibly require as much time as the greater

Ins.lrumenls sent for repairs should be carefully packed. They are at times
much injured in coming to us for want of this care.

I.’lacn in box address of party sending, and memoranda of points which
Engmccr Fonsidera require attention, though not necessary, may be of advants
It is adyisable to place our name in full; bunt * Yon’g Instrument M il
PPhiladelphia,” will secure safe arrival. : sl e




ENGINEERING INSTRUMENTS.

The various improvements we have added to
our Instruments during past few years, have, in
instances, so chanded their characteristics, that
our older friends and correspondents may not be
familiar with them To those desiring any par-
ticular instrument, we will mail photographs, an
examination of which will afford correct idea
of the improvements and details.

These improvements have for their purpose
increased accuracy, and we believe have in
all cases added to efficiency of instrument; but
there may be circumstances, such as railway
worle in rowush country, and in places distant
from repairing facilities, where one Sreat cha-
racteristic of owr older instruments, viz., their
great endurance of rough wsagde, may counter-
balance the benefits of the additions. Ior this
reason we still continue to manufacture our
older styles as heretofore.

The telescopes, as placed wpon owr instruments
of four or five years vast, have a much higher
power than heretofore, and while this hish power

is extremely desirable in many respects, it s

necessarily accompanied in all cases by loss of
Liolht, a smaller field, more wear upon slides of

lelescope, a greater difficulty in focusing an ob-
Jjeet, requiring more time to work, and a greater
liability to error if not properly focussed.

10
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We advise our friends of those differences, that
they act understandingly in their choice o,f in-
struments, and select those most suited to their
purposes.

Graduations being the really important part of
an angular instrument, such as Transit, we have
devoted especial attention, to enable us to stand
pre-eminent in this one point. We believe our
expenditures tn this line have nearly equalled the
combined expenditures of all the other instrument
makers, while our line of engines has enabled us
to complete work not attempted in any other
establishment. Our friends may rely wpon the
work being done under our personal supervision
the facilities in our AUTOMATON ENGINES enablinc;‘
us to allow sufficient time in process of g’raduc:-
tion to ensure best results; while, to avoid the
unsatisfactory work arising from too common
error of speedy draduation, we occupy from two
to foz.;-r times as long in the process as is gene-
rally occupied by others.

E:tperience has shown ws the materials wupon
which graduwations of our ordinary Transits are
made, being brass ROLLED especially for wus, and
condensed under our trip hammer, espe,cially
(L'da.pted Jor the purpose, obtains a uniform den-
sity rivalling that of silver, and a hardness much
to be d_esired. The porous nature of all castings
excepting, perhaps, yellow brass, which can abc;
hanw{,ered and condensed, has compelled the
adoption, in larger instruments, of silver or other
ku}l'.:w'g‘enfsoms metals. The small air holes, and
de;z_cw?'waes of castings, cawusing the point of cutter
to deviate from proper place, producing unequal
spaces and unequal thickness to lines. This is
one reason we avoid castings for our graduated
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plates of best instruments. The silver has very
serious objection, that though alloyed, it is so soft
that the least particle of dust or dirt between
verniers and plates turns up edges of dradua-
tions, destroying their accuracy, in many cases
obliterating gdraduwations at the edge.

We consider that, for fine graduations, such as
under twenty seconds, silver is best ma_,z‘.eriaz,
principally on account of surface requirm:g o
working after gradualions, to endanger oblitera-
tion of fine lines; but that for sraduations of ore
minute, or even to twenty seconds our rolled con~
densed brass is preferable.

"e.g e

SELECTION OF INSTRUMENTS.

———

The grades of instrumental work now called for from Engineers, being more
numerous and varied tlian formerly, extending from that ealling for most accu-
rate results necessitating the most perfeet and delicate instruments, io that
where the question of resulls is to he considered along with the question of
transporiation, has called for u greater variety of instruments than heretofore.

While insiruments of medium size and weight have a wide range of adapla-
bility, we have found it impossible to supply the different reguisites in the most
satisfuctory manner in the same instrument. We have therefore adopted as
results of our experience a classificution for Levels, Transits and other insiru-
ments, the basis of a heavy, medium and light instruments ; for, though aceuracy
by no means follows as a certain result of weight, it is certainly true that weigh
limits size, and with same skill in proportioning size limits aceuracy The
character of the work is the same in all our instruments,—the higher priceu
ones, in addition to size, have principally small additions to inerease their
efficiency, and such modification of construction to ndapt them to their purposes,

We have placed in this edition the Variation and the SBurveyor's Transii.
omitted from our last bocause of inability to produce good work and compete
in price wiih the cheaper class of these instruments. Numerous applications
having obliged us to insert them, purchasers may rely upon their having the same
quality of work as upon our larger instrumenis, They form an intermediate
link between the SBurveyor’s Compass and the Engineer’s Transit, and while we
would advise to the County or other Surveyor the purehase of Eunsineer's
Transit, they will find these instruments useful and reliable, if desirel.

In choice of Ln-:vm.u. we would advise, for ordinary Rain-zoan work, where
guick working and large field are desived, our 17 inch Level.

For Ciry work, or such Rail-reads ns require greater than ordinary accuracy,
our 18 inch or 20 inch Level.

For ordinary country service, or where a light instrument is especially desivable,
our 15 inch Level,

In choice of Transirs for general Rar-roap or Engineering purposes, our
No. 6, with G} inches graduations.

For rough Rail-road or Enginecering work, our No. 3 or 4; to stand exirn rough
usage, No. 4.

For ordinary town or eity work, No. 6, with G} inches graduations.

For city work, where Engineer desires Transit of finest quality, our No. 7, with
all improvements.

For such work as requires execeding aecurney in angular measurements, the
Repeating Circles.

For Tunnel and work where accuracy in producing straight line is desived,
our No, 18.

For Mining purpeses, our No. 10, with additions.

For Surveyors we would earnestly advise an instrument such as Engincer's or
Surveyor’s Transit, where the accuraey of veading of needle can be checked off.

Fur nccurate work, requiring an extremely light instrument, our No. 10.

13
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i iries
simply as an sanswer Lo numMerous cnqu 5

i ice on selection,
it d would answer purposes named.

ifie
d do not mean that none but those speci :
;tllms we believe our No. 8, 6} inches graduation, to be as fully competent for

all conditions as any other instrument in the co’uutrJ.r outside of uu]: zi;ct::tr;;
but there has grown up & demand for this cla.uulﬁcn.l.lon- of our \v\.ro:e; g
giving sufficient details of our inutrumenta,-musl. leave it to Eng.m
mine the characteristics of his business and judgment of our choice.

AR

ADJUSTMENTS.

Too little knowledge exists amongst Engineers as to principles which govern
adjustwent of instruments, in consequence of which many fear to touch these
adjustments, and allow them to go for years untested, performing important work
in which the results mwust necessarily be in error, or, at an expense and a loss
of time sending long distances to instrument maker.

We have endeavored to so illustrate the general prineciples, that after their
eareful consideration the Engineer will never be at a loss to apply proper cor-
rection, will be enabled to test his instrument understandingly and adjust them
confidently, without being confused in attempt to follow the ahnost unintelligible
directions generally given.

A consideration of the principles of adjustments tells us that, independent of
the verniers and of ncedle, (which consist in placing certain points in straight
line, und perhaps should not be classed as adjustments) they all consist in placing
certain parls either at right angles or parallel to each other.

Thus, the adjustment of Transit consists in making the plates, or which we
here consider the same, the spirit levels, revolve at r ght angles to vertical centre
of instrument; in making the nxis upon which telescope turns, at right angles
to same centre, or parallel with plates; and in placing the line of collimation
at right angles to this last; and if we include the comparative position of web,
it would be in placing the vertical web at right angles to this same axis.

Again, in the Level, the adjustment in like munner consists in placing the
line of collimation and the line of level parallel to each other and at right angles
to the verticul nxis upon which instrument revolves,

In making these adjustments the spirit level acts an important part; but we
liave here chosen to consider it merely as means of making them, or of placing
the instrument in position.

The general method made use of is that of reversions. Reversions double
all errors and place them on opposite sides, so that if there is no difference
after reversals there is no error; or if there is a difference, the weuan between
the two points indicates the amount of errors as well as the true point. Every
udjustment may be set down as depending upon the method of reversals.

In the following directions, in which for purpose of thoroughness we shall
include the centre pin and ueedle, we shall first give the object of adjustment
and then the general method of performing it.

15
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OF THE TRANSIT.

The adjustment of Trausit, disregarding for the present the needle and
centre pin, are:—
1. The Levels.
2. The Standards.
3. The Telescope,
And where the telescope has a level attached.
4. The Telescope Level,
And where there is o vertical circle.
5. The Zero of Vertieal Cirele.

OF LEVELS TO COMPASSES, TRANSITS, &e.

The object of this adjustment is to bring the levels in such position that the
bubbles will remain in centre of tube in all positions of instrument, when the
vertical axis of instrument is in a true vertical position, or in other words, to
bring the “*level” at right angles to vertical axis of instrument.

The method is to bring the bubble in centre of tube, then reversing the instru-
ment on its vertical eentre, the bubble in tube will pass over double the actual
distance indicating its error—changing it half way back by adjusting nuts and
half by levelling screws.

To perform adjustment, bring bubble in centre of level tube by means of level-
ling serews; turn instrument half way on its vertical centre. 1t the bubble
moves to one end, bring it back half way, as nearly as can be estimated, by means
of the capstan nuts or serews under the ends, and the remaining half by meanx
of the instrument levelling serews. The trial should then be repeated by another
turning half way round aund similar correction.

1f, as is general, there are two levels at right angles, it is preferable to adjust
one approximately and then the other, us well as to turn the iustrument as
exnetly half way round us possible. 3

Should one level be much out it is difficult to adjust other, as turning it more
or less than half way causes it to partake of the ervor of the level which is out.
and the adjuster will be making corrections for ervors which do not exist, and
placing his levels more out instead of in adjustment.

Where a cireular or universal level is placed in line of the two straight ones,
the operation is the same, excepling the adjustment is generally mude by three
small gerews passing through the plate on whieh it is fastened.

When adjustment is cowpleted by reversing in several positions upon one
centre, the reversal should be fested upon the other centve or plate. 1f the
cenlres are not true to each other, or the plates at right angles to both centres,
the level on reversing on different plates will not remuin in centre, and indicates
an error which the Engineer eannot correct,

We suppose in this, as in other cases, the Engineer will readily perceive and
understund the meuns provided in the instrument for making the necessary
changes, and that he will not injure the threads of his serews and peril the
permanency of his adjustments by overstraining, but in all cases bring nuis and

screws to simply a firm bearing.
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OF THE STANDARDS.

The object of this adjustment is to bring the bearings upon which telescope
revolves at right angles to vertical axis of instrument, in order that the telescope
may move in a true vertical plane when this axis is truly vertical, 4

The method generslly employed by us is to compare the line as described by
motion of intersection of web upon any two marks, such as top and bottom of
building, when instrument is in one position, with line described by same, when
instrument and telescope are reversed.

Another method is to test the motion of intersection of web on & plummet
string. This Inst is, however, more of & test upon acouracy of two adjustments,
this and the levels, and on account of short distance at which a plummet line
must be placed, in order to give sufficient vertical angle, and the unsteadiness
of lower end of line, it is not regarded by us as the best. It is of advantage,
however, to test by all methods.

In some of our instruments, intended especially to undergo rough usage, we
do not place the means of making this adjustment upon them. Our method in
this case is to take off bottom of one or other standard., The Engineer’s best
mesns in this case is to raise the lowest one by placing tin-foil or paper under
same. This construction is not liable to change adjustment exocept through
injury.

While in this adjustment it is as well to have instrument at level, it is not
necessary. The adjusiment can be as accurately peiformed in any other position;
and it will be found most convenient to throw instrument into such position as
to commund well defined marks above and below.

To perform adjustment, select a building or other object which, with instru-
ment at distance of at least 40 or 50 feet, will give a vertical range as great as
ins'rument admits of observing. Any well defined mark or spot on top of high
building will answer. Direct the intersection of cross-wires of telescope to this
murk, clamping all plates and cenires of insirument firmly, then depress teles-
cope und select or make a mark where intersection of web strikes; reverse the
instrument on centres, which will cause telescope to point the other way, and
reverse telescope to former direction, bringing intersection of web to bear upon
upper mark, then depress telescope to lower mark. Should it not correspond
with this lower mark, a point half way between it and where the intersection
uow strikes is the corrvect line, and the adjustment should be so altered as to
cuuse the telescope to travel on this line. As in other adjustments the reversals
should be tried several times.

ON LINE OF COLLIMATION.

This is generally termed the adjustment of cross-webs. The object is to bring
the optical axis of teleseope at right angles to the axis upon which telescope
revolyes.  As the setting of the telescope on the axis must necessarily be quite
sccurately performed by the instrument maker, there is left for the Engineer
vuly the bringing of the cross-web, by which the line of telescope is deiined
into the line of collimation, '

The method employed is, in principle, obtaining a straight line passing through
centre of instrument, and comparing with it the line produced by a revolution
ot telescope on its axis. Tho two means generally employed arc: first, by com-
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paring the line given by a revolution of telescope on its axis, or by back and
fore sight when axis is in one position with the line, ns given by revolution of
telescope, or back and fore sight when axis has been reversed. It is evident
that with same back sight the reversal will give an error equal in amount, but
on opposite sides, on the two fore sights; hence the true line is one from back
sight passing through centre of insirument and & point midway between the two
fore sights. The cross-web is then drawn over until it is one-fourth the distance
betsween the two fore sights, or one-half the distance between the back sight and
the proper line midway between the twa fore sights.

1t is & frequent error with Engineers fo draw the eross-webs over one-half
distance instead of one-fourth, The reason the correction should be only one-
fourth is because of its doubling itself,—equally on the fore sight as on the
back.

The second method consists in producing a straight line by a single fore si ght
marking two ends and an intermediate point, placing the instrument on the
intermediate point and adjusting to the two ends.

To perform adjustment by first method, set the intersection of cross-web upon
back sight, stake or other mark, and elamping plates and centres, revolve teles-
cope on its axis; mark point whers the interscetion strikes. Reverse instrument
on its vertical axis, bring intersection to bear on back sight, and revolve telescope
on its axis, and mark this fore sight along side of former one.

Measure and mark midway between these two, also midway between this last
and the last fore sight. The first midway mark is the one on straight line
passing through back sight and centre of instrument. The second, or one one-
fourth between the two fore sights, is the one to which the eross-web of teles-
cope should be made to correspond, in order to bring the web to proper place.
Therefore, without changing instrument, bring the intersection of eross-webs,
by means of the capstan screws, to act ypon this last midway mark. This done,
it is ndyisable to remove the marks except the one midway between the two fore
sights. If the adjustment has been correctly made the intersection of webs will
strike upon the back and fore sights alike when instrument is reversed on centre.

If, as may often happen, the back and fore sights are inaccessible, the differ-
ence of one-fourth must be made by estimate, and perfect adjustment obtained
by repeated trials.

In making these adjustments the back and fore sights should, if possible; be
equal, to avoid changing focus of telescope; but, as a test after adjustment is
complete, the telescope should be thrown out or in, and then brought to its
proper place and adjusiment tested to asceriain if this motion of telescope causes
any change in line of sight. We would not advise the length of sights to exceed
300 feet; it will be found a closer adjustment can be made ut this than at longer
distances.

To perform adjustment by second method, place points under centre of instru-
ment—one at about 500 feet distant, and by instrument, one in line midway
between. Set the instrument over centre point, bring infersection of web upon
one of the end points, and revolve ielescope upon axis and mark where it
atrikes opposite the other end point; measure and mark midway between these
two points, and without changing instrument, move eross-web npon this midway
mark. Then test by reversing insirument upon its vertical uxis, sighting at one
extremity and revolving telescope upon its axis upon the other, a8 before,

e

e
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Previous or subsequent to this adjustment, as Engineer may prefer, the cross-
web should ba_ set vertical, so that it will remain upon object as telescope is
raised or depressed at upper or lower edge. The most convenient way is to
wight to ohject on upper edge, and raise telescope until it comes in lower edge of
field. If web does not strike, loosen web screws, and turn slighily either by
hand or by tapping slightly on serews.

If the web is set before performing the last adjustment it must be examined
st the close, as adjusting is liable te throw it out.

OF LEVEL TO TELESCOPE.

The object is 10 bring level parallel to horizontal optical axis of telescope.

The method by which it is performed depends upon principle, that from any
point-cqual-saglesof elevation or depression for equal distances will result in
wyua] difference of elevation or depression from this point, and that two points
equally ubove or below any other point must be of equal height or fevel with
each other. Two points on a level are thus obtained, and if instrument is set
over one al an sscertained height, the level line as given by instrument, if in
widjustment, will strike at same height above other, or the difference of readings
will measure amount of error.

To perform adjustment the instrument is carefully levelled, equal distances
measured in line on opposite sides, and with level on telescope in centre of tube
stakes A and B, driven to an equal reading below instrument. These two must
then necessarily be upen a level with eachi other. The instrument is then moved
say 10 feet beyond one of the stakes, say A, in line with other; a rod reading
iaken with level upon A, and this reading with correction, as below, held on B
when cross-web, or level altered so as to strike the rod on B.

If the instrument was directly over A, and its height above A ascertained,
it would only be necessary to hold the same height or reading on B; but as this
height cannot be correectly ascertained except by reading through instrument,
it becomes necessary to move away from stake, and in observation this distance
purtakes of error of instrument and needs the correction, which is proportionate
to ihistanee of instrument and stakes from each other.

The rule for correction, when the instrument is beyond stakes is:

Divide the difference of readings on stakes, by distance between stakes, and multiply
Ly distance from instrument to further stoke.

Thus, it difference of readings is 2 feet, distance between stake 200 feet, and
distance of instrument beyond 10 feet, then

2.
500 XK 210 = 2.1, amount of correction.

Should the instrument he placed between the stakes, in place of beyond, double
the error of distunce from instrument to nearcst stake takes effect, and the rule
hecomes :

Divide the difference of readings on stakes, by the difference of distances from instru-
ament o fﬂt.-’l stake, and multiply by distance of instrument from furthest stake.

Thuu.‘thalances same as hefore, except instrument being placed between stakes,
10 feet from one, then the-difference of readings would be 1.8, and

1.8
190 —10 < 190 = 1.9, amount of correction.
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Though incorrect in theory, the adjustment muy be made by repeated trials
without correction, the error becoming less each time until it becomes inappre-
ciable, especially if respeclive distances from instrument to siakes are made
with a great disproportion to each other.

The object being to make the line of sight parallel to the line of the level,
theoretically either the cross-web or bubble ends may be changed; but it is
preferable to bring the horizontal web in middle of field of telescope in adjust-
ment for collimation, and to perform this adjustment by moving the bubble so0

a8 not to disturb the web.

OF ZERO OF VERTICAL CIRCLE.

The object is to bring zero of vernier cirele lo agree when the level is in
true level line and the vertical axis of insirument in 4 irue vertical one, or that
when either axis or level are correct the other shall be at right angles to if.

The mbthod is by bringing level on middle and reversing on vertical centre.
The amount the level is out on reversing indicates double errcr, which must be
equally corrected on the bubble by its serews and on centre by levelling screws,
and vernier then set to agree with zero of circle.

To perform adjustment, level instrument by ordinary levels, then bring the
bubble of telescope level to centre and reverse on vertieal centre. Correct half
of amount of disturbance of bubble by means of tangent or opposing screws
and other half by means of parallel plate screws. When the instrument is so
the bubble remains slalionary in reversing instrument on centres, the 7ero's

vernier must be shifted to read zero, if possible, if not, the reading noticed as
a constant to be added or subtracted.

Ag it is seldom we attach a full vertical cirele to our instruments, using our
movable vertical are, this last adjustment is not required of them.

OF THE LEVEL INSTRUMENT.

The main objects in adjustment of Level instrument are Lo place the line of
collimation parallel to level line, and the vertical centre at right angles thereto.
The adjustments are:

1. Telescope or Line of Collimation.
2. Of the Level.
2. Of Bar or Y’s, which in reality is the adjustment of relative position of

ihe telescope and level to vertical centre.

1.—OF TELESCOPE OR LINE OF COLLIMATION.

ent is to bring the cross-web on line of collimation.

The olject of this adjustm
d is by revolving upon the telescope collars

Tlie method by which it is performe
and bringing the eross-web into centre of v
To perform it the telescope is brouzht to be
¢, hy mcans of ihe levelling serews, instrument elamped,
ound on the collars; the distunce the cross-web strikes

evolution.
ar upon a distant object, plainly
and tesescope is

visibl
then revolved half way r
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from the point is double error, and the web must be brought half way over by
means of capstan head screws, moving the web in opposiie way to which it
apparently has to go.

The operation may he made with the vertical and horizontal webs at same
time, or each may be adjusted separnte. When adjusted for a long distance
they should be tested on short one, say 15 feet.*

2.—O0F LEVEL TUBE.

The object of thia adjustment, after first is performed, is to place the level in
such position that when bubble is in centre, a tangent to the carve at its highest
point will be parallel to the line of collimation.§

The adjustment is, in fuect, a combination of two—of the main one and of the
side adjustment to tabe—that the axis of telescope and of level shall be on one
vertical plane. The former cannot be performed while the latter is out, nor can
the latter while the first is greatly in error. Means of making the amount of
side motion equal on each side would allow the side adjustment first, but in
absence of this the iwo must be made together, as it were, until approximately
correet, when the error of other will not materially affect side adjustment,

The method employed is to bring the level by reversals parallel to Y bearings
and in vertical plane by revolving a small are on either gide. :

To perform it, clamp instrument so telescope will be over one set of screws.
Dring bubble in centre by levelling screws, then reverse telescope and level end
for end. The amount the bubble moves is double error, one half of which is to
be corrected by levelling serews and one half by capstan screws under end of
bubble tube. Then revolve the telescope on its bearings 20 or 25 degrees on each
side, keeping the motion on each side alike, throwing tube upwards. If bubble
runs towards either end the bubble must be drawn over by opposite side serew
until on either side the motion is alike, when the first adjusiment must be again
tested and the two gone over alternately.}

8.—OF THE BAR OR Y's.

The object of this is to bring the line of collimation und of level at right
angles to vertical axis. It also serves as a test upon the first and second adjust-
ments, determining the equality in size of collars by which these adjustments
are mude,

* If adjustment does not hold good, th
% ul 1 , the sllde of telescope does
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‘ i i : ) sts working of slide upon able alj
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The method is by comparing position of bubble in reversals upon vertical centre.

To perform it, level the instrument over opposite serews and reverse on centre.
The amount bubble moves is double error, one half to be corrected by the nuts
at end of bar, other by levelling screws. After this is sdjusted over the four
levelling screws that the bubble remain in centre in all positions, reverse the
telescope on Y's, as in second adjustment, and then reverse on vertical centre.
If adjustment does not remain, the collars in telescope are of different size, and
adjustment No, 2 is not perfect. The only remedy is to have collars ground
down to same size.

Adjustments No. 1 and 2 affect the correctness of instrument. No. 3, how-
ever, does not; it is u convenience as gaving the constant levelling when it i8
not in adjustment; but, independent of its being made in order to test the com-
bined effects of No. 1 and 2, the aceuracy of instrument is not affected by it.

THE SURVEYOR’S COMPASS.

Independent of needle and centre pin the adjustments of Surveyor’s Compass
consist of:

1. Of the Levels.

2. Of the Sights.
1,—OF THE LEVELS.

TPhis is same as in the adjustment described for Transit instrument.

2.—0OF THE SIGHTS.

The object of this is to bring slit or eross hairs in & vertical plane when instru-
ment is level, or bring the two, perpendicular to each other.

The method employed is similar to that for standards of transit, und consists
in making the line strike the same two points above and below before and after

reversals on centre.

To perform it bring com
bring in range through the upper and 1
or, if convenient, some vertical mark.
and if it strikes same points the sight nearest to eyc is in adjustment.
the ends of compass and perform the same on other sight.

A plummet line, so suspended as to be free from action of wind, if ean be
Liad with o long range and sufficient vertical angle, forms a good test for this
adjustment, 88 in adjustment for vertieal motion of transit.

If sights should prove incorrect, one gide should be filed down to throw them
This adjustment is not properly one belonging to Surveyor, bul to instru-
ment maker, Once made it should not gel out by ordinary usige; but the sights
and plates of compuss ure 80 frequently subject to rough usage and liable to be
thrown out, aml so much of accuracy of ranging depends upon it that it is
advisable the Surveyor should test it often. A common eause of injury to this
is bending of plates or sights by wrenel, and if SBurveyor is careful he will
be able to adjust when out, and he has no other means, by serewing sights firmly
down, and holding both at once pending in direction they need.

pass level, and with eye near bottom of nearest sight
ower part of opposite sight two points,
Then change eye to lop of nearest sight,
Reverse

over.

——
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BURT’S SOLAR COMPASS.

There are several adjustments of the Solar Compaes required of the manu-
faciurer which are necessary to perfection of instrument, but which the Sur-
veyor cannot and is not called upon to perform. The adjustments of completion
of instrument are:

1. The Levels.

2. The Silver Plates of Declination Are.

3. The Zero of Declination Are.

4., The Zero of Latitude Arc.

5. Coincidence with Meridian of Zero on Plates.

We have followed in this enumeration the order as given by Mr. Burt. It is
very nearly the same as now used by us, sud is perhaps more familiar to Burveyora.

1.—0OF LEVELS.

This is same as deseribed under head of Transit instument.

2 __OF SILVER PLATES OF DECLINATION ARC.

The object of this adjustment is to ensure line of the image as thrown by one
lens shall be parallel to that thrown by other. Its necessity arises from the
employment of same arc for north and south declinations and consequent use
of iwo lenses. i
; The method consists in bringing the silver plates in such position that the
image of sun will fall between the equatorial lines when the declination arm is
reversed on upper and lower edges, by which ‘each line of lenses is brought
parallel to sides of arm and consequently parallel to each other.

The adjustment requires practice for proficiency, but is exceedingly important
and its frequent examination should not be neglected. Upon it depends the
accuracy of declination zero and of all declination readings. g

'-['o perform adjustment unserew declination arm and attach in its place the
adjuster. DBring instrument approximately to its place as if to make obser-
vation, and placing the declination arm on the adjuster bring sun’s image to
fn.l.l between the lines of silver plates, then reverse the declination arm so as to
bring upper edge below, carefully, so as not to move any other part of instru-
ment. If this plate is in adjustment the sun’s image will full between lines as
before, if not in adjustment it will fall a distance away equal to double the
RErar, and silver plates must be moved half way. For this purpose the holes in
silver plate are large, to admit of motion when the small screws are loogened.
When one silver plale is corrected the other is to be likewise adjusted. When
hoth are adjusted a reversal from end to end will test the parallelism of blocks
which hold the lenses. :
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3.—OF ZERO OF DECLINATION ARC.

The object of adjustment is to bring the declination arm, when at zero, to &
right angle with the polar axis.

The method congists gimply in raising or lowering the declination arm until
it is in such position that the image of sun strikes upon the lines of silver plates
when reversed on polar axis.

To perform it set zeros of declination arm and arc together, and by means of
level serews of instrument, or by motion of plates, bring sun’s image between
lines of silver plate; then reverse arc on polar axis. If zero is correct the
image will fall upon the other silver plate, if not, bring the image to do so by
means of tangent screw and the reading will be double error.

The vernier can be shifted to read correct by loosening the screws which
fasten it.

4.—ZERO OF LATITUDE ARC.

The most imperfect part of the Solar, as far as adjustment and corrections are
concerned, is the latitude are. From construction of instrument and the manner
in which it becomes necessary to atiach the are, it is impossible to test either
whether the are is truly centered to the nxis running through centres on hour
circle, or whether the zero starts from correct point. Fortunately neither of
these affect the correctness of the work on surveying to any extent. In all work
the latitude, as given by instrument, should invariably be used; all parts will then
be in proper position and no error be to lines run. It may happen that in long
distances of northing or southing the difference of latitude as given by Solar
may vary from correct differences deduced from measurement, and yet the instru-
ment give in all cases proper lines when latitude is kept tested. The error
arises from eccentricity, and as there is no known corrective the Surveyor should
be extremely careful to test latitude at every 5 or 10 degrees of difference.

The method consists first, in observations north and south of the Equator, or
one observation on Sun and another on North Star. In one case the result is
given too high and the other too low by the amount of error, so that the mean
of the two is correct. The correction is necessary in determining the exact
latitude of the place, but not so important in use of instrument.

Another method where latitude is known, and one which is generally used,
is observing the sun at noon and bringing the latitude arc so that the sun’s image
ghall fall between equatorial lines when at its highest point or noon.

To perform adjustment by first method is simply making the two observations,
one on_the sun and other on star.

To perform by second method, the instrument should be sel up about ten
minuies before apparent noon, with declination and vefraction set off on decli-
nation are, and the latitude are raised or lowered by tangent screw, until by
motion of the horizontal plate and declination are the sun is brought between
the equatorial lines. As sun approaches noon it will be found necessary to
raige latitude are, as well as move the horizontal plates and declination are, in
order to keep sun’s image between lines,—and will be highest at noon. When
at highest point the latitude should be read, and if it differs from knawn latitude
the vernier shoulil be shifted by loesening serews.
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Another method employed to find zero of latitude arc is to make ohservation
in morning with latitude as given by instrument, and place meridian mark ; then
with same reading of latitude make observation in afternoon. The meridian
for this purpose is half way between these two, and latitude arc should be
changed go as to bring the instrument to read on this meridian. In place of
meridian the bearing of any object may be taken.

This is & speedy method of testing and getting latitude. It is not an effectual
test, for it partakes of any error existing in the polar axis and the axis of
latitude arc, not being at right angles, but has the advantage of dividing the
errors; and as finding the latitude by regular methcod of observation at noon
may be interfered with by a slight cloud at the moment, it is frequently used.
Whenever possible, however, the noon method should be used.

5.—COINCIDENCE OF MERIDIAN WITH ZERO OF PLATES.

The object is Lo asceriwin whether the sights (or telescope) und the vernier
have been placed properly with each other.

The method consists in bringing the sights (or telescope) on line at right angles
with polar axis when same is made horizontal, and setting the verniers to zero;
or the reverse, of setting the verniers to zero and bring the sights (or telescope)
at right angles to polar axis.

To perform it, release the latitude arc and raise it until the polar axis is hori-
zontal; place equatorial sights on the lens blocks; bring the declination are to
zero, and sight on distant objeet; then bring sights (or telescope) on same
object, and the vernier of main plates should read zero. :

The correction is made by cither, by moving verniers of plates to zero, or by
shifting sights so they shall bear upon same object as equatorial sights when the
zero of plates eoincide.

Another and simpler method, where a meridian line is established or can be
obtained is, after making certain previous adjustinents correct, to compare the
line a8 given by & compass and shift vernier or sights over {o suit the same.

Besides the above, Burt gives an adjustment, which he calls the fourth, to bring
polar axis at a right angle with the axis of latitude arc. We are satisfied that
the Surveyor cannot make this adjustment, and believe Durt’s method to be
linble to an intermediate mechanical error, which the adjustment does not pro-
vide for, and which may be the cause of some inaccuracy in results. We have
provided within the few years past a severe test for this, and believe our instru-
ments as now constructed to be more efficient on this account.

The object of the adjustment is to bring the polar axis at right angles to axis
of latitude are, so that the readings given on each side of meridian, or on the
worning and afternoon, may be alike. The failure of solar mest generally oceurs
upon this point, and the solar is the nearer perfect as it determines the lines of
the morning and afternoon alike.
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OF NEEDLE AND CENTRE PIN,
CommoN To ALL NEEDLE INSTRUMENTS,

These in reality constitute two adjustments, but, as in the operation, they are
dependant upon each other, as one eannot be made correct unless the other is
either correct or its error ascertained, it is necessary to consider them together.

The object is to bring the two ends of the needle and its centre in the same
straight line, and the centre pin in the centre of graduations. Otherwise it is
to bring these various paris so that when in any position one end of needle has
a certain reading the reading of other end shall be 180 degrees different.

The methods adopted are two,—first by bringing one end of needle, say the N,
to reading on some one point, say N zero of compass, and noting the reading
of south end; then reversing the compass, and after bringing the N point of
needle to S zero of compass, to note the reading of south end and compare this
with former readings. It is evident that as the needle remaina stationary, if
the reading of south end of needle has changed left or right by the reversal,
the change must be due to the moving point, which is the eentre pin.

If, however, after reversal the reading of south end remains as before to ihe
left or right of zero, the error must be due to stationary part, the needle, as
the movement of reversal has produced mo motion in centre pin, this must
therefore be in centre of graduation. Where a change has taken place in read-
ings, and they are not the same in amount, both needle and centre pin are out,
the one which is most out being determined in accordance with above rules.

The other method rests upon the mathematical property, that as every point
within a circle lies in some diameter passing through point and the centre, there
must be one position of centre pin in which it is in adjustment or in line joining
the centre of graduation and two opposite points of ring. The method here
then is to aseertain by trial the point of the compass on which, by reversal, the
opposite end of needle always reads to same gide and same amount, showing the
error in this place to be in needle alone. The adjustment of needle is then
made perfect first, and complete adjustment of centre pin afterwards.

The advantage of this last method is, that it becomes necessury to pay atten-
tion to but one adjustment at a time, whereas by the first it is necessary to con-
sider the effects of the two combined,

To perform adjustment by first metliod, level the instrument; bring the N end
of needle to N zero point of compass, and read the S end of needle; reverse the
compuss 8o that the N needle reads the 8 zero of compass, and note the readings
of 5 end of needle. If in both cases the readings are 180 degrees apart the
instrument is in adjustment.

If the readings are on opposite sides, left ar right of the zero, and alike in
amount, the centre pin is out of adjustment, and needs binding over one-fourih
the amount of the error, or so as to bring reading half way between the former
readings, or at zero of compass,

The examination should be made at otber parts of compass, 8o as to test in
at least eight different poinis, to ensure correct cenireing of centre pin.

If the readings are on the same side and of same amount the needle is out,
and should be bent over until the ends are bent oue-half of the error, or until
two ends read the two opposite zeros.
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If the readings of error are unlike in amount it indicates an error in both
needle and centre pin. The readings remaining on same side and unequal in
amount, indicating the greatest error, lies in the needle, while readings changing
in position and in amount, indieating the greatest error, lies in the centre pin.

In the second method the difference of readings should always come upon
same side and be of same amount. The adjustment of needle is then completed
by bending. Should, when the adjustment becomes nearer, the readings come
upon different sides, it indicates the line of trial is not that in which centre pin
is in adjustment, and the trial points must be shifted one side or other. After
adjustment of needie the centre pin is adjusted as described in first operation.

in speaking of the sides we are to be understood as meaning the positive sideg,
viz.: left or right of the adjuster, the east and west sides of compass changing
their position with reversals. :

The bending of centre pin is done by a small brass lever having an opening,
which is placed over centre pin, about one-half way up to point, and a slight
pressure applied to end of lever.

The bending of needle is done by holding that side of needle to which it is
to be bent against the thumb and forefinger of the left hand, with thumb and
forefinger on either side of cap, less than an inch from it, then placing the
thumb and forefinger of right hand against the opposite side of needle, beyond
those of left hand, and pressing the needle slightly against them.

The operation of adjusting a needle and centre pin is one that requires
patience, care, skill and time. It can seldom be performed properly by other
than the experienced adjuster of the instrument manufactory; and excepf in
cases of actual necessity, it is better the Surveyor or Eugineer should not
attempt it. We place it here because, though very seldom, the necessity does
sometimes oceur, and because it is advisable they should be understood by the

.user of instrumeni. In cases where the centre pin has by accident the poini

broken, or become dulled to such an extent as to make its removal from instru-
ment a necessity, the directions may be of service to Surveyor.

In adjusting, the ring which covers the glass should be placed lightly in its
place, pressed slightly down ; the needle should be allowed to come to its bearing
of its own accord.

Directions have been given in making the adjustment to hold needle in position
by a splinter or wire. On trial it will be found impossible to give Lo the neewe
and centre pin by these means that perfect adjustment necessary.




IMPROVEMENTS.

It is a gratification to us to be enabled to say to
our friends, that not only is the invention and
introduction of ENGINEER'S TRANSIT due to our house,
but likewise, in our belief, we are justly entitled
to claim that every actual improvement, in either
Transit or Level, as well as other instruments,
have originated wilh us.

GRADIENTER.

This important addition to our Transit instrument measures, with accuracy,
and economy of labor and time,
1st, Gradients,
2d, Distanecs,
8d, Actual differences of Level.

The ordinary Transit simply measures the sngu];lr position, as referred to &
certain line; the Gradienter addition determines every other condition necessary
to establishing the actual pesition of any point.

The addition ndds very little to weight of plain instrument—nothing whatever
where level is already placed on, and its peculiar advantage consists in no manner
interfering with the use of instrument as a Transit.

In its eonstruction, a elumping arm extends downwards from axle upon which
telescope revolves, and is forked at lower extremity to embruce & micrometer
headed nut. This nut moves along a serew, accurately cut upon our straight
line engine, making a certain number of revolutions to the hundredth of a foat.
The head of screw is graduated into one hundred parts, and attached is a zeru
edge for reading graduations.
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If the line A A represents the centre line or optical axis of telescope, wher
level, and which produced strikes a rod at D; C E, the perpendicular or clamp
piece of Gradienter; and E E the micrometer screw parallel to telescope or
A D:—then, when we clamp Gradienter, and move the micrometer screw along
E E, the telescope and its produced line will also move the same angular dis-
tance, the produced line striking at D/,

1t is evident that C E E/ and C D D’ are similar triangles, and if we know
positive values on one, and relative values of both, we can determine other
values.

Thus, if one revolution of micrometer screw moves Gradienter with a propor-
tion of one foot perpendicular to one hundred feet horizontal, then the telescope
would be elevated (or depressed) as to indicate a difference of one foot on D D/
placed one hundred feet off ; and two revolutions indicate an elevation or depres-
gion of iwo feet in the hundred feet. Hence, the number of revolutions, and
parts of a revolution, as indicated by graduations on the screw head, measures
the grade from the level,—not in terms of are, but in measures of hase.

As the proportion of serew is such that a full revolution gives one foot vertical
in a distance of 100 feet horizontal, when the motion of telescope measures this
foot, it necessarily follows the rod must be 100 feet distant; or if telescope
measures 1.50 feet, the rod must be 150 feet distant.

Ow if points D D/ are at a fixed distance from each other, so as to form a
base, and the Gradienter is moved that the micrometer hend travels as to bring
iice of sight from D to D/, then is given the similar sides D D’ and E E, and
their proportional value to otlier sides, from which C D or distance is known.

It will thus be seen how simple are the principles upon which Gradienter
depends. For its use, we give following simple

DIRECTIONS
where the screw and micrometer head are so arranged as one full revolution, or
100 gradustions gives proportion of one foot vertical to 100 feet horizontal.

TO RUN A CERTAIN URADIENT.
Bring Telescope level by means of milled head; then moting reading, continue motion
of milled head one revolution and part thereof for each foot and part thereof, of foou

per hundred of your desired gradient.
Thus to set off gradient of 0.5 foot per 100 feet, move micrometer milled head

50 graduatious from the level.
To set off 2,25 foot per 100 feet, move 2 revolutions and 25 graduations.
TO MEABURE A GRADIENT,
Bring Telescope level, and nole reading asg before; then turn micrometer head until
s2lescope line atrikes the target or other olject; the number of revolutions, and parts
of n revolution, indicate the feet and parts of feet per hundred of gradient.

Tuus 1.40, or 1 revolution and 40 graduations, indicate 1.1G foot per 100
feet; 2.50, or 2 revolutions and 50 graduations, indicate 2.50 foot per 100 feet.
TO MEASURE DISTANCES.

Performed by two methods.
1st, By use of usual graduated vod. Dy moting distances on rod graduated in

uasual style, passed over by ons revolution of micromeler head.
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Trus, if one revolution of micrometer head passes the reading by the ecross
web of telescope from 5.00 ft. to 6.27—difference 1.27, the distance is 127 feet;
if from 4.50 to 6.78—difference 2.28, distance 228 feet.

It is not necessary the operation should be confined to a single revolution of
head, but there may be made as many as desirable. Thus, as above, the first
veading 5.00, 8 revolutiens gives 8.81—difference 3.81; divided by 3, pumber of
revolutions, 127. Again, first reading 4.50, 2 revolutions give 9.06—difference
5.66; divided by 2, number of revolutions, 228 feet.

2d, By having an ascertained base, as two targets or other marks placed
upon & rod, at any desired distance npart. Bring telescope on one larget or mark,
note reading, and turn micrometer head until it strikes other; the difference in readings
or number of graduations passed over by micrometer head, divided into base and
mulliplied by 100, gives distance.

If in previous figures we denote D D/, on this case, our base by &; C D the
distance by d; number of graduations passed over by =; then we obfain ns

formula, d= :,—
Or, DISTANCE EQUALS BASE, DIVIDED BY NUMBER OF GRADUATIONS.

As the graduations are hundredths of a whole revolution, it is necessary to

multiply result by 100 to bring it to feef.

Trus, targets are placed 6 feet apart, number of graduations passed over arc

250, or 2 revolations, 60 graduations; then
500 — 2,40 X 100 = 240 feet.
Targets B feet apart, graduations 315,
$08 = 2.539 X 100 = 253.9 feet.

The advantages of this last method consists,

1st, In the sights being taken on targets or other promiment marks, more
plainly visible than figures or graduations on a rod, by which means a distance
of at least three limes as great can be taken as where it is necessary to read the
figures; or same distance can be taken (except short distances, where figures
are very distinet) with three times the comparative aceuracy.

2d, The base can be changed as desired, and made to suil the nature of work
and character of ground.

It is not necessary in this method to use a graduated rod; any two marks at
ascertained distance apart answer equally as well.

In previous description we have supposed the fineness of serew to be such as

to give u ratio of one foot vertieal to 100 feet horizontal. We have deemed it _

preferable, in our larger iustruments, to make screw finer, as giving more
sensitive motion, and have made it to have ratio of 0.5 foot vertical to 100 feet
horizontal. The former rules should then be modified as follows:
ToO RUN CERTAIN GRADIENT.
Turn micrometer head, double the number of graduations of micrometer head thay
is wanted in feet, per hundrea.
Thus, wanted 1.7 fl. per 100, turn 1.7 x 2 = 3.40.
TO MEASURE A GRADIENT.
Divide the number of graduations of micrometer head by 2, to obtain ratio per

hundred.
Thus, 280 graduations, *50 = 1.40 foot per 100,
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TO MEASURE DISTANCES.
1st, By use o usual graduations on rod. Move double number of revolutions.
Trus, two revolutions give 2.60 on rod; distance equals 260 feet.

2d, By ascertained hase.
Change formula into d="%;
OT DISTANCE EQUALS TWICE THE BASE, DIVIDED BY THE NUMBER OF GRADUATIONS

Tuus, base 6 feel, graduations 500; distance 240 feet.

In use of Gradienter, us in use of every instrument to which a serew move-
meut is attached, it is preferable to set micrometer head somewhat back, and
bring it up to readings in direction in which movement is to be made. Though,
perhaps unnecessary, it is & precaution that is always advisable.

The utility of Gradienter in running of grades on rail-road or other work, or
in measuring gradients on preliminary or location, are eyident to any engincer.

To illustrate its benefits in o general way, supposc the Engineer to desire a
position of point, not ouly as regards alignmeni, but also as to distance, grade
and difference of level.

He sends rodman to point, with target (fixed, if desired, at height of instru-
ment), and with another target, or other plain mark, placed at, say 6 feet apart
from first. IIe brings telescope level by micrometer head, and from this raiscs
or depresses telescope, by micrometer, until it sirikes first target. His readings
then give him his gradient. He then makes a full revolution (or two or more if
desired), and reads distance on his reds; or, he uses base on rod, and reads the
number of graduations passed over, and thus obtains distance; or again, uses
both methods, one to check other. Having distance and gradient, he multiplies
them together, and obtains difference of level.

ExampLe.—Suppose, with serew giving ratio of 1 vertical to 100 horizontal,
the observalions are:
From level he depresses 283 graduations.
1 turn of serew gives . 810 feet on rod.
Motion over base of 6 feet gives . 193 graduations.

Then, 1.92, divided into 6, gives . 810.1.

Results, therefore, gradient, 2,83 ft. per 100 fi.
Distanee, : ? . 310 ft. by reading.
Or more accurate by base, . : 310.1.
Difference of level, 2.83 3 810 . B.773.

With serew giving ratio of 0.5 fi. per 100 feet, the observations would have
been—
From level, grade ’ 5.06 graduations,
2 turns of screw give : . 310 ft. on rod.

And base 6 feel, 286 graduations.

No other instrument in practical use uccomplishes the same results, viz.,
measurement of distances, grade and differences of level. For the measurement
of distances we believe it preferable to the stadia wires. As a measure of com-
parison we generally place fixed stadia wires in telescope. As compared with
stadia it has several advantages; the line of sight is in all cases directly in
optical axis of telescope, being unaffecied by want of fluiness in the field, &
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source of inncouracy and great objection to the stadia; the measurements are
made from centre of instrument direct, while in stadia measurements it is claimed
allowance must be made for focal distances.

A great advantage in favor of Gradienter lies in the inability to use ordinary
stadia wires at a distance beyond where the figures on rod are plainly wvisible,—
the setting of targets in use of stadia is so slow, and so difficult an operation, as
to forbid its general use, while the reading of hundredths of a rod, at any great
distance, is an impossibility. The Gradienter, on contrary, in use of buse
system, makes the sights to targets or other marks which can be made, as dis-
tinct as needed. Not only this, but the base on Gradienter can be altered—made
large or small—to suit character of work desired.

That property of the Gradienter, by which all that is positively required for
its use, is to know the simple distance of marks or targets apart, is a remarkable
illustration of merits of Gradienter. Using this distance as a base and measuring
distance by micrometes screw,—WITHOUT USE OF GRADUATED ROD, with nothing
but the knowledge of this distance of targets—then follows:

The measurement of Grade.
L . of Distance,
£ «+  of difference of Level.

It is not even necessary to know this distance at the time. 1In case of emergency
two marks may be placed upon a temporary rod, the observation made and dis-
tance of targets obtained afterwards.

The form of Gradienter, of German origin, where the micrometer screw ig
placed under the end of telescope, entirely prevents the use of instrument as 2
Transit, producing an instrument which the Engineers of this country look upon
with especial disfavor.

With advantages enumerated, taken in connection with its adding nothing te
weight or complexity of Transit with level to telescope, we feel confidence in
recommending to favor of profession Young's Gradienter.

EYE PIECEX

The Improved Eye Piece adjusts the focus to web with great precision and
gmocthness. It is so made that the eye picce does not turn as it moves out and
back, but moves in same straight line, preventing rotation of eye piece upon
image.

An incorrect focusing of eye piece produces parallax in sighting, throwing
ahject to one side or other of web. An accurating focusing of eye piece is of as
much importance as power of telescope; and as power increases il is the more
diffieult to foous with the usuul slidle—with extreme high power slmost im-
possible—hence, importance of this improvement.

* The original adjustable eye pirce we belleve to have been made by Mesers,
Kubler & Seelhorst. We belivve our method o be an improvemeut.
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IMPROVED TELESCOPE OR WER FASTENER.

In the usual consiruction of the Level instrument, even when in perfect
adjustment, an observation taken other than at immediate intersection of cross
web, tends to produce error, from the rotation of telescope in Y bearings throw-
ing all other parts of horizontal web above or below the true level line. The
bringing to exact intersection on rod is tedious,—the examination and cor;ection
of horizontal web each time still more so; while, unless one of these are resorted
to, error is almost certain, and this error is the greal source of inaccuracies in
operation of levelling.

To obviate these errors, we fasten the telescope on the Y's so as to prevent
any rotation. Observations can be made af any portion of the field of view
equally as well as the centre. Amother advantage consists in the uert;i;; ;vi‘ti;
which the Engineer can regulate the perpendicularity of his rod. *

The aitachment interferes in no manner with adjustment of instrument, It
has met with universal approbation wherever used. .

SLIDE PROTECTOR.

; The motion of tube or slide of object glass upon main teleécnpa tube is apt in
time to _wear, one or both sufficient to produce a shake, the result of which is to
throw line of sight Lo one side or other in focusing the telescope. Imability to
wear a long time without shake is a sign of a poorly constructed instrument;
but even in best constructed the dirt, grit, &c., which adheres to slide and i;
carried into tube by it, is a cause of more rapid wearing, or & greater incon-
Tenience at the time, be a fretting of the glides. Rain and moisture is also carried
in, making air inside of tube damp and affecting the performance of telescope

As s preveniive we have added our Svive ProTEcTOR,—a thin tube or slea;re
covering the slide and moving with it, so that neither dust nor dirt can reach it

The attachment preserves the slide, upon which perfection of cul}imntiur;
depends, in good condition for a much longer time.

TANGENT.

The Tangent with double nut. or a follower, and spring between the two in
such manner as to keep them apari, is an English invention.

It forms a desirable method, whereby the wear of a screw is constunlly taken
up and dead motion prevented.

We have improved upon this by an addition, so covering the tangent as to
prevent dust, dirt, &c., from reaching it.

There are other points of improvement in our tangent screw, such as length
of altachment, by which the screw is kept acting more nearly at a tangent.
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ATTACHMENT TO TRIFPOD.

Experience has proven many an error, perhaps inexplicable to the Engineer,
has ogourred from the fastening to tripod slipping elightly in manipulating instra-
ment. All methods of fastening which have an intermediate plate between
bottom of level screws and plate of tripod, into which legs fit, are liable to this
fault. In our improvement we have followed the pract ice of German and French,
who allow no intermediste plate. Though the end accomplished is same, the
method is different, Their method allows only the use of three levelling Screws.
Ours consists simply in screwing on ** half ball,” in such manner that when instru-
ment is levelled the four level screws form four clamping screws, direct on tripod
head, to prevent motion.

i ailso serves to lighten imstrument.

‘he oareful attention of Engineer is called to the method of attaching instru-
ment, where with ordinary attachments he will be likely to find a source of error
he little suspected, especially after working with his instrument greater part

of day.

PATENT SHIFTING TRIPOD.
(Patented July 13, 1858.)
By simply loosening the level serews, the instrument can be shifted a small
distance in any direction, after the instrument has been set approximately.
The great convenience of this is evident to every Engineer. Tt is preferable
to all imitations, inasmuch as it may be called self-acting, the wire levelling up
screws to ordinary tension holds instrument firmly in its place.

YOUNG'S IMPROVED TELESCOPE.
(Patented by Jokn W. Nystrom and Alfred Young.)

The several years of consideration of our Improved Telescope since date of
our patent, has enabled us to so perfect it as with confidence to'request attention
of Civil Engineers to the valuable modification of Engineering Instruments.

This Telescope, the joint invention of Mr. John W, Nystrom, the well known
gcientist (the inventor of Nystrom’s Calculator, and other improvements, and the
author of standard mathematieal and mechanical works), and ourselves, combines

{he following advantages, when compared with ordinary constructed Telescopes:

CLEARER FIELD, WITH MORE LIGHT; an important gnin, a8 any
increase of power is attended with loss of light, or inereased darkness
and cloudiness of the object; and the high power to which Telescopes
of Engineering Instruments are now frequently forced renders the
Teleseopes ohjectionable, by the images being distorted and dark.

IIGIER ALLOWABLE POWER, WITH SAME LENSES.

UNIFORM LENGTH OF TELESCOPE, sllewing the Telescope to be balanced
in all positions, avoiding the constant annoyance in the Trausit of the
different lengths in reversal; and as constructed, allowing & longer
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telescope for ordinary distances for s i
ame height of
standards for same length of telescope. b i el
BTATIC?&FAR;{ POSITION OF THE OBJECT GLASS, preventing the error
arising from the ch iti i i
oy e change of position by the irregular motion or uhnk? in
COMPLETE CLOSING OF THE TELESCOPE, so that no dust or other
matter can get upon the slide or inside of the tube. i

IN MINI.NG INSTRUMENTS, this invention has proved itself exceedingl
des?rahle and popular. Our light mountain and mining inutrummg 4
besides totally excluding dirt, and maintaining the bigher e
telescope, gives a olear reading to within four feet, v i

= The ?n:l,ra:l resulis of greater light, better field, somewhat increased power
reased eleadiness, probability of retainin j :
; e g adjustment more per
avoidance of fretting of slide, and mor otk
i e complete balancing of tel
advantages which we confidently rel iy s e
il y rely upon commending the improvements
We have in this invention the hi ientifi i
: ] ; gh scientific attainments and thorough

ledge .ol applled :.nechnmcs of Mr. Nystrom not only added to our knowlid ]‘:0“;
experience, but likewise tested it and matured it for years, so that it rf ﬂ;;
reh;’d upon as possessing all advantages that have been clain;ed e

o meel (Re increased cost, a char jiti :

; s ge of ten dollars additional wil
each instrument on which the improved telescope is placed. T

As one of the results of our labors to im i
‘ prove En i
take pleasure in announcement of our improvement ing’n“"ng v
NEEDLE READING INSTRUMENTS,
which properly can be said to be :

THE ONLY IMPROVEMENT
MADE IN THE

SURVEYOR'S COMPASS

we

since it8 introduction.

Our object is to obtain a mor i
) e correct read i
obviating the error of parallax. s el oot g
“EVE!'JI? Surveyor has experienced the difficulty of reading the magnetic needle
;::urale ¥s fl:O_m the doubt resting upon his mind as to proper position of his eye
. e erlror zlmsmg from improper position of the eye, called error of parallez cJ:n;
reduced somewhat by bhaving needle in pr l
he s : proper balance, but without ecur
impr uvlemenl it cannot be entirely removed. The varying intensity of dt;u :::l
aliraction and variation of balance of needle, render the unaided pld'
extremely uncertain. Sl
» The error of p‘arauaz 1S ENTIRELY REMOVED by our improvement, so that its
importance, especially to Surveyor, who relies solely upon Lis needl \
OVERESTIMATED. Ve
? I‘wa:l reduce many of the differences of readings which have hitherto heep
soribed to the needle alone, but which undoubtedly are partly, if un-:. ;\'_h-oi"'
' fu's
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due to impossibility of accuracy, for want of some such improvement as we
have made. .
Through more accurate readings thus assured, the results of survey, as given
by & smaller needle, may be rclicd upon with as much ceriainty as those given
by a larger needle upon ordinary compasses. s
Two advantages sitach to this which do not generally accompany similar
improvements. There are
No AppiTioNaL PARTS,
No Avpition 1o WEIGHT.

Engineers and Surveyors who have used this improvement give it unqualified

raise.
* Notwithstanding the increased value thus afforded to Compasses, Transits, &e.,
we shall piace ihe improvement upon all our now instruments, without additional
charge.
To Surveyors who desire to avail themselves of our arrangement on older
instruments, we make the following charges for the addition :

When repairs are made at same time, i : 2 60
¢ no repairs *¢ “ $ ! . 3 60

IMPROVED VERNIERS.

(PATENTED. )

There has been granted us a Pateni for Improvement in Veryigrs and
GRADUATED PLATES, important, as producing
INCREASED ACCURACY IN READING GRADUATIONS,
A REDUCED SIZE OF INSTRUMENT, and
A REDUCTION IN WEIGHT.

The facility of vernier readings is determined by the closeness of vernier and
plate. The weight of the Transit instrument is determined mainly by the size of
graduated plate, and the mnecessary proportions of other parts t..her‘eto.. The
grnduatinns of larger and smaller instruments, where l.liﬂ”crcnc‘e in size :? not
too great, being generally performed on same Graduating Engine, zlle.re is mo
difference in the aceuracy of the Graduations; but, 28 the larger the circle has
the greater difference between the lines of graduation, it is the .more e“ily.m?d'
This sume difference can be produced on a smaller cirele by a higher magnifying
power of the reading glass, the use of which is, however, limited by two fscrious
objections, evident from a consideration of the construction of _li.le vernier and
graduated plates as generally used. To read perfectly, two cmull‘tmns have been
heretofore necessary ; first, that the vernier and plate should be in close contaet,
in order that the continuity of agrecing lines on the two should not be deatroye%;
second, that both plates and vernier should be on same pI‘une, i!? order to avoid
the error of parallax. Exactness in the first of these is impossible, as the sur-
fnces moving upon each other, the edges on both would become rubbed, and th‘c
graduations destroyed. There must consequently be some space left, and |h:.s
space is so enlarged by the magnifying power of rendiu‘g glass, that the {:un‘ib

nuity of agreeing lines becomes destroyed, and the readings befmm‘e uncertain,
In addition to this, by the usual method of reading, this space is viewed at an
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inclination, and the line of sight passing so ineclined from edge of vernier to
plate, and striking delow graduations and not against them, rendering accuracy
yet more difficult, and produces error of parallax.

The remedy of this first evil is sometimes the adoption of the second, of placing
the inside piece, vernier or plate, below the plane of other, 8o that the diagonal
line of sight, when it reaches the inside piece, will sirike beyond this epace and
give a continuity of lines. This construction is generally favored by Engineers;
but as heretofore constructed, the accuracy is destroyed by the error of parallax,
or by the difference of readings, as the eye is moved to one side or other.

There results from these eons'derations the indispensable condition, that in
order to rend verniers perfectly correct, the eye must be situated in the vertical
plane, passing through the agreeing divisions of vernier and plate, and the centre of the
instrument. To enable this to be done with certainty, and at same time to canse
the lines on vernier and plate to appear continuous and have no space between them,
is the object of our invention. We accomplish it, by placing above the first
vernier, generally ou the vernier glass, a similar vernier, graduated in whole or
in part, so that by bringing the eye in range of corresponding graduations on the
two, the eye must necessarily be in proper position, and parallax be completely
destroyed.

Bo complete is this simple remedy, that while, without it, there is no certaint ¥
of the eye being in proper position by several inches, with it, the motion of the
eye the tenth of an inch from its place becomes apparent. It also enables more
rapid readings; and in positions where Engineer is cramped for room, as in
mines or steep hill sides, the ability to place eye correctl ¥ is of exceeding con-
venience. Coincidence of readings by different persons is secured by this vernier,
a result not hitherto attainable.

As an evidence of the importance of this improvement, we are enabled to
make our Transit of 6} inch graduated plate read more closely than the larger
instruments without it; and, wh'le retaining the same telescope, leveling screws,
&c., with same tripod, reduce the weight from 2 to 2} Ibs.; and, hy reducing
tripod proportionally, save at least 4 to 5 lbs., retaining all the merits of the
present larger instruments.

Ty

ALUMINUM.

The increased inquiries for instroments of Aluminum has induced us to make
arrangements whereby we are enabled to obtain th.s metal in such quantities as
to be prepared to fill orders, We do not, as yet, desire to endorse this metal as
being suitable for the whole instrument, and we make wearing parts and serews
of brass or hard metal, or bush the bearings. The additional cost of instrument
generally ranges to fifiy per cent.  Tue saving of weight is over one-half (nof
including tripod).

Engineers desirous of ohtaining instruments of Aluminum, by addressing us
will be more fully advised of cost. Final orders must be accompanied by
estimated cost of metal,

Janpary 1, 1883,
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GRADUATING ENGINES.

With this edition, we present to the Civil Engineers of this and foreign

countries, a more complete view of our line of Circular Gradualing Engincs.

From this they may be able to judge of our capacity, botli positive and compara-
tive, to insure accuracy in the most important part of their instruments ; also to
judge of the labor and expense we have incurred that the work may be faithfully

performed, and be such a8 they can implicitly rely npon.
These Engines have all been made in our establishment, They represent
& cost greater, we believe, {han the combined cost of all the Graduating Engines

in our country; and of themselves a cost greater than the combined cost of all

the instrument cstablishments of this city.
They are:
A Foot Engine,
and such work requiring heavy graduations, but not espeeial nccuracy.
of 24 inches diameter, upon which is placed finer

of 22 inches diameter, used for Protractors, Needle Rings,

An Automaton Engine,
work, and which is capable, by late test, of finer gradusations than any similar
engine of this country.

The large Automaton Engine,
st astronomical and other work, and which is un cqualled and un approached

48 inches diameter, which is intended for the

fine:

by any such engine here. Upon this engine we now graduate our Engineers
L)

Transits, §e.
The vital point of any instrument ig the graduation.
¢ inconvenience, and yet instrument work correctly.

Defects in other parts

mry prove &m gnnoyance o

Wiih defects of graduation, accuracy, if mot impossible, is n mere matter of

accident. Defects in ordinary parts of
In the graduations they are unknown: and frequently the only
ondition of the finished work,

instrument become evident to the

Engineer.
[ their existence is the unsatisfactory ¢

evidence ©
{he unsatisfaciory results, condemning

leaving the Engineer in doubt whether

his work, arises from his own carelessness or
J1d be found in all paris; the mere fact that an

the imperfections of bis instrument.

It is not necessary errors shou
ere is sufficient to throw doubt upon the work. In fact,

error may cxist anywh
1, is sufficient to make every

the wanl of positive knowlédge {hat no error CAN exis
s Engineer hesitate in the choice of an angular insirument.

consciention
from imperfcet engines, a

While imperfect graduaiions most frequently arise

common cause of crror is carelossness, or inexperience in manipulation. The
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delicacy reluired in graduations of Transits, &e., is such that reliance cannot b
placed upon personal operation. The heat of the body in contact with lhe
engine, the uneven strain placed upon the parts by the hand, the uneven velocit 3
and especially the many evils resulting from the long continued strain upon t:'
attention of the individual, make the AUTOMATON movement necesair b .
any approach to perfecticn. / Gt
Errors of graduation frequently run in periods, so that one or two repetitions
should they fall within these periods, give the same, though false results ,
It sometimes happens that the regular errors of engine are partially l;alsnced
by accidental errors in process of graduation, which is one cause of different
amounts of error to be found in the different instruments of some makers: nd
which, perhaps, partly accounts for certificates of performances of some inl : ;
ments, aseribing to them a certain maximum error, when it is well know: ::;
error of engine upon which they were graduated is four or five times that amou l
But as these accidental errors the next lime may increase instead of diminish'lrl '
the regular errors, it is manifestly unsafe to rely upon such certificates for I1 =
the next instrument may be. S
In s-urveys requiring large triangulations, the accurney of results being in
proportion to the accuracy of graduations, we feel justified in considerin g‘
matter of prudence on part of Engineers in charge, to avail themsely i
facilities which our labor and investments afford them. = o
W_'it.h our perfept provisions for securing n.ccu-mey in graduations, th ’
remains but one obstacle, the error of Purallax,—completely remaved lh -
Patent Vernier,—so that the Engincer using one of our late in::trw:nmnJr .
congratulate Liimself upon Iraving one, for working purposes, o

SUPERIOR TO ANY NOW MADEL.

F:.:gineers are reminded of the great superiority given our TRANSITS, i

addition to the merits of their graduation, by our i
PATENT VERNIERS,
PATERT TRIPOD,
IMPROVED EYE PIECE,
IMPROVED SLIDE PROTECTOR,
IMPROVED TANGENT,
IMPROVED TELESCOPp,

No Transit now made s i S
pproaches these instruments in perfeciion,

; ficeurac
or convenience. They are th i .
5 e ONLY instruments to whi
ch any bona fide i
e improve-

ments have been added
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TELESCOPES.

Telescopes placed upon our instruments within the past few years have, as
we remarked, a higher power than wag formerly placed npon the generality
of these instruments.

The general demand is for a high power; and those unacquainted with subject
aonsider the higher power the better telescope. The power of a telescope depends
upon proportion of focal lengths of object glass and eye piece, and while in
theory any power may be given to any telescope, in practice the extent is limited
by other poinis, such as effects of abberation, loss of light, nnd size of field
of view. With the same object glass every increase of power is followed by
a decreased illumination, or n decrease of light and a smaller field. These
results follow in obedience to mathematical laws, and cannot be obviated.
Science has given certain proportions between power and length of telescopes,
and the best opticians of Europe, with their extended experience, invariably
follow these proportions.

The practice in this country of late has been to force the power beyond these
bounds; the result is, that while under very favorable circumstances the centre
of field of view will give a somewhat better definition, it will only do so under
favorable circumstances, such as clear atmosphere and strong illumination of
the object, and that either the field must be much reduced or objects out of
immediate centre will not be in focus. In cloudy weather, in lesser light of
morning and evening, in the tremulous condition of atmosphere, arising from
evaporation from surface of ground, especially cultivated, these high powers
all suffer.

There are purposes, where great definition is so much an ohject as to super-
sede all other telescopic requirements, in which these high powers are advisable;
but the Engineer should understand that in using them what he loses on the
other puints, and especially remember the exact focusing required of them,
otherwise parallax produces a sensible error. For rapid working the exact
focusing of high powers is a drawhack,—a change in telescope being required
for nlmost every small change of distance. Comparison of two telescopes differing
widely in power will illusirate {his. In the lower powers, in ranging a line,
distunces between 300 and 400 require little if any change, and same of say
500 and T00, or 800 and 1200; but in higher powers every change of a few feet,
until practically parallel rays are reached, requires separate focusing, and if
not properly focused are liable Lo be less distinct than the lower powers.

The loss of light, even in the best high powers, is what gives an impression
of glass being “less distinct” on its first use, for though smaller objects are
better defined by it, the impression on its first use is one of cloudiness,

Fortunately the particular use of engineering instruments requiring definition
on but one point at o time, allow us to make other conditions of optically good
gluss subordinate Lo this one of power to a greal exient.
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InverTiNG glasses are not more powerful, except that from small space ocou-
pied by the eye piece, they allow for same length of telescope a greater focal
length of ohject glass and thus increase the power.

They however have a much greater amount of light, or greater illumination
and a much larger field. The prejudices of American Engineers are against
them, but in Europe, &c., their merits are almost universally acknowledged, and
they are almost the enly ones used. For mining and astromomical purposes
they are preferable.

We have remarked on this subject because of the gradually increasing interest
of Engineers, and that they may form an idea of the principles governing instru-
ment makers, desirous of giving the best general, but not sensational, properties
to the telescope.

As & rule we give such power as possible without positive injury. Our Transit
telescopes of 10 inches in length have power of 20 to 22; of 11} inches in length
a power of 23 to 25. The Levels a power ranging from 22 in our 17 inch to 50
in our 22 inch.

Changes in these powers can be made; but we advise Engineers not to make
them without consideration.

STADIA.

With the higher powers given our telescope of late years, the introduction of
Stadia wires has been more frequent and accuracy of measuremenis made by
them preportionally increased.

Within certain bounds, and with use of self-reading rod, they can be made
fully as accurate as the ordinary rough chaining with the old heavy chain.
When great distances are used, when distance is beyond perfectly distinet vision
of telescope, the advantage is on side of chaining; for while, other gircum-
stances being the same, the percentage of error in chaining, which is analogous
to determination of angle in stadia, remains constant, the distinctness, or the
facility of sighting to any determined limit, say the hundredih of a fool, decreases
rapidly with increase of distance. Exveriments and actual work confirm these
conelusions.

Over rough ground the advantage is in favor of stadia, while over smooth
ground, especially with the lighter chains and the chain tapes used, it must be
careless chaining that does not give better results.

The angle of inclination forms a difficulty in using stadia wires, requiring a
measurement of this angle and caleulation for purpose of reduction, or some
means such as our right angled sight to bring the rod perpendicular to line of
sight. The right angled sight is earried by the rodman; one arm is held firmly
against the rod while the eye ranges the other arm to the instrument; so the
measurements are made on the rod as on & right angled base,

Exact measuremenis of base being required, at great distances the two targets
must be used and set, causing the work to be comparatively slower.
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Want of flatness in field of view is & great disadvantage in the stadis, but one
that cannot be avoided, except in perfection of telescope. The observer sh'ould
be careful to obtain exact focus, as out of focus the image of rod occupies a

ile stadia wires cover always the same.
‘“ﬁi:::::;;;‘:l:y stadia do not start from centre c:f instrument, l?ut from &
distance beyond object glass equal to the focus of object glass. This d;:tahnfe
may be found by measuring from face of object glass to the c.ross—web, whie 1;
generally one-quarter of an inch nearer the eye than middle of cross-we

sorews. The correction thus found is a constant, to be always added to distance

of observation. :
There are two methods of attaching the stadia wires—the fixed and adjustable.

The fixed are fastened on web picce along with the regular 'wires; they are
upen same plene, and in adjnstment of wires there is mo motlon‘ of one upon
other to drag either out of place. By an improved arrangement in cflnnecl.mn
with our straight line engine we are enabled to place the cmss-webs. in prope;
position, with ag much, if not greater, exaciness than tl}ey can be ad_]us!.ed, an
the distance between middle wire and the two outside wires u.lwn.ys‘ remains 'c.-an~
stant, no matter how much the middle one may be changed by losing its adjust-

rocess of adjusting. )
mell:: t‘;:ebn.{ijl:mtah]e altacimcntgt he distances between .wehs m-fe much more linble
to change, and even in constructions, intended to avoid the difficulty, are necrs-
sarily affected, not only by their own adjustment, but as ws‘ll by .that of .regu ar
wires, and this not only in width of outside webs. but especially in the distances

m middle ones.
°f;:::: f::e few occasions in which use of stadia can supersede the use of the
chain; but there are many in which they become extremely usr.-fu!, and con-
sidering the aecuracy of which they are capable, and t‘hat they in no v\;se
interfere with other uses of instrument, they form a desirable n.{hhtmf:l. or
moderate distances, across ravines, s'reams, swamps, for measuremcntla in togo-
graphical surveys, and for checks on the chain, they are of great v(r}a u:: tor
topography, especially, they are excelled by no arrangement but our Gradienter.
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LEV ELS

Our Levels are divided into two classes. In No. 1 the levelling screws are
attached permanently to the centre, and the instrument detaches only from
tripod ; the object is to afford a somewhat better protection to the centres, which
pass down through the plate carrying the screws.

In No. 2 the telescope and bar detaches from levelling screws, which likewise
detach from tripod. The object is to allow the most important parts, telescope
und level, to be speedily detached and carried separate.

The telescopes, level, bar, screws, &ec., are the same in both instruments.

The LEvEL TUBES used are ground uniformly the whole extent of the cireum-
ference, a8 giving a more perfect form and more regular motion than where
ground merely upon the upper surface. This form, though more expensive, we
bave found the only one to be relied upon. :

The curve of surface is such as to give an angle two minutes for each inch
of motion of bubble, or for each division on scale an angle of twelve seconds;
and as difference in reading of two ends of bubble indieate double actual motion
of bubble, it follows that each difference of une division between two ends of
bubble indicates an angle of six seconds.

This is the usual rate. For lighter levels it is made less, and for special
circumstances increased, frequently deubled.

As a general rule, the more sensitive the bubble the more perfect the work,
but in an exceedingly sensitive level will not remain stationary and is difficult
and annoying to work. On the other hand a dull level, while it gives the appear-
ance of steadiness to instrument, and an impression that it ‘*keeps” its adjust-
ment, is incapable of accurate results. The instrument which retains adjustment
of level should be examined by testing the value of motion of bubble, to ascertain
if it is in consequence of a good or a bad quality.

The 22 inch Telescope Level is intended to meet the wants for an extra instru-
ment, as for city and hydraulic work. The telescope is larger, the centres are
longer, the tripod wider, and the levelling serews are passed throngh nats that
can be tightened, so as to insure perfect steadiness on this part. The level is
extremely sensitive, and the whole instrument arranged as to give the most
accurate results possible.

All these instruments are furnished, unless otherwise ordered, with our im-
proved Eye Picce, Slide Protector and Fastener. This last attachment merits
especial attention, as contributing not only to speed and convenience, but also
in an exceeding degree to accuracy.

The Tripods have cast steel shoes, which should be kept moderately sharp.
The legs are of Spanish cedar, as giving the firmest tripod with the lightest
weight, and the heads or bearing surfaces are faced with hard wood.

Interchanging Tripods of Transits and Levels is not recommended; but our’s
are 8o made that Tripod of No. 1 Level can be nsed with our long centered
Transits, and Triped of No. 2 Level with our flat centered Transits.
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IMPROVED LEVEL

Patented by L. B. DENISON, Feb'y 3, 1880.

t5 farnish an instrnment which is capable of

=1 i
138 W0

The aim of ihis Leve

INCREASED STEADINESS,
USE OF MORE SENSITIVE SPIRIT LEVEL,
SMOOTHER MOVEMENT OF LEVELLING APPARATUS.

The object is accomplished :
ist. By use of longer radius upon which the levelling motion is made.
2d. By use of independent centres for the motions, at right angles Lo each other.
3d. By having these centres unconnected with the attachment of the levelling
gerews, so that the action of the screws neither tightens nor loosens the
centres upon which the levelling takes place.

This action of the screws in one direction being effected upon their own

centre, without any movement or direct action upon the cemtre on which other

ews move, leave the whole instrument free from strain.
pon which the instrument revolves c¢an be

made longer, while the whole instrument is kept lower in the tripod. This length
of ¢ -ntres is another cause for increased steadiness, to which the low position on

tripod contributes, and is an end sought in all instruments.
For City and Hydraulic Engineering, for the finer kinds of Railway work,
such as depots, buildings and track levels, this instrument will be found more

satisfactory in its workings and resulis.
F r details of the instrument, telescope, and commonu to this and other levals,

see our Manual and Catalogue.

PRICES:

All our improvements on Telescopes, etc.

scr
By the construction, the cenire u

For 17 in. Telescope, power 22, . . $165 00
LG L e e 40, 175 00
o £ & A e 45, . 5 185 00
e L o B0, : . d 200 00

The Tmproved Triped can be placed upon oll Levelling instruments, the cost

varying with construction of the instrument.

'VIHdTEAVTIH] ‘SNOS B ONNOA

THAIT AHAOHdNWI SINOSINAJ




18 Inch Level.—No, 1.
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LEVELS, No. 1 and 2.

No. 1.—The centres are connected permanently with the level serews, and inatru-
ment detaches only from tripod.

No. 2 detaches both from tripod and from level screws.

Telescope, 17 inch, power 22, weight 17 Ibs., : 5 ¥ 3 . $140 00
‘ 18 el i 150 00
00y e D e i N R i B e SR ae
i 22 ¢ s 50, 2% Ihe., . : i £ 4 185 00

Stadia Halrs fixed, extra, . L . ¥ - = - 2 ; 8 00

T * adjustable, exira, 5 y 5 é 5 : = . B00

The screws pack in box with instruments.

The instruments are furnished with
Young's ImprovEp Eve Pigce,

(1 ]

SLiDE ProTECTOR,

i i

Fastener, to keep vertical and horizontal cross-
webs in position.

Without these improvements, price $10 less.

The instruments are furnished with shade, eap, screw-driver and levers.

Young’s Self Reading Level Rod, (see description), . $18.00,

No. 2}, LIGHT LEVEL.

Telescope, 15 inch, power 16, weight 11 1bs,, . ] 3 . . $115.00

This level is capable of all adjustments of larger instruments. Has no clamp
or tangent,

THREE SCREW LEVELLING TRIPOD.

Levels Nos. 1 and 2 are made, if desired, with three screw open
tripod. The consiruction has not the firmness for transportation
possessed by the four screw tripod ; but is more steady in use, can be
used with more sensitive levels, and has reputation of giving more
accurate resulls.




TRANSITS.

s instruments made in ordinary course of our business, we

From the variou
al, and one that will meet

have selected the following list as being the most usu
the wants of almost the entire range of instrumental work.
and of many different patterns to suit especial work, have

Larger instruments,
meni, but their enumeration would be too long for

been sent from our establish
our purposes.

While, for railwey weork, our No. 6, smaller size, and for town work, &c.,
No. 6, larger size, will meet general requirements, we are frequently called for
instruments in which nocuracy is not so much desired as ability to stand rough
usage, and yet more frequently for instruments capable of grestest exactness.

In construction the principal division of Transits is into long and flat centres.
The flat centre is best adapted to withstand rough work, and is in many respects
the most portable. The greater friction of pjates upon each other, and the con-
sequent wear upon centres, makes it less reliable for angular measurements,
and where level is attached to transit telescope, the instrument is not so steady.
The peculiar construction of centre, being a flat cone, prevents this part from
injury by e fall, and makes the gorrection of shake in centre a comparatively
easy matter to the Engineer himself.

In the long centre instrument there are t
weight of instrument is received on a shoulder of these eentres, while the long
conical fittings relieve this weight to & slight degree, and when properly fitted
prevent all shaking. Any injury to the centre, however slight, though is exceed-
ingly serious in its results, generally renders instrument useless at once and
cannot be remedied outside of instrument makers. Nevertheless, the superiority

of this form for angular measurements causes its almost universal adoption.

TrLescoPEs.—The telescopes on our Transiis are made to Teverse either end,
The power is graduated to the work to be per-
ones o0 30 on the larger.
ation of telescopes will be found under

wo cones, one ingide the other. The

except on special occasions.
formed, ranging from 14 on our smaller
The main principles governing applic
head ¢ Telescopes.” 5
The Eye Piece, upon which much of the perfection of telescope depends,

receives especial attention. Generally, and unless otherwise ordered, the ereet

eye piece is used. For Mining purposes, Tunnel instrument, and for highest

class of instruments the inverting is gubstituted.
Diagonal Eye Pieces for sbservations of stars for meridian, as well as for

observations at larger vertical angle than with ordinary eyc picee, are generally
made by us with a simple prism attachment, as being the most convenient and

expeditious.
RerLector Prates for illumination of cross-webs,
re light reccived is not sufficient of itself, are attached

by means of 4 frame work holding a reflector plate
1 placed at an ungle with axis of instrument. This
ohservation of ubject, while the light of a
refiected upon cross-web.

for observation on BIATS,

for work in mines, whe
by us to the object glass,
faced with solid silver, ant
plate is perforated at centre to allow
lamp held backward and sideways is
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2 The Composs Needle is made of careful forgings, greatest measure vertical, t
1Paure steadiness and av(.:id that unsteady motion mistaken someilimes for : _°
tiveness, which is of no service to needle, but an annoyance to the surve ““3;'
has also a large cross section t¢ secure magnetic power, a matter wejor. dt
of |consequence, the flat thin or square needle used on se::on class inst G
being merely a device to save cost of comstruction. i
. Couplua Face in all but smaller instruments are bronzed, to prevent reflecti
of sun into the eyes, A small silvered ring, immediately 'undar end of "Zd“'“
secures all the advantage of the full silvered face. s
: Vn}vf:ns of our instruments are so placed that they may be easily read whil
in position to observe through telescope. The advantiage of being able to Ide
or set \'{ﬂ“ an angle, when in confined positions, or upon ground where an ﬂ:? ’
of Engmet?r would disturb the instrument, is 8o great that, onece nccust{rmodwn
them_, En:gmeers always give them the decided preference. ; The light u I::: t!:a
verniers ig more in this position, not being so much interfered Kwit.l:n pb the
standards. Verniers are in all cases donble, reading right and left s
Deciman Verwiers.—Graduations into decimal paris of o de ;ea has b
placed upon our instruments for many years, before being adgo ted o 47
otlzfers. Its adoption is due to Samuel W. Miffiin, C. E., and its :se is :l —
universal amongst the Pennsylvania Rail Road Engineel"s and those who :'“3"
grn.d'unted under their instruction. The great advantage i,s convenience i :l'e
fiecting for ecurves, the targential deflection for a 2° curve being the hui(;n deh:
of 'I?hdegraa for each foot of distance, and in proportion curves of other rm;.iei :
2 :; eg:::::; i::{e :-f placing on our Transits is to make one vernier decimal
m'l‘he I:_vel o leiescnpe,. with tangent or opposing screws, the vertical are, and
e gradienter, are considered as attachments to the plain Transit. The : c
be .pluced upon any of the instruments, and do not in any manner- modify o
main parts. i
The LeveL, as placed upon telescopes of our Transits, is as sensitive as th
usually placed upon the level insiruments of other makers. The divisi -
generally pln.ced upon the glass itself in preference to the b;asa scale Sien
HI.T]:G opposing screws for ht‘:lding this level hold it firmest in windy weather,
l:rhangent serew or spring gives the smoothest most regular motion.
2 al;:::]:.:::::] ARrc {:nth Loosk VERNIER, a8 introduced by us 24 years ago,
sl y used by us, The'ﬁ:ﬂl vertical circle is, from its peculiarly
s Dn{) c;n, cc.;naluntly %m.ble to injury, and when but even slightly injured,
o cn{ﬁuse{ess itself but interferes with other use of instrument, by throwing
o sy hma ion n.ut on reversals. The loose vertical arc measures 60° either
e .Duwr p);rllef;mi:ll:g may be mad.e to measure 180° No injury to it affects
ey ument. Its introduction was a decided improvement on
acil:]_ge’::: :r: \Ei?‘:;ﬂ-ny made with a double spring, to prevent lost motion in
iR Llul ed improvement we cover them to keep away dirt, reducing
e f;i:u‘lg & much amuoth.er motion, without necessity of so tightly
. 11} ‘fmgdnuta 1o_furce dirt out as it enters these nuts.
s a”n]::]:::;mu; Zro :l;il:stmn:l:nl llu protect them from injury, while the
rom the cl: i 3y
smallest motion does not deprive it of nucn;;i:l::; :.to L“i‘:i‘;:nf]’”"’v et
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The Dust Cover is broad, runming a long distance under plate, so as to
effectually exclude dust from between the edges of graduated plate and vernier.

Trirons.—The legs are made of best seasoned, straight grained wood. The
shoes are of cast steel; points of sufficient thickness to allow sharpening often,—
a matter of consequence, as dull shoes are a great drawback fo steadiness of
instrument. The bearings of legs in tripod head are now generally faced by us
with hard wood, by which the benefits of a much heavier leg are secured without
its weight.

The weight of an instrument is frequently reduced by reducing the weight of
tripod at a saerifice of steadiness. A tripod too light destroys all the merits
of an instrument.

All Transits are furnished with plummets, reading glasses, adjusting pins,
sarew-drivers and shades, and levelling screws in all cases pack in box.

All telescopes balanced generally made to revolve at both ends.

No. 3. ;
Weight of instrument, plain, t} inches graduation, : ; B . 191bs.

“ “ “ 63 v " G T 21 Ibs.
Power of telescope, 20 to 24,

Flat centre.

Outside vernier to plates: verniersreading either minutes, or deeimals and minutes,
Vertical adjustment Lo telescope.

Needle, 41 inches.

Graduations, 6} inches.

Tangent to plates.

Improved attachment to tripod.

Screws pack in box, . : . : : 1 ; - 2 . E170 wo
With needle 5 inches.
With graduations 6f inches, 3 : . : i : - $i80 00

These instrumerts are furnished with
Yourna's ImrroveEp Eve Pikck,
b L Svive ProTeCTOR,
£ i TANGENT,
Parext Sarrring Trirou,
InMeROVEMENT FOR OBviaTING ERROR OF PARALLAX.
Without these improvements $10 less.

Extra:
Graduations, reading 20 seconds or 30 seconds, . i % ; . 10 00
Vertieal Are, . i g Z X : E . : \ ; . 16 00
Level to Telescope, with opposing or tangent screw, ‘ ; 25 00
“ 2 ut ky # L aud verticul are, . 40 00
5 ki Ax rk o 5% i by eirele, 43 00
Gradienter, ineluding Level to Telescope, - " 7 = i . 40 0o
o4 L k4 L and vertical are, i ; 556 0O
“ = - L ¢ s pirele, . : . 68 00
Siadia wires, fixed, . : ‘ : ! : ; ; : : 3 00
° ¢ adjusiable, 8 00
8 00

Diagonal Eye Piece Attachwent,

No. 3.—Plain.




No. 8. PLAIN.

49

No. 6.

This we consider the Transit best adapted for gemeral purposes
and for Railway work. The 4} inches Needle and 6} inches
G'raduation is our standard for Railway work, and the instrument

, we send when one is ordered without limitation as to size or quality.

Weight of instrument, plain, 6} inches graduation, ., z ; . 19} Ibs.
e & TS R =" : . . . 21% lbs.

Power of telescope, 20 to 24,

Long centre.

Two outside verniers, reading minutes, or one minutes and one decimals.
Needle, 43 inches.

Graduations, 6} inches.

Tangent to ylates.

Vertical adjustment to telescope,

Improved atiachment to tripod.

Berews pack in boxes, - : ) A . : 2 : : $200 00
With needle b inches.
With graduations 4§ inches, . . : L : S UIes . $210 00

These instruments are furnished with
Yousa's Inprovep Eve Prece,

5 s S8uinE ProTECTOR.

Kt M TavgenxT,

it Parenr Suirring Triron.

o ImproveMENT ¥OR OBviaTing BRROR OF PARALLAX.

Without these improvements $10 less.

Exira:
Graduations, reading 20 ds or 20 ds, . ’ L . . $10 00
Vertieal Are, . i : . 5 4 3 A 4 - : . 15 00
Level to Telescope, with opposing or tangent screw, |, g % a 256 00
“" “ & L i o and vertical are, . 40 00
i v Ll & L “ A L circle, 43 00
Gradienter, including Level to Telescope, : A : . 3 . 40 00
e o e L and vertical are, ; ; 656 00
“ w T “ i “ cirele, . : . 68 00
Stadia wires, fixed, : . ; f . . - i 2 : 3 00
# “  adjustable, ! - ; . , . . i « 800
Diagonal Eye Piece Attachment, % 5 i = 2 : . 8 00
Variation Plate, : . : : X + . . " ; . 30 00

THREE SCREW LEVELLING TRIPOD,

Transits Nos. 6, T and 13 are made with the three screw level head and open tripod,
same as in Repeating Circle.  While the tripod is not as convenient for transportation,
the instrument is adapled to secure greater accuracy of results, by relieving centres from .
strain, and by securing more perfect horizontal adjustment, and is steadier when in use.

In surveys, where accurate angles and long lines are called jor, this construciion is
desirable. The objections made are generaily overcome with slight use.
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No. 7.
For City and Bridge Engineering, &c.

In this instrument we have endeavored to combine every excellence requisite
for perfect work possible in an instrument of its size. The main paris are of
same size a8 No. 6, the principal difference being in graduations on solid silver,
in the telescope being inverted when desired, and in levelling screws passing
through nuts {as in our 22 inch level), which are capable of being clamped to
. remove all shake in serew, increasing steadiness of instrument in a remarkable
degree.

While making the smaller size, we recommend the larger, graduated to
20 seconds.

Weight of instrument, plain, 6} inches graduation, . . - . 20% lbs,
‘ o o Bg o St R T e 1

Power of telescope, 22 to 26.

Long centre.

Two outside verniers, reading minutes or decimals, or one minutes and one
decimals,

Graduations on solid silver, 6} inches.
Needle, 43 inches.

Tangent to plates.

Vertical adjustment to telescope.
Telescope, large, either inverting or erect.
Improved attachment to tripod.

Screws pack in box, . : 5 > 7 . H . % . $225 00
With graduations 63 inches.
With needle 5 inches, . : ; i : 3 ‘ . . . $286 00
These instruments are furnished with
Young’s ImproviEp Eve Pruce,
0 LU Srive PRoTEOTOR,
“ v TANGENT,
" 1" Surrring TriPoD,
" IMPROVEMENT FOR OBVIATING ERROR OF PARALLAX.
Extra:
Graduationg, reading 20 seconds or 30 seconds, . : s " . %10 DO
Vertieal Are, . i Z i i : 4 2 2 . 16 00
Level to Telescope, with apposing or tangent screw, . . g - 256 00
i i it “ L i and vertical are, . 40 00
it “ l. i i it L id circle, 43 00
Gradienter, including Level to Telescope, J " 40 00
P “ & i and vertical are, : 3 66 00
“ € “ B 1y b circle, . I . b8 00
Stadia wires, fixed, : - { = : : . : . A 300"
“ ++  adjustable, ¥ : ; " 4 ; . B DO
Dingonal Eye Piece Attachment, : ’ g E : A : 8 00

No. 7.—With GRADIENTER,
LeviL to TELEscOPE,
aND VERTICAL ARc,
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No. 10.
10 1b. or MOUNTAIN TRANSIT.

This instrument is same as Mining Transit No. 8. It is designed for such Engi-
neering as needs a light, portable instr t. In work hip, graduations and
proportionate strength, it is as reliable as larger tnatruments, principal difference
being in weight. It has simply, in comstruction, the disadvantage of smaller cirele
and smaller needle.

It is equal to performance of all the ordinary dulies of Railway work.

The centres are longer than the centres of the usual larger instruments of the
country, being over three inches, The telescope has object glass of onme inch
opening, and seven inches focus, with Power either of inveriing or srect eye
piece of from 9 to 14, As usually constructed for mining purposes, it as the
inverting telescope, affording extra light, larger field and shorter telescope, for
same focal lengih of object glass.

The verniers are wide, extending to edge of plate, to allow extra amount of
light. They have advantage of being so placed that the Engineer can read the
plate without ehanging his position, risking the disturbance of instrument.

Long centre, -

Two outside verniers, reading minutes or decimals.
Needle, 32 inches.

Graduations, 4% inches.

Tangent to plates.

Vertical adjustment to telescope.

Eye piece, either inverting or erect.

Bhifting tripod.

Screws pack in box,

Improvement for Obviating Error of Parallax. . . . : - §170 00
Extra:
Gradualions, reading 20 seconds or 30 seconds, | . s . . %10 00
Vertieal Are, . 4 " : i i : . iy : ‘ 16 v0
Level to Telescope, with opposing or fangent screw, : = ~ 25 00
i 1 u L L ‘*  and vertical are, 40 00
i - 4 H * 4 5 " circle, 48 00
Gradienter, including Level to Telescope, > : . 5 40 00
o . « i and vertical are, . : 55 00
i & L i o it cirele, = . &8 00
Stadia wires, fixed, . m 3 v k . : . A ri 3 00
£ ‘¢ adjustable, + ., X 2 . . . . = . 8 00
Diagonal Eye Piece Attachment, 5 + : 4 5 - 8 00

FOLDING TELESOOPIC SIGHTS AND RIGHT-ANGLED SIGHTS
Are also placed upon Nos. 3, 4, 6, 7 and T0.

> A £8 00
The present comstruction of our Transit Standards remders the Right Angle
Sights unnecessary.

Extra, each,




52

No. 12.
REPEATING CIRCLE.

COAST SURVEY PATTERN.

Repeating circles differ from Transits mainly in the telescopes not revolving

on axis. The name i8 generally given to o class of instruments intended for
angular measurements of great accuracy. The uprights are made ns low as
posgible for the work to be performed.

This instrument is made from pattern designed by us for several instruments
made for United States Coasl Burvey. There are three levelling screws. The

tripod has a wide base, and legs are made of open frame pattern, Lo secure

steadiness with lightness.

When needle is desired it is placed o
detachable from instrument when not in use.
of arc on cach side of meridian.

Where vertical circle is used it is ma

n by means of an oblong box, which is
1t has a movement of 20 degrees

de to use on either side, as reversed
on axle.

Long centre.

Spring tangent to lower plate.
Graduations, 8 inches on solid gilver.
Two verniers reading 10 seconds,

Reading glasses to verniers.
Telescope, 17 inches, axis reverses in Y bearings.

Clamp and spring tangent to axis of telescope.
Striding level, ground extra sensitive.
Balance weight on end of telescope.
Inveriing eye piece, 2 i i : 5 5 : 4 . %330 00
These instruments arc furnished with
Youxa's Inprovep Eve PIECE,
L & Svipk PROTECTOR.
" IMPROVEMENRT FOR OBVIATING Ernor oF PARALLAX.

——

Extra:

Vertical cirele, 6 inches, graduated to read 30 seconds, with level
attached, ; 3 s 3 1 . : ! . $60 00
Compass box, 3 . % 2 \ I % " : . 18 00
Inverting eye pieces extra, each, . ; : Rer e ! ; . 10 00
Siadia wires, fixed, . 4 5 e : r 4 : 5 % 3 00
1 & adjustable, . . ¢ . - : \ ; 8 00
: . X ; : : 20 00

Four verniers Lo horizontal plate,

Repeating Circles of larger size and finer graduations, as desired.
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No. 13.
CITY AND e
TUNNEL TRANSIT.
Adapted especially for straight lines.

The axis of telescope is set u i
T \ 3 pon Y bearings, and the telescope b idi
welt;ght., ui. our adaption, is balanced that it may move easily anl:i no{ :i::d:‘:g
T i i i :
l::;1; n.:ce in revolving it. The axis bearings are cylindrical, that the lelescome
: ¥ te.' :‘eversed on these bearings as well as revolved on them. This mﬁ‘orﬁ
‘pi:or unity fm:.tssm?g adjustment of oollimation speedily without change ?
e rument, or if not in adjustment, of marking two points the m e
is correct. ket
: A stritrng level resting upon the iournals tests motion of telescope in a vertical
plane. As generally made f iece is inve s
5 ge y made for tunnel work, the eye piece is inverting to obtain
t'l‘fn; instrument is frequenily made with standards low, to secure great
steadiness. [t then loses its character of transit, and the telescope cxmgn t :r
revolved, but the reversal on axis bearings allows adjustments to be readil ke
nd back gights taken. =
lWe flrequenﬂy ma.ke them without the circular needle box, the advanta,
'gamad is reduced height of standards. An oblong needle box, similar t : ge
is then atiached. . ot i g
These instruments are sometimes i
] ese i made with hollow telescope axi
illuminating web, on inside of telescope tube. e

Y bearings.
Hollow pillar supports.
Long centre.
Tw 5 : - . .

od::;:itzjﬁi ; verniers, reading minutes or decimals, or one minutes and one
Graduations, 63 inches.
Needle, 5 inches.
Tangent to plates.
Vertical adjustment to telescope.
Striding level to axis of telescope

' , . = . ) . $250 00

x i’
These instruments are furnished with

Youna's ImprovEp Eve Piece,

" " SLipkE PROTECTOR,
re TANGENT.
et ImeioveEMENT FoR OBVIATING ERBOR oF PARALLAX.
Extra:
Graduations to 20 or 30 seconds, . i
Graduations on solid silver, : i ; : 3 : 3 e
Diagonal eyc piece attachment, . : ‘ ; ; ; : ‘ L
Stadia wires, fixed, . 4 i 3 . ¥ i . ] s
At “  adjustable, . : K : : ; ; EO
0

Dblong needle bux (detachable) in lieu of circulnr. ring‘ . 16 00
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MINING TRANSITS.

Mining Transits differ from ordinary ones principally in being of smaller size
for greater portability, in having telescope admitting more light, and having a
greater range of verfical angle.

The graduations of plates are frequently stamped with cardinal points of
compass, to keep correspondence of angles when checking with needle.

We would advise to have the needle ring and plates both numbercd from 0°
, all danger from error in reading oardinal points being thus avoided.

4 QRNO
L uuy

No. 14; or MINING TRANSIT No. 1.

The general dimensions are same as No. 8 or 7, with level to telescope and
vertical dare.

MiNING ATTACHMENTS:
Side telescope, revolving full vertical circle, independent of centre telescope.
Dingoual eye piece to side telescope.
Full vertical circle, graduations on silver.
Counterbalance.
The vertical cirele, with side telescope and counterbalance, detachable, $3800 00
Same insirument, with side telescope revolving along with, not inde-

pendent of, centre telescope, 280 00

Thege instruments are furnished with
Youna’s ImproveEn Eye Piece,

i L StinE PROTECTOR,
“ “k TANGENT,
Lo Parent Surrrinag Trirop.

s IMPROVEMENT FoR OBviaTING EREOR OF PARALLAX.

Extra:
Graduations of plate, solid silver, . $256 00
Clamp and tangent to vertical circle, 156 00
Stadia hairs, fixed, 3 00
£ ««  gadjustable, 8 00
Reflector plate,; ; : 4 00
8 00

Diagonal eye piece attachment, .
When side telescope revolves independent of centre telescope, the vertical
are can be read more safely, being able to gight both lines without change of

telescope.
When gide telescope and counterbalance are detached, tne instrument becomes

No. 6 or Nu. 7, with level to teleseope and vertical arc.

No. 16; or MINING TRANSIT No. 2.

LAKE SUPERIOR PATTERN.
Weight, without tripod, 84 1bs.

This instrument has one side telescope, with full circle, revolving vertically,
and an upper telescope revolving horizontally, with vertical arc.

It is capable of measuring vertical and horizontal angles of any two slopes at
one observation, without changing position of either range.

Urrer BEMI-CIRCLE, diameter 8 inches, graduations on silver to minutes,

Level to telescope, with clamp and tangent.

Vertical aro.

Sipe TELESCOPE.

Veriical eircle, diameter 64 inches, graduations on silver.

Two verniers, reading minutes.

Level to te’sscope.

Tangent, . 5 . : . . 3 - . s . $3560 00
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No. 18.
MINING TRANSIT No. 3.
Weight, 10 1bs.

Thiz instrument iz same as Transit No. 10. It is designed for such Engineering
as needs a light, portable instrument. In workmanship, graduations and propor-
tionate strength, it is as reliable as larger instrumenis, principal difference being
in weight. It has simply, in constructivn, the disadvantage of smaller circle and
smaller needle. We consider it a most convenient Mining Transit.

It is equal to performance of all the ordinary duties of Railway work.

The centres are longer than the centres of the usual larger instruments of the
country, being over three inch The tel pe has object glass of one inch
opening, and seven inches focus, with power either of inverling or erect eye
piece of from 9 to 14. As usually constructed for mining purposes, it has the
inverting telescope, affording extra light, larger field and shorter telescope, for
same focal length of object glass.

The verniers are wide, extending to edge of plate, to allow extra amount of
light. They have advantage of being so placed that the Engineer can read the
plate without changing his position, and risking the disturbance of the instrument.

Long centre.

Two outside verniers, reading minutes or decimals.
Needle, 34 inches.

Graduations, 4} inches.

Tangent to plates.

Vertical adjustment to telescope.

Eye piece, either inverting or erect.

Shifting tripod.

Serews pack in box,

Improvement for Obviating Error of Parallax, . . : : . $170 00
Extra:

Gradienter attachment, including level to telescope, . 3 5 $40 ©0
Level to telescope, with tangent or opposing screws, . & % 2 256 00
Vertical arc, I 2 : 2 £ 2 : 15 00
Graduated to read 20 seconds, or 30 seconds, y ¥ 5 i ¥ 10 00
Both crect and inverting eye piece. . : s " . 5 10 00
Stadia hairs, fixed, : Z i 3 = 2 : i i 3 00

& «  adjustable, . i . + . ; . - 8 00
Reflector plate, silver, . : % % i : z 1 ) I 4 0C

Diagonal eye piece attachment, =+ . ! : . . . . 8 00




Yousc & Sons,
PHILADELIHIA.

YOUNC’S
Improved Mining Transit No. 4.
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MINING TRANSIT No. 4.

The principal novelty in our Mining Transits ig in the arrsagement of the
Inclined Standards, by which the Engineer is enabled to range the telescope to
a vertical line. The result is accomplished without any additional telescope,
while the line of collimation remains on line passing through the centre of instru-
ment; consequently all m red horizontal angles have their vertices over the
centre point, and no eorrection for offsett is necessary, avoiding the inconvenience
and liabiiity to error of double telescopes. The centres of instrument, as made
by us during past six years, being much longer than those of other makers, holds
the overbalance of standards steady, while the details bein g arranged to decrease
this overbalance, it does not affect the working of the instrument, Ii ean, if
desirable, with a slight addition of weight, be entirely destroyed.

The inclined standards afford s much less obstructed view of (he vernier, and
the improved vernier, patented by us, secures an accuracy of reading hitherto
extremely difficult to obtain.

The Patent TeLescore forms a desirable addition, for these reasons:

Ist, That it is calculated to retain adjustment more perfectly.

2d, In theimporiant requisite that the working parts are completely enclosed,
thus being protected from dust, dirt and meisture.

8d, That the telescope always remains the spme length, and always balanced.

Our GRADIENTER ATTACHMENT measures (where the gradient is not too steep)
the inclination with accuracy and speed, besides distances and differences of level.
For a more detailed account of this Attachment, we would refer to our descrip-
tion of Gradienter.

The minor details of instrument, such as position of verniers to one side of
standards, so decidedly preferable where the Engineer is working in confined
positions, and so much more favorable for throwing light upon graduations; the
dust ring cover to plates, similar to our larger instruments; and the more secure
arrangement for attachment to tripod, are such as to recommend it to favorable
consideration.

The SteEeL CuAIN TP, strong, durable, and but little liable to injury, is the
best caleulated of all for underground or surface work.

The Cawpre Lamer Prummer is, in cages, superior to our Mining Lamp
PrummEer, in that it is cleaner, more portable and compact, and can be packed in
same box as instrument.

With our Sliding Tripod, Short Tripod, Mining Slide Target Rod, and other
improvements, we believe we have supplied the important requisites of ihe
Mining Engineer’s outfit.
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PRICE LIST IMPROVED MINING TRANSIT.

These Instruments have Inclined Standards (patented); Improved Verniers { patented),
Improved Telescope, erect (patented); they have also most of the improvements we

have placed upon our City Tranail.

PLAIN, Needle 3} inches Graduations 4§ in., dimensions as No. 10, $186 00

s e Qi - Wi 6* 13 (3 NO. 5‘ 215 00

[ W 5 [T [ 62 W it NO. ﬁ' 225 m
Extra:

@Gradienter Attachment, including level on telescope, . S 0 S O )

Level on Telescope, with tangent or opposing screws. . : ; . 25 00

: 2 : 5 15 00

Vertical Are,

#  (ircle, . : - : : 18 00
Graduations to read 20 or 30 seconds, . A 5 : 5 ; 3 10 00
Stadia Hairs, fixed, . 5 : 8 00
Reflector Plate, Bilver, r ’ . i - i - . 4 00
Diagonal Eye Piece, . ! 3 3 2 X 5 : . 800
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ADDITIONS TO MINING TRANSITS.

EXTENSION TRIPOD.

Legs to shorten to one-half usual length. Two clamp serews to each leg.
The clamping arrangement superior and firmer to those heretofore made.

This form of tripod has been made by us for thirty-five years, and has given
most general satisfaction. The change in clamping arrangement, lately made,
adds to ils efficiency. 4

Tripod, te accompany instrument in place of regular tripod, extra, . $10 00
Single extension leg to tripod, in place of regular lcg, . - . 5 00
Full extension tripod, in addition to regular one on instrument, . . 20 00

HALF LENGTH TRIPOD.

The usual tripod legs are halved and serewed together firmly in centre,
When lower half is unscrewed, the upper presenis a sharp poinied steel shoe.

The tripod is not so heavy as extension tripod, and is firmer when at full
length; but is not as convenient, perbaps, in setting instrument on irregular
ground. 7

Full triped, in place of regular tripod, extra, - - - 4 . %12 00
Full tripoed, in addition to regular tripod, . 4 i : 4 : 15 00

REFLECTOR PLATE.

Bolid silver, to attach to object glass to illuminate cross web, . $4 00

MINING LAMP AND PLUMMET.*
GERMAN STYLE.

This plummet is made large, with upper part hollow, to receive oil and form
lamp. It is suspended dircetly to sides, or by a gimbol ring, and hung from a
point in the roof of the mines. The sight is taken to centre of flame.

Single lamp, packed neatly in box, g - : . : . $13 00
Two lamps, packed in box, ; : 3 : : F . g 25 00

* We beliave the first of these lamps in thls country were made by us, for Eckle
B. Coxe, M. E., from drawlings farnished by him,




MINING TRIPOD LAMP.

This arrangement, lately designed by us, consists of a small tripod, with
shifting movement, earrying a lamp, to which a plummet is attached. This lamp
is set directly over point, and can be clamped there, the legs of tripod preventing
any more ghifting than in instrument.

Single tripod, : ] : s - : : ; : . %22 00
Double ¢ : : . v > 3 3 : ! : 3 40 00
With attachment to place a slit tangent in position, with lamp behind

to illuminate opening, extra, each, . - s v . . b 00

MINING LAMP HOLDER.

Similar to the German, by means of which the lamp ean be so placed as
to illuminate graduations in a convenient manner, : : . $16 00

DOUBLE MINING TRIPOD.

The tripods have attachments whereby the instrument and lamp, or illumi-
nated slit target, are exchangeable, so that in sighting forward the target is
placed in proper position, the instrument taken from triped and moved into
forward tripod, while lamp target is substituted on one left by instrument.

Price, x : ; : $12 00 to $20 00.

MINING ROD AND TARGET

Is our ordinary slide rod reduced in length to either 3, 4 or 5 feet, with slide
to open 5, 7 or 9 feel.
The principal difference is in target, along the centre of which we cut a slif

The clamp is held behind target, and the eross wire readily subdivides this,
$15 00

We believe the arrangement advantageous in ordinary rods, making a much
better objeet to sight at when rod is beiween sun and instrument than the
usual lines.

MINING LAMPS, for Engineer’s use in Mines.
We now* make these lamps of zine, which keeps cool longer than copper, $1 50.

* At suggesilon of T. McNalr, Esq., Mining Engineer, Lehigh Valley R, R. Co.

61

No. 17.

SURVEYOR'S TRANSIT.

Weight, . ; i : i 4 i 5 . 16 1bs,
Power of telescope, 18.

We have endeavored in this to supply an instrument of first class workman-
ghip, in which the needle readings can be checked by graduations of plate,
whicn sball have a fine telescope, and shall not be readily placed out of repair.

The telescope plates, standards, needle and levelling screws are same as on
our No. 4 Transit; the tripod is somewhat lighter.

There is but one centre, flat conical, and while this is not as convenient to
read angle with plates, it secures the insirument withstanding rougher usage.
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Needle, b inches.
Tangent to plates.
Outside vernier, reading minutes,
. Improvement for Obviating Error of Parallax, . a . % . $180 00
Extra:
i . 22 00
Level, with opposing screws to telescope,
12 CO

Vertical are, A - ‘ : :
Variation plate for naedle, 7 2 . : : . A ; 10 00

The boxes are furnished with plummet, reading glass, levers, &c.

VARIATION TRANSIT.

Weight, . 3 c Y e - ~ . . 14 1bs.
Power of telescope, 18

Consists of instrument similar to the Surveyor's Transit, except that it has
not the plate for reading horizontal angles, but in its place one for laying off
variation of needle.

The tripod is made somewhat lighter, and frequently furnished with compound
ball and socket, ard levelling screws similar to Solar Compass.

Needle, 5 inches.
Qutside vernier for variation,
Improvement for Obviating Error of Farallax, . - g . . $106 00

No. 19.

BURT'S SOLAR COMPASS.

This beautiful instrument, unquestionably the greatest invention in nature of
instruments, deserves to be more widely known and more properly appreciated.
The mineral deposits, with their local magnetic attractions, of the Luke Superior
country, where it wus found impossible to survey the government lands by any
known method, the expense of which would not forbid its use, gave rise to the
invention of Solar by Burt.

Sinece its first introduction it has been the only instrument allowed in running
the lines on goverument public land surveys, the use of cther in-truments being
confined to sub-divisions of Solar work.

The principle consists in a practical scientific applieation of the principles
which govern the motion of the sun, that when insirument is placed in adjust-
ment, and the sun's image brought to = certain place, the instrument must
necessarily be in the meridian. This is indicated by zeros of horizontal plates,
and any other angle can be read off by graduated plates.

Solar work can only be performed in clear westher; the instrument is, how-
ever, furnished with needle and graduaied plates.
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As first made the Solar was without tangent screws, and with an ordinary ball
and socket motion being made, in accordance with Mr. Burt’s judgment, as
simple as possible for use in the wooded brush country where the government
surveys were then made. Since then, and with progress of surveys into more
open country, the tangent serews and the transit tripod have been added.

When weather is clear the Solar Compass works with much greater rapidity
than either compass or transit. With ordinary care, and instrument in adjust-
ment, its result should not vary in rapid work more than from one to two
minutes from correct line, a result unattainable in the ordinary compass, and
requiring careful work to ensure in long econtinued lines with transit.

The original manufacturers of the Solar Compass, cur forms of solar construction
as designed by us, in consultation with the inventor, have stood the test of thirty
years. No material change in shape or proportions have been made by the
manufacturers who have attempted this work,

In these, as in our engineering instruments, we find instances where some after
80 years service are doing good work.

By a late improvement in the method of adjustment, we have secured greater
aocuracy than heretofore.

We make either tramsit tripod, which is most steady, or compound ball and
socket, which works more speedily.

The method adopted of attaching telescope in line of centre of compass seems
to meet more approval than any other. The telescopes are generally inverting,
to secure a shorter telescope. We have lately succeeded in producing an erect
telescope, light, and of good power and field.

All graduations on silver.
Tangent to plates, declination and latitude ares, and needle box for variation.

All ares reading minutes, . . ! y ) 3 i ; . $260 00
With telescope (detachable) and sights, . 5 4 2 B : 290 00
Graduations on ares to 20 or 80 seconds, extra, . 3 g . 20 00
Solar, large size, declination and latitude arcs 6 inches radxus, readings

20 or 80 seconds, plain, . < ‘ > i . ; . 300 00
With telescope, . 4 fi 5 G 3 = i : i 330 00

SOLAR TRANSIT.

Our Solar Transit is simply the Solar Compass with telescope, as above.
Of the various attempts to adapt solar work to ordinary transit, we have as
yet seen none we consider capable of good work,




SOLAR TRANSITS.

The trisl of several instruments made by us with Solar Attachment of
B. 8mith Lyman, C. E., with the attachment to instrumeni as modified by us,
having proved satisfactory, we have added the Lyman Solar to the list of
our instruments.

We have not changed the general design nor the principles of the instrument,
but so modified the attachment that it can be attached or detached at pleasure.
This form of ihe Solar finds its advantage where the larger portion of the work
ig with the Transit proper. It forms the only complete BoLar Transit, to which
can be attached a telescope of power arranged as to be convenicntly used, and
to which regular Transit centres for accurate work can be connected.

The objection to it has been the projection of the Solar apparatus beyond the
instrument plates, at all times, both in transportation and when not in use for
Solar work. By our arrangement the Solar apparatus can be readily detached
at any time, and the Transit remain as a regular Engineer’s Transit, with its
solidity of centres and power of Telescope.

The distinetive marks of Lyman’s Solar are, placing the solar parts under the
graduated plates, attaching it to the lower plate; and the use of prisms to change
the direction of the eun's rays and shorten the length of the lens bar. Its advan-
tages are, greater steadiness of instrument proper in working; more accuracy
in angular measurements, and greater telescope capacity. Its disadvantages are,
shorter arcs for reading the Declination and Latitude, and less steadiness for

dolar parts.

PRICRS.
Attached to our No. 6 Transit. 6 in. Graduation.
Plain Transit, with Solar Attachment, s ; g 5 $290 00
With addition of Gradienter, including Level to Telescope, . : 330 00
& £ Level to Telescope, and Tangent or Opposing Screws, 3156 G0
Vertical Are te Telescope, exira, . g i : 5 ; A ; 15 00

SOLAR TRANSIT. No. 6. Plain.

Youna & Sons,

PHILADELPHIA

LYMAN'S SOLAR ATTACHMENT.
(DETACHABLE.)




No. 10, or MOUNTAIN TRANSIT.
SMITH SOLAR ATTACHMENT.
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SOLAR TRANSITS.

We have added to the list of our Instruments the Bolar Attachment of Benj. H.
Smith, C. E., to which the attention of Engineers and Surveyors, especially those
engaged on Government surveys, is oalled.

The distinctive feature of Mr. Smilh’s Attachment consists in the use of a
Reflector, moved by a declination arm, whereby the sun’s image iz reflected into
the focus of a short telescope, the axis of which corresponds to the polar axis of
other forms of solar attachments.

The compactness of this form of solar especially adapts it for attachments to
trangit instruments, with the ordinary workings of which there is no interference.
No counter-poise is required.

The clear limb of the sun’s image can be brought between thie equatorinl wires
with greater exactness than can be attained by the ordinary plan of focussing
on a silver plate, and hence the meridional result is more aceuraite.

The polar axis, the vital part of a solar, is longer than in any other form.

Another great advantage which has been experienced by those using this
instrument is the facility with which the sun's image can be taken in hazy weather,
when the old forms of solar cannot be used.

For the use of U. 8. Deputy Surveyors, we recommend our No. 10, or Mountain
Transit, as suitable for this Attachment.

—=PRICES—

No. 10 Transit, 3} inch Needle, 43 inch Graduations, Extension Tripod,

Level to Telescope, with Tangent Screw or Opposing Screws, Vertical

Are, Smith Solar Attachment, : 3 X ; . ; . $285 00
Smith's Solar Attachment to either sizes of our No. 6, . 7 " 80 00
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No. 10, or MOUNTAIN TRANSIT.

SMITH SOLAR ATTACHMENT.
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COMPASSES.

The compasses are furnished with outkeeper cover, and either one circular or
iwo straight levels. The needles are made of selected steel, with greatest depth
vertical, to ensure a steadier motion than otherwise, and are of sufficient weight
and size to allow them to retain their magnelism, and prevent any little motion
of air from keeping them in & tremor, but not sufficient to bear too heavily upon
centre pin.

The faces of Compass, except in smaller sizes, are bronzed, to prevent reflec-
tion of sun’s rays into the eyes. A small gilvered ring under the end of needle
makes the end fully d'stinet, and answers the purpose of full silvered face.

Sights are graduated to read angles of inclination. They are made the usual
siyle of slit sights, unless hair ones are especially ordered. When desired, the
slits are made wider to assist sight.

All compasses are furnished with our improvement for obviating Error of
Parallax.

4 inch needle, 10 inch plate, plain, . : 3 d _ y . $30 00
g e e e e T SRR B 86 00
il ] i 14 = i . 5 i ; ¥ i 40 00
ag * ) 2 o ; : . ! : ? : 3 45 00
§ 5 E (L * F ; i i 3 4 2 50 00
Without variation plate, $10 extra.
Plate to read full circle, independent of needle, reading minutes, ; 20 (0
Plain tripod, g A : . 5 : 4 : B 00
Compound tripod. levelling screws. slow motion to instrument either
with or without ball, i 4 i v : i . j A 2000
Jacob sinff, heavy steel pointed shoe, ! : 3 2 : ; 2 50
Chain pins, per set of 11, ' . ; ? : . . i : 225
& e & e w11, lon led to drop plumb, : : ‘ 5 8 00

2 *¢  brass, as not to attract needle, . : : I ! : 5 Q0




6a

PLANE TABLE.

Our complete Plane Table comprises every improvement, some of them new,
which can be placed upon it. The gradienter attachment 18 especially desirable

The tripods of larger tables are made of open form, sirong and light, and
giving wide base.

The sizes of board are made as desired.

Board 18 by 24 inches, Engineer’s level, tripod, alidade with compass

sights, . % . 5 ; 5 2 x : i i . $70 00
Parallel rule attached, extra, . A = = 5 : : 3 i8 00
Alidade, with powerful telescope, paper clamps, . ; 200 00

Same, with vertical aro, level to telescope, stadia hairs, gradienter
attachment, purallel rule sights, plumbing bar, paper clamps, com-
psss box, . s = ] 4 i . ? 5 : 3 300 00

Young’s Self-Reading Level Rod.

This rod, as introduced by us 22 years ago, is by its merits gradually super-
seding all other rods.

All the faces are recessed and painted clear white. The figures are stamped
deeply and then painted, so that they will not rub off. The feet are painted
red, the tenths black. The laiter figures are six hundredths in size, placed by
gauge, generally over centre of tenth division, so that the top and bottom of
fizure indicates exactly three hundredths above or below. DBy this arrange-
ment it has been found the top and bottom form data by which on fair distances
{he hundredth ean, without confusion to the eye, easily be read. Placing them
central over divisions enables the nearest tenth, for surface levels, to be more
easily read. When preferred these figures can be placed with bottom on line.

The rod is 7 feet long, and when readings are desired above this, it slides up
and forms a continuous self-reading rod to 12 feet.

The target when used above 7 feet comes against a stop, so that the error
arising from this reading being wrong, or of being knocked from its correct
reading without discovery, so common in all other rods, is aveided.

In addition to the self-reading characteristic, it is equally s Sviping Tarcer
Roo.

By combination of the two qualities the Engineer in enabled in target readings
to give the rodman the reading of rod to nearest hundredih at onee, so that
exact reading may be obtained in one or two shiftings, as well as to know
whethier any error exceeding one or two hundredths has been made by rodman.

For rapidity of rendings on surface levels, fur cheeking the rodman on turning
points, and on more aceurale readings, we believe it superior to all other forms.
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Cr?ss section .n.nd similar work on railrgading can be performed with at least
f:waca the rapidity and with much greater certainty, besides rclieving both the
instrument man and rodman of much exhausting irritating labor.

Lately we have introduced several improvements in the mountin
the rod is made more durable.

Prioe o : 4 ‘ . i $18 00.

New York Level Rod, Best Pattern,

TRANSIT SIGHT POLES,

Made of well seasoned ash, octagonal, with long steel pointed shoes. Everv

precaution taken {o ensure rod remainin i ivi i
g straight. Pole divided into fi I
colored red and white alternately. Lo

g8, by which

818 00

8 feet,

o 5 $8 00

. : 8 00
Pine Sight Poles (not our mske) one-half above prices.

LOCK'S HAND LEVEL.

This l'ittle instrument, five inches long by one inch in diameter, intended for
reconnoissance, and numerous instances where approximate levels are desired
’

is haj.d in the hand, the reflected image of bubble brought over wire in tube
and line of level carried out by the eye. ’

Price, German silver, in case, ENE . $12 00
“  Brass, 1 A : : 11 00
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SLOPE LEVELS.

MINING PATTERN.

S8quare. Packed in sirong wooden box.

4 inch square, . : . - . g . %10 co
R S R (R R R

ENGINEER’S PATTERN.

Base 8 inches long, folds into box 2} inches wide, . 3 . . $12 00

POCKET COMPASSES.

The usual small Pocket Compass is made so low priced as to be unreliable.
Tn ours, the needle, cap, centre pin, &c., are constructed with as much care as
the larger ones, and may be relied upon as far as their size permits, They are
sich as we have especially made for a number of Mining Compauies.

2} inch needle, folding sights, stops, ball and sockets, cover, graduated
to degrees, g i + f : i X $12 00
Same, 3} inch needle, with varistion plate, = i ‘ H s 20 00
Other sizes made to order.

PRISMATIC AZIMUTH
COMPASSES.

Made in best manner, Needle Card of Alluminum, 8% inches, . . %26 00
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NYSTROM'S CALCULATOR.

Coneists of a plate, on which are fixed two moveable arms, extending from
centre to periphery. On the plate are engraved a number of curved lines, in
such form and divisions that, by their intersection with the arms, numbers are
reud and problems solved.

The arrangement for trigonometrical caleulations is such that it is mnot
neces<ary to notice sine cosino tangent, &c., operating only by angles themselves,
cxpressed in degrees and minutes. This makes trigonometrical solutions so easy
that any one who understands simple arithmetie will be able to solve trigono-
metrical questions

Caleulations are performed by it almost instantly, no matter how complicated
they may be, while there is nothing intricate or difficult in its u=e,

All the calculations in Nystrom’s Mechanic’s Companion were solved by this
instrument, the most severe test, perhaps, to which it could be submitted.

Attention of Eugineers, Ship Builders, and all whose business requires exten-
sive calculations, is called to this instrument.

Price, on German silver plate, . . - . $25 00
Box to pack in, . . . . . ’ 2 00
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Draughting Scales and Protractors.

The want of nccurate Scales and Protractors being so geriously felt by the
Engineer and Architect, we have selected those scales and protractors of our
own make which we can recommend for accuracy.

The diffioully in use of scales is in obtaining sub-divisions fine enough for
aceurate measurements, and at same time not so fine as to confuse the eye.

The Parsons’ scale is the only one we know which aceomplishes this purpose,
and for uses outside the ordinary triangular wood scale, the only one we know
of possessing merit.

In protractors the most serious error lies in the centering. The most of the
usual forms of eircular and semi-circular protractors cannot be relied upon to
gentre within ten to twenty minutes, whilo the diffioulty of pricking off points
correctly is another objection.

The rolling parallel rule and paper protracior finds favor with many Engincers,
but there is difficulty in sub-dividing below 15 minutes.

In our opinion the Cleaver Protractor is one capable of greatest accuracy,
but for many purposes the steel blade protractor with adjustable head, as made
hy us, especially when combined with steel or rubber edge, is most convenient
and rapid.

CLEAVER PROTRACTOR

Is considered the most perfect Protractor in use. It consisis of & square frame,
gides made as perfectly at right angles as possible, carrying a vernier, and
working around a graduated cirele. The graduated circle is fastened to the
paper by epring pins, which, by an arrangement, are all sprung down at once.
The vernier is adjustable, so that if in process of fastening, protractor springs
out of place, the vernier can be reset and pliced accurately on line.

The lines are 1aid off by means of straight elge pres=ed against gide, so that
a line ean be produced of any length; & triangle being used to pass through

points. V
Two (opposite) verniers ave placed upon instrument fo correct eccentrieity.

!

The ]_:rotrn.e:or can be used, being placed on one end, on a board eight feet
long, without shifting, and when shifted can, by means of adjusting screws, be
placed exactly upon line.

It works, especially when many angles are wanted, with rapidity. It is used
almost exclusively in mining regions of Pennsylvania.

53 inch square, 4 inch circle, clamp and tangent, two double verniers,

graduations on silver, . . A ; : v . £ . $456 00
6% inch square, 5 inch circle, . £ ‘ . ¥ i ¥ . 60 O
]0* i a Q i s 2 d b i A i 86 m

THE ARM PROTRACTOR.

Our Semicircular and Circular Protractors are made with care, and may be
relicd upon as superior to the Swiss—the quality of which has of late years not
only deteriorated but become very irregular, requiring much additional work
to perfect them. .

.By using the base of protractor in eonneotion with straight edge on line, or
with the T square, pressing the protractor against edge, the errors of eccen-
tricity are also avoided. It works very much the same as the parallel rule and
protracior.

Semicireular protractor, German silver, horn centre, 6 inches diamster;

arm, & minutes, 1 i 5 : < . s i’ 3 . %11 00

8 inches diameter; arm, 1 minute, . 5 A iy . v . 17 60
10 e ‘¢ 1 minute, . . 2 d 4 s 2100
Whole ecirele protractor, 6 inches dinmeter; arm, 3 minutes, . . 16 00
“* L Mg B L 1 minule, ; o 39560

¥ . e 10 = i ¢ 1 minule, . . 23 60
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SPRING ARM CIRCULAR PROTRACTOR.

The object is to prick off all the angles by means of two spring prickers on
opposite sides, al one setting of protractor. All the angles are then concentrie,
and the spring pricker removes the errors of hand manipulation.

The protractor is removed, and angles transferred by means of parallel rule,
or straight edge and triangle. It is altended with trouble of transferring angles.

Full circle—German silver, 8 inches; (wo verniers, reading minutes;

two folding arms, with pricking points; tangent screw, adjust-

ment, &e., ! s 5 - = $50 00
With double arms in place of pricking points, . : : : . 85 G0

STEEL BLADE PROTRACTOR.
SHIFTING HEAD.

This form is used on drawing boards, the edge of protractor resting against
edge of board, and the steel blade carrying vernier arm—being moveable to any
angle. While edge of board remains straight, this forms a rapid and compara-
tively aceurate method of protracting. Our heads are made larger than usual,
go that any irregularity in edges of board will have less effect.

The accuracy of the work is much increased if an extra steel straight edge
js fustened along edge of board, so the head of protractor will work upon this
cdge. These straight edges are then readily fastened to the board with serews.

Protractor 6 inches diameter, 30 inches blade, : i i : . $20 00
6 i1 [ sk 40 i i - & 2 £ 22 00
The verniers read 3 minutes—graduated to read single minutes, extra, 8 00

PARALLEL RULE AND PROTRACTOR.

In using this, base or meridian lines are placed across paper at convenient
distances, a straight edge is placed on them, the parailel rule :-ressed against
the straicht edge, and wos angle aid off on the vernier. The paralie. rulc
allows pringing the arm of protrac.or directly over point.

The advantage s (bat the angles are measured from a base line, and the
errors of centering are avoided.

Rule, 14 inches; protractor, 8 inchex; arm, 10 inches; vernier reading
minutes, . : . ‘ ; 3 5 5 ; : : . $25 00

Packed in case, exirs, : 3 . ; : s . . 2 60

DR ot Al
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PARSONS’ PATENT VERNIER SCALE.

By this beautiful little arrangement vernier readings can be applied with as
much faeility to straight line measurements as they can to angular measurements
by the transit. No graduations appear on the general divisions practically finer
than the tenth of an inch, while readings can be made to hundredths, or, if
desired, to the four-hundredths of an inch.

The edge of the German silver scale is graduated, and a moveable vernier
placed upon the top, by means of which the initial point is moved any distance

desired.

12 inches long, German gilver, graduated on two edges, reading any
scales desired, : : g - B - - : . $15 00
.

ROLLING PARALLEL RULE.

Edges bevelled either in the game or in contrary directions. Two inches wide.

14 inches long, " 4 . . i : : - : - . $14 00
15 Y e = ¥ . : i : : i : i ; 15 00
18 « B : : ; 5 : 4 3 s i : : 18 00
Moroceo or wooden cases, . : 3 y = y - 3 % 275

POCEKET BEXTANTS.

Brass, with cover, which unscrews and forms handle to hold instrument;
telescope, reading glass, rack and pinion movement, capable of measuring angles
accurately.

Price, 3 - iy 3 X . . $50 00
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CHAINS AND TAPES.

ENGINEER’S CHAIN TAFPE.

Yenrs of experience in the use of steel wire tape has convinced us of their
great utility in measurements of bridge work, foundations, crossings, &e., and
in all cuses where more accurate measures than can be produced with chain are
desired. The usual Chesterman tape is too short and too wide, affected too
much by the wind, and too liable to break to answer general purposes.

The chain tape is capable of much more general use in surveys of all character,
and especially in the rough preliminary and location of Railroad work. The
increased sccuracy of results, especially in measurements on curves, has been
a surprise to Engineers using them ; the one beneficial result of closer agrecment
in measurements, before and afier construction, is alone sufficient to recommend
them.

As made by us, they are thicker and narrower than the ordinary steel tape.
The marks are placed to read in a manner somewhal similar to a chain, and
ordinarily no division finer than a foot is placed upon them.

For city work finer graduations arc sometimes placed, though we would advise,
in preference, the use of ordinady foot rule for subdivisions.

Where subdivisions of foot to inches or tenths are desired, for lengths of 100
feet or under, it is advisable to use the Chesterman or Paine tape, our object in
the ehain tape being to furnish one that will stand rougher usage, as well as one
that can be used for 1onger distances.

Our chain tapes are marked by United States Standard, made by us and com-
pared at Office of Weights and Measures, at Washington, and the temperature
ut which they are compared stamped upon them, and means of adjustment for
température, for whole lengths, furnished if desired.

They can be made of any length from 50 to 1000 feet or more.

The tape can be conveniently wound up by making a single turn at cne end,
and tying this end and the e)il tightly together so they cannot slip, and then
coiling up by hand. We however gend an improved reel, which, when not in
use, can be folded and enrried in the pocket.

An ordinary chain handle, slit so as to catch in any part of the chain instanily,
is used for stretching for short distances.

We do not place the temperature adjustment on chain unless ordered. These
adjustments, as usually made, only correct for entire lengths, and leave inter-
mediate lengths in error, especially in measuring for short distunces from
corrected end, It is priferable to correct by caleulation.®

Spring balances are not added, as we consider them sources of inaccuracy.
The tape is so light that a moderate foree will always straighten il. so that no

*The expansion for each lineal foot for 1° Is 000072 of an inch.
A 1L 16, Tape expands, for eaeo 100, one inch in | 400 foct.
The temperature of lest beinyg stamped on our lupes, tlie correction can be mades,
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ordinary force that can be applied will cause any difference, and i should alway,
be so strained. The weight of dirt adhering to the tape, and accidental inter-
mediate supports, affect accuracy when the spring balance is used.

100 feet tapes, marked every ten feet, . s s . ; 3 . %56 00
100 e ¢ chain style, in feet, with reel, : ‘ 3 10 00
60 “w i o i i I " Z A z b 60
66 u i o e ‘e “ 3 1 i 8 00
33 wi 0 ai s s . i : L = z: 4 50
Addition length, per 100 feet, graduated in feet, v % . ) 6 00
. “ i i vvery ten feet, . . am
Eeel to wind tape, which closes so as to be placed in pocket, exira, . 2 00

The following Tapes ars no!l of our manufacture, but form so important a part of
our general business that we have inserted them.

In ordering, state whether inches or tenths are desired.

CHESTERMAN TAPE. Moetallic.

These tapes have fine brass wires running lengthways through linen tape to
strengthen them and counteract effects of moisture.

60 feet, tenths or inches, = ¢ z | ; g ¥ : . $3 00
66 - t X : ; - ; : : : : p 3 80
78 “ i / X 5 ! : ! : . P BT
100 L L ‘ . . g F 4756

Backs of tapes are marked Lo perciies and links.

CHESTERMAN TAPE. Steel

The Chesterman Steel Tape has for many years maintnined its place, for high .
finish, nceurncy, and beauty of its graduations. The steel ribbon is thin, broad,
finely tempered, linble to break if mot carefully handled, this being the sole
ohjection to its more general use.

For measurements in laying out buildings, foundations, &c., it is the most
convenicnt of all, 5

33 feet, tenths or inches, E : . : ; : : § . $6 25
50 & “ ; ? A . 5 g : : . 8 60
66 . “ : 5 . i . . . 7 « 31,00
W5 v . w“ 3 : s : ; 3 ; . . 12 60
100 4 ¥ R * 4 " . : ‘ . . 16 00

The hack is marked in perches and links.

The e tapes, as sold by us, are examined and stamped by us to testify their
correcine 8. The temperature at which they are tested is also stamped upon
them by us.

The permanent aliachmeni of the box fo these tnpes being frequently a cause
of hreankage, and o great inconvenience i moving them around, we have devised
an areangement by which they cun be detuched from box, aud a small handle or

ring attached thereto, . : . . . . . . z 3 2 50
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THE PAINE PATENT STEEL TAPE

Is & narrow ribbon tape, occcupying a larger box than the Chesterman, not so
highly tempered, nor so liable to break.
It occupies an intermediate place between the Chesterman and our Engineer's

chain tape. .

Each foot is graduated into inches and eighths.

The tape is detachable from box. -

60 feet, . v . A 4 7 » . % % J . . $8 00
66 s 3 ! . v : : s . 3 ) 5 . 10 €O
R Ei : s . : ¥ . : - : i . < 12 00
Q" o : : ; ¢ : 5 . . . - s .. 1500
Detachable compensatory handles, graduated for variations of tempera-

ture, per pair, . : S, - i . . 450
Measures, without cases, graduated, 10 cents per foot.
EDDY & CO’S TAPES.—-Leather Cases.

60 feet, Metallie, i 2 $2 50 Linen Cord, Enameled, : $2 00

66 = i A : . 800 g 46 i 2 25

i b : . 3 50 “ L it : 2 60
100 i 3 3 + 400 £ . L . . 276

CE A1IINS,

STEEL WIRE ALONE I8 USED IN MANUFACTURE OF OUR CHAINS,

ENGINEER’S.

. 50 feet, No. 7 wire, oval links, s . - : 5 s . $6 00
50 « o 3 = s % 41 A J - = b5 50
100 TR L ; . : . L - . 9 60
100 ¢ LR i : > . . = y : 9 00
B0 ¢ t 38 6 L. brazed, . F . i i 7 60
100 # T B i e d : i s ; 13 00
20 metres, ¢ 12« £ it . e . s . 13 00
10w A8 B o o 1 : 5 4 v 7 50
20 vara, ‘12 = ks i : v . ” ; . 1300
e L bR £ 4 E ; ‘ \ i 7 50

SURVEYOR'S.

2 pole, No. 7 wire, oval links, . " : 2 i ‘ " . $4 7
gl S G £ . g 3 : ! : 4 26
4 w gt s & . : i . . ; ; ‘ 7 00
£ Al 1 LT, ] i - . » v x ; 6 25
2 = wolg e " brazed, i v A ¥ i 3 6 60
o eE s 5 v . £ y : 12 00

CHAIN PINS.—S8ee page 65.

(i

[nvention and Introduction of Engineer's Transit,

The first Transit instrument was made during year 1831. It was a long stride
in the improvement of Engineering instruments; and that it should to-day retain
its almost identical first form, proves the value of its introduction and the good
judgment of the inventor..

The English Theodolite, capable of performing the same work, found, if we are
to eredit the traditions of earlier members of the Engineering profession, but
little favor with the American Engineers. Its workings were slow and incon-
venient. Few cared to trust the prolongation of a straight line by reversing the
Theodolite on its centre, and trusting to the vernier readings; and as few fancied
the trouble of reversing telescope on its Y bearings, “ end for end.” Forgetful-
ness in fastening of clips resulted in fall of telescope, while if clips were too tight
there was the danger of shifting the instrument in fastening, or if too loose the
telescope rattled. Such were some of the discomforts attending use of the Theo-
dolite, an instrument well fitted for many purposes, and whose peculiar merits
still cause many of our English brethren to cling to its use.

From the Theodolite the change was to the Magnetic Compass. This, in its
simplest form, or in its modified form made to read full circle angles independent
of needle, was high in favor with many, especially those Surveyors who, from
their local knowledge, (and some with naught besides,) were selected to *‘run’’
the preliminary lines of railroads. By dint of labor, these Burveyors mastered
the intricacies of the vernier, but could never be brought io doubt the superior
virtues of compass-sights in secing past a tree or other obstruction. With the
Transit the tree had to come down; they would not undertake to say the staff on
other side of tree was in line of cross web, but were sure they could make it
“just right’” with the line of sights. Nevertheless, though frequently doing close
work, the needle would play pranks that produced much trouble; and though to
be commended for speed on the preliminary, was rather too uneertain for location.

In the year 1831, the first Transit was made by William J. Young. It was
graduated to read by vernier to 3 minutes, it being in early days a favorite idea
of inventor that graduations of 3 minutes could be easily read to one minute, and
was less perplexing to use. The instrument had an out-keeper for tallying the
outs of the chain, and a universal or round level. The needle was about 5 inches;
the telescope 9 inches, of low power. The standards were of almost identical
pattern now used by some makers. The centre between plates was of flat style,
vernier on inside of needle ring, and the plates moved upon each other by rack and

NoTeE.—We are desirous of obtaining the first Transit made, or the oldest
existing Transit, and offer In exchange for same, a first-elasg new Iusirument,
Partles having instruments which they sappose may Le the oldest, will confer a
favor by addressing us,
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pinion. The plates and telescope detached from tripod, fastened, we believe,
when attached, by a snap-dragon, as in later instruments.

For whom the first Transit was made, the records, as far as we can find them,
do not positively show; as well as it can be gathered from them, and from other
data, the first one was used on the State works of Pennsylvania, but whether on
the Mountain Division or on the Inclined Plane of Columbia R. R., is uncertain.

The distinguished Engineers of the Baltimore and Ohio R. R. also claim the
use of the first Transit; and as illustrative of their belief, we append the fol-
lowing extract from RAILROAD JOURNAL of December, 1855:

**The Transit is now in common use in this country, and is & comparatively
cheap instrument. Buch, however, is not the case in Europe. In England, the
old mede is still in vogue, to a great extent, of laying out curves with the use of
Ordinates; we are not sure, indeed, that any other conrse is not an exception.”

‘“Some years since, Mr. Charles P. Manning, an accomplished American Engi-
neer,—now the efficient Chief of the Alexandria, Loudoun and Hampshire Rail-
road,—went to Ireland, and on the Limerick and Waterford Railway, initiated
the method, so common in this country, of laying out curves with the Transit.”

“The first instrument of this name was made by Mr, William J. Young, the
accomplished Mathematical Instrument Maker, of Philadelphia, for the Baltimore
and Ohio Railroad Company, the Engineers of which made the first suggestions
modifying the old Theodolite. We have in times past used this instrument, which
is much like those made at the present time by the same manufacturer, and is, if
we are not mistaken, still in the field.”

‘‘Since then, Transits have been little improved, but have been changed in the
wrong direction. They are generally much heavier than formerly, containing as
much brass and mahogany as one man can well stand under. This great weight
is not only useless, but dangerous. Heavy instruments are much more liable than
light ones to get out of adjustment on transportation—even in the ordinary field
service. They are not a whii steadier in the wind; being generally made with
clumsy tripods and large plates, they expose a greater area to the breeze. If the
Jeet of the tripod be firmly planted, the instrument is rarely disturbed by the wind.
Besides this, a heavy instrument is much more liable to danger from accident in
a rough country.”

And the following, from same Journal of January 6, 1856:

THE FIRST TRANSIT COMPASS.

“In our issue of the 15th of December, 1855, in noticing the field book of
C. E. Cross, C. E., we took occasion to state some facts concerning the first Transit
Compass.'an instrument made by Young, of Philadelphia. We have since then
received an interesting letter from Mr. Charles P. Manning, whom we mentioned
a8 having initiated in Irelund the American method of laying out curves. Mr.
Manning disclaims the honor in favor of ‘ Richard B. Osborne, Esq., an Engineer
who received his professional education in the service of the Reading Railroad
Company, under Messrs. Moncure and Wirt Robinson (where he finally oceupied
the responsible pogition of Chief of the Engineer Department, during the early
siruggles of that Corporation, in its competition with its rival, the Schuylkil
Navigation Company), and from which road he went to Ireland, and took charge
of the location and construction of the Waterford and Limerick Kailway in 1846,

N——

“Mr. Manning says further: ‘I obtained from Mr. Young, and sent to Ireland,
probably, the first Transit Compass ever known in that country or in England ;
and soon afterwards jeined Mr. Osborne as his Principal Assistant, for the pur-
pose of aiding him in the effectual introduction, at least upon that road, of the
American system of location and construction.’

*We were familiar with these facts when we made the siatement which Mr,
Manoing desires corrected. But our object was not so much to mention the party
to whom the credit of introduction was due, as to state a few facts immediately
connected with the history of the instrument. Mr. Oshorne iniroduced the
instrument into Ireland, Mr. Manning initiated its use among the junior ass stants.

¢ ¢Mr. Osborne was the first fo construct an Iron Bridge upon the plan of
Howe’s Patent Truss—several of which he put upon the W. & L. Railway; and,
I believe, he also built and placed upon the same road, the first eight-wheeled,
double-truck passenger and freight cars (American plan) that were ever used in
Great Britain.’ :

‘ Mr. Manning gives us a very entertaining sketch of the history of that firat
Transit, made by Young, of which we remarked that we had in times past
made use,

¢ ¢Twenty and odd years ago—when a mere boy—I saw that instrument upon
a lawyer’s table, and afterwards in a court-room—a dumb witness in behalf of
the patentee. Nineteen years ago, after considerable service in tracing the
centre line of the Washington Branch of the B. & 0. R. R,, it was used in making
surveys for the extension of the last named road, westward from Harper's Ferry,
and your humble servant carried and used it at that time in Washington County,
Maryland, and in Ohio County, Virginia.

*+In the last seven years the instrument acoompanied me as a duplicate, and
was occasionally used upon the location and construction of the B. & 0. R. R.,
through the wilderness, west of Cumberland, and now rests upon its laurels in
the office of the Baltimore and Ohio R. R. Co. in Baltimore.

It was instrumenial in setting the first peg that was driven for the extension
of the B. & O. R. R. west of Harper's Ferry; and it was ‘hard by,’ and able to
do duty, when the last peg was set for completing the track of that road upon
the banks of the Ohio river,

¢ +In all material points Mr. Young has never been able to improve ugon this
original work of his hand, but in some of its minor parts he has effected desirable
changes—such as the tangent screws connected with the clamp of the tripod—the
substitution of & clamp and tangent screw for the old rack and pinion movement
of the two compass plutes—ihe subdivision of degrees into minutes, by an
improved graduation of the vernier, &ec., &e.

+The original instrument had an index for counting the number of deflections
made at one sitting; also a small bubble upon the exterior of the telescope, for
the purpose of defining a horizontal line, without resorting to the aid of its com-
panion, the ordinary Level,—but these superfluities were soon thrown aside ; and
one of its peculiar features was, and is, a Vernier, graduated only to three
minntes.” ”’

Mr. Manning but expresses the fasts when he says, that in all material pointa

bat little change Las taken place. The changes that have taken place, have been
those called for by peculiar circumstances—modifications, which, while retaining
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the characteristice of the Transit, have approached more nearly to the peculi-
arities of the Theodolite. Transits in after years became divided into the two
distinct classes, FLar CeNTRE, as first introduced, and Lona CenTrE, with centres
a8 previously used on Theodolite; but it was not for many years that the long
centre—for accurate work the best consiruction—became other than the excep-
tion. It now is the rule, and the flat centre the exception.

Engineers of the present day, unaware of the actual difference in these two
styles, and unacquainted with the circumstances of early introduction of instru-
ment, are apt to treat the flat centre with a disrespect it is far from deserving.

For the same strength, the flat centres are far the lightest. Says an experienced
and compelent Engineer to us, within the few days past, ** The first requisite of
o Trangit is lightness and portability.” Judged by these requisites, the Flat
centre is the instrument of to-day. DBut he spoke for his own peculiar branch—
railways; and while we are by no neans ready io endorse ihis opinion, we have
no hesitation in saying that the circumstances existing at the time of first use of
Transit were such, that had the instrument been constructed with the long centre,
its usefulness and general introduction would have been very much retarded.
The great peculiarity of the first made Transits was their ability to stand hard
usage, and non-liability to get out of order under ordinary usage. The centre is
a broad metal plate—thick, which it is impossible to bend, or injure in any man-
ner, except by wear; the plates were thick, not easily bent, and the spring
vernier, in case of bending of plates, followed their motions and allowed the
readings to be made sufficiently accurate to continue work. The rack and pinion
had nothing that could break, while the tangents, as then constructed, were
equally simple. If the standards, by a fall, were bent so that the telescope would
not revolve in a vertical plane, the consiruction was such, that with the axe as a
serew driver, the standards could be loosened, and a piece of paper inserted to
correct them.

In fact, the opinion of the writer, with means of observation, and the use of
such an instrument, is: That a flat cenired Transit, rack and pinion, and spring
vernier, cannot be made totally useless by any accident short of absolute breakage
of paris.

Not so, however, with the long centre. There, the least injury to centres or
plates ends the usefulness of the instrument for its work, and it can stand com-
paratively litile rough usage without receiving this injury.

Of the good judgment of the first form of construction, the length of time that
many of them have been in use—for some are still doing duty—is the hest of
evidence. Tweniy-five years ago, as rodman, we followed and worked with a flat
centire Transit, that to us then looked old enough to retire upon its laurels. So
counstant had been its use, that its corners, of hard hammered brass, the edges of
its standards, and other parts, had then been rounded in carrying against cluih-
ing. Ten years afterwards we followed beliind it, on the location of one of our
main lines across the mountains, where, for a long time, it had been the sole
available instrument; and one year ago it was in the shop for repairs, the owner
still believing that for Railway work it had no superior. This instrument was
light, weighing between fifteen and sixteen lbs.; had seen at lenst 40 years’
service, large part of the time in the hands of Assistants, and in rough, wooded
country. We doubt the possibility of & long centred imstrument leading an
equally long life.
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While in charge of some Railway works, we kept in office, where there were
several Assistante, both styles of instruments, and the Assistant’s choice, in all
ocases, was for the flat centre.

It is not our intention to argue any superiority in the first form of Transit. It
is not the equal, for aceuracy and smoothness of motion, of the long centre. Its
day of universal application has passed, and iis field of usefulness narrowed ; but
it yet has its field and the Engineer will do well in making selections to give it
fair considerations, Our desire is simply to do it justice, and to offer for it a
slight defence to our younger Engineers, who, having never seen or used it, can
know but little of its fanlta or merits,

In the Transit’s early days, no Express, on call, drove to the door, receipted
for the boxes, and relicved all anxiety, no matter how many thousand miles away,
nor what obscurc point was the destination. Instead of thig, they had in many
cases to be consigned to the top of the stage, or to the Connestoga wagon, unless
the destination was near the const, when the sea became the best route. Thus
we find the following extracts, looking at random into the books of shipment:

1838. Aug. 13. Sent, per ship Chester, to F. Besumont, Natchez,
care of Florchell & Co., New (rleans.

1833. Aug. 16. Sent, per brig Mohawk, to Boston, to W. G. Neil,
for Boston and Providence R. R.

There is no difficulty in undersianding why the eall was for a Transit that
nothing much short of entire annibilation would render necessary to send back,
over its slow, long and uncertain journey, for repairs.

The spread of Internal Improvements in this country had, at this time, fairly
commenced, and with it the demand for the new instrument increased rapidly.
So greal was this increase, and so much did it ontgrow the facilities of manufae-
ture, that the inventor was compelled to send to England an order to have the
greater part of a limited number of transits made, This was in 1835, and these
were the first Transits, or parts of Transits, made in England. About (hree
dozen were thus obtained, the more particular parts being made here. They
proved far from remunerative ; some lew were passable, others more troublesome,
requiring alterations and repairs; while a fatal fault to a needle instrument, iron
in the metal, was found (o exist in nearly a dozen.

Of the latter, most were broken up; several remained in the establishment, in
an unfimshed condition, until recently, one of the last being taken to adorn the
monument of a Civil Engineer, in Laurel Hill Cemetery, Philadelphia.

The earlier wanufacture of the Transit instrument was, for want of con-
venicnces, attended with many difficulties. The art of Graduation had as yet
maide but little progress, and the introduetion of the Transit called for nearer
approach to perfection. The first Graduating machines were extremely primi-
tive, consisting simply of a circular plate of about 18 inches diameter, upon which
degrees and half degrees were marked off, either by mechanieal sub-divisions, or
from a similar plate. The one in the establishment of W, J. Young, bears the
name of Avams, Maker, LoNpon, and consists of such a plate us we have deseribed.

Such were the means of graduation in 1820, Mr. Young started, as soon as he
commenced business, the construction of an engine of 24 incles diumeter, worked
by the endless screw and treadle; and shortly after introduction of Transit ‘com-
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menced snother of 26 inches diameter, for finer work, in which a new and
important prineiple of construction for these engines was introduced. A few
years afterwards, this same machine was rendered Automatic, and is yet doing
active duty, second to none outside of the establishmeat for accuracy. About the
same time, Mr. Edmund Draper constructed a graduating engine, which, amongst
those acquainted with i, has a high repulaiion for accuracy.

The completion of the large 48 inch Graduating Engine, by W. J. Young, which
he intended to be the perfect engine of the world, completed a line of Graduating
Engines, which, for completeness of range, is certainly not equalled here, per-
haps not in any establishment in Europe.

As Transits advanced to perfection, these advances in graduation became
necessary. That they were not made at once, but were the result of almost a life
of thought, work and patience, and source of expense, is evident from the fuct,
that from the year 1821 to 1860, or but 10 years before his death, W. J. Young
was almost constantly engaged upon the making or perfection of these engines.

Another serious difficulty arose from want of opticians of ability. The first
glasses used were imported principally from England. With the slow communi-
cation aeross ocean at that period, it was long before an order given could be
received ; and the purchase of all glasses to be found here, of proper sizc and
focal lengih, furnished but a short supply. What was more troublesome, was
the next supply differed iu size and length from the last. When an inquiry for a
larger instrument, or one of different consiruction, came, the question which
determined the practicability of its manufacture, was the capability of making
the telescope. .

About 1849, an optician named Worth, commenced in New York the manu-
facture of glasses of telescopes for Engineers’ In-truments, and they proving so
much better than those otherwise obtainable, the writer of this was sent to learn,
under Worth's ingtructions, the optical art. DBefore long, arrangements were
made, Mr. Young purchased the tools and machinery, and it was removed to
Philadelphia, along with the workmen, and connected with his establishment,
with which it continued connected for many years, uuntil, from increasing business,
the tax on personal attention became too onerous; the tools and machinery were
retuined, and My, Worth placed in position to start for himself. From the optical
department, as carried on during this period, came the majority of those now
engaged in the manufacture of glasses for Engineering instruments. It gave the
impetus which established the business permanently in this country. Fitz, of
New York, and one or two others, had been quite successful in making the lurger
glasses for Astronomical Telescopes, but we believe Lad not turned their attention
to the others.

The Transit instrument having thus been brought nearer perfection, in
graduation and optical performance, received but few more chunges in construc-
tion. The deeimal graduation of vernier, suggested at an early day, by 8. W.
Mifflin, C. K., proved great advantage in the turning off deflection angles for
curves, und was adopted by many, notably by the Engineers of Pennsylvania
K. R., all of whose instruments were graduated in that manner.

The loose vernier and are, for vertical angles, applied by the writer, about year
1850, was an improvement over the much liable to be injured full cirele.

The Shifting Staff-head, patented by W.J. Young, in 1868, was another of
{hose little improvements which increase the value of instrument much.
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The many varied uses to which, from progress of science in this country, the
instrument has been ecalled, has brought forth instruments of greater delicacy
and different constructions, until, to-day, the finest Transit of the conscientious
instrument maker is a splendid instrument, not surpassed in its performances by
the production of any other country.

Of later minor improvements, some beneficial, some the exploded humbugs of
by-gone days, we are not now to speak. The profession have other, perhaps less
partial means of discovering them. Our desire is simply to keep from oblivion,
the dates and circumstances of introduction of the instrument which has played
so important a part in the ever memorable forty-five years of American Railroad
construction, and which might, perhaps, be lost in the whirl which has been
crowding the Railroad mind ever forward, leave it no time to look back to the
earlier laborers.
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ASTRONOMICAL INSTRUMENTS.

We are prepared to manufacture Astronomical
Instruments of all classes and sizes. Being the
only ones in this country who have attempted the
production of finer mechanical work of this class,
we would request attention of colleges, other insti-
tutions and private parties to our facilities. The
work produced by us in its mechanical execution
will be guaranteed equal to the best European
work.

Instruments with circles as large as 44 inches
can be draduated on owur Engines. We have
already through the country, Transit and
Meridian circles ranging from 26 to 40 inches

diameter of circle.

PART II.

DRAUGHTING INSTRUMENTS

AND

Engineer’s Stationery.

Few of the articles in this part of the catalogue are of our own manufacture.
They are mostly imported, and require a careful selection, examination and
overhauling to insure good articles. We make the best seleetion possible, and by
a eareful examination and correction insure many of the articles reaching our
friends in an improved condition.

Of draughting instruments, the Swiss are the best, a1 they are more uniform in
quality, and of a more general better finish.

The pattern known as Alteneder Patent, the invention of Mr. Alteneder, of
Philadelphia, but whieh are made abroad, and included amongst the Swiss instru-
ments, can be recommended as superior to the others.

The first-class German instruments are, however, generally satisfactory.

To the Engineer desiring first-class case of draughting instruments, we would
advise selection of his own, the prices of boxes and instruments given in list
enabling him to determine cost.

We have included a few cases of brass instruments, but would earnestly advise,
wherever possible, the purchase of German silver. The brass ones may answer
some purposes, but for most work will prove unsatisfactory, their price is such
as to prohibit a good quality. For this reason we have limited our list.

Our experience in the use of all articles of stationery, enables us to select them

with more judgment than usual.

Any desired article, not in following list, will be furnished at current prices.
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8WISS "Z8TRUMENTS.

EXTRA FINE

Swiss Mathematical Instruments.

GERMAN SILVER.

516 518 520 6522 524
No.
616. Dividers, 64 inches, Joint in each leg, with Pen, Pencil, Needle
Points and Lengthening Bar, > . 8600
618. Lo ke Joint in each leg, with Pen, Pencil, Needle
Puints, Lengthening Bar and Dotting Pen 9 00
5 § : 2 !
500 506 512 . 10 514 - 520. « B} inches, Joint in each leg, fixed Needle Points, . 3 00
522, = 2 i £ b ¢ and Pen, 8 00
e LA i X .h : $1 50 524. % =] 5 i L «  gnd Peneil, 3 00
Jol Diyilers, pleingd b Ak In0hek, T : : - : 5626. Pocket Dividers, b inches, plair, with Metal sheath to protect points, 8 00
502, i # btoby # ’ . . . : 1756 -
504, i i 6 “ - . - . . 2 50
H06. “ hair-spring, 4 to 4} inches, . . 2 225
BUS. 5 i biob iE Y 4 4 " 2 50
510, b 4 inches, with Spring and Set Screw, Needle Point, Pencil
Point, and two Pen Points, Ivory Handle, . ; 700 =
Pencil and Needle P 5 00 bk i
. i . i i i N e Points, S
e PR dincinn: St Lo, VEOR SR 0 e 628. Wholes and Halves, or Bi-secting Dividers, 7} inches, | - 495
Al4. .- 54 to 6} inches, with Pen, Pencil, Needle Points and 530, Spring Bow I’en, German Silver, 3 2 00
Lengthening Bar, 6 50 B32. 4 3. L i, with Peneil point, 3 00
534. BSteel Spacing Dividers, 4} inches, plain Ivory Haudle, 500
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SWIsS INSTRUMENTS,

536 538 540 542 544 546

No.

53G. Spring Stecl Spacing Dividers, plain, 3} ins., Ivory Handle, $1 60
538. G 2 i Pen, 2 Lo L4 £ 2 00
640. ir L £ Pencil, £ i o 5 2 00
542, L vt “ Dividers, *¢ Needle Points, Ivory Hdle., 2 &0
B4, %« & Pen, sl G M R R e
546, « w “«  Pencil, & % o« oo Men e Saidn

b54

548. Proportional Dividers, (3} inches, finely graduated for lines,

550. i @ inches, finely graduated lines and circles,
or lines and polygons,

552 i i 8 inches, finely graduated hines and circles,

or lines and polygons, with rack movement,

654 ¢ L 9 ins., finely graduated lines and eircles, or

lines and polygons, micrometer adjustment,

5 (K
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SWISS INSTRUMENTS.

Nao.

A56. Universal Pillar Compasses, or Pocket Set of Instruments, wiih
Points to turn, . 4 7 7 % . W

558, Universal Pillar Compasses, or Pocket Set of Instruments, with
Points to ehange, - 2 3 ; ; s

560, TUniversal Pillar Compasses, or Pocket Set of Instruments, with
Poinis to change, and Handle to Bow Pen and Pencil, so each
e¢an be nsed as small instruments,

562
562. Drawing Pen, Joints and Needle I'oint, 4} inches, Ivory Handle,
564, L aé .t . o 55‘ i & Qi
566, e € [ i 6 ﬁ* o [ [

b68

568, Railroad, or Double Drawing Pen, 8 e W
570. Border, or 3-nib Pen, 6} inches, for broad lines,
472, Curve Pen, . . 2 : . i g

574

574, Dotting, or Roulette Pen, 1 wheel,
576. L i W8 .

a78, i i oo i@ s improved;

580, Opesometer, for measuring curve lines,

582, Tracer, with Ivory Handle, . i : ! :
584, Pricking Paint, in helder, Ivory Handle,

o
-3

25

1 40

60

75
6
50
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SWISS INSTRUMENTS.

No.
6%0. Furniture for Beam Compasses, to fit on any straight edge, Needle
Points, Pen and Pencil, micrometer adjustment, morocco hox, $8 00

588. Furnilure for Beam Compasses, to fit on any straight edge, Needle
Points, Pen and Pencil, adjustment by epring and serew, 10 50
Moroceo box, san e, extra, . 7 . . : 1 00

§9¢. Furniture for Beam Compasses, with attachment on wheels to stand
by itself, = > ; . 7 ; . 13 00
Morocco cage, T . - 7 - 3 2 00

592
6592. Beam Compass, German Silver, Tubular Bars, 21 inches, 3 bars, 10 50
504, 1 W € € i . 36 §d 4 e 15 00
ﬁuﬁ_ [ 5 i Wi i [} 54 ' l 4 21 Uo
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German Silver Mathematical Tnstraments,

ENOWN AR

ALTENEDER PATENT JOINTS.

The excellence of these instruments consists in the joints of the dividers being

construeted o prevent irregular motion in the operation of opening aud closing.

The sectional view below illustrates the construction of the joint.

i

—

* rmmm——, 1

602 608 612

No.

600. Plain Dividers, 3} inches, . : - " 5 . $200
602, “ (L 5 i . " 2 5 " 276
604, £= i 6 5 = z = i i = 8 256
606, Hair-spring, 2} inches, . k 3 il i i 3 00
608, \d: L 5 L2 | \ . - . A 3 60
610, ¢ % 6 " x A : A 4 00

612, Dividers, 84 inches, Joints in ench leg, Fixed Needle and Pencil Points, 4 20
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5
|
1
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ALTENEDER’'S INSTRUMENTS.

614 616 618 620
No.
614. Dividers, 3} inches, Fixed Needle and Pen Point, . g . $475
616, (L 33 i £ and with Pen and Penecil Points, 6 25
618. b 34 ¢  with Pen, Pencil and Needle Points, . : 50
620. 6 by = with Fixed Needle Point, and with Pen and
Lengthening Bar, : : 7 50

These instruments have generally the Patent Improved Pencil Points, and are
made to fit A. W, Faber's leads, such as are used on Artisis’ peneils. It avoids
the difficulty of finding a suitable pencil, and permits a much betier shape to
pencil leg.

These instruments are not made up in boxes, excepl to order, when they are generally
combined with the Swiss Instruments. For prices of Buzes, see folio 11%.
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CASES OF
ExTrA FINE Swiss INSTRUMENTS.

Our patrons arc reminded that these boxes are not the cheap warped affairs vsually
imported, bul are made especially for us, of well seasoned lumber,

No. 656
650. Movoeco Box, Rounded Corners, containing
Set of Instruments, - : No. 514,
Plain Dividers, f 4 ‘ 5 502,
Drawing Pen, z ; : o h6s, . . $14 00

652. Beautifully Polished Walnut Box, 9} inches long by ti4 inches wide,
with Well, Lock anid Key, containing

Set of Instruments, ; . No. 5114,
Plain Dividers, : : ! 502,
Steel Bpacing Dividers, : + b3s,
“ Bow Pen, - ; ; « 538,
Peneil, . ; = w540,

Drawing Pen, . : - ; «- hed, . . 24 50

654. Beautifully Finished Walnut Box, 9 inches long by 6} inches wide,
with Well, Lock and Key, containing

8et of Instruments, : : Na. ii14,
4 £t 3 - : st 52
Bow Pen, German Silver, { + 530,
Drawing Pen, . . . . W 562,
o s . v ¢ 564,

6 inch Triangular Scale, . : . z .29 00
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SWIsSS INSTRUMENTS.

No.
656. Same as 6562, with addition of
Hair-spring Divider, g : No. 508, . . $32 50

658. Engineer’s Pocket Set, in Moroceo Case, Sliding Cover, well
bound, closely packed:
Universal Pillar Compasses, with Handle

to Bow Pen and Pencil, S No. 660,
. Furniture for Beam Compasses, : * 5B6,
Drawing Pen, A either No. 562, 564 or 566, . . 23 00

The Unlversal Pillar Compasses, No. 560, are capable of large and small measure-
ments, and of describing circles from over 8 inches to the smallest diamete:.

3

Instruments packed in this style are ent where Engi & duties call for work

at different points.

660. Beautiful Polished Walnut Box, 13 inohes long by 6 inches wide,
with Well, Lock and Key :

Bet of Instruments, : % No. 5186,
i L £ < 3 “ 510,
Plain Dividers, : : w502, =
Hair-spring Dividers, . - - * 508,
Bi-gecting Dividers, i . “w HZ8,
Furniture, for Beam Compusses, : “ 586,
Drawing Pen, G . i o HB2,
3 £ ; . : . b6H,
Red Ink ; ; 740,
Road Pen, s g % v s h6H: . J 46 0D

662. Polished Walnut or Rosewood Box, Rounded (orners, 13 inches
long by 6 inches wide, with Well, packed for Colors, &e.
Drawer in bottom: y

Set of Instruments, 3 : No. 516,
C w : : : 510,
Plain Dividers, I g 504,
Hair-spring Dividers, . : ; 508,
Steel Spacing Dividers, . : - hid,
I I £ - 536,
“  Bow Pen, : i ; “ 538,
& v - Pengil, 5 H 3 w540,
Bi-secting Dividers, 2 L w BEB,
Furniture, Beam Compasses, . 3 “ 5B,
Drawing Pen, : i . w562,
“ e . . . 564,

‘ “ i ¢ : “ b6,

i“ Red Ink, s t s 740,
Road Pen, . : y “ 568,
Rouletie Pen, . ; “ B74,

Curve Pen, « = ooByR . < D00
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SELEOTION OF SWISS MATHEMATIOAL INSTRUMENTS.

The wanis of Engineers and others using the better class of Draughting
Instruments are so varied that it is difficult to arrange cases of same satisfactorily.
We advise purchasers to make seleciion of such as they desire, and have them
packed to order. The following schedule will enable them to determine
precisely the cost.

The boxes are made in best style—carefully packed—in well seasoned wood,
the difference in cost depending upon details of finish.

Brushes, Pencils, Colors and Scales packed in Well of box.

BOXES, without Instruments.

Moroceo Box, holding 10 pieces or less, . . : : $2 50

Each additional piece, . - 5 . = 5 25
Walnut or Rosewood Box, holding 10 pieces or less, with Well for

Colors, &e., . . ! : : . $5 00 to 8 00

Each additional piece, i 5 : v ; / 30
Walnut or Rosewood Boxes, with Well for Colors, &ec., Rounded

Corners, Drawer, holding 10 pieces or less, . : 10 00 to 15 00

Each additional piece, i 2 . : - 30

The pieces are to be counted as each separate part requiring packing in tray
Pieces that are packed in well are not counted.

Tin Boxes, with lock, for holding Case of Instruments, and
logse ariicles, A A s £ Small size, $3 00
Large « 4 00
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German Mathematical Instruments.

700
No,

700.

Y02,

704,
706.
708.
710.
712,
V14,

GERMAN SILVER.

706 714 718 16

Plain Dividers, 4 inches,

i LR {:I €

5 & B :
Hair-spring Dividers, 4 iuches, .

“ L " 5 e

v i at f

Plain Dividers, German Silver, with tlandle, 3 inches,
Dividers, 3} incles, with Handle, Pen and I'encil Paiuls, extra
Needle Points, . 3 3 i F
it 52 inches, with Pen and Pencil Points, Lengthening Bar,
extra Needle Toints, . : 5 3 ;
£ 4 inches long, with Spring and Set Screw, Needle Point,
Pencil Point, and 2 Pen Points, Ivory Hundle.
This No. iz Swiss make,

.-

-

Y

-3

n
=0

00

25
80
50
0

al)

L

[E]]
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MATHEMATICAL INSTRUMENTS OF GERMAN SBILVER.

No.

720.
722.
724.
726.
728.
780,
732,
734.

746,
738.
740.

742,
T44.

720 722 724 726 728 730
Bpring Bow Dividers, Ivory Handle, 2 " 2 i 31 60
“ al Pen, i i l 50
e, i« Pencil, = i . : 1 80
e ¢ Dividers, Needle Points, Ivory Handle, : 2 50
(74 . P&Il, £ Ve i i i a = 2 40
s ' Pencil‘ . s b i A 2 4_{}
Bow Pen, German Bilver, with Spring and Adjusting Screw, 175
1) i ‘" & 19
0 i i d
Pencil Point, . ; . . ¥ he i 2 b0
736
Drawing Pens, 4} inches, with Joints, Needle Point, Ivory Handle, 75
Y3 i 5* wi i (3 i (13 [ B
L **  German Bilver Points, for Red Ink, . : 90
Railroad, or Double Drawing Pen, . = 5 . =, 2 25

Border Pen, for heavy borders, . . % ' 8 25
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MATHEMATICAL INSTRUMENTS OF GERMAN SILVER.

746
No. .
746. Roulette Pen, for dotting lines, 2 5 o De s
748, Curve Pen, for drawing curves, 3 1 50
750. Hatching Pen, b inches, 3 Blades, . : I % 1 76

762
759, Furniture for Beam Compasses, with Adjusting Screw, in Morocco case, 5 00
754, German Silver Paper Tacks, flut heads, per doz.. . 60

56_ k 0 [T [ i largtu‘, i . 2 1 qu
758. Steel Paper Tacks, b . : ‘ ::
760. Horn Centre, German gilver rim, i 2 3 7 .

762 i - no
These Instruments are superior in quality to
those ordinarily in the market.

Instruments can be selected and packed in boxes at prices same as for Swisa

[ustruments.

No.
G,

802,

804,

ROS.

2
=]

CASES OF
Fine German Mathematical Instruments.

GERMAN SILVER.

Moroceo Case, containing
5} inch Dividers, with Pen, Pencil Poinis and
Lengthening Bar,
5 inch Plain Dividers,

Drawing Pen, Ivory Handle, . . : . $5 00
Moroceo Case, containing

Dividers, 5} inches, with Pen, Pencil, &c., No. 716,

u PN Plain, . . w 702,

Drawing Pen, Ivory Handle, : 736 . i 6 76
Same as 802, with addition of

Spring Bow I'en, 5 4 s Ne ek - g 50.
Same ag 804, Wooden Case, with Tray, . : . 10 00

Moroeco Box, containing
Dividers, 5} inches, with Pen, Peneil,
Needle Point and Bar, . No. 716,

. 5 inches, plain, . ; «“ 702,
Spring Dividers, ; v T2
**  DBow Pen, ; ¥ i {3
Drawing Pen, . 3 g wo AR

Fine Ivory Protractor Scale, . ; g £ . 14 00
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GERMAN SILVER MATHEMATICAL INSTRUMENTS.

810

No.
810. Polished Walnut Box, with Well, Lock and Key, containing

Dividers, 5} ins., with Pen, Pencil, Needle
Points and Lengthening Bar, No. 716,

. 3} ins,, with Pen, Pencil and
Needle Points, [ o o e
a4 b ins., plain, g : “ 702, 4
Drawing Pen, 4} ins,, lvory Handle,
Needle Point, A 788,
¢ « 5} ins., Ivory Handle,
Needle Point, T T . $14 00

812, Polished Walnut Box, Well, Lock and Key, containing

Dividers, 5} ins,, with Pen, Pencil, Needle
Points and Lengthening Bar, No. 718,

L 8% ins., with Pen, Pencil and
Needle Puints, o ; “ 714,
Spring Bow Pen, with Needle Point, By = v
1 Drawing Pen, . . s, RN
1 L ¢« Red Ink, . ! L 740, 17 o0
814, Polished Walnut Box, Well, Lock and Key, containing

Dividers, 5% ins,, with Pen, Pencil, Needle
Points and Lengthening Bar, No. 716,

4 ins., plain, . 5 A © 700,
% 5 ¢ Hair-spring, 5 « 708,
Spring Bow Dividers, . . SRS AL
Furniture for Beam Compasses, “w 702,
Drawing Pen, . > . « 736,
L (L : : : w738,

“  Red luk, 740, 22 00
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GERMAN SILVER MATHEMATICAL INSTRUMENTS.

No.
816. Polisked Wood Box, with Well, Lock and Key, containing
Dividers, 5} ins., with Pen, Pencil, Needle
Points and Lengthening Bar, No. 716,

“ 34 ins., with Pen, Pencil and
Needle Points, 2 ¢ - e T4
“ 5 ins., Hair-spring, “ 708,
“ 5 ¢ plain, . f o8 Ao O
8pring Bow Pen, with Pencil, : “ 734,
Drawing Pen, 4} ins., . : oo TRR.
L T : ; 788,

818. Polished Walnut or Rosewood Box, Rounded Corners, with Well

Lock and Key, containing
Dividers, 51 ins., with Pen, Pencil, Necdle
Point and Lengthening Bar, No. 716,
L 4ins., with Springand Set Scrow,
Needle Point, Pencil Point, and

2 Pen Points, 718,

o plain, 6 ins., : 704,

L Hair-spring, 5 ins., . “ 708,
Steel Spacing, ; . )
Furniture for Beam Compasses, f 752:
Railroad Pen, : ; 5 o4,
Drawing « : ; . 736,
L1 i - ¥ ) £ T3s’

“  Red Ink, . : I S|

]

$18 00

34

00
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Purchasers should select the Scales, Triangles and Protractors they desire, and
have them packed in box.
The Triangles and Protractors which secompany the boxes as generally sold

are almost entirely worthless.

Purchasers may rely upon receiving Cases of
Instruments in much better condition than those

generally in market.

Balwtiﬁns of Instruments may be made, and packed at prices for boxes same

a8 Swiss Instruments.
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Mathematical Instruments of Brass,

FOR SCHOOLS.

No.
880. Rosewood Box, containing

Dividers, 4} inches, Pen, Pencil and Bar,
H 34 ¢ plain,
Drawing Pen, Ebony Handle,

Brass Protractor, : . $29

BB82. Rosewood Box, with Well, Lock and Key, containing
Needle Point Dividers, 6 ins., with Pen and Pencil Points,
and Lengthening Bar,
Plain Dividers, 44 inches,
Needle Point Dividers, 3} ins., with Pén and Pencil Points,
Drawing Pen,
Brass Protractor,
Horn ke : £ 4 5 - = 6 00

884, Rosewood Box, with Well, Lock and Key, containing
Needle Point Dividers, 6 ins,, with Pen and Pencil Points,
aud Lengthening Bar,

- Z = 31 ins., with Pen and Pencil Points,
Plain Dividers, 44 inches,
Spring Bow Pen, with Needle Point,
Drawing Pen,
Brass Protractor,
Horn 5 ! . A : L 6 00

B16. Same as No. 814, with addition of Proportional Compasses, 5 8 00

818. German Silver Mounted, Polished Rosewood Box, with Well, Lock
and Key, containing
Needle Point Dividers, G} ins., with Pen and Pencil Points,
and Lengthening Bar,
s o ** 4 ins., with Pen and Pencil Points,
Plain Dividers, 4} inches,
Spring Bow Pen,
64 inch Proportional Dividers,
Furniture for Beam Compasses,
Ivory Handle Drawing Pen,
Horn Protraetor,
2 Triangles,
1 Curve, : g ; i
This makes the most complete and convenient case of Brass Instruments; the
quality is somewhat better than usual
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PROTRACTORS.

HORN, BRASS, GERMAN SILVER.

No.
1000. Horn, Bemi-circular, b inches, half degrees,
s kL 4 ie 6 (23
(13 (13 (1 8 0 4 >
1001. DBrass, ** b 4 half degrees,
(1 (13 (13 5 0 i “w
W (v i (i i [ i

1002. German Silver, Semi-circular, 6 inches, half degrees,

L € [t i G i w L

. i w i T 1 i o

1008, Bwiss, German Silver, extra make:

Semi-cirele. whole degrees, 4 inches, centre outer edge,

= #  half 7E s £ s

& £5 s £t B ¢ inner
i ke kf B0 s “  puter

o o o5 L4 6 Ll id inner

% L gaarter . L. e ¢ outer

- i a1 L i s “  inner

PAPER PROTRACTORS.

Printed from Plales graduated on our Engines.

1004. Whole Circle, 13 inches, half degrees, Drawing Paper,
i L 2 £ o Bristol Board,
Half i b “ [ i i [
Fall 54 b o LU 88 Drawing Paper,

T SQUARES.

These are made or corrected by ourselves. Any size made to order.

1010, Pearwood, Fixed Head, Blade 18 inches,

i [ i i 24 we

“ “ “ w36

101l 5 Swivel AT . AN
e 6 “ s L | “e
[ L i i a6 wh
“ I “ o 48

1012. Walnut, Rubber Blade, Fized Head, Blade 20 inches,
s is e i ik [T 3(; [T

1013. i Wk i Swivel “ ) i
we o o e ik . a0 “h
i is it [ i at b{1) (3

—

= G 0 Lo D RS =

BS =

CE - W

(" SR

25
80
80
35
lils
66
86

ib

50

30
40
26
3b
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SCALES.

TRIANGULAR BOXWOOD SCALES.

No.
1020, 24 inches long, graduated 10, 20, 30, 40, 50, 60 to inch, . $ 00
12 L] L5 do, do. do. EF Z 00
B e i i do. do. do. G 1756
e z: 4] do. do. do. 4 . 1 50
T021. 24 . £ £ T . S ]}. 3, 5 00
VRN i 3] do. da. do. : 2 00
8 e L Ly do. do. do. do. 175
6 “t U do. do. do. do. 1 60
IVORY AND BOXWOOD FLAT CHAIN SCALES.
1023, Ivory. 12 inches long, graduation, 20 and 50, . : v . $3.00
i FHL Gt 5% E 30 and 40, i 3 00
] ; " L2 60 and 100, 3 25
1024. Boxwood, 12 ¢ # . 20 and 50, 125
7 2 & 13 e 30 and 40, 125
4 2 3 . 5 10 and 16, 125
i o e s 12 and 16, 126
PLOTTING SCALES AND PROTRACTORS.
1080. Ivory, 6 inches, Plotting Beale, School quality, . e (7
L 5 ¢ and Protractor, School quahly, 1 60
R i -+ one side § to 1 inch, other side
30 to 60 inches, : L 3 00
R v «*  game graduation, finer quality, 4 50
S YA v “  sume graduation, with Scale of
latitude, sin. tan., hours, longitude, seconds and secants, 6 00
PAPER SCALES—on Card Board.
1031, 12 inches long, inches and tenths, and feet and hundredths, e - 1
100 & ++  twentieths and fortieths, 3 10
T e + inches and sevenths, and inches and furty-elghths, 10

19 = t in seis of six, with different Scales, for Architects
and Engineers, per set, : 2 : 1 00
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STRAIGHT EDGES.

TRIANGLES.

No. HARD RUBBER STRAIGHT EDGES,.

. No,
1032. Hard Rubber Triangles, angles 30, 60 and 90 degrees. 1020. 24 inches long, 3 : . . : . . $12
Perpendiculars, 3, 4 or 5 inches long, each, 5 $ 25 36 « o : s . . : . 210
i« Bor 7 e i 4 ! 85 48 “ i’ X | ;i . i = 275
4 8or P o “ 4 5 66 3
L 10orll « 4* il <1 65
L 120r18 « L 4 . J 95 BEVELLED STEEL STRAIGHT EDGES.
i 14 or 156 [ i i g a 1 25 4 i = & 0 Ni $1 50
« 18or 17 ¢ “ “ . : 17 1041. lliuu:hes long, I}i*mches wide, g thick, S: gg . Nickel pl?‘l.ed, : ;5
[ 8 20 £ it & S i s i Ll i L3 = “k
| ox 2 200 24 e T “ T 278 . “ o 3 00
] 1033, Hard Rubber Triangles, angles 45, 45 and 90 degrees. e i i oo : gg . : ; i :12
1§ 3 6 i £ i i (1 = . e 9
. Perpendiculars, 3 or 4 inches long, each, . y h 30 s - i
! ' 5 & o s - E
L 3 el o e i THIN STEEL STRAIGHT EDGES.
i “ 9orl0 -« 5 4 h { 86 1042, 15 inches long, 1} inches wide, ;% thick, $1 25 . Nickel plated, $1 50
i . T o b e : ; . Lalieh Fal no e ey a e L i 2 00
i 13 or 14 HE s % % = 1 &0 24 w . ]& T w 113' i o AE b 2 60
: . 2 ¥ 36 - G o L N 4 50 . s L 475
1034. Whitewood Triangles, solid, 30, 60 and 90 degrees. 48w T S e 760 . n " 475
Perpendiculars, 5 and 7 inches long, each, . . d 10 60« T S b e 00 . L L 10 25
1 Band 9 4 e 1 : i 15
i 11 and 12 o W i : K 5 20
1035. Whitewood Triangles, solid, 45, 45, and 90 degrees. Railroad Curves and Cross Section Trla‘ngleg
Perpendiculars, 3 and 6 inches long, each, . A 2 15
st Tand 8 ¢ 4 ke 5 s 20 1050, Railroad Curve Protractor, of Horn. 8 ins. diameter, 23 Curves,
of from § degree to 8 degrees, radius of 400 feet, . . $200
1027. German Silver Triangles, 30, 60 and 90 degrees, Perp. 6 to 7 ins,, 2 BO 1051
€ (4 e i o [ i 9[0 10 s 4 00 p
e # “ 45, 46 and 45 s o A4y B ue 2 25 1052
“ It “ . é s o Gio T 4 88D L
i i i < It I o HiolD = 5 00 1053
1038, Steel Triangles, 30, 60 and 90 degrees, 6 and 10 ins. I'erp., 2 4 b0
(" i i [ i 3é and 6 i = 3 50 >
i [ 45, 45 and 90 i % in. Perp., y g 4 850 10?4.
ik ' 1 i i 5 n " 4 8 1] 12";2
1057. Cross Seetion Triangles, Hard Rubber, 7 in set, for Earth Blopes, 4 25
Single one, b
1058, Datter Slopes, Hard Rubber, {. Lt 4 P T Bel, i " 2 00
Single one, 75
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5 CURVES.
o,
1060. Whitewood Irregular Curves, various patterns, each, Small, . 25 cta
Large, . 560 v
1061. Hard Rubber ¢ L LU “ ¢ Bmall, . bHO

Large, . 80 ¢
Sample Sheet of Curves mailed on applieation.

POCKET COMPASSES.

1070. Brass, form of wateh, 1§ ins. diameter, stop, agate and hunting case, $2 50

1071. Charm Compass, } in. diameter, . : 50
1072. Mahogany Pocket Compass, stop, and cover on hmge, A - 1 50
1073. Fine Londoa Pocket Compassas purcelam dial, ngate cenire,
wateh form, . ; . lineh, 6 00
i S 8 00
These are best imported Pocket Compasses we can obtain.
1074. Night Pocket Compasses, 2 ins, can be illuminated from below, 9 00
1075. Geological Compass, pendulum to give angle of inclination, . 6 00

1076. Dipping Needle, used for tracing on, &e., Moroeco case, . 12 to 15 00

FIELD AND MARINE OPERA GLASSES.

(11 Lines equal an inch.)

Fine Achromatic Marine or Field Glasses, Moroceo bodies, japanned
tubes; shade to extend over the Object Glass; hard-sewed leather
case, with strap to go over the shounlder, metal tops and rims.

21 lines, ; s d : . $15 00
24w ¥ i p . ; 16 00
26 = L i : = - 17 00

Fine Achromatic Marine or Field Glasses, Morocco bodies, japanned
tubes, shades to the Object Glasses ; hard leather cases, with strap
to go over the shoulder, and having 3 powers—Theatre, Field and

Marine.
24 lines, ‘ 4 . ‘ . 33 50

Fine Achromatic Field Glasses, Morocco bodies, japanned tubes, having
three powers, Thealre, Field and Marine, the marine power being
the highest, and having a power as high as the large size Marine
Opera Glasses. A very convenient and powerful Opera Glass,
equally ndapted for nuse at un opera or for tourists, It is only three
inches long, and can be carried very conveniently in the pocket.

19 lines, . : . ! 7 19 00
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ANEROID BAROMETERS.

The imported supply of any one size and kind of Aneroid Barometer i3 some-
what uncertain. The following are the best selection of thosze most generally io be
obtained. We make our selection with care, test them for accuracy, and remedy

any errors or injuries to be found.

14 inches diameler, altitude scale 8,000 feet, raised ring and thermometer, 20 00

LT . altitude scale 8,000 feet, raised ring and thermometer,

large bar needle on reverse, to detach, . i 27 E0
2 ¢ g altitude scale 8,000 feet, compensated, . . 21 GO
2 o e altitude scale 8,000 feet, raised ring and thermometer,

compensated, il . . 5 . 26 00
2% = 5 altitnde seale 15,000 feet, compensated, . ’ 26 00
2 » Ll altitude scale 20,000 feet, compensated, : P 28 50
8 u L SURVEYING BAROMETER, altitude scale 15,000

feet, brass case, engraved silver dial, rack and
vernier scale, reading 6 feet, compensated, in

leather sling case, s 3 . . 4400
S LU altitude scale 5,000 feet, brass case, silvered metal
dial, raised ring, rack and vernier scale, reading

to 1 foot, and magnifying lens, leather case, . 032 00

Same as above, but altitude scale 15,000 feet, . 72 00
ik Tu MINING BAROMETER, altitude 2,000 feet below

and 4,000 feet above sea level, with rack and
vernier scale, reading single feet, leather sling
cuse, 5 : ) . . . 6200

Leather Cases, for 2} inch diameter Barometers, best quality, ’ 3 o0
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. ’ . 5 INDIA INEK.
EHgll’leeI'S StatIOH el'y and Supplles’ The aupply of Indian and Japanese ink is uncertain. We wonld advise Engi-
neers, desiring good qualitics, to name an approximate price and allow us
: to select.
FOR FIELD AND OFFICE USE. B8mall Btick, oval, lion’s head, . % 7 . perstick, § 50
i “  square, gilt, i : : 25
S Good guality, - : - . ’ 3 2 75
Very good quality, 5 200
WINDSOR AND NEWTON’S WATER COLORS. Superior quahtles raugmg from : ; ; . 8 00to 5 00
Extra L i : - L 5 00t8 00
Burnt Carmine, - ] i Carmine, : 4 : : . Liquid Ink, in bottles, . : ! . - : a 60
Cadmium Yellow, Gallstone, . . : .
Cadmium Orange, . ' Pure Scarlet, : ; i
JAPANESE INK.
Aurscline, . . . - 2 | Lemon Yeilow, ; . i
French Blue, . : 3 Pink Madder, : | i The best adapted for drawings that have to be washed.
Green Oxide of Chrnmc, : Rose Madder, : : . Bect, small cake . $1 25 | Large 3 50
Intense Blue, . : ' i ; : : 3 i
Whole Uakes, 51.16. Half Cakes, 60 cents.
Cobalt Blue, . : _ : Violet Carmine, . . 3 COLORED PENCILS.
Orange Vermilion, . . i
Red, Blue, Green, Yellow or Black, . i s . each 12
Whole Cakes, 85 cents. Half Cakes, 45 cents Red Chalk Pencils, for marking smkes, : ; . per doz.: 125
Brown Madder, . : g Roman Sepia, 5 in lump, = : . . per lb., 40
Crimson Lake, : i S Ruben's Madder, .
Indian Yellow, : ] i Scarlet Lake, . A
Mars Yellow, . { ; : Scarlet Vermilion, ; 3 PAINT SLABS AND SAUCERS.
Neutral Orange, . ; > Sepia, - ; s f ; 2
Purple Lake, . . : . Warm Sepla, ; Chin:a Ci‘l.pa, 1 1n::h dmr:natar, : g . : . ea.‘:‘zh, b
Whole Cakes, 60 cents. Half Cakes, 30 cents. e S S g ' % g J : i L
Antwerp Blue, - 3 . Lvory Black, . ; - . Cabinet Nests of 6, 2} inch llmmeter, z . . . per nest, 76
™ Chinese White, : ] ! King’s Yellow, . e o 6 6 2] « : ¢ : “ 1 26
Bistre, . - : : : Lamp Black, ; 2 = Slant Tiles, 8 divisions, . : ; { g . each, 30
Biue Black, . ; 3 ; Naples Yellow, . 3 . .1 SRR 3 : . 5 5 : b 70
British Ink, . G : 5 Neutral Tint, : f r L “ 4 slant and 1 flat division, . Y i i . 50
Brown Oelre, . I : : Olive Green, . = . 4 ) i
Brown Pink, : ; : Orange Chrome, . : : Tiles for India Ink, 1 long slant and 3 round wells.
Burnt Roman Ochre, . 3 Payne’s Grey, : 3 . Blze, by 2 inches, . o : 5 s 5 each, 20
Burnt Sienna, : : ; Prussian Blue, . - 5 % by 4 “ : X s s i e 40
Burnt Umber, : X X Prussian Green, 0 o) 2
Chrome Yellow, ; 2 L Raw Sienna, i H 5
Deep Chrome, ? ; S Ra.wLUm‘}-:er, . s . BRUSHES.
Emerald Green i C E Red Lea ‘ Z . g , 4 T 5
: ‘ ! Usual Camel’s Hair Drushes, in quills, assorted,
Flake White, . E i 3 . Romau Ochre, ; v i Small to mldium i : . per doz., 80
Gamhug:e, S i s I S.u.;.- 1‘{73_1.‘.[}, i y i F Modium to lnrge, - & 75
Hooker's l:r:a.cu No 1 - Torre I‘:m by = 4 3 ' Fine Camel’s Hair Brushes, with tin ferules and wuod haudles,
= § ; = S V’“’"-‘.’ £e Brown, ' = for fine water color painting, assorted,
Indigo, . ; : ; Vermilion, 3 ’ Small to medium . : : . 125
Indian Red, i z ; \'cllow Lake, 2 . 4 Madiiis ta largc‘ : 0 175
Italian Pink, . 3 ; . b Relowidehre; - o S Camel’s Hair Brushes, for washing, best quality, pahahod wood
Whole Cakes, 30 ecents. Half Cakes, 15 cents. handles, assorted, Small to medium, m 3 00
Medium to large, . : f ## 4 00
WATER COLOR LIQUIDS, Red Sable Brushes, in quills, assorted,
Small to medium, y : : each, 20 to 30
Carmine, . . . g“%';m Lf“k : : ¥ . Medium to lu.rgt‘.. : “ 35 to 75
Chincse Wh‘m' ‘ : 5 Dd' lible B l_uk ) * Red Sable Brushes, with albata ferules and wood hanr]les
Oxgall, . ; : £ : Indelible Brown 3 ® assorted, Small to medium, ; 4 : “ 30 to 80

Bottles, 60 cents each. Medium to large, . . 7 “1u0to2 HO
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INDIA RUBBER, MAPPING PENS, &c.

Indieate particularly kind of rubber desired.

White, prepared, ! ! 2 g ; . per piece, $ &
Pure Gum, . 2 " : . L 15
Erasing Rubber—Ink and Pem:i : : : : 54 256
Mouth Glue, . : : : =4 5
Erasing Knife, . : : each, 60
Gillot’s Mapping Pens, 12 on en.rd with hs.ndle, : per curd, 60
. Lilhogrnphle Crow Qlull Pcu, 12 on card, with hundle, i 60
. No. 290, 5 00
#5 - 291, : ; g : : 6 00
LEAD PENCILS.
Any number less than s dozen charged as single ones.
A. W. Faber’s superior Siberian Lead Pencils, B. HB. & H., . each, 15
Per dozen, 25
e Hexagonal Gilt, Nos. 1, 2, 3, 4, 1 . . each, 7
Per dozen, Th
s black, round and gilt, Nos. 1, 2, §, 4, : . each, T
Per dozen, i
Ll L = £ Union, Nos 1, 2, 3, 4, . each, i
Per dozen, i1}
A% ab 4 Star; Nos. 1, 2, 3, 4, . each, h
Per dozen, 50
Small Pencils for the Dividers, 2 3 £ . each, b
WHATMAN’S DRAWING PAPERS.
Per Quire. Per Quire.
18 % 17 mch Cap, = Selected Best, § 80. Retre or 2d Qua]:ty $ 70
15 » 20 Demy, . ; ) b 1 00. . 85
17 X 22« Medinm, o 1 &0. L 24 125
19 24  Royal, 1 85, ) 4 1 60
19 X 27 ¢ Super royal, 2 60. L & 2 00
23 % 28 ¢ Elephant, 3 50. = . 300
22 % 30 + Imperial, a 50. “ . 3 00
26 x 34 « Atlas, = 4 50. " L 4 00
27 % 40  Double Elephant, i 5 al. 2 L 5 00
31 % 53 * Autiguarian, u < 30 00. 800
Hot pressed has smooth surfuce; eold pressed has rough surface.
TOWNSHIP PLOTTING PAPER.
Township Plotting Paper, Rulmgw G > G blocks, blocks 1 ineh square,
per 100 sheets, ; . . $2.00
Township Plotting Paper, Ru]lngs 12 )( 12 hlockﬂ inchcs square, per

100 sheets, . i 5 . 2 b0

Bond Paper, for iracing, very tough,
16 X21 16324 1024 193 30 inches,
per 100 sheets, $3 25 8 75 4 00 ¢ B0
English Parchiment, 163 20 18X 20 1IR3 22 18X 24 20 24 inches.
per dozen, $5 256 6 00 7 00 126 7 60
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Gelatine or Glass Paper, 13 X 19 17 3¢ 21 inches.
per dozen, $3 50 4 00

Transfer Paper, blue, red and black, 18} > 23 in., Royal, per doz., $2 50
White Mounting Board, 22 % 28 in,, according to thickness, per sheet, 15 to 25

BUFF TINT DRAWING PAPER.
Beat English, in Rolls of 40 (o 60 Pounds.

Test English Detail Paper —Extra tough, buff color, thin, medium, thi¢k, in rolls
of 40 to 60 pounds.
40! inches wide, mcdmm 1luckneaa,
o4 ik o
Best American Detail Paper.—Extra r.ough buff color, thin, medium, thick, in
rolls of 70 to 100 pounds.
30 inches wide, thick,

per ponnd $ 50 per ysrd $ 25
60. 40

per pound, $ 14 perysrd $ 12

42 @ e / : : . - 14, 16
IR0 e ; : - Th: i 18
T R e : g 14 20

Full rolls unly aold by the paund at the above rates.

TRACING OR VELLUH CLOTH.

In Rolls of 24 yards, both sides glazed, or face glazed and back dull, suitable for
pencil marks.

Imperial, 18 inches wide, i i perroll, $56 00. per yard $ 25
3 30 W s 5 = u e 6 9 , (Y 40

k4 36 L5 5 . 5 ek 7 50. L 45

Lo 42 & k4 v 1 ue 10 &0. e 60
bal.gur £ Pstent 18 inches wide, 3 0 4 10. < 26
a0 e 2 : : G 7 40. = 40

. i 36 " ai i [ 8 ¢0. i 45

" éi 49 u i k _ 6 11 00. ' 60

TRACING PAFPER.—Continuous.

Freuch, Best Vegetable.—564 inches wide, in rolls of 22 yards,  per roll, $5 00
i Common —42 inches wide, in rolls of 22 yards, : & 8 60
e Stout.—42 inches wide, in rolls of 22 yards, 7 i 4 00
German, very Best, very tough and transparent.—54 inches mde,
in rolls of 80 yards, : 8
German, not Prepared, for transferrmg —54 inches mde, in rolls
of 44 yards, £ G 00
Extra Stout, very tnugh suitable for machinists —10 inches w;de,
; 4
5
7

in rolls of 20 yards, : : “ 50
(German, 58 inches wide, 22 yards, i : . &% 00
e 68 i i 33 £i . x : : P

50

TRACING PAPER.—In Bheets.
French Vegetable, very tough and tmnsp:srpm

1317 1n¢-hes, Cap, thin, a ; 3 per quire, 1 20

15 % 20 Demy, thin, 5 . g £t 1 60

1B 24 Royal, thin and llucL ‘ - “ 2 50

"l Sy B ILmperial, thin and thick, , : : i 3 30

BY S 08 : bonlle Elephant, thin, ; " 9 00

¥ ruu.h bommu.l —20 % 30 inches, medium, . 2 . 1 1 50
' S 40 [ 4 : Lo 3 00

i 30 540 ¢ thick, . ey 3 50

Fine G!ued very transparent and tough.—30 X 40 |1lches 2, 4 50
Extra Stout, very tough, suituible for machinisis.—380 > 40 inches, 4 60
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TRACING PAPER —Continuocus.

French, Best Vegetable.—54 inches wide, in rolls of 22 yards,  per roll, $5 00
«  Common.—42 inches wide, in rolls of 22 yards, < L 2 60
German, very Best, very Lough and transparent.—b4 inches wide,

in rolls of 44 yards, ! ; ; A ; o 6 00
German, not Prepared, for transferring.—54 inches wide, in rolls

of 44 yards, = A ¥ o ¥ - - i 6 00
Extra Stout, very tough, suitable for machinists.—40 inches wide,

in rolls of 20 yards, . : . : : &) 3 50
German,—b58 inches wide, 22 yards, X . + Lo 5 00
Parchment, very tough,—38 inches wide, 83 yards, . 3 i 7 60

DRAWING PAPERS IN CONTINUOUS ROLLS.
Mounted and not mounted.

Our line of white roll drawing papers has been carefully selected and manu-
factured. Being made from linen stock, the quality is unsurpassed, and we
believe that it will fully meet the wants of all engineering or architectural
draughtsmen. Samples of any of the papera will be sent on application. The
following brief description may aid our customers in selecting & paper suited to
their wants:

The Constantia, or 811 Paper, is of good quality, medium in weight, with a
slight grain and tint.

The I. X. L., or 802 Paper, has a smooth surface on one side. The reverse is
alightly roughened. The smooth side is especially suitable for drawings intended
to be photographed. The rough for fine office drawings.

The Acme, or Paragon, for general drafting, are unsurpassed, The color is
white. The groin similar to the well-known Egg Shell, but much more regular
and uniform. Are extremely strong, and stand handling and erasing perfectly.

The Egg Shell Paper, having a rough, grainy surfuce, works up nicely in
water-colors.

The Leonine is an exira stout, tinted paper, suitable for shop drawings re-
quiring rough handling.

WHITE DRAWING PAPER—Mounted on Muslin.

No. In rolls of 10 and 20 yards.

300. FEggshell, Medium, 36 inches wide, . L i : . $8 50
L i i 42 it [ = L g = g9 00
i i i o4 i L 12 {|0
e i €8 68 o« & . ; : x 12 60

800. Paragon ani Acme, Medium, 36 inches wide, ) : . 86
55 4¢ ke & : b x ; ; 7 9 00
L " . ke 54 - e : i o 12700
e i o o 58 W e : = : }‘_). ‘J:

3004. Eggshell, Thin, 51 inches wide, . : : ; . 11 60
a i o b % : . - - 12 00

301. i leavy, 54 ¢ L i i S . 13 00
“ s Lk £ e hie 5] : > ; 1 14 00

802, Smooth, gl e L3 ; : L : . 12 80
#t hid 57 TR £ : . ; 13 60

303. Rough, i A L ‘ . . . . 13 00

304. Medinm, 2 T = : . = ; 13 00

305, Heavy, 54 a as i 3 5 : . 13 &0

306, Medium, b e L . f i ! 12 00

307. Heavy, Smooth, 2 = i i i - 2 .11 00
w i " 57 SR £ : : : : 14 00

308. Medium, 42 A4 . 3 5 g . 900

809. Thin, GG ks J ; 3 ; 8 00

410. Medium, 2 i e 5 ' 2 . Pl L
s “ 43 M “ : . . : 8 60
31). @ 88504 k2 : . % ! o 800

312. Leonine, [ il . . 3 ; 18 60
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CONTINUOUS DRAWING PAPER—WHITE.
In rolls of 30 to 40 lbs.
A Perlb, 10yd,rolls, Peryd,
300. White Eggsheli Drawing Paper, Medium, 42 in. wide, $0 45 $3 00 $0 35
i . ' i o 58 " 45 4 00 46

801, White, Acme or Paragon Draw-) &
ing Paper, } 42 46 800 35
s Wi i ie 5 58 o 45 4 00 45
3004. White Eggshell Drawing Paper, Thin, 58 « 45 875 40
301 » e & *  Heavy, 58 45 4 50 50
302, Smooth Drawing Paper, 58 inches wide, . ¢ 456 4 50 50
303, Rough L5 L 4 i 4 4 50 50
04, Medium | Bloay & . : 456 4 50 50
405, Heavy o 7 T it : 66 6 00 70
306. Medium i PR o : : 66 4 60 50
#07. Heavy Smoaoth - L “ ; 45 4 00 45
= ! Pest b . 748 b 00 65
308. Medium 5 43 & tk . 45 4 00 45
309. Thin i 36 i ] & 4 45 3 00 35
310, Medium s LT A4 \ 35 250 25
.« b B SRR TR < - S5 N
312. Leonine 2 AP ; 45 450 50

ROLL DRAWING FAPERS FOR SENSITIZING.

“.3 inches wide, I s ; : : per roll of 50 yards, $8 00
Y v g £ b : i “ 10 50
Steinbach’s, 53 inches wide, very superier, light, 2 per yard, 35

“ e . & hesvy, 3 i 50
Architects’ Manilla Sketching Paper, 31 x50, . per quire, 7 50

This paper is an entirely new article, needs no étretching, will not buekle,
and is especially recommended.

THE BLUE PROCESS OF COPYING TRACINGS.

Special atiention has recently been direcied to this easy process of copying
tracings, and its great value to all Engineers, Architeots and Mechanical
Draughtsmen fully recognized.

Tlre instructions in using are—

1. Provide a flat board as large as the tracing which is to be copied.

2, Lay on this board two or three thicknesses of common blanket, or its
equivalent, to give a slightly yielding backing for the paper.

3. Lay on the blankel the prepared paper, with the sensitive side uppermost.

4. Lay on this paper the tracing, smoothing it cut as perfectly as possible
a0 as to insure a perfecl contact with the paper. :

5. Lay on the tracing a plate of clear glass, which should be heavy enough
to press the tracing close down upon the paper. Ordinary plate glass, of three-
eighths thickuess, is quite sufficient.

6. Expose the whole to a clear sunlight, by pushing it out on a shelf from
!I.AWHJ.I‘[)W, or inany other convenient way, from four to six minutes [in winter
six to ten minutes]. [If a clear sky only ean be had, the exposure must be con-
tinued from iwenty to thirty minutes; and, under a cloudy sky, from sixty to
ninety minutes may be neceded, the shade depending on the time.

7. Remove the prepared puper, and wash it freely for one or two minutes in
clear water, and hang it by one corner to dry.
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PREPARED SENSITIVE PAPERS

ire packed in tubes to keep from light, one dozen sheels in each tube, and are
always ready for immediate use.

Demy, 16 X 21, : - : 1 pnce, per duzen, $0 856
Medium, 1~ X 23, : X 3 1 28
Royal, 19 Moo, P . _ . e i 1 &0
Super Royal, 20 X “9 : : : + = o 1 656
Doubl : Mediom, =8 > 36, ; : 3 7 : 2 2%
Imperial, 23 3 81, A i 4 o (8 2 00
Double Blephaut, 27 X 40 : . ; i -- &% 3 4o
Antiquarian, 31 X 53, . - e e & 6 60

Sensitized Solar Printing Paper, '42 inches wide, iu continuous rolls of
10, 20 or 50 yards, : . . . : per yard, 40
Photu-Sulution, : : : ; : ¢ per bottle, 4 40

ROLL PAPERS FOR SENSITIZING.
In continuous rolls of 55 yards in lengtlh.

42 inch, . . . . . . . per roil, $8 50
per yard, 20
G0 inches wide, . 2 i 7 : % per roll, 12 OV
per yard, 30
Roll 55 yards, 36 lnchea, 5 2 ; i : 7 7 00
B _ : : : ; : . 800
V3l BRT a 5; “ : 3 ¥ 3 2 = 10 50

The above papers absorb the tluid more rapidly and enduringly, and give
beiter prints than any others.

DOUBLE-LENGTH PROFILE PAFPER.

Plaie A.—Rulings 42 inches long by 15 inches wide, ITorizontal Dlv:smns,
four to the inch; Vertical Divisions, twenty to the inch, and having
every tenth hor noulul division line, and every fiftieth vertlcal division
line, heavier than the others. Price, per sheet, 40 cts., per quire, 8 50

Plate A.—Rulings 42 inches long by 64 inches wide, [lorizontal Divisions,
four to the inch; Vertical Divisions, twenty to the inch, and h'n'mg
every tenth horizontal division line, and every fiftieth vertical division
line, heavier than the others. Pncc, per sheet, 30 cts., per quire, 6 U

Plate B.—Rulings 42 inches long by 13 inches wide, Horizontal Divisions,
four to the inch; Vertlc.ll Divisions, thirty to the xm.h and having every
fourth hurlzont'al division line, and every twenty-fifih vertical division
line, hieavier than the others. Price, per sheet, 40 cts,, per quire, 8 50

Plate B.—Rulings 42 inches long by 64 inches wide, Horizontal Divisions,
{four to the inch; Vertical Divisions, thirty to the mch and having every
fourth horizont: |1 division line, and every twenty- -fifth vertical division
line, heavier than the others. Price, per sheet, 80 ets., per quire, 6 50

Mate C.—THorizontal Divisions, five to the inch; Vertieal Divisions,
twenty-five to the iuch, and having every filth horizontal division
line, and every twenty-fifth vertical division line, heavier than the
others. Price, per sheet, 40 ets,, per quire, 8 50

17

CONTINUOUS OR ROLL PROFILE PAPER,

Plate A.—Rulings 22 inches wide, Horizontal Divisions, four to the inch ;
Verticul Divisions, twenty to the inch, and having every tenth hori-
zontul division line, and every fiftieth vertical divizion line, heavier
than the others, . : - Price, per yard, $ 30

Plate B.—Rulings 22 inches wide, Horizonial Divisivns, four to the inch;
Vertieul Divisions, thirty to the inch, and having every fourth hori-
zoutal division line, and every twenty-fifth vertical division line,
heavier than the others, i % 4 Price, per yard, 30

Plate B.—Rulings 9 inches wide, Horizontal Divisions, four to the ineh;
Vertical Divisions, thirty to the inch, and having every fourth hori-
zontal divigion line, and every twenty-fifith vertical division line,
heavier than the others, : : ; Price, per yard, 20

Plate C.—Horizontal Divisions, five to the inch; Verfieal Divisions,
twenty-five to the inch, and laving cvery fifth horizontal division
line, and every twenty-fifth vertical division line, heavier than the
others; in Sneets, Rulings 42 % 15 inches, . Price, per yard, 3

Profile Paper, Metric—In Continuous Roll, Rulings 50 cenifimetres
wide, in millimetres, with each fifth millimeter, each centimeter, and
each decimetre proportionally heavier than the millimeters,
Price, per yard, 30

MUSLIN BACKED ROLL PROFILE PAFPER.

Muslin Backed Roll Profile I’n.per, of either Plate A or B, 22finches wide,
in rolls of 20 yards, . 3 0 per yard, 76

Muslin Backed Roll Profile Psper. Plate B, 9 inches wide, in roll of
20 yards, : . : per yard, 50

Plate B corresponds lo that in sheets knowun as Brown's Profile Paper,

CROSS SECTION FPAPERS.
Topographical Paper, 14 > 17 inches, ruled 400 feet to the inch,
Per sheet, 12 ots,, per quire, 1 76

Trautwine’s Cross Section and Diagram, 10 feet to inch, for embankments
of 14 and 24 feet, roadway, and for excavations of 18 and 28 feet,
rulings 193 ¢ 12 inches, . Per sheet, 26 cts., per quire, 5 00

Cross Section Papers, rulings 22 3¢ 16 inches, 8 feet to inch,
Per sheet, 25 cis., per quire, 5 00

('ross Section Papers, rulings 22 % 16 inches, 10 feet to inch,
Per sheet, 15 ets., per quire, &6 00

Cross Section Papers, rulings 22 )( 16 inches, 10 feet to inch, every fifih
line heavy, ; : Per sheet, 25 cts., per quire, 5 00

Croes Section Papers, rulings 22 % 16 inches, 16 feel to Inch,
Per sheet, 25 ots., per quire, G 00

All the Protile and Cross Section Papers can be furnished, printed with red or green lines,
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FIELD BOOKS.

We have lately increased our line of Field Stationery, by selection
from our own and other makers, and Engineers will find it the most

complete from which to select.

A. YOUNG'S PROFILE FIELD BOOK, 7} X 4%; left hand page full
rulings, 7 columns, 26 lines; right hand page ruled as profile paper,
perpendicular 4 to the inch, horizontal 20 to the inch, . per doz., #9 00

B. YOUNG’S PROFILE FIELD BOOK; same as Profile Field Book A,
excepting the perpendicular columns, whieh are 24 to the
inch, . ¥ : 2 5 : - - i . perdoz., 9 00

These Books will be found exceedingly convenient. The rulings on right
hand page do not interfere with taking the usual noles,.whi]at on surveys the
profile of the work can be dotted down conyeniently as work progresses; and on
construction the profile accompanies the noies of lines, culs, etc., ete,, so the
monthly amounts and variaticns of work, and other necessary memoranda, cuu
be carried in most convenient manuer.

Form A is preferable on surveys, allowing room for intermediates.

Form B is preferable on construction.

C. TRANSIT BOOK, 7 % 4; Drawing Paper; left hand page t columng,
right hand vertical rulings, 8 to ineh, . P i . per doz., $6 00

D. ''RANSIT BOOK, 6} X 4: Extra Smooth Paper: same rulings
as U, . i ; ; 4 : i 4 g . per doz., 4 B0

¥, LEVEL BOOK, 7 X 4; Drawing Paper: left hand 7 columns, right

plain rulings, . : . : ! : 7 . perdor, 6 00

F. LEVEL BOOK, 6{ X 4: Extra Smooth; same rulings as B, per doz,, 4 ]

?‘
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TRANSIT BOOK, Smooth, 74 X 5; left page 6 columns, right per-
pendigular (square), 4 to the inch, ) ] ; . perdoz, $7 00

TRANSIT BOOK, Smooth, 73 ) 4%; left hand 6 columns, right
hand perpendicular, 8 to the inch, i - ! . perdoz., T 00

TRANSIT BOOK, Smooth, 73> 43: left hand page 7 columns,
right hand rulings (square), 4 fo the ineh, . 3 . perdoz., 7 00

TRANSIT BOOK, Smooth, 6§ % 4}; left hand 6 columns, right per-
pendicular, 4 to the ineh, square, s v ’ . perdoz.. 6 00

TRANSIT BOOK, Smooth, 74 X 4% ; left hand page 7 columns-, right
hand page cross-section rulings (squares), 4 to the inch, every fifth
horizontal and every second perpendicular heavy, . perdoz. 9 00

TRANSIT BOOK, Smooth, 74 > 4§: right hand page 7 columns;
left hand has two wide columns, giving more space for notes—

remainder vertical rulings (squares), 4 to the inch, . perdoz, 7 00

LEVEL BOOK, Smooth, Bi-x%: 6 vertical columne of each
page, . . ‘ : ; . : . . . perdoz.. 5 00

LEVEL BOOK, Smooth, 74 X 4j; rulings same as R, except 7
vertical columns, . . : . 4 3 > . perdoz., 7 00

CROSS SECTION, Smooth, 7§ 3 4}; two columns left side, remain-
der squares, 4 to the inch, . £ 5 - : . perdoz., 7 00

CROSS SECTION, Smooth, 8 X T; squares blue, 5 to the inch;
every fifth vertical and horizontal line red (inch squares), per doz., 12 00

METRIC CROSS SECTION, 8 T, U e e paeioR 12 00

Cross Section Paper, of any desired rulings, bound into books of

any desired size.

PROFILE PAPERS OF ALL PATTERNS.




120 - 121

D FILE BOOKS.
LYONS’ TABLES, e b

These books are for field or office purposes, being printed on both sides, of a

Lyons’ Tnbles.‘ A get of Tables for finding at a glance the true eubiezfl con- tough, thick paper, and bound in flexible covers convenient for the pocket. Eseh
:ien t8 :lf E‘x]cn?atwn and Embankments for all Bases, and for every variety of page will contain a profile of three thousand feet in length, so that each folio will
Pound wed Gide Blopas. B3 M. H; Toexs, OB, contain an average section of a road as usually laid out for construction., Rail-
oad and other engineers will find them very useful. Bize of book, 9} by 6§
Sheet No. 1. General Table for all Bases and all Slopes. = : .
‘@ 2. For Side Hill Cuts and Fills, inches. The rulings correspond to our large profile plates A and B.
£ 3. DBase 12 feet Slopes, i : . lhtel
“ 4. @ 14 W A 1}tol Plate A, 26 leaves, imitation Turkey morocco, with elastic band, . %360
[T 5. B 15 i + E 5 i_ 1e 1 n ih) i o I (1 i £ 2 B 00
L] 6. 6 16 it 5 = . I tol “" 100 i i w “ . ' A 8 00
2% £ LA 7 ;¢ L8 : i . 1Bl “ 50 ¢ Turkey moroceo, turned edges, with elastic band. 6 00
i 8. m 16 i 4 A * to 1 wE 100 [T ik i & ik a s 9 00
L 9 Lo " i - .1 tel Plate B, 20 *  imitation Turkey morocco, with elastic band, . 3 50
& 10. i 18 . i 2 3 i' to 1 i 50 w . i i i i B 00
LA ) S s & s . : .}l “« 100 o . ] “ o “ % 8 00
Lo 4 w18 e > x . 1 tel L 50 «  Turkey morocco, turned edges, with elastic band, 6 00
(13 18. (13 ]8 s 2 " : ]% tol [ 100 w i £ i it &% 9 (}0
s S e el : ; ’ 1} to 1
| RTINS ST ¢ : R ] =t A,
R LA e ¢ . L : 14tol
AR e e > i . litol
S0 IR ey ; : ! 13tol %
“ 19, « 28 SRR A o PROFILE FIELD BOOK.
e IR £ 5 5 : 1 tol
a8 LAl S R L e Engi Ordinary Field Book, or Transit Book £
w99 w30 " ; 2 s l1itol Affords the Enginecr an Ordinary Fie ook, or Transit Book, one page o
‘: Ei i 8:}2 t ‘ : N | which can, if desired, he used as a profile. The benefits are, that in Preliminary
w L/ i - e
: 8a ; 5 : Hiol or Location, the Engincer is enabled to plot his profile as he advances, and on
The Tables are printed in clear, bold type, on tinted paper, sheets 25 % 1A construetion he carries in the same hook as his notes of curves, &c., a regular
mﬂhes_- They may be used by candle light without injuring the eyesight. Hach profile opposile his other notes, and ready for comparison of both at once. The
sheet is complete ?n itself, and embraces all that is wanted in connection with the profile ruling is accurately placed in.
Base or Slope designated, whether on level or side-hill eross section. : .
This Book can be used as the ordinary Ficld or Transit Book.
Per sheet, 25 cents; Lound in one volume, $8 50. W
Price, per dozen, - - $9.00.
{ |
! ALPHABET AND SPECIMEN BOOKS.
!': Beckers. Letter Book and Ornamental Penmanship, ; . $4 00
2 Copley. Draughtsman’s Alphabets, Titles, Borders, &ec., . . 3 00
;! Keuffel & Essers. Draughtsman's Alphabets, Borders, Titles, &c., 400

Copley's cnd Keuffel & Essers’ Dlooks are merifurious works. useful to Loiieer %
Surveyor ond Draughtsman,




FIELD BOOKS.

Beans. A Treatise on Railroad Curves and Logation of Railroads.
Illustrated. 12mo, tuck, 3

Bu,rT‘I; kKey to Solar Compa.as, and United Stntea Surveyor 8 Compamon
uck,

Byrne. Pocket Book for Railroad and Civil Engmeers containing New.
Iixact and Concise Methods for Laying Out Railroad (‘urves, Smmhes,
&c. Illustrated. 18mo. By Oliver Byrne,

Griswold. Railroad Engmeera Pocket Companmn By W. Griawo]d
12mo. tucks,

Hamilton. Useful Information for Rallwn.y Men, Cnmplled by W. G.
Hamnilion, Engineer. Third edition, revised and enlarged G600 pn.ges.
pocket form, morocco. New York, 1871,

Haskoll. En_gineer’a, Mining, Surveyor’s and Contractors’ Field Book.
By W. Davis Haskoll. London, 1866. 1 vol., 12mo, cloth,

Haslett. The Mechanics’, Machinists’, and Engineers’ Practical Book
of Reference. By C. Hasteu 16mo, tucks,

Haswell. Engineers’ and Mechanies’ Pocket Book. By C. H. Haswell.
Second edition, revised and enlarged to 663 pages. Tucks,

Haswell. Mechanics’ Tables. By C. H. Haswell,
Haswell., Mensuration. By C. H. Haswell, A ;
Henok. Field Book for Railroad Engineers, By J. B. Henck. Tucks,

Molesworth. Pocket Book of Useful Formuls, and Memoranda for
Civil and .\IeohamcalEngmeers, ByG L. Molesworth. 1 vol., 82mo,
oblong, moroceo, gilt,

Nystrom. Pocket Book of Mschamcs and Englneermg By J. W
Nystrom, 11th edition. Phila., 1872, i

Bumble. Ilustrated Engineering Price Book. By T. W. Rumble.
Quarto. London, 1865, . -

Scribner. Engineers’, Contractors’and Burveyors Pocket Table-Book.
By J. M. Seribner. 18mo, tucks, :

Scribner. Mechanie’s Companion. By J. M, Scribner. 18mo, tuck,

Shunk. A Practical Treatise on Bailway bur\res. and anu.uon, for
Young Engineers. By W. F. Shunk, A

Trautwine. The Freld Practice of Laying Out C|rcu]ar(urves for
Ruilroads. By J. C. Trautwine, C. E. 6th edition, revised and
enlarged. 12mo, murocca, tucks. Philadelphia, 1869,

Trautwine. A New Method of Calenlating the Cubic Contents of
Excavations and Embankments by the Aid of Diagrams. By J. C.
Trautwine. 3d edition, revised and enlarged. Philadelphia, 1869,

Trautwine. The Civil Engineer’s Pocket Book. By J. C. Trautwine,
1Zmo, 648 pages, tuck. Philadelphia, 1872, ¥ %

$1 50

3 00

= 400
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2 60

200

3 560

100

2 00
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2 00

2 00

5 00
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EASY RULES

FOR THE

MEASUREMENT OF EARTHWORKS

BY MEANS OF THER
PRISMOIDAL FORMULA.

Inustrated with numerous Woodeuts, Problems and Examples, and
concluded by an Extensive Table for Finding the
Solidity in Cubie Yards from Mean Areas.

THE WHOLE

ineers, Surveyors,
Being adapted for convenlent use by Eng
i < needing Correct Measurements of Earthwork,

Contractors, and Others

By ELLWOOD MORRIS, Civin ENGINEER.
Prige, - < v SR00,

POCKE T BOOK
MECHANICS AND ENGINEERING,

CONTAINING A MEMORANDUM oF FACTS AND CONNECTION OF

PRACTICE AND THEORY.
By JOHN W. NYSTROM, C. E.

i Kdition, Hevised and Enlarged, with ORIGINAL MATTER,

Price, - - $3.60.

ELEMENTS OI" MECHANICS.

ONE OQF THE MOST SUCOFSSFUL APPLICATIONS OF SCIENCE To THE
PRACTICAL QUESTIONS OF THE ENGINEER,

By JOHN W. NYSTROM.

Price, - ; : $.4.00.
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INDEX.

ENGINEERING INSTRUMENTS.

Page

Additions to Mining Transits, . 59

Adjustments, A o

&x of Burt’sSu]ar Cnmpaas 23

L of Level Inatrument, . 20

of Burveyor's Compasa, 22

i of Transit Instrument, 16

Astronomical Instruments, . . 84

Arm Protractor, . : : e

Boxing of Instrumerts, 2

Burt’s Suiar Compass, . : A

g1 Repairs to, 9

i “ L Adjustment, 23

Care of Instruments, . . B

Centres of Instruments, : A

Chains and Tapes, v . T4-76

Chain Tape, : i . T

Chesterman Steel 'l‘a.pes = S

6 Metalliz Tapes, . . ib

City Transit. = 60, 63

Cleaver P'rotractor, . 10
Coast Survey Pattern Repuatmg

Cirele, 52

Com passes, 65

&4 Alljuatmen!, 22

iz Repairs 1o, . 9

i Poeket, 68 108

Cross Weh, : .
" Tlumination, 41- a‘J

Distance Mensurements, Gradienter, 28
Stadia, . 41
Draunghting Seanles and Protraetors, 70
Diagonul Eye iece, . 3 46-48
Decimal Verniers, ; - v A7

s o

Engineering Insiruments, General

Characteristies, . ; . 10
Engineer's Transit, . 5 48-50
o Chain Tape, A W20
Eye P'iece Improvements, . . 82
" Diagonal, . J 410, 48
Iixtensian Triped, I . ]
Gradienter, ; i 98, 50
Graduations, : - . 4, 11

Half Length Tripod,

[NMumination of Cross Webs, .
Improvements, ;
Imprmred Eye Piece,
Attachment to Tnpod
& Gradienter, .
= Slide Protector,
o Shifting Tripod,
&5 Tangent,
ue Web Fastener,
i Telescope,
' Verniers,
Instruments, Astronomcal
.t Cuare of,
. Engineering,
¥ Repairs to,
i Selection,

Level Instrument, :
b o Adjustment,
Repairs 1o,
“ Red, Young's Self-reading, .
LA Mlmng Pattern, .
“ Hand, :
Light Trnnmt

i wk

Magnetic Needle, .
L L Ad_;mlmenl

Materials of Instruments,
Mining Lamps, .

*  Lamp and I’lummei

o *  Holder,

Rod and Target,

**  Transits, A 2

¥ L Additions to,
Tripods,

(0 i

Slope Levels,

(18 6

Needle and Centre Pin,
Nystrom’s Calenlator,

Paine’s Steel Tape,

Parallel Rule, Rolling, ;
4 ‘* and Protractor,

Parson’s Vernier Scale,

doubl e,.

8

46, 59

28
32
34
28
33
34
38
33
34
36
84

5
10

8
13

43-45

20

)
66
60
67
al

b
26
11
59
59
60
60

54-58

59
59
60
68

26
69

76
i3
72
73

125
e Page
Paymenis, Terms of, . . .Pn‘:é Telescopes, 3 10, 34, 40
Plane Tuble, r : 3 . 66 5 Care of, : 1A
Plummet Mining Lamp, : 59 L Fastener, 33
Pocket Compasses, 68 108 Tranalt.s Characteristics, 46
Pocket Sextants, 7 Adjustments, 16
Protractors, 70, Tl L Prices, 48
% Bepairs to, = i 8
Railroad Transit, 48-50 < City, . . . b0, b3
“  Level, - 43,46 Engineer’s, 18, 48, 50
Ranging Poles, . 3 ; Y v Surveyor's, |
Reficetor Plate, L 46, 69 “ Tunnel, 63
Repeating Circle, . v 0 o Mining, ’ : . b4
Repairs 1o Instruments, Costof, . 8 9 Solar, . : . 63, 64}
“ 5] Sending s Variation, i . 62
them for, . el oy ¢ Ranging Po!es. 67
Rod and Target, . : : . 67 | Tripods, %
e Miniag, . . 60 a8 Att.uchment a4
Rollmg Parallel Rule, . : EETS L Extension, . b9
i Half Length, . 69
Scale, Parsons’ Vernier, ¢ W i Shifting, 34
Belection of Instruments, . s
Self-reading Level Rod, , . 67 | Variation Transit, 62
Shifting Tripod, . : 5 . 8% | Verniers, Care of, 7
Slide Protector, . . ; . 33 - Decimal hru-lummn, 47
Slope Levels, ’ . i < L Improved, s 36
Solar Compass, . : 5 . 62 | Vertieal Arc, 47
2 it Adjustment of, . 23
o 44 Repairs to, . . 9 | Weight of Instruments, 48
*  Transit, : : . 64
Spring Arm Prntract.or. 3 S 30“"5‘ 8 Imprnvcd Eye Piece, 32
Smith Solar, - 5 . 64} - Attachment to
Surveyor s Compass, . 3 IR 1 Tripod, 34
. Repairs to, . 9 Slide Protector, 33
. Transit, . ¢ A | Tangent, . 83
Stadia Wires, P 5 . . 49 Web Fastener to
Stadia, s 3 . 4l Level Telescope, 33
Steel Blade Protrnctors, ; . 72 ; Improved Patent Telescope, 34
o Self-reading Rod, 60
Tangent, ! ! : : 33 e Improvement Needle Read-
Tapes, X ?u, 76 ing Instruments, - 36
DRAUGHTING INSTRUMENTS.
Page Page
Alteneder’s Patent Instruments, . 91 | Curves, Railroad, % . 107
Aneroid Darometers, . z . 109 | Curve Pen, . : s . 85 89
Batter Triangles, . . ; . 107 Dw:dern, Plain, Swiss, . 86, 87, 91
Beam Compasses, ! 90, 98 “  (German, : .. 96
Border Pen, ) ) . B9, 47 Hair- sprlng, Swisz, 86, 91
Bow Pen, . 7 07 German, 96
Boxes for Inslrumenta "5 102 in Sl‘.tﬁ, Swisy, 86, 87, 91, 92
Brass Instruments, . : . los o s German, . 96
fe Bi-gecting, . b 87
Cases Swiss Instruments, 93, 94 Pocket, . 87
'+ @erman 40-101 ve Pruporlluun] BB
“ PBrass b ; . 103 Spring Bow, . 88,97
Centres, 98 Dmtlng Pen, i i ‘ 89, 98
Cross Section ‘I‘rlanglca : . 107 | Drawing U ; ¢ B997
Curves, Irregular, § . . 108
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Page | » Page
Field Glasses, . . . . 108 | Pricking Point, Al 59

German Draughting Instruments, 96

Hatching Pen, . - . Y8
Opesometer, ; : . ;89
Paper Tacks, : : x AR
*¢  Seales, ; ; 5 . 105
*  Protractors, 1 3 . 104
Pen, Border, . : . 88,97
. Carye, . ; SRl HL
‘¢ Dotting [Rnuleue}, - 89, U8
*+ Hatching, . . B, 98
**  Railroad, . : 8987 )
ssidilige ) e T g
‘ Spring Bow, ; .- BB 97
‘¢ Straight Line, . oo 8, 07
Pillar Compasses, ; . tH0, 98
Pocket v ; . 6B, 108
¢ Dividers, . . ; . BT

Proportional Dividers, :
Protractors—Horn, Paper, (-errnnn

Silver, . : . 104, 105
Railroad Curves, ., . 107
Cross Section Trmugiea 107

sk Pen, 5 i ; 89, 97
Seales—Wood, Ivory. Paper, . 105
Selection of Instruments, =ling i}
Spring Bow Pen nnd Peneil, 87, 88, 07
Steel Triangles, . 5 ; . 108
‘¢ Straight Edges, . " . 107
Swiss Draughting Instrument=, . 86
Tracer, )
Triangle n—Wood Iioru Ruhbu_r, 106
£E (rermnm Silver, Sreel, 106

T Squares, . : : ¥ . 104
Universal Pillar Compasses, « B9

ENGINEERS’ STATIONERY AND SUPPLIES.

Page
Alphabet Books, . : : < Bl

Brushes, Camel’s Hair and Sable, 111

Colors, ! : 5 . 110
Cross Section Pu.per, g ; e B

i v Tables, . : + 120
Colored "encils, 3 2 111

Drawing Paper—8heets, rolls,

mounted, v 7 . 112-117
Field Books, . ¢ < VI8, 119
lnk India, . : . 3 I3 [ 5

¢ Liquid, . £ v i

“  Japanese, . 0 > iR & 4|
India Rubber, ! i : . 112
Lead Pencils, ! i ” o
L i Colored, ; .11
Letter (Specimen) Dooks, . S B
Level Books, s i : . 118

Page

Mapping Pens, . ; ; 2
Paint Slabs nnd Sancers, . 0 R
Pencils (Brushes), : X . 111
Pens, . J - . 112
Paper, memg, 7 : L . 113
Profile Paper, . . 116, 117
¢ Books, 3 ! . IIRSE
Field Book, ! b - 118
Specimen Book, . : y F 4
Tiles for ludia Ink, 2 i i
Tracing or Vellum Cloth, . . 118
$ Paper, . g * . 118
Transit Books, . I i . 118
Vellum Cloth, 4 [ ; . 113
Water Colors, b . : . 110
be o Higuid, . " . 110




Estadlished 1820,

YOUNG & SONS,
MATHEMATICAL INSTRUMENT MAKERS,

No. 43 NORTH SEVENTH ST.
Philadelphia, November 1, 1883.

Revised and Additional pmce -List,

Page 65. COMPASSES.
4 inch needle, 10 inch plate, . - . i : I s 3 . $25 00
4 o B 2 - : : ; : : : 4 30 00
L s JA = A s : ; Z 2 : : s
5 © i bt < & . < : : - 2 A ‘ 38 00
P “ A e s . 4 5 . : 4 . 40 00
Variation plate to any of the above, $5 extra.

CHAIN PINS.

Cham pma, per set of 11—No. 8 steel \\:Jm, 7 : ; : ; 100

« « 1]1—No.7 “ 75
% « « « « 31 _No.§ “ “ extra quallty and fine ﬁmsh 2 00
£ “ o« @ s 1], flat tempered steel, 15 inches long, § inch mde, 7 50

Page 67. TRANSIT POLES.

Transit Poles, 8 feet, ash, flat or octagon, forged steel shoes, 5 00
" o 10 i [T i W i i i ¥ = 6 00
i “ 6 *“ pine, octagon, . : . A 5 - . 2 50
“ i“ 8 i 3 (13 : . = o » ’ 2 75
i 19 10 “ 13 ] 5 3 00
HAND LEVELS.
Lock's Hand Level, German silver, in case, 2 s . : 5 12 00
“  brass, . 10 00
Abney Level and leﬂmeter, combines Lock’s Level with Cimumeter
giving angles of elevation and depression, in wooden box, . - 15 00
Page 75. CHAIN TAPES.
66 feet, marked cll'un stylc, in lmks, : - : : s £ 8 00
8. H i 2 2 5 . 5 ; . 4 50
Page 76. CHAINS.
No. 12 steel mre, 100 fLet, . 3 8 00
No.12 ¢ 50 D 4 50
Nov. B % - 100 “ : 9 00
No. 8 ¢ & 50 “ 5 00
No.12 “ “ 4 pole, 6 50
No.1g “ « g @ 35
N B 8 i S 7 80
No. B S ALl 4 00
No. Qiron * 44 4 00
Nn‘ 9 13 “ 2 “ 2 00
NO‘ 8 " &“ 4 i 4 25
No. B # S 270
No. 12 steel * 10 meters, 3 50
No' 12 i " 20 i 6 20
NO. 12 “ “ 25 “ 7 ﬁ{]

DIAMOND WATERPROOF DRAFTING INKS.
Use with a brush, same as Windsor & Newton Colors.
GRrOUND-GLASS StorPER BorTLER, 30 cents each. Cork Storrers, 25 cents.
Covrors.—Black, Brown, Blue, Green, Orange, Yellow, Purple, Sepia, Carmine,
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