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PRICE LIST
Troy, August 1, 1873.

All pricesin this work are in U. 8. Currency.

COMPASSES.

Plain, with Jacob Staff mountings, 4 inch needle. ......cc.ceeeevncenson,.. . $%0 00
do do do § do .. 80w
do do do 6 do 40 00

Vernler,” do do 4 do 40 00
do do do 5 do 45 00
do do do 6 do 50 00

Railroad, do do single vernler to limb, 5 inch needle.... 65 00
do do do do do 5¢ veee 7000
do do do double do 5% .ese 8000

EXTRAS.
Compass tripod, with cherry legs.....coi.iiiiiivierieciiacnonarosnannns .. $800

do do leveling screws and clamp and tangent movements... 18 00

do  mountings without legs 700
Compound tangent ball.................. een 6 00
Jacob Staff mountings, brass head veee 3 50

do do steel point 60
Brass cover for compass glass......., cn 100
Outkeeper for keeplng taliy.ceevvueniierinnnnnad, 100

TRANSITS.
Vernier, plain telegcope*, 4 inch needle, with compass tripod............. $75 00

do do 5 do do do . . 8000

do do 6 do do do 85 00
Surveyors' do 4 inch single vernler to limb, adjusting tripod... 135 00

do do 4 do do do do ... 140 00

do do 5 do do do do . 140 00

do do 5% do do do do ..o 140 00

do do 4 Inch double vernier to limb, do ... 160 00

do do 4 do do do do ... 165 00

do do 5 do do do do ... 16500

do do 5% do do do do .. 165 00
Enginecrs’ do 4 Inch double vernier to limb...........cecee..o. 175 00

do do 4 do do do do ... 180 00

do do 5 do do do do ... 180 00

do do 5 inch, with watch telescope...........cccu. ... 220 00

do do 5 Inch, with theodolite axis......... vcocvuennns 220 00

* A “plain™ telescope is one without any of the attachments or extras, as we
term them, such as the clamp and tangent, vertical circle and level



4 PRICE LIST.

- Extras to Transits.
Vertical circle, 33 inch dlameter, vernier reading to five minutes... .... $8 00

# 4% “ “ “ single “ ........ 1400
Clamp and tangent movement to axls of telescope................ e e 700
Level on telescope, with ground bubble and Bcale......oceaeeriiriieene » 14 60

Rack and pinion movement to eye-glass........ 5 00
Sights on telescope, With folding joints ....... 8 00
Sights on standards at right angles to telescope 8 00

SOLAR COMPASSES.

Solar compass, with adjusting sockets and levellng tripod...... ....... . 220 00
Micrometer telescope, 16 to 20 inches long, with rack movement to object—
glass, and with movable clips to attach the sights to No. 1......vuviuns 2500

LEVELING RODS &C

Philadelphia Rod ......... cer

Yankee or Boston... ....ocevaeeen.
New York, with improved monntlngs.
Mountings for New York rod, target...

4 [ “  ClamPecees voveieenienans 2 50
LEVELING INSTRUMENTS.
Bixteen-inch telescope, wm] adjusting tripod........ eeeriearaaans vee.. . 13500
Eighteen “ “ 135 00
Twenty “ w s 135 00
Twenty-two “ “ “ 135 60
Fifteen-inch dnmpy, or builder’s level, witn adjusting tripod............. 17500
Eleven ¢ ¢ s B e 60 00

“ b “ wlth adjusting socket a.nd trlpod. . 5500
FLLAG STAFFS.

6 feet long, with steel pointed shoe, and divided off in feet, which are
painted red and white, alternately,......... Ceteranent aiiiiie aa. 3 00

8 feet long, with steel pointed ghoe, and divided off in reet which are
painted red and white, alternately,.... ......cviovveeeiamnnanancnes 325

10 feet long, with steel pointed shoe, and divided off in reet, which are
painted red and White, Rlternately.... ..cvccveenrres vsueensvren.ann 3 60

CHAI NS

100 reet, with oval nng'a, No. b refined tron wire......coveeeeeniirneeeve.. 1200
6 « “ . 9 00
50 feet, “ “ “ “ 6 50
50 feet, “ “ 8 = “ 5 00
68 reet’ 4 “ 8 “ 4" 475
33 feet, 44 (13 8 “ & 2 75
66 feet, « “ 10 ¢ “ 400
33 feet, “ “ 10 “ “ 2 50




PRICE LIST. 5
CHAINS. CoxTixvep.

100 feet, wlthova.lﬂngs, No. 8§ best steel wire... .. ..eveevunnnionn . ... $12 00
100 leet, « 10 o« o 10 50
50 feet, “ o 8 o« & 6 50
5 reet., ““* &% 10 & “ 57
66 feet, “ “ 8 ¢ # 10 50
66 feet, o “ 10« ¢ 8 00
33 feet, “ o 8 “ oo 57
83 feet, i o b [ “oLL. vevesss. 450
100 feet, brazed links a.nd rlngs, No. 12 best steel wire, tempered. veevee.. 1500
50 feet, “ 12 a4 8 00
66 feet, o “ 12 i 14 00
838 feet, “ “ 12 “ 7 00

Grumman FPatent Chains.
Drag Chains.

68 feet, No. 15 tempered steel wire, 100 links, weight 13(1bs................ $10 00

‘With 10 extra links,
83 “ 15 “ o 50 ¢ “ | S U een 6 00
With 6 extra links.
100 s 15 o “* 200 i 2 % e 14 00
With 15 extra links.
50 “ 15 “ o 100 ¢ 41 e 8 00
. Wml 10extra links,
33 feet, No. 12 wire, 5 tallies, with 5 extra llnks, welghs 113 Iba. . 7 00
86 i 12 % 10 “ 10 ¢ 14 00
50 “ 12 % 5 e 5 e o 2}{ 1 800
100 " 12 « 10 “ 10 s “ 418 & 15 00
Spring balance to use with either of the above named chains............. 2 00
50 feet, No. 15 tempered steel wire, 100 links, no rings, with attachments
of spring-balance, level, and thermometer, for very accurate measure-
ments, weight 37 Ibs. ......oovviil Loiileas . teeenereete anesane . 1r 00
Set of 10 marking pins, very light, with leather case. Ceaenaaves FUUSIN PP 2 00
Brass plummet, to use with light chain .. C eeeteeinetaeares - 2 00
Lead “ “ “ e reierenanen 150
MARKING PINS.
Bet of 11 pins, tron wire, No. 4...v......... 150
"' ¢ gteel wire, No. 8 2 00

“ * brass wire, No. 4...... taeraeesene .
“ ¢ gteel wire,108ded.... . ....ieetesncccrneirisonresesoiie o 3 00



PRICE LIST.

MEASURING TAPES.

Chesterman’s steel, 10 feet—10ths or 12ths—German silver case..... .., .
do. do. 10 feet—12ths on one side, the other to metres and
miljmetres. ...... tessasecnctrnieranan..,
do. do. 25 feet steel tape—10ths or 12ths.
do. do. 33 feet—10ths or 12ths, .......
do. do. 50 feet— . ¢
do. do. 66 feet— ¢ “
do. do, 100 feet— ¢ “
do. metalllc, 33 feet— *¢ “
do. do. 60 feet— ¢ o
do. do. 66 feet— 4
do. do., 70 fect— ¢ “
do. do. 80 feet— ¢ “
do. do. 100 feet-— ¢ “

Chesterman’s steel pocket tapes, In German silver cases, with spring and

stop.—Tapes divided in 10ths or 12ths of feet—3 feet long.

do.
do.
do.
do.

do.
do.

do.

do.,

do.

do.
do.

4 feet
5 feet
6 feet
10 feet

“w

i

These Pocket Tapes, with divisions to centimeters and millimeters on
the other side, 25 cents per tape higher.

POCKET COMPASSES.

‘With folding sights, 23 inch ncedle, very serviceable for tracing lines once

surveyed.

‘With folding sights, 2}; inch needle, with Jacob siaff mountings..........

& [ 33 s “ “ “ e
“ “ 3y “ & “ “ andtwolevels
4 “ 34 “ without mountings or fevels.........
Vernler pocket compass, with staff mountings, two levels, and 3); Inch
needlC........eoeiiuna.. L s eans

Pocket compasses without sights, .. ....... .. sce Supplement, page 153,
Miners’ compass, or d:pping ncedle, for tracinz iron orc, a new and

beautiful article, glass on both stdes............ .. .. P
Miners’ compass, or dipping needie, with stop to needle...... PPN

DRAWING INSTRUMENTS.

Colors, pencils, Ink, brushes, &C............ ..
Books on engineering and surveying........... ereiaee eues ¢
Telescopes. microscopes, opern-glasges, &Co....vov. veveeonns «*

9 00
1 50
13 50
15 00
11 00

18 00



Information to Purchasers.

IxneTRUNENTS WaNTED.~In regard to the best kind of instruments fur
perticular purposes, we would here say, that where only common sur-
veying, or the bearing of lines in the surveys for county maps is required,
s plain compass is all that is necessary. In cases where the variation
of the needle is to be allowed, as in retracing the lines of an old survey,
&ec., the vernier compass or the vernier transit is required.

Where, in addition to the variation of the needle, horizontal angles
are to be taken, and in cases of local attraction; the railroad compass is
preferable; and for a mixed practice of ‘surveying and engineering, we
consider the snrveyor’s transit superlor to any instroment made by us
or any other manufacturers,

In the surveys of U. S. public lands, the county and township lines
are required to be ron by such instruments as the solar compass.

Where engineering is the exclusive design, the engineer’s transit and
the leveling instrument are of course indispensable.

The buildera’ level is intended for Iaying out mill seats and determining
the levels of buildinge in course of ereetion.

WarraNTY.~~All our instruments are examined and tested by us in
person, and are sent to the purchaser adjusted and ready for immediate
use.

They are warranted ostrect in all their parts—we agreeing inthe event
of any defect appoaring after reasonable use, to repair or replace with a
new and perfoct instrument, promptly and at our own eost, express
charges-inctuded, or we will refund the money and the -express charges
paid by the customer.

Instances may sometimes oconr, in & business as large and widely
extended as ours, where, owing to careless transportation, or to defects
escaping the closest scrutiny of the maker, instruments may reach our
gustomers in bad condition. We consider the retention of such instru-
ments in all cases an injury very much greater to us than to the pur-
chaser himself,
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Ta1AL or INsTRUMENTS.—It may often happen that this statement of
tha prices and quality of our instruments may come into the hands of
those who are entirely unacquainted with us, or with the quality of our
work, and who therefore feel unwilling to make a final purchase of an
article, of the excellence of which they are not perfectly assured.

To such we make the following proposition: We will send the instru-
ment to the express station nearest the person giving the order, and
direct the express agent, on delivery of the same, to collect our bill,
together with charges of transportation, and hold the money on deposit
until the purchaser shall have had,say two weeks,actual trial of its quality

If not found as represented, he may return the Instrument before the
expiration of that time, and receive the money paid, in full, including
express charges, and direct the instrument to be returned to us,

ExreNT oF our Businkss.——The manufacture of surveying instruments
has been conducted by us over twenty-eight years, and thousands of our
instruments have been distributed to customers in all parts of the United
States and Canadas; in Cuba, South America and the Sandwich Islands.

Our facilities for manufacturing, which for many years have been far
guperior to those of any other similar establishment, we have now (1873)
greatly increased by the introduction of new machinery and tools of the
most improved construction. Our manufactory has been re-built of
nearly three times its former size, and we are better prepared than ever
before to flll orders for any of our instruments with promptness and satis-
faction, )

Low PricEs or our INsTRUMENTS.—-It I8 often urged by other makers,
and persons prejudiced in their favor, that it {s impossible to make first
rate instruments at the prices charged by us, and which are 8o very far
below those of other skillful manufacturers.

We have only to reply, in addition to what we have stated inour war-
ranty, that a visit to our works, and a comparison of our facilities, with
those of our competitors, would dispel all questions as to our ability to
surpass them, not only in the cheapness, but also in the superior quality
of our work.

Packixa, &o.—~Each instrument is packed in a well finished mahogany
ease, furnished with lock and key and brass hooks, the larger ones hav-
Ing besides these, a leather strap for convenience In carrying. Each case
is provided with screw drivers, adjusting pin, and wrench for centre pin,
and, if accompanied by a tripod, with a brass plumb-bob; with all instru-
ments for taking angles, without the needle, a reading microscope is also
furnished.
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Unless the purchaser is already supplied, each instrument is accom-
aied by our ‘ Manual,” giving full instructions for such adjustments and
repairs as are possible to one not provided with the facilities of an instru-
ment maker.

‘When sent to the purchaser, the mahogany cases are carefully enclosed
in outside packing boxes, of pine, made a little larger on all sides to
allow the introduction of elastic material, and so effectually are our instru-
ments protected by these precautions, that of several thousand sent out
by us during the last twenty years, in all seasons, by every mode of
transportation, and to all parts of the Union and the Canadas, not more
than three or four have sustained any serious injury. B

MEAxS of TRANSPORTATION.—Instruments can be sent by express to
almost every town in the United States and Canadas, regular agents
being located at all the more important points, by whom they are for«
warded to smaller places by stage. The charges of transportation from
Troy to the purchaser are in all cases to be borne by him, we guaran-
teeing the safe arrival of our instruments to the extent of express trans-
portation, and holding the express companies responsible to us for all
losses or damages on the way.

Finism oF INsTRUMENTS.—Customers ordering instruments, will do us &
favor by mentioning whether they prefer them of bright, or bronze finish,
the cost being the same in either case.

If no direotion is given, we usually send inttruments finished bright.

TERNMS oF PAYNENT are uniformly cash, and we have but one price,
whether ordered in person or by mail. Our terms are as low as we think
instruments of equal quality can be made, and will not be varied from the
list given on the previous pages.

Remittauces may be made by a draft, payable to our order at Troy,
Albany, New York, Boston or Philadelphia, which can be procured from
banks or bankers in almost all the larger villages, or by post office money
order.

These may be sent by mail with the order for the instrument, and if
lost or stolen on the route, can be replaced by a duplioate draft, obtained
as before, and without additional cost.

The oustomer may also send the money in advance through the express
agent, or as is most common, may pay the agent on receipt of the instru-
ment in funds eurrent in New York or Boston.

The cost of returning the money on bills colleoted by express of amounts
ander $20, will be charged to the oustomer,
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REPAIR OF INSTRUMENTS.

Hundreds of instruments of our own and others’ make, come to us every
year for refitting and repairs, and so much correspondence arises therefrom,
that we are led to believe that a brief statement in this place, of the cost
of such repairs, &e., will be of service to our eustomers and ourselves.

Most instrument® sent to us for repairs are injared by falla; many are
worn and defective in parts after long use; and others are sent for repolish-«
ing and renovation.

We advise our customers having instruments in need of repairs, &c., te
send them immediately to us, as our facilities enable us to do the work
much more economically and promptly than any other maker however ac-
cessible.

They should always, wheu praotioable, be plased iu their own boxes, and
these inclosed in an outside packing case, an inch larger in all its dimen«
sions, that the interval between the two may be filled with paper wadding,
bay or fine shavings.

A note speoifying the repairs needed, should accompany the instrament,
and a letter should also be sent by mail to us, giving not only directions as
to the repairs, but also stating when the return of the instrument is re-
qaired, and the preocise location to which it should be forwarded. It should
also be remembered that each instrament is made to fit its own spindle and
no other; and therefore this part with the parallel plates aand leveling
sorews, if it has any, should always be sent with it.

The legs and brass bead in which they are inserted need never be sent,
unless themselves in need of repairs.

Coupasses.—These come to us with the plates sprung, the sights bent
or broken, the glass or level vials fractured, and the pivot so dulled as to
render the needle sluggish and onreliable. The cost of repairing the de-
feots above named, ranges from 2 to 8 or 10 dollars. A new pair of sights
fitted costs 5 dollars; a new needle, with jeweled centre and pivot com-
plete, $2.50; a new jeweled centre, $1.50.

The compass should always be accompanied by the ball spindle, and if &
new ball spindle ie reqaired, the whole instrument, or at least the socket in
whioh the spindle fits, should be sent with the letter of advice to us; a new
ball spindle costs two dollars.

TrANSLT INSTRUMENTS.—The repairs of the Vernier Transits cost about
the same as those of the compasses above stated.

The injuries sustained by the falls of Engineers’ and Surveyors’ Trausits
wre usoally much mozre serious; in these the plates, standards and cross.
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bar of telescope are often bent, and the sookets or centres usually so de.
ranged as to be entirely useless.

The cost of repairing an instrument with swch injuries, ranges from 18
to 30 or even 50 dollars, the new sockets alono costing from 10 to 29 dollars.

LEVELING INSTRUMENTS are generally much leass injured by falling than
Transits, the damages being included usually in the bending of the crosse
bar, the springing of the sockets, and the breaking of the level vial.

The cost of repairs varies from 5 to 15 dollars; & new level vial set in the
tube costs two dollars.

RE-PoLISHING INSTRUMENTS.—The cost of re-polishing an instrument,
Involving also of course its complete renovation and adjustment, varies with
the different kinds, but may be stated generally as follows:

Compasgses, from.ceeececsscoscscc oosececsvsnes.co $5 to $R
Transits dO teuieverciocercrcasrresansaassses 10 to 18
Levels dO teievcrnarens socosnsveesiarsaess 10 t0 13

No additional charge is made for bronsing or blackening an instrument
when re-polished.

PAYMENT oF REPAIRS, &c., may be made at the express office where
the instrument is received, the customer paying for the first sransportation
of the instrnments to us or not as he may prefer. Whenever the freight ia
paid in advance, the express receipt should be mailed immediately to us.

W. & L. E. GURLEY,"
Mathematical Instrument Makers,
Posror J2. orrositm Norrm Exp or Uxiox R. R. Dxror, Troy, N. Y.




PREFACE

TO THE TWENTIETH EDITION,

WE herewith present the Engineers and Surveyors of the
Union, this new edition of our little work, materially en-
larged, and, as we trust, improved.

We are now much better furnished with facilities of all
kinds to prosecute with enlarged success the business which
we have conducted over twenty-eight years.

It is with the hope, therefore, that we shall still further
enlarge the list of our many patrons and friends in thig
and in other countries, and that this description of omr
Instruments may be of increasing service to the Surveyor

and Engineer, that we now commit it to their indulgence.

W. & L. E. GURLEY.
Troy, August, 1873.



2,
Bl

Surveying 1n§truments.

THE various instruments used in Sm‘VQy'ng may be conve-
aiently arranged, into two general d1v1si(\ns.

(1.) NeepLr instruments,—or such as ows theu' accuracy
and value to the magnetic needle only, embracmg the Plam
and Vernier compasses, and the Vernier Transit. B

(2.) ANguuar instruments, including those in Whl\,h thq
horizontal angles, are measured by a divided circle and Vér~ >

niers, as well as by the needle also; as the Railroad Com- o

pass, the Surveyors’ and Engineers’ Transits, &c.

In the present work we shall consider first, those instra-
ments comprised in the first division, and, as in these the
accuracy of the horizontal angles indicated, depends upon
the delicacy of the needle, and the constancy with which it
assumes a certain direction, termed the * magnetic meridian,’’
we sghall here remark briefly upon the form, the length, and
the movement of

Trae Maeneric NegpLE.—The forms of the needle are almost
infinitely varied, according to the taste or fancy of the maker
or surveyor, but may be resolved into two general classes,
one having the greatest breadth in a horizontal, the other in
a vertical direction.

We have usually made our needles about one-twen tieth of
an inch broad and one-third as thick, parallel from end to
end, the north and south poles being distinguished from each
other, by a small scollop on the north end.

Of course the form of the needle is always varied according
to the choice of our customers, and without additional charge.

The length of the needle varies in different instruments,
from four to six or even seven inches, those of five and a half,
or six inches long, being generally preferred by surveyors.

The movement of the needle, with the least possible friction,
18 secured by suspending it, by a steel or jewel centre, upen
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@ hardened steel pivot, the polnt of which is made perfectly
sharp and smooth. A
The test of the dehcapy‘ of a magnetic needle is the num-
ber of horizontal y..bratlons which it will make in a certain
arc, before cqin}ng 4o rest—besides this most syrveyors pre-
fer also to.see gort of quivering motionin a vertical direction,
This' .quaL‘lity, which is manifested more in a horizontal,
than-m'.a: vertical needle, and depends upon the near coinci-
. detics’ of the point of suspension with the centre of gravxty
o 'of the needle, serves to show merely that the cap below is
" unobstructed.

Having now considered the different qualities of a good
peedle, we shall proceed to speak of those instruments of
which it makes so important a part; of these, tlie most sim-
ple is that termed the

PLAIN COMPASS.

Fig. 1.

As repiesented above, the Plain Compass has 4 needle sia
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Inches long, a graduated circle, main plate, levels and sights,
and is placed upon the brass head of the “ Jacob staff.”

Tae Compass CrrcLE in this, as in all our instruments, is
divided to half degrees on its upper surface, the whole degree
murks being also cut down on the inside circumference, and
is figured from 0 to 90, on each side of the centre or *line
of zeros.”’

The circle and face of the compass are silvered.

THE Sririr LEVELS are placed at right angles to each other
80 as to level the plate in all directions, and are balanced
upon a pivot underneath the middle of the tube, so as to be
adjustable by a common screw-driver.

Tre Sicrrs, or standards, have fine slits cut through nearly
their whole length, terminated at intervals by large circular
apertures, through which the object sighted upon is more
readily found. Sometimes a fine horse-hair or wire is sub-
stituted for one half the slit, and placed alternately with it
on opposite sights.

TaneeNt ScaLe.—The right and left hand edges of the
sights of our compasses, have respectively an eye-piece, and
a series of divisions, by which angles of elevation and de-
pression, for a range of about twenty degrees each way, can
be taken with considerable accuracy.

Such an arrangement is very properly termed a ‘‘tangent
scale,”’ the divided edges of the north sight, being tangents
10 segments of circles having their centres at the eye-pieces,
and their points of contact with the tangent lines at the zero
divisions of the scale.

The cut shows the eye-piece and divisions for angles of de-
piession; those for angles of elevation, concealed in this cut,
are seen in that of the Railroad Compass.

Tae JacoB Starr mountings which are furnished with all
cur compasses, and packed in the same case, consist of the
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brass head already mentioned, and an iron ferule or shoe,
pointed with steel, so as to be set firmly in the ground.

The staff, to which the mountings should be securely fas.
tencd, is procured from any wheelwright, or selected by the
surveyor himself from a sapling of the ferest.

To adjust the Compass.

Trar LeveLs.—First bring the bubbles into the centre, by
the pressure of the hand on different parts of the plate, and
then turn the compass half way around ; should the bubbles
run to the end of the tubes, it would indicate that those ends
were the highest; lower them by tightening the screws
immediately under, and loosening those under the lowest

"ends until, by estimation, the error is half removed ; level
the plate again, and repeat the first operation until the bub
bles will remain in the center, during an entire revolution of
the compass.

Tre Sicars may next be tested by observmg through the
slits a fine hair or thread, made exactly vertical by a plumb.
Should the hair appear on one side of the slit, the sight must
be adjusted by filing off its under surface on that side which
seems the highest.

Tre NeepLe is adjusted in the following manner : Having
the ecye nearly in the same plane with the graduated rim of
the compass circle, with a small splinter of wood or a slender
iron wire, bring one end of the needle in line with any pro-
minent division of the circle, as the zero, or ninety degree
mark, and notice if the other end corresponds with the degree
on the opposite side ; if it does, the needle is said to “cut”
opposite degrees ; if not, bend the centre-pin by applying a
small brass wrench, furnished with our compasses, about
one eighth of an inch below the point of the pin, until the
ends of the needle are brought intc line with the opposite

degrees.
g -’
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Then holding the needle in the same position, turn the
sompass half way around, and note whether it now cuts
opposite degrees ; if not, correct half the error by bending
the needle, and the remainder by bending the centre-pin.

The operation should be repeated until perfect reversion is
secured ia the first position.

This being obtained, it may be tried on ansther quarter of
the circle ; if any error is there manifested, the correction
must be made in the centre-pin only, the needle being already
straighiened by the previous operation.

When again made fo cut, it should be tried on the other
quarters of the circle, and corrections made in the same man-
ner until the error is entirely removed, and the needle wil!
reverse in every point of the divided surface

To use the Compass.

In using the compass the surveyor should keep the south
end towards his person, and read the bearings from the north
end of the needle. He will observe that the E and W letters
on the face of the compass are reversed from their natural
position, in order that the direction of the line of sight may be
correctly read.

The compass circle being graduated to half degrees, s
little practice will enable the surveyor to read the bearings
to quarters, or even finer—estimating with his eye the space
bisected by the point of the needle, and as this is as low as
the traverse table is usually calculated, it is the general
practice.

Sometimes, however a small vernier is placed upon the
south end of the needle, and reads the circle to five minutes
of a degree—the circle being in that case graduated to whole
degrees, ’

This contrivance, however, is quite objectionable on

account of the additional weight imposed en the centre-pin,
2 .
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and the difficulty of reading a vernier which is in constant
vibration, and is therefore but little used.

To Taxe ANGLES oF ELEvarioN.—Having first leveled the
compass, bring the south end towards you, and place the eve
at the little button, or eye piece, on the right side f the south
sight, and with the hand fix a card on the front surface of the
north sight, so that its top edge will be at right angles to
the divided edge, and coincide with the zero mark ; then
sighting over the top of the card, note upon a flagstaff the
height eut by the line of sight; then move the staff up the
elevation, and carry the card along the sight until the line
of sight again cuts the same height on the staff, read off the
degrees and half degrees passed’over by the card, and we
shall have the angle required.

For ANcrLES oF DeprEssioN.—Proceed in the same manner,
using the eye-piece and divisions on the opposite sides of the
sights, and reading from the top of the standards.

Jacos Starr Socker.—The compass is furnished with a
»all spindle, or socket, upon which it turns, and by which it
1s levelled. The ball may be placed in a single or “jacob
staff”” socket, as represented in the figure, or in a compass.
tripod, such as isshown in the cut of the Vernier Transit
beyond.

Cramp Screw.—In the side of the hollow eylinder, or socket
of the compass, which fits to the ball spindle, is a screw by

" which the instrument may be clamped to the spindle in any
position.

Serine Carce.—Besides the clamp screw, we have recently
fitted to the sockets of our compasses alittle spring catch,
which, as soon as the instrument is set mpon the spindle,
slips into a groove, and thus removes all danger of falling
wher the instrument is carried.

NeroLe Lirrer.—There is also underneath the main plate,
a needle lifting screw which, by moving a concealed spring,
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raises the ncedle from the pivot, and thus prevents the blunt-
ing of the point in transportation.

When the compass is not in use it is the practice of many
surveyors to let down the needle upon the point of the centre-
pin, and let it assume its position in the magnetic meridian,
80 a8 to retain or even increase its polarity.

We would advise in addition, that after the needle has set-
tled it should be raised against the glass, in order not to dull
the point of suspension.

QurkeepEr.—A small dial plate, baving an index turned by
& milled head underncath, is often used with this and the
other compasses to keep tally in chaining.

The dial is figured from 0 to 16, the index being moved one
notch for every chain run,

Evrecrriciry.—A little caution is necessary in bandling the
eompass, that the glass covering be not excited by the fric-
tion of cloth, silk, or the hand, so as to attract the needle to
its under surface.

A brass cover is sometimes fitted over the glass of the
compass, and serves to protect it from accident, as well as
to prevent electric disturbance.

When, however, the glass becomes electric, the fluid may
be removed by breathing upon it, or touching different parts
of its surface with the moistened finger.

An ignorance of this apparently trifling matter has caused
many errors and perplexities in the practice of the inexpe-
rienced surveyor.

Repairs of the Compass.

To enable the surveyor to make such repairs as are possi-

ble without having recourse to an instrument maker, we here

add a few simple directions.
1. Tee NeepLE.—It may sometimes happen that the ncedle

1
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has lost its polarity, and needs to be re-magnetized; this is
effected in the following manner:

The operator being provided with an ordinary permanent
magnet,* and holding it before him, should pass with a gentle
pressure each end of the needle from centre to extremity over
the magnetic pole, describing before each pass a circle of
about six inches radius, to which the surface of the pole is
tangent, drawing the needle towards him, and taking care
that the north and the south ends are applied to the opposite
poles of the magnet.

Should the needle be returned in a path near the magnetic
pole, the currentinduced by the contact of the needle and mag-
net, in the pass just described, would be reversed, and thus the
magnetic virtue almost entirely neutralized at each operation.

When the needle has been passed about twenty-five times
in succession, in the manner just described, it may be con-
sidered as fully charged.

A fine brass wire is wound in two or three coils on the
south end of the needle, and may be moved back or forth in
order to counterpoise the varying weight of the north end.

2. Tre CenTRE Pin—This should occasionally be examined,
and if much dulled, taken out with the brass wrench, already
spoken of, or with a pair of plyers, and sharpened on a hard
oil stone—the operator placing it in the end of a small stem
of wood, or a pin vice, and delicately twirling it with the fin-
gers as he moves it back and forth at an angle of about 3¢
deg. to the surface of the stone.

When the point is thus made so fine and sharp as to be
invisitle to the eye, it should be smoothed by rubbing it on
the surface of a soft and clean piece of leather.

3 To pur IN A NEw Grass.—Unscrew the ‘“bezzle ring”
which holds it, and with the point of a knife blade spring

® A nmagnet suitable for this purpose costs from 13 to 25 cents.
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out the little brass ring above the glass. remove the old
glass and scrape out the putty ; then if the new glass does
not fit, smooth off its edges by holding it obliquely on the
surface of a grind stone until it will enter the ring easily ;
then put in new putty, spring in the brass ring, and the
operation will be complete.

4. To rePLACE A Spirr LEver.—Take out the screws which
hold it on the plate, pull off the brass ends of the tube, and
with a knife blade scrape out the plaster from the tube; then
with a stick made a little smaller than the diameter of the
tube, and with its end hollowed out, so that it will bear only
on the broad surface of the level vial, push out the old vial
and replace it with a new one, taking care that the crowning
side, which is usually marked with a file on the end of the vial,
is placed on the upper side.

When the vial does not fit the tube it must be wedged up
by putting under little slips of paper until it moves in snugly.

After the vial is in its place, put around its ends a little
boiled plaster, mixed with water to the consistency of putty,
taking care not to allow any to cover the little tip of the
glass, then slip in the brass ends and the operation will be
completed.

A little beeswax, melted and dropped upon the ends of the
vial, is equally as good as the boiled plaster, and often more
easily obtained.

We would here remark that an extra glass and level vials
are always.furnished, free of charge, with our instruments,
whenever desired by the purchaser.

Sizes of the Plain Compass.
Three different sizes of this instrument are in common use,
having respectively four, five and six-inch needles, and dif-
fering also in the length ¢f the main plate, which in the four
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inch compass is twelve and a half inches long, and in the
larger sizes, fiftecn and a half inches.
The six-inch needle compass is generally preferred.

Weight of the Plain Compasses.
The average weights of the different sizes, with the brass
mountings of the jacob staff, are :

For the 4-inch needle, 6 1bs.
For the b-inch needle, 74 lbs.
For the 6-inch needle, 84 1bs.

The plain compass, which was the only one in use in this
eountry previous to the time of David Rittenhouse, has grad-
ually given way to the superior advantages of the Vernier ot
Rittenhouse compass, which we shall now proceed to describe
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Surveying Instruments.

THE VERNIER COMPASS.

This instrument, represented in the engraving opposite, is in
most respects like that already described, differing from it
mainly in having its compass circle, to.which is attached a
“ vernier,” movable about a common centre a short distance
in either direction, thus enabling the surveyor to set the zeros
of the circle at any required angle with the line of sights,
the number of degrees contained in this angle or the ** varia-
tion of the needle ”” being read off by the vernier.

The movement of the circle is effected either by a slow
moving or * tangent screw,’’ as shown in the engraving, or by
a concealed rack and pinion—the head of which projects from
the under side of the main compass plate.

When the variation is set off as described, the circle is se-
curely fastened in its position by a clamping nut underneath
the main plate.

BaLL SPINDLE.—The compass is usually fitted to a spindle
made slightly conical and having on its lower end a ball turned
perfectly spherical, and confined in a socket by a pressure so
light that the ball can t:e moved in any diiection in the opera-
tion of leveling the compass.

The ball is placed either in the brass head of the Jacob
Staff already shown with the previous instrument, or still
better, in the compass tripod seen in the engraving of the
Vernier Transit beyond.

The superiority of the vernier over the plain compass con
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Bists in its adaptation to the retracing the lines of an old
survey, and to the surveys of the U. S public lands, where
the lines are based on a true meridian.

Vasiation of the Needle,

It is well known that the magnetic needle, in almost all
parts of the United States, points more or less to the east or
west of a true meridian, or north and south line,

This deviation, which is called the vVARIATION OR DECLINATION
of the needle, is not constant, but increases or decreascs to
a very sensible amount in a series of years.

Thus at Troy. N. Y., a line bearing in 1833, N. 81° E,,
would now, 1873, with the same needle, have a bearing of
about N, 32° E, the needle having thus in that interval
travelled a full degl ee to the west.

For this reason, therefore, in runmng over the lines of a
farm from field notes of some years standing, the surveyor
would be obliged to make an allowance, both perplexing and
uncertain, in the bearing of every line.

To avoid this difficulty the vernier was devised, the arrange-
ment of which we shall now describe.

Tre VErNiER is divided on its edge to thirty equal parts,
and figured in two series on each side of the centre line.

In the same plane with the vernier is an arc or limb, fixed
to the main plate of the compass, and graduated to half
degrees.

The surfaces of both vernier and limb are silvered.

On the vernier are thirty equal divisions, which exactly
correspond in length with thirty-one of the half degrees of
the limb.

Each division of the vernier is, therefore, one-thirtieth or,
in other words, one minute longer than a single division of
the limb,

To Reap rtaz VerNier.—In “reading” the vernier, if it ia
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moved to the right, count the minutes from its zero point to
the left, and vice versa. Proceed thus until a division on
the vernier is found exactly in line with another on the limb,
and the lower row of figures on the vernier will give the
number of minutes passed over. When the vernier is moved
more than fifteen minutes to either side the number of the
additional minutes up to thirty or one-half degree of the limb
is given by the upper row of figures on the opposite side of
the vernier.

To read beyond thirty, add the minutes given by the ver-
nier to that number, and the sum will be the correct reading.

In all cases when the zero point of the vernier passes
a whole degree of the limb, this must be added to the minutes,
in order to define the distance over which the vernier has
been moved.

To TurN oFF THE VariarioN.—It will now be seen that the
surveyor having the vernier compass, can by moving the
vernier to either side, and with it of course the compass cir-
cle attached, set the compass to any variation.

He therefore places his instrument on some well defined
line of the old survey, and turas the tangent screw until the
needle of his compass indicates the same bearing as that
given in the old field notes of the original survey.

Then screwing up the clamping nut underneath the ver-
nier, he can run all the other lines from the old field notes
without further alteration.

The reading of the vernier on the limb in such a case would
give the change of variation at the two different periods.

The variation of the needle at any place being known, a
{rue meridian, or north and south line, may be run by moving
the vernier to either side, as the variation is east or west,
until the arc passed over on the limb is equal to the angle of
~ variation; and then turning the compass until the needle is
made to cut the zeres on the divided circle, when the line of
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the sights would give the direction of the true meridian of
the place.

Such a change in the position of the vernier is necessary
in surveying the U. S. public lands, which are always run
from the true meridian.

“THE LINE OF NO VARIATION, a6 it is called, or that upob
which the needle will indicate a true north and south direc
tion, is situated in the United States, ncarly in an imaginary
line drawn from the middle of lake Erie to Cape Hatteras,
on the coast of North Carolina.

A compass needle, therefore, placed east of this line would
have a variation to the west, aud when placed west of the
line, the variation would be to the east, and in both cases
the variation would increase as the needle was carried far-
ther from the line of no variation.

Thus in Minnesota the variation is from 15° to 16° to the
east, while in Maine it is from 17° to 18° to the west.

At Troy, in the present year, 1873, the variation is about
9° to the west, and is increasing in the same direction from
two to three minutes annually.

To Reap To Minures.—A less important use of the vernies
is to give a reading of the needle to single minutes, which is
obtained as follows:

First be sure, as in all observations, that the zero of the
vernier exactly corresponds with that of the limb; then
noting the number of whole degrees given by the needle,
move back the compass circle with the tangent screw until
the neaiest whole degree mark is made to coincide with the .
puint of the needle, read the veruier as before described, and
this reading added to the whole degrees will give the bearing
to minutes.

To use the Vernier Compass.

Proceed in the same manner as directed in regard to the

Plain Compass, when making new surveys, always taking
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eare that the vernier is set at zero and securely clamped by
screwing up the nut beneath the plate.

In surveying old farms, allowance and correction must be
made for the variation, as just described.

Sizes of the Vernier Compass.

We make three sizes of this compass, having needles of four,
five and six inches long respectively, the main plates of the
two largest being over fifteen inches long; and of the smallest
size, thirteen inches, the sights of the last are also about an
- inch shorter.

In the four and five inch Vernier Compasses, the variation
arc is within the compass circle like that of the railroad com-
pass hereafter described, and the variation is set off to min-
utes by a pinion head underneath the plate; the circle is also
clamped at any variation by a screw placed opposite the pinion.

Weight of the Vernier Compasses.

The average weights of the different sizes, including the
brass head of the Jacob Staff, beginning with the smallest,
are respectively 54, 73 and 9§ pounds.
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Surveying Instruments.

THE VERNIER TRANSIT,

This instrument, shown in the engraving opposite, resembles
the Vernier Compass in its construction and general principles,
differing from it mainly in the use of a telescope in place of tha
ordinary sights. The variation of the needle is set off by a
pinion, as shown, and the circle clamped by a nut underneath
the plate as usual.

The instrument is clamped to the spindle and secured from
falling from it by the clamp screw and spring catch, seen on
opposite sides of the socket in the engraving.

The Vernier Transit should always be used with the com-
pass tripod at least, as shown in the engraving, and often, es-
pecially when furnished with the extra attachments to tele-
scope, is placed upon the light leveling tripod, shown with the
Surveyor’s Transit beyond, and described in our account of
that instrument.

The needle of this instrument is either four, five or six
inches long, as the surveyor may prefer, the one with the six
inch needle being shown in the engraving, and generally
selected by our customers.

The advantages of the Vernier Transit over the ordinary
compass, are due mainly to the telescope and its attachments
which we shall proceed to describe in detail.
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The telescope is from ten to twelve inch:
es long, and sufficiently powerful to see
and set a flag at a distance of two miles in
a clear day.

The cross-bar in which it is fixed, turna

E readily in the standards, so that the tele-
. scope can be turned in either direction, and
back and fore sights be taken without re-
moving the instrument.

Like all telescopes used by us in our in-
struments, it shows objects in an erect
position,

Tue Terescrpe.—The interior construe
tion of the telescope of the Vernier Transit,
which is very similar to those of the other
instruments we shall describe, is well
/' shown in the longitudinal section represen-
» B ted in fig. 4.

As here seen, the telescope consists es-
sentially of an object-glass, an cye-piece
tube, and a cross-wire ring or diaphragm.
A Ha The object-glass is composed of two
lenses, one of flint, the other of crown
glass, which are so made and disposed s
to show the object seen through it without
color or distortion.

% rp The object glass and the whole telescope
is therefore said to be * achromatic.”

The eye-piece is made up of four plano-
convex lenses, which, beginning at the eye
end, and proceeding on, are called respec-
tively, the eye, the field, the ampllfylng,

and the object lenses.




30 THE VERNIER TRANSIT.

Together, they form a compound microscope, magnifying
the minute image of any object formed at the cross-wires by
the interposition of the object glass.

Fig. 5.

Tae Cross Wires.—The cross-wire diaphragm, two views
of which are here exhibited, is a small ring of brass, sus
vended in the tube of the telescope by four ‘capstan head
screws, which press upon the washers shown on the outside
of the tube.

The ring can thus be moved in either direction by working
the screws with an ordinary adjusting pin.

Across the flat surface of the ring two fine fibres of spi-
der’s web are extended at right angles to each other, their
ends being cemented with beeswax or varnish, into fine lines
cut in the metal of the ring.

The intersection of the wires forms a very minute poin$,
which, when they are adjusted, determines the optical axis
of the telescope, and enables the surveyor to fix it upon an
object with the greatest precision.

The imaginary line passing through the optical axis of the
telescope, i8 termed the ‘“line of collimation,” and the opera-
tion of bringing she intersection of the wires into the optical
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aXis, is called the * adjustment of the line of collimation.”
This will be hereafter described.

The openings in the telescope tube are made considerably
. larger than the screws, so that when these are loosencd, the
whole ring can be turned around for a short distance in either
direction.

The object of this will be scen more plainly, when we de-
scribe the means by whicn the wire is made truly vertical.

The sectional view of the telescope (fig. 4) also shows two
moveable rings, one placed at A A, the other at C C, which
are respectively used, to effect the centering of the eye-piece,
and the adjustment of the object-glass slide.

The centering of the eye-tube is performed after the wires
have been adjusted, and is effected by moving the ring, by
means of the screws, shown on the outside of the tube, until
the intersection of the wires is brought into the centre of the
field of view.

The adjustment of the object slide, which will be fully de-
scribed in our account of the Leveling Instrument, securcs
the movement of the object-glass in a straight line, and thus
xecps the line of collimation in adjustment through the whole
range of the slide, preventing at the same time what is term-
ed the ‘““travelling’’ of the wires.

This adjustment, which is peculiar to our telescopes, is
always made in the process of constraction, and needing no
further attention at the hands of the engineer, is concealed
within the hollow ball of the telescope axis.

Optical Principles of the Telescope.

In order that the advantages gained by the use of the tele

" scope may be more fully understood, we shall here venture¢

briefly to consider the optical principles involved in its come
struction.
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We are said to “ see’’ objects because the rays of light
which proceed from all their parts, after passing through the
pupil of the eye, are by the crystalline lens and vitreous
humor, converged to a focus on the retina, where they form-
a very minute inverted image; an impression of which is
conveyed to the brain by the optic nerve

The rays proceeding from the extremities of an object, and
crossing at the optic center of the eye, form the ‘ visual
angle,”” or that under which the object is seen.

The apparent magnitude of objects depends on the size of
the visual angle which they subtend, and this being great or
small, as the object is near or distant—the objects will ap-
pear large or small, in an inverse proportion to the distances
which separate them from the observer.

Fig. 6. Thus, (in fig. 6,) if the
distance O A is one-half
of O B, the visual angle,
subtended by the object

A " atthe point A, and there-

fore the apparent mag-

- nitude of the object will

be twice that observed at B. If, therefore, the visual angle

subtended by any object, can be made by any means twice

as large, the same effect will be produced as if the observer
were moved up over one half the intervening distance.

Now this is the principal advantage gained in the use of
a telescope.

The object-glass receiving the rays of light which proceed
from all the points of a visible object, converges them to a
focus at the cross-wires, and there forms a minute, inverted,
and very bright image, w!ich may be seen by placing a piece
of ground glass to receive it at ithat point.

The eye-piece acting as a compound microscope, magnifies
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this image, restores it to its natural position, and
conveys it to the eye.

The visual angle which the image there suab-
tends, is a8 many times greater than that which
would be formed without the use of the telescope,
as the number which expresses its magnifying
power.

Thus, a telescope which magnifies twenty
times, increases the visual angle just as much,
and therefore diminishes the apparent distance of
the object twenty times—-or in other words, it
will show an object two hundred feet distant,
with the same distinctness as if it was distant
only ten feet from the naked eye.

The accompanying cut, (fig. T) which we are
kindly permitted to copy from an excellent trea-

E-!tise on surveying, by Prof. Gillespie of Union

-, College, will give a correct idea of the manner

" in whicl the rays of light coming from an object
are affected, by passing through the several
glasses of a telcscope.,

We shall only consider the rays which proceed
from the extremities; these, after passing througd
the object-glass, here shown as a single leus, are
conveyed to the point B, the centre of the cross-
wires and the common focus of the object and
eye-glasses. At this place the rays cross each
other and the image is inverted.

The rays next come to the object lens C, and
passing through it are refracted so as again to
cross each other, and come thus to the amplitying
lens D. By this they are again refracted, wade
more nearly parallel, and thus reach the lurge
ficld lens E. After paesing through this, they

3
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form a magnified and erect image in the focus of the eyt
lens G. By the eye lens the image is still further magnified,
and at last enters the eye of the observer, subtending an
angle as much greater than that at the point O, as is the
magnifying power of the telescope.

In place of the eye-piece of four lenses, which we have
just been considering, and which is exclusively used in all
American instruments made at the present day; another,
which has but three lenses, is often seen in the telescopes of
imported instruments.

This latter, which inverts the object, though saving a little
more light than the former, is exceedingly troublesome to
the inexperienced observer, and has never been popular in
American engineering.

To ascertain the Magnifying Power of a Telescope.

Set up the instrument about tweaty or thirty feet from the
side of a white wooden house, and observe through tbe tele-
scope the space covered by one of the boards in the field of
the glass; then still keeping that eye on the telescope, hold
open the other with the finger, if necessary, and look with it
at the same object. By steady and careful observation there
will appear on the surface of the magnified board, a number
of smaller ones seen by the naked eye, count these, and we
shall obtain the magnifying power.

If the limits of the magnified board, as seen through the
telescope, can be noted so as to be remembered after the eye
is removed, the number of boards contained in this space
may then be easily counted.

The side of an unpainted brick wall, or any other surface
containing a number of small, well marked and eqnal objects,
may be observed, in place of the surface we have described

The operation described requires great care and close
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observation, but may be performed with facility after a little
practice,

We have spoken of the effect of the telescope in magnify-
ing objects, but have not mentioned what is termed its
“illuminating power.”

This arises from the great diameter or aperture of the
object-glass compared with that of the pupil of the eye, which
enables the observer to intercept many more rays of light,
and bring the object to the eye highly illuminated.

The advantage gained in this increase of light,depends, ag
18 evident, on the size of the object glass, and the perfection
with which the lenses transmit the light without absorbing
or reflecting it.

The superficial magnifying power of a telescope, is found
by squaring the number which expresses its linear magnify-
ing power; thus a telescope which magnifies twenty times,
increases the surface of an object four hundred times.

Before an observation is made with the telescope, the eye-
piece should be moved in or out, until the wires appear dis-
tinct to the eye of the operator; the object-glass is then. ad-
justed by turning the pinion head until the object is seen clear
and well defined, and the wires appear as if fastened to its
surface.

The intersection of the wires, being the means by which
the optical axis of the telcscope is defined, should be brought
paecisely upon the centre of the object to which the instru-
ment is directed. , .

Having thus briefly considered the principles, we shall now
proceed tc describe the

Attachments of the Telescope.

A telescope is said to be ‘“plain”’ when it is without any
appendages to its tube or axis, as that of the Engincer’s
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Transit shown in the engraving, and most instruments sre
- made in that manner.

Many surveyors, however, prefer to add these conveniences,
and we shall now consider them in detail.

Craup anp TanceEnt.—This consists essentially of a ring,
encircling the axis of the telescope, and having two project-
ing arms, the one above being slit through the middle and
bolding the clamp screw, the other much longer and below,
is connected with the tangent screw.

As soon as the clamp screw is tightened, the ring is brought
firmnly around the axis, and the telescope can then be moved
up or down by turning the tangent screw.

The clamp and tangent ought always to accompany the
vertical circle, and the level on the telescope.

VermicaL CircLe.—A divided circle as seen in the cut of the
Vernier Transit, is often attached to the axis cf the telescope,
ziving, with a vernier, the means of measuring vertical an-
gles with great facility.

We make two sizes of these circles, one of about 3} inches
diameter, seen with this instrument, the other an inch larger,
and shown in the cut of the Surveyor’s Transit. The former
is graduated to single degrees, and reads by the vernier, to
five minutes of a degree. The latter, divided to half degrees,
gives a reading, with the vernier, to single minutes.

The vertical circle is fitted firmly to the telescope axis, and
fastened with a screw, so that it remains permanent.

The vernier, however, may be shifted in either direction,
by loosening the screws which confine it to the standards.

The vernier of the small circle is divided into twelve equal
parts, which correspond with thirteen degrees on the zircle.

Each division of the vernier is, therefore, one-twelfth of
one degree, or five minutes longer than a single division of
the circle, so that the angles are read to five minutes of a
degree
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The vernier is double, having its zero poiit in the middle,
and the reading up to thirty minutes, is said to be direct;
that id, if the circle is moved to the right, the minutes are
read off on the right side of the vernier, and vice versa.

The minutes beyond thirty are obtained on the opposite
side, and in the lower row of figures.

By following these directions, and noticing the first divi-
sions on the circle and vernier, which exactly correspond, the
surveyor can obtain a reading to five minutes with great
facility.

Lzvel on TeLescore.—Besides the vertical circle, there is
sometimes a small level attached to the telescope of this ang
other instruments, which we shall hereafter describe.

Such an attachment is shown in the cut of the Surveyor’s
Transit, and its adjustment and advantages will be explain-
ed in our account of that instrument.

Siears oN TenEscore.—We are sometimes desired by sur-
veyors to place a pair of short sights on the upper side of
the telescope tube.

They are best made to fold close to the tube when not in
nse, like those of the pocket compass, described hereafter.

These sights are useful in taking back sights withont
turning the telescope, and in sighting through bushes or in
the forest, and as the telescope can be turned up or down,
answer all the purposes of the longer sights of the ordinary
compass.

Sierts ror Ricar AnxcLes.—Besides the sights just men-
tioned, we have often attached others to the plate of the
instrument, on either side of the compass circle or on the
standards.

These being adjusted to the telescope give a very ready
means of laying off right angles, or running out offsets, with
out changing the position of the instrument
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To adjust the Vernier Transit.

Tae LeveLs of this instrument have a capstan head screw
at each end, and are adjusted with a stecl pin in the ‘same
manner as those of the Plain compass.

Tae NEepLE is also adjusted as described in our account of
that instrument.

LinE or CoLuvation.—To make this adjustment, which is,
in other words, to bring the intersection of the wires into
the optical axis of the telescope, so that the instrument,
when placed in the middle of a straight line will, by the
revolution of the telescope, cut its extremities—proceed as
follows:

Set the instrument firmly on the ground and level it care-
fully; and then having brought the wires into the focus of
the eye-piece, adjust the object-glass on some well defined
point, as the edge of a chimney or other object, at a distance
of from two to five hundred feet; determine if the vertical wire
is plumb, by clamping the instrument firmly to the spindle and
applying the wire to the vertical edge of a building, or ob-
serving if it will move parallel to a point taken a little to
one side; should any deviation be manifested, loosen the
cross-wire screws, and by the pressure of the hand on the
head outside the tube, move the ring around until the error
is corrected.

The wires being thus made respectively horizontal and
vertical, fix their point of intersection on the object selected ;
clamp the instrument to the spindle, and having revolved the
teleacope, find or place some good object in the opposite
direction, and at about the same distance from the instrument
as the first object assumed.

Great care should always be taken in turning the telescope,
that the position of the instrument upon the spindle is not in
the slightest degree disturbed.
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Now, having found or placed an object which the vertical
wire bisects, unclamp the instrument, turn it half way around,
and direct the telescope to the first object selected; having
bisected this with the wires, again clamp the instrument,
revolve the telescope, and note if the vertical wire bisects
the second object observed.

Should this happen, it will indicate that the wires are in
adjustment, and the points bisected are with the centre of
the instrument, in the same straight line.

If not, however, the space which separates the wires from
the second point observed, will be double the deviation of
that point from a true straight line, which may be conceived
as diawn through the first point and the centre of the instru-
ment, since the error is the result of two observations, made
with the wires when they are out of the optical axis of the

telescope.
¥ig. 8.

> —_—
. B
For as in the diagram, let A represent the centre of the
instrument, and B C the imaginary straight line, upon the
extremities of which the line of collimation is to be adjusted.
B represents the object first selected, and D the point
which the wires bisected, when the telescope was made to
revolve, i
When the instrument, is turned half around, and the tele- -
scope again directed to B, and once more revolved, the wires
will bisect an object, E, situated as far to one side of the true
line as the point D is on the other side.
The space, D E, is therefore the sum of two deviations of
the wires frem a tiue straight line, and the error is made
very apparent )
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In order to correct it, use the two capstan head screws on
the sides of the telescope, these being the ones which affect
the position of the vertical wire.

Remember that the eye-piece inverts the position of the
wires, and therefore that in loosening one of the screws and
tightening the other on the opposite side, the operator must
proceed as if to increase the error observed. Having in this
manner moved back the vertical wire until, by estimation,
one-quarter of the space, D E, has been passed over, return
the instrument to the point B, revolve the telescope, and if

the correction has been carefully made, the wires will now - .

bisect a point, C, situated midway between D and E, and in
the prolongation of the imaginary line, passing through the
point B and the centre of the instrument.

To ascertain if such is the case, turn the instrument half
sround, fix the telescope upon B, clamp to the spindle, and
again revolve the telescope towards C. If the wires again
bisect it, it will prove that they are in adjustment, and that
" the points, B, A, C, all lie in the same straight line.

Should the vertical wire strike to one side of C, the error
must be corrected precisely as above described, until it is
entirely removed.

Another method of adjusting the line of collimation often
employed in situations where no good points in opposite
directions can be selected upon which to reverse the wires,
may here be described.

The operator sets up the instrument in some position
which commands a long sight in the same direction, and
having leveled his instrument, clamps to the spindle, and
with the telescope locates three points which we will term A,
B and C, which are distant from the instrument about one,
two and three hundred feet respectively.

These points, which are msually determined by driving a
dail into a wooden stake set firmly into the ground, will al}
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%e in the same straight line, however much the wires are ount
of adjustment, since the position of the instrument remains
unchanged during the whole operation.

Having fixed these points he now moves the instrument to
B, and sets its centre directly over the nail head, by letting
down upon it the point of a plumb-bob suspended from the
tripod.

Then having leveled the instrument, he directs the wires
to A, clamps to the spindle and revolves the telescope
towards . Should the wires strike the nail at that point,
it would show that they were in adjustment.

Should any deviation be observed, the operator must cor-
rect it by moving the wire with the screws untll by estima-
tion, half the error is removed.

Then bringing the telescope again upon either A or C, and
revolving it, he will find that the wires will strike the poin
in the opposite direction if the proper correction has been
applied.

If not, repeat the operation until the telescope will exactly
cut the two opposite points, when the intersection of the
wires will be in the optical axis, and the line of collimation
in adjustment.

In our description of the previous operation, we have
spoken more particularly of the vertical wire, because in a
revolving telescope this occupies the most important place,
the horizontal one being employed mainly to define the cen-
tre of the vertical wire, so that it may be moved either up or
down without materially disturbing the line of collimation.

The wires being adjusted, their intersection may now bae
brought into the centre of the field of view.

Tae Eve-Piece is centered by moving the screws A A,
shown in the sectional view of the telescope, Fig. 4, which are
slackened and tightened in pairs, the movement being now
direct, until the wires are seen in their proper position.
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Tt is here proper to observe, that the position of the line of
collimation depends upon that of the object-glass, solely, so
" that the eye-piece may, as in the case just described, be
moved in any direction, or even entirely removed and a new
one substituted, without at all deranging the adjustment of
the wires.

THe Sranparps.—In order that the wires may trace a ver-
tical line as the telescope is moved up or down, it is neces-
sary that both the standards of the telescope should be of
orecisely the same height. v

To ascertain this and make the correction if needed, pro-
seed as follows: :

.Having the line of collimation previously adjusted, set the
nstrument in a position where points of observation, such
as the point and base of a lofty spire, can be selected, giving
a long range in a vertical direction.

Level the instrument, fix the wires on the top of the object
and clamp to the spindle; then bring the telescope down,
until the wires bisect some good point, either found or
marked at the base; turn the instrument half around, fix the
wires on the lower point, clamp to the spindle, and raise the
telescope to the highest object.

If the wires bisect it, the vertical adjustment is effected;
if they are thrown to either side this would prove that the
standard opposite that side was the highest, the apparent
error being double that actually due to this cause.

To correct it, we now make one of the bearings of the axis
movable, so that by turning a screw underneath this sliding
piece, ag well as the serews which hold on the cap of the
standard, the adjustment is made with the utmost precision.

This arrangement, which is common to all our telescopn
instruments, is very substantial and easily managed.

Tre Verricar CircLe.-—When this attachment requires ad-
justment, praceed by leveling the instrument carefully, and
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having brought into line the zeros of the wheel and vernier,
find or place some well defined point or line which is cut by
the horizontal wire.

Turn the instrument half around, revolve the telescope,
and fixing the wire upon the same point as before, note it
the zeros are again in line.

If not, loosen the screws and move the zero of the vernier
over half the error; bring the zeros again into coincidence,
and proceed precisely as at first described until the error is
entirely corrected, when the adjustment will be completed.

Should it be desired, at any time, the circle can be removed
by the surveyor and replaced at pleasure.

Tue LeveL ox TeLescore.—The adjustment of this will be
best considered when we come to speak of the Surveyors’
Transit.

ApsustMENTS IN GENERAL—We ought here to say that the
above adjustments, as well as all the others which we have
previously explained or may hereafter describe, are always’
made by us in person, but are given in this work in order
that the surveyor and engineer may fully understand theis
instruments, and be enabled to detect and remedy errors and
accidents, which in practice will often occur.

To use the Vernier Transit.

This instrument is used on the ordinary ball and spindle,
placed most commonly in the compass tripod, as shown in
the engraving.

Tripop Heap.—Sometimes leveling screws with the parallui
plates, and which together we shall designate the “tripod
head,” with a clamp and tangept movement, are used with
this instrument as well as with the Surveyors’ Transit.

This tripod head can be unscrewed from the legs, and is
packed in the instrument box; it is of very moderate cost,
and in almost every situation is infinitely superior to a ball
and socket or any other support.
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Compound Barr.—We also manufacture
what may be termed a ‘‘compound ball
spindle,”” which has a tangent movement,
and gives all the perfection of more cost-
ly arrangements, with a very moderate
expense,

As represented in the cut, it has an in-
terior spindle, around which an outside
hollow cylinder is moved by turning the
double-headed tangent screw, which has
in the middle an endless screw, working
into teeth cut spirally around in a groove

[Fig. 9.] of the cylinder., The compass, or other
instrument, revolves on the outside socket, precisely as it
placed on a common ball spindle; but when a slower move-
ment is required, can be made fast by the clamp screw, and
then turned gradually around the interior spindle by the tan-
gent screw, until the slote of the sight or the intersection of
the wires, is made to bisect the object with the utmost cer-
tainty.

The compound ball may be placed either in a jacob-staft
sockes or compass tripod.

LeveLine Socker. — A convenient arrangement for use,
either with this instrument or with a sight compass, is shown
‘n the leveling socket described in our account of tbe solar
compass beyond.

The socket may be used either with the ordinary compasa
vall or the compound ball, as there represented, and gives a
very rapid and accurate means of leveling the instrument.

Trre BeriNg Carch, described in our account of the Plain
Compass, is always attached to the socket of this instrument,
whether placed upon a ball or tripod, so that it cannot slip
off from the spindle in carrying.

Tae Cramp Screw, in the side of the socket of this instru-
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ment, is shown in Fig 3, and by pressing a brass spring in the
interior against the spindle, serves to fix the instrument in any
position.

TuE VERNIER is moved by the pinion head, now always
placed beneath the plate, precisely as described in our account
of the Vernier Compass, and is read to minutes in the same
manner.

There is also a clamp nut underneath the circle, by which it
is securely fixed in any position, which must be loosened
whenever the vernier is moved by the pinion.

Tae Neepe Lirrine Screw is the same as those of the
compasses previously described.

In Surveving with this instrument the operator proceeds
precisely as with the Vernier Compass, keeping the south
end towards his person, reading the bearings of lines from
the north end of the needle, and using the telescope in place
of sights, revolving it as objects are selected in opposite
directions,

Pararrax.—Before an observation is made with the tele-
scope, the eye-piece should be moved in or out until the wires
appear distinct to the eye of the operator, the object-glass
may then be placed in position by turning the pinion head
on the top of the telescope, until the object is seen clear and
well defined, and the wires appear as if fastened to its sur-
face.

When, on the contrary, the wires are not perfectly distinct,
the observer, by moving his eye to either side of the small
aperture of the eye piece, will cause the wires to * travel”’
on the object, and thus occasion what is termed the *‘error
of parallax.”

The intersection of the wires being the means by which
the optical axis of the telescope is defined, should be brought
preciscly upon the centre of the object to which the instrus
ment ig directed.
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To Taxe ANcLES OF ELgvarion.—Level the instrument care-
fully, fix the zeros of the circle and vernier in line, and note
the height cut upon the staff or other object, by the horizon-
tal wire; then carry the staff up the elevation, fix the wire
again upon the same point, and the angle of elevation will
be read off by the vernier.

By careful usage, the adjustments of the Vernier Transit
will remain as permanent as those of the ordinary compass
the only one liable to derangement being that of the line ot
collimation.

This should be examined occasionally, and corrected in the
manner previously described.

Repairs of the Vernier Transit.

These being in great part already spoken of] it will be
necessary to consider only such as belong to the telescopu.

To Reprace THE Cross Wires.—Take out the eye-piece
tube, together with the little ring by which it is centered,
and having removed two opposite cross-wire screws, w'th
the others turn the ring until one of the screw holes is
brought into view from the open end of the telescope tube,
in this thrust a stout splinter of wood or a small wire so as
to hold the ring when the remaining screws are withdrawn ;
the ring is then taken out and is ready for the wires.

For these the web of the spider is to be preferred above
any thing else, but when this is not obtainable, a fine silk
fibre may be substituted.

We usually procure our webs from the living manufacturer
directly, selecting those of a yellowish-brown color, as fur-
nishing the most perfect product.

The spider being held between the thumb and finger of an
assistant, in such position as to suffer no serious injury, and
at the same time be unable to make any effectual resistance
with his extremities, the little fibre may be drawn out at
pleasure, and being placed in the fine lines cut on the surface
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of the diaphragm, is then firmly cemented to its place by
applying softened beeswax with the point of a knife blade

In case the spider is not procurable, a fine strand of a
web which is free from dust, and long enough to serve for
both wires, may be selected.

In such times as the spiders remain in their winter quar-
ters, we have been able to procure very good fibres from a
box in which a number had been confined.

When the wires are cemented, the ring is returned to its
position in the tube, and either pair of screws being insert-
ed,. the splinter or wire is removed, and the ring turned until
the other screws can be replaced.

Care must also be taken that the same side of the ring is
turned to the eye-piece as before it was removed.

When this has been done, the eye-tube is inserted, and its
centering ring brought into such a position that the acrews
in it can be replaced, and then by screwing on the end of the
telescope, the little cover into which the eye-tube is fixed,
the operation will be completed.

To Creax taE TeLEscorE.—The only glasses that will ordi-
narily require cleaning, are the object-glass on its outside
surface, and the little eye-lens, which is exposed when the
cap of the eye-tube is removed.

To remove the dust from these use a very soft and clean
silk or cotton cloth, and be careful not to rub the same part
of the cloth a second time on the surface of the glass.

No one should ever be allowed to touch the glasses with
the fingers or with a dusty cloth. :

Ezcellencies of the Vernier Transit.

These are due chiefly to the telescope and its attachments,
and from what has already been said, it will appear are such
as to render this instrument greatly superior to one provided
with the ordinary sights.

1. The magnifying power of the telescope enables the sur
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voyor to take accurate observations at distances entirely
beycnd the reach of the naked eye.

2. The fine intersection of the cross-wires can be set pre-
cisely upon tlhe centre of the object.

3. The revolving property of the telescope gives the means
of running long lines up or down steep ascents or descents
with perfect ease, where, with the short sights of the ordi-
nary compass, two or three observations would have to be
taken.

4. The use f a telescope entirely avoids the incessant trying
of tue eyes, experienced in surveys with the ordinary sights. -

5. With tne telescope, lines canu be run through the forest
or brushwood, and the flagstaff distinguished with much
greater certainty than through the sights of a compass.

This statement may appear very unreasonable to those not
familiar with the instrument, and these, in fact, raise the
greatest objection to a telescope, from its supposed unfitness:
for surveys in such locations.

They bave only to use it a few times in this kind of work,
in connection with a flagstaff, painted white or covered with
paper, to distinguish it from the surrounding cbjects, to be
couvinced of its great superiovity.

In the Vernier Transit, as furnished by us, is supplied, as
we believe, to the surveyor the most perfect of all needle
instruments, and this at a cost but little above that charged
by other makers for a sight compass.

The advantages of the telescope and its attachments are
80 great that a surveyor, accustomed to them, would find it
difficult to content himself with the ordinary compase, and
such in fact is the universal testimony of thuse familiai with
the Veruier Transit.

Weight of the Vernier Transit,

The weight of this instrument, exclusive of the tripod legs,

and with a plain telescope, is about ten pounds.
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Sizes of the Vernier Transi.

We make three sizes, having respectively needles of four,
fivo and six inches long.

The telescopes of our five and six inch transits, are both
eleven inches long, and reverse at either end ; the telescope of
the four inch size is about seven inches, and the whole instru-
ment very light and portable.

Weights of the Vernier Transils.
The average weights of the different sizes, not including the
tripods are, for the four inch instrument. five pcunds; the ﬁvo
inoh, eight, and the six inch, ten pounds.
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Needle Instruments.

We have now described the instruments included under
the division termed Needle Instruments, in the beginning of
this work.

As there stated, the Plain and Vernier Compasses and the
Vernier Transit depend for their accuracy and value, mainly
upon the perfection of movement of the magnetic needle,

With such instruments, the greater part of the surveying
in our country has been, and will for a long tune in the future,
continue to be done.

And though with the improvements made in these instru-
ments, a good surveyor may, with great care and skill, do
work with a surprising degree of accuracy and perfection,
yet all needles are liable to many irregularities.

Imperfections of the Needle.

These may arise either from the loss of magnetic virtue in
the poles, the blunting of the centre-pin, or the attractiou
exerted upon it by bodies of iron, whose presence may be
entirely unsuspected.

The two first of these errors may be easily remedied in tha
manner we have described.

LocaL Arrracrion.—The third and most frequent source of
inaccuracy, may be detected by taking back sights, as well
as fore sights, upon every line run with the needle, and by
the agreement of the bearings, determining the true direc-
tion of the line.

Sometimes a compass may have little particles of iron com
cealed within the surface of the metal circla or plates

~
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It is the business of the maker to examine every instru-
ment, in search of this defect, by trying the reversion of the
needle upon all points of the divided circle.

If the needle should fail to reverse, when the compass is
turned half around, and the sights directed a second time
upon any object, the instrument should be thrown aside and
never sold.

Besides the dificulties caused by the above imperfections,
the variation of the needle is a frequent source of annoyance.

What is termed the secular variation, we have already
mentioned in our acccount of the Vernier Compass, we will
now speak of the

DrurNaL VariarioN.—This is owing to the influence of the
sun, which, in summer, will cause the needle to vary from
ten to fifteen minutes in a few hours, when .exposed to its
fullest influencg.

To guard against these causes of inaccuracy in the use of
needle instruments, the surveyor will need the greatest care
and attention ; and yet, with all the precautions than can be
suggested, the difficulty of measuring horizontal angles with
ceriainty, and to a sufficient degree of minuteness by the
needle alone, has caused a demand to be felt more and more
sensibly in all parts of the country for instruments, in the
use of which the surveyor may proceed with assured accu-
racy and precision. )

Indeed, in Canada, so great is the distrust of needle in-
struments, that the Provincial Land Surveyors are forbidden
to use an instrument in their land surveys, unless it is capable
of taking angles independently of the needle.

To supply the demand thus created for increased perfection
in the implements of the surveyor, we manufacture a variety
of instruments ; three of which we shall now describe under _
the names of The Railroad Compass, The Surveyor's Transi,
and the Solar Compass.
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Surveying Instruments.

THE RAILROAYD COMPASS.
Fig. 10.

As shown in Fig. 10, this instrument has the main plate,
levels, sights, and needle of the ordinary instrument, and
has also underneath the main plate a divided circle or limb
by which horizontal angles to single minutes can be taken
independently of the needle.

The verniers are attached to the under surface of the main
plate the openings through which they are seen being covered
with slips of glass to protect the divisions from dust and
moisture; only one of the verniers is shown in the cut.

The connection between the two plates is made by a clamp
and tangent movement shown at e, by which they can be fus
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tened together or released at will, or moved slowly around
each other as may be desired in the use of the compass.

The needle lifting screw is shown near the clamp screw,
on the same end of the plate,

On the opposite side of the compass circle is seen the head a
of a pinion working into a circular rack fixed to the edge of
the compass circle, and thus enabling the surveyor to move the
compass circle about its centre in setting off the variation of
the needle, precisely as in the case of the vernier compass.

The variation is read to single minutes by a vernier and
divided arc, partially shown near the letter S in the cut.

Near the pinion head is also shown a clamp screw, by which
the circle is securely fixed when moved to the proper position.

The sockets upon which the plates of this instrument turn -
are long and well fitted, and the movement of the vernier
plate around the limb is almost perfectly free from friction.

THE GRADUATED CIRCLE or limb is divided to half degrees,
and figured in two rows, viz : from 0° to 90°, and from 0° to
360°; sometimes but a single series is used, and then the
figures run from 0° to 860°, or from 0° to 180° on each side.

The figuring, which is the same upon this as in the other
angular instruments we shall herecafter describe, is varied
when desired by the surveyor. The first method is our
usual practice.

Tae Verxniers are double, having on each side of the zero
mark thirty equal divisions corresponding precisely with
twenty-nine half degrees of the limb; they thus read to
single minutes, and the number passed over is counted in
the same direction in which the vernier is moved.

The use of two opposite verniers in this and other instru-
ments gives the means of ‘‘ cross questioning’’ the gradua-
tions, the perfection with which they are centered and the
dependence which can be placed upon the aceuracy of the
angles indicated.
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Tae NeepLe of this instrument is about five and a half inches
long, and made precisely like those previously described.

Tue ApsustMENTS of this instrument, with which the sur-
veyor will have to do, have been already described.

To use the Railroad Compass.

It can be set upon the common compass ball, or'still better,
the tangent ball already described, placed either in a jacob-
staff socket, a compass tripod, or the leveling socket and |
tripod as shown with the solar compass.

We have also adapted to many of these instruments, the
leveling tripod head, with clamp and tangent movement, and
this is preferable to any other support.

To take Horrzontar AneLEs.—First level the plate and
set the limb at zero, fix the sights upon one of the objects
selected, and clamping the whole instrument firmly to the
spindle, unclamp the vernier plate and turn it with the hand,
until the sights are brought nearly upon the second object ;
then clamp to the limb, and with the tangent screw fix them
precisely upon it. ,

The number of degrees and minutes read off by the vernier,
will give the angle between the two objects, taken from the
centre of the instrument.

It will be understood that the horizontal angles can be
taken in any position of the verniers, with reference to the
zero point of the limb; we have given that above as being
the usual method and liable to the fewest errors.

It is advisable where great accuracy is required, in this
and other instruments furnished with two verniers, to obtain
the readings of the limb from both, add the two together and
halve their sum; the result will be the mean of the two
readings, and the true angle between the points observed.

Such a course is especially necessary when the readings
of the verniers essentially disagree, as may sometimes hap-
pen whep the instrument has been injured by an accident.
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Use or 78E NErpLe.—In taking horizontal angles as just
described, the magnetic bearings of the two objects are
often noted, and thus two separate readings of the same
angle, one by therlimb, the other by the needle, are obtained,
to be used as checks upon each other to prevent mistakes.

To TorN orF TBE VaRIATION oF THE NEEDLE.—Having leveled:
the instrument, set the limb at zero, and place the sighta
upon the old line, note the reading of the needle, and make
it agree with that given in the field notes of the former
survey, by turning the compass circle about its centre by
the pinion a.

Now, clamp the compass circle firmly by the clamp screw,
and the number of degrees or minutes passed over by the
vernier of the compass circle will be the change of variation
in the interval between the two surveys,

To Survey with this instrument, the operator should turn
the south side of the compass face towards hig person, and
having krought the zeros of the limb and vernier plate in
contact, clamp them, and proceed as directed in our account
of the Plain Compass.

Of course it will be understood that lines can be run and
angles measured by the divided limb and verniers, entirely
independent of the needle, which, in localities where local
attraction is manifested, is very serviceable.

The accuracy and minuteness of horizontal angles indi-
cated by this instrument, together with its perfect adapta-
tion to all the purposes to which the Vernier Compass can
be applied, have brought it into use in many localitics,
where the land is so valuable as to require more careful sur-
veys than are practicable with a needle instrument.

Weight of the Railroad Compass
Tke average weight of this instrument, including the brass
head of the jacob staff, is about 11} Ibs.
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Single Vernier Radroad Compass.

We have just introduced a new style of this instrument,
essentially alike that already described, but of somewhat
gimpler construction in its sockets, and having but a single
vernier to the limb.

This new instrument, though afforded at a price materially
Jower than the other, is still in every way accurate and reliable.

Sizes and Weights of the Railroad Compass.

We make two sizes of this instrument, viz.: five, and five
and a half inch needle; the largest size, including the brass
head of the jacob staff, weighing ten, and the five iuch, nine
pounds.

The Double Vernier Compass has a five and a half inch
needle, and weighs, with ball and socket, about eleven pounds.

We invite especial attention to the different styles of our
Railroad compasses, believing that in many respects they are
very much superior to any other compass made, having a hori-
xontal limb, and an arrangement by which the variation of the
needle can be so readily set off and ascertained. -
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THE SURVEYOR’S TRANSIT.

This instrument shown in the engraving on the opposite
page, is in principle very similar to the instrument just de-
geribed, differing from it mainly in the substitution of the
telescope with its appendages for the ordinary compass
wights.

Trr TeLescorE is of somewhat finer quality than that used
with the Vernier Transit; ashere shown, it is furnished with
a small level, having a g'round bubble tube and a scale; and
also a vertical circle connected with its axis.

TrE Stanparps are made precisely like those of the Vernier
Transit, the bearings of the axis of the telescope being con-
ical, and fitted with the utmost nicety; there is also in one
of them the moveable piece for the adjustment of the wires
to the tracing of a vertical line.

Tre Seeir Levers are placed upon the upper surface of the
vernier plate, one being fixed on the standard so as not to
obstruct the light which falls on the vernier opening beneath.

Both levels are adjustable with the ordinary stecl pin.

Tre Neepre is like tbat of the previous instrument, but is
only five inches long.

TaE VERNIER PraTE, Which carries the verniers and telo-
.scopes, is made to move with perfect ease and stability,
around the graduated circle or limb, and horizontal angles
are taken to single minutes; the variation of the-needle is
also set off by the pinion and clamp screw, as described in
the account of the previous instrument.

TBE VERNIERS, a8 in all our angular instruments, are double,
reading either way from the centre mark, and to single
minutes of a degree.

There are two verniers, placed on opposite sides of the
instrument at right angles to the telescope; only one of
these is shown in the cut.
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Tae Divipep CircLE, or limb, is graduated to half degrees,
reads to minutes by the verniers, and is figured as described
before.

TrE CLaMP AND TANGENT movement of the vernier plale is
the same as that of the Railroad Compass, it is well
shown in the figure.

Tae Trirop Heap.—This instrument, as shown in the
engraving, is generally used on a leveling tripod.

Tre Licer LeveLinGg Tripop, used with the Surveyor’s Tran-
pit, is well shown in the engraving. As there seen, there are
nuts screwed in to the upper parallel plate, so as to give a
long bearing for the four leveling screws.

The under plate supports the feet of the screws, and has
beneath a cavity or bowl], in which moves a hemispherical
nut screwed to the spindle of the tripod.

This nut serves both to connect the plates together, and
as a pivot on which the upper plate is turned by the leveling
screws.

The under parallel plate has also a screw on the under sidse,
by which the tripod head may be disconnected from the legs,
and packed in the box with the instrument.

The leveling screws are made of bell metal, have a large
{ouble milled head, and a deep screw of about forty threads
to the inch; their ends set into little brass cups, so that the
screws are worked without indenting the under plate.
Sometimes a piece of leather is put in place of the cups.

The leveling screws are entirely covered above by little
caps which screw over the upper side of the nut.

When the screws are loosened, the upper plate can he
shifted around, so as to bring the leveling screws in any po-
sition, with reference to the plates and telescore of the in-
strument.

The clamp and tangent screws are seen on the upper plaw
of the tripod. la place of thesingle tangent screw, we have,
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in all onr instruments, substituted the double tangent move-
ment, as shown in the engraving,

The spindle of the tripod head rises above the upper plate,
and the instrument can be removed from it, by pulling out
a little pin made to spring into a groove, and thus keep the
instrument from falling, when the tripod is carried upon the
shoulder.

In the iower end of the spindle and underneath the plates,
is screwed the loop for attaching the string of the plumb-hob

To LeveL tHE Tripop, the engineer takes hold of the oppo
site screw heads with the thumb and fore finger of each hand,
and turning both thumbs in or out, as may be necessary,
raises one side of the upper parallel plate and depresses the
other, until the desired correction is made.

Suirrine THE Tripop Heap.—A simple arrangement by
which an instrument can be easily set over a given point, is
made by extending the stem of the tripod head below,
through a large circular aperture in the centre of the plate
to which the legs are attached, so as to connect by the
hemispherical nut or pivot, with a little moveable piece
bearing on the under surface of the plate. The leveling
screws of course, rest directly on the upper surface of this
plate, and when loosened, can be shifted nearly an inch from
side to side in any direction ; thus allowing the point of the
plumb-bob, to be set directly over a given point on the
ground.

This modification requires a larger tripod, and gives the
s1rveyor a little more trouble when the tripod head is de-
tached from the legyp.

It is not so easily adapted to the Engineer’s Transit, as to
our other instruments, nor can so much movement be secured,
but is made by us for any instrument whenever desired and
without additional charge.

Apyusting Sockkr, a beautiful arrangement for occasional
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use in place of the leveling tripod, in cases where greater
lightness and rapidity of adjustment are desired, is shown in
the adjusting socket, described in the account of the Sulat
Compass.

To adjust the Surveyor’s Transit.

Tre LeveLs are adjusted with a steel pin as those of the
Vernier Transit, and it need only be added here, that in this,
as well as other instruments having two plates, moving upon
sockets independent of each other, the levels, when adjusted
on one plate, should still keep their position when both are
clamped together and turned upon a cominon socket.

Otherwise, however accurately the telescope might trace
a vertical line, when revolved upon the socket of one plate,
it would give a very different result as svon as the position
of the other plate was changed.

Tue NeepLk and telescope with its other attachments being
adjusted, as described in our account of the Vernier Transit,
we shall here consider only that of the

LeveL oN Tenescore.—For the adjustment of this attach-
ment we shall give two methods, the first being that usually
practiced by us.

1. First level the instrument carefully, and with the clamp
and tangent movement to the axis, make the telescope hori-
eontal as near as may be with the eye, then having the line
of collimation previously adjusted, drive a stake at a con-
venient distance, say from one to three hundred feet, and
note the height cut by the horizontal wire, upon a staff sct
on the top of the stake.

Fix anotber stake in the opposite direction, and at the
same distance from the instrument, and without disturbing
the telescope, turn the instrument upon its spindle, set the
staff upon the stake, and drive in the ground, until the same
beight is indicated as in the first observation,

The top of the two stakes will then be in the same hori
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rontal line, however much the telescope may be out of
level,

Now remove the instrument from fifty to one hundred feet
to one side of either of the stakes, and in line with both;
again level the instrument, clamp the telescope as nearly
horizontal as may be, and note the heights indicated, upon
the stafl placed first upon the nearest, and then upon the
most distant stake.

If both agree, the telescope is level; if not, with the
tangent screw move the wire over nearly the whole error, as
shown at the distant stake, and repeat the observation as
just described. Proceed thus until the horizontal wire will
indicate the same beight at both stakes, when the telescope
will be truly herizontal.

Taking care not to disturb its position, brmg the bubble
into the centre by the little leveling nuts at the end of the
tube, when the adjustment will be completed.

2. Choose a piece of ground nearly level, and having set
the instrument firmly, level the plates carefully, and bripg
the bubble of the telescope into the centre with the tangent
screw. Measure in any direction from the instrument, from
one to three hundred feet, and drive a stake, and on the stake
set a staff and note the height cut by the horizontal wire,
then take the same distance from the instrument in an oppo
site direction, and drive another stake.

On that stake set the staff and note the height cut by the
wire when the telescope is turned in that direction.

The Ccifference of the two observations is evidently the
difference of level of the two stakes.

Sct the instrument over the lowest stake, or that upon
which the greatest height was indicated, and bring the
.evels on the plates and telescope into adjustment as at first

Then with the staff, measure the perpendicular distance
from the top of the stake to the centre ¢f onc of the horizontal
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cross wire screw heads; from that distance subtract the dife
ference of level between the two stakes and mark the point
on the staff thus found; place the staff on the other stake,
snd with the tangent screw bring the horizontal wire to the
mark just found, and the line will be level.

The telescope now being level, bring the bubble of the
Jevel into the centre, by turning the little nuts at the end of
the tube, and noting again if the wires cut the point on the
staff; screw up the nuts firmly and the adjustment will be
completed.

With such a level carefully adjusted, the engineer, by tak-
ing equal fore and back sights, can run horizontal lines with
great rapidity, and a good degree of acouracy. :

To use the Surveyor’s Transit.

In surveying with this instrument, the plates must be set so
that the zeros of the circle and the verniers correspond, and
firmly clamped together, the eye end of the telescope being
placed over the south side of the compass circle, in the posi
tion shown in the engraving.

The surveyor may then proceed precisely as with the plain
compass.

To TURN OFF ANGLES.—When angles are to be measured
independently of the needle, proceed precisely ax directed in
the description of the Railroad dompass.

TaE VARIATION OF THE NEEDLE is also set off as men-
#Aoned in our account of that instrument.

Sizes of the Surveyor’s Transit.

We make three sizes of this instrument, the weights and
dimensions of limb of each being as follows:
4 inch needle horizontal limb,8 in. diameter, weight 12 iba
1) 1] [ 6% [ “ 13 «
5} & [ 1 [ [ 14
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Stngie Vernier Surveyor’s Transit.

We have just introduced a modification of this favorite
Instrument, by which, with a lighter socket and one double
vernier to the limb, we furnish all the capabilities of the more
costly instrument, at a materipl reduction ia price.

We make three sizes of this transit, of the same dimensions
#s those having two verniers to the limb; the engraving
opposite represents the one with five inch needle, having also
a level attached to telescope, with clamp and tangent to axis.

This instrument may be used on the ball spindle and com-
pass tripod, like the Vernier Transit, but like other transits
should also be furnished with the usual leveling tripod.

The Single Vernier Surveyor’s Transit, from its lightness,
excellence and cheapness, will supply as we trust, a need long
felt by engineers and surveyors, in furnishing an instrument
suitable for accurate work at a very reasonable cost.

Merits of the Surveyor’s Transit.

In this instrument, as just described, the surveyor will
recognize advantages not possessed by any other instrument
with which we are acquainted.

Combining the capabilities of a needle instrument, with a
fine telescope, and the accuracy of a divided limb and verniers,
and having also the means for turning off the variation of the
needle; it is for a mixed practice of accurate surveying and
engineering, such indeed as is required by most city engineers,
the best instrument ever constructed.

The peculiar construction of the sockets and plates of this
instrument is entirely our own invention, and we feel the
ntinost confidence in recommending it to all whose practice 1s
such as to require the use of the needle combined with thas of
the divided circle and verniers.
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THE SOLAR COMPASS,

This instrument, so ingeniously contrived for readily deter
mining a true meridian or north and south line, was invented
by WiLLiam A. Burr, of Michigan, and patented by him in 1836.

It has since come into general use in the sarveys of U. S,
public lands, the principal lines of which are required to be
run with reference to the true meridian.

The invention having long since become the property of
the public, we have given our attention to the manufacture
of these instruments, and are now prepared to furnish them,
with important improvements of our own devising, at greatly

reduced prices.

Our improved Solar Compass, one form of which is shown in
the engraving, has nearly the same arrangement of plates, with
divided circles, verniers, and sockets, as the Railroad Compass.

The Solar Apparatus.

The Solar Apparatus is seen in the place of the needle,
and in fact operates as its substitute in the field.

It consists mainly of three arcs of circles, by which can
be set off the latitude of a place, the declination of the sun,
and the hour of the day.

These arcs, designated in the cut by the letters a, 6, and
¢, are therefore termed the latitude, the declination, and the
hour arcs respectively.

Tre Latirupe Arg, g, has its centre of motion in two pivots
one of which is seen at d, the other is concealed in the cut.

It is moved either up or down within a hollow arc, seen
in the cut, by a tangent screw at f, and is securcly fastened
in any position by a clamp screw.

The Latitude arc is graduated to quarter degrees, and
reads by its vernier, ¢, to single minutes ; it has a range of
sbout thirty-five degrees, so as to be adjustable to the lati-
tude of any place in the United States.
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Tae DrcLination Arc, b, is also graduated to quarter
wegrees, and has a range of about twenty-four degrees.

Its vernier, v, reading to single minutes, is fixed to a
movable arm, h, having its centre of motion in the centre
of the declination arc at g; the arm is moved over the sur-
face of the declination arc, and its vernier set to any reading
by turning the head of the tangent screw, k. Itis also securely
clamped in any position by a screw, concealed in the engraving.

SorLar Lenses aNp Lines.—At each end of the arm, A, is &
rectangular block of brass, in which is set a small convex
lens, having its focus on the surface of a little silver plate,
fastened by screws to the inside of the opposite block.

The silver plate, with its peculiar lines. will be referred to
more particularly hereafter.

EquaroriaL SieETs.—On the top of each of the rectangular
blocks is seen a little sighting piece, termed the equatorial
sight fastened to the block by a small milled head screw, so
as to be detached at pleasure.

They are used, as will be explained hereafter, in adjusting
the different parts of the solar apparatus.

Tee Hour Arc, ¢, is supported by the two pivots of the
fatitude arc, already spoken of, and is also connected with
that arc by a curved arm, as shown in the figure.

The hour arc has a range of about 120°, is divided to half
degrees, and figured in two series; designating both the
bours and the degrees, the middle division being marked 12
and 90 on either side of the graduated lines.

Tae Porar Axis.—Through the centre of the hour are
passes a hollow socket, p, containing the spindle of the
declination arc, by means of which this arc can be moved
from side to side over the surface of the hour arc, or turned
completely round as may be required.

The liour arc is read by the lower edge of the graduated

gide of the declination arc
b
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The axis of the declination arc, or indeed the whole socket
p, is appropriately termed the polar axis.

Tae Apsuster.—DBesides the parts shown in the cut, there
is also an arm used in the adjustment of the instrument as
described hereafter, but laid aside in the box when that is
effected. ,

The parts just described constitute properly the solar
&pparatus.

Besides these, however, are seen the needle box, n, with
its arc and tangent screw, ¢, and the spirit levels, for bringing
the whole instrument to a horizontal position.

Tae NeepLe Box, n, has an arc of about 36° in extent,
divided to half degrees, and figured from the centre or zero
mark on either side.

The needle, which is made as in other instruments, except
tnat the arms are of unequal lengths, is raised or lowered
by a lever shown in the cut.

The needle box is attached by a projecting arm to a tan-
gent screw, £, by which it is moved about its centre, and its
needle set to any variation.

This variation is also read off by the vernier on the end of
the projecting arm, reading to single minutes a graduated
arc, attached to the plate of the compass.

Tae Levers seen with the solar apparatus, have ground
glass vials, and are adjustable at their ends like those of our
other instruments. '

The edge of the circnlar plate on which the solar work is
placed, is divided and figured at intervals of ten degrees, and
numbered, as shown, from 0 to 90 on each side of the line of
sight.

These graduations are used in connection with a little
brass pin, seen in the centre of the plate, to obtain approxi-
mate bearings of lines, which are not important enough tc
require a close observation.
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Lixes or Rerraction.—The inside faces of the sights are
also graduated and figured, to indicate the amount of re-
fraction to be allowed when the sun is near the horizon.
These are not shown in the cut.

Tue HorrzontaL Live in all our Solar Compasses is divided
upon silver, and reads by two opposite verniers to single
minutes of a degree, the number of minutes being counted
off in the same direction in which the vernier moves.

Definition of Astronomical Terms.

Before proceeding to describe the principles and adjust-
ments of this instrument, a brief statement of the terms
employed may here be appropriately made.

TeE Sux is the centre of the solar system, remaining con-
stantly fixed in its position, though, for the sake of conve-
nience, often spoken of as in motion around the earth.

TrE Earte makes a.complete revolution around the sun in
865 days, 6 hours, very nearly.

It also rotates about an imaginary line passing through
its centre, and termed its azts, once in twenty-four hours,
turning from west to east. :

Tae Pores are the extremities of the axis; that in our
own hemisphere, known as the north pole, if produced in-
definitely towards the concave surface of the heavens, would
reach a point sitnated near the polar star, and called the
north pole of the heavens.

Tae Equaror is an imaginary line passing around the earth
equi-distant from the poles, %and at right angles with them.

If the plane of the equator is produced to the heavens, it
forms what is termed the equator of the heavens.

Tre Orsrr of the earth is the path in which it moves in
making its yearly revolution.

If the plane of this orbit were extended to the heavens, it
would form the ecliptic or the sun’s apparent path in the
heavens.
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The earth’s axis is inclined to its orbit at an angle of
about 23° 28’ making the angle between the eartl’s orbit
and its equator, or between the celestial equator and the
ecliptic of the same amount.

Tae EquiNoxes are the two points in which the echptm
and the celestial equator intersect each other.

Tre DecLination of the sun is its angular distance north
or south of the celestial equator ; when the sun is at the
equinoxes, that is about the 21st of March and the 21st of
September of each year, his declination is 0, or he is said to
be on the equator; from these points his declination increases
from day to day, and from bour to hour, until, on the 21st of
June and 21st of December, he is 23° 28’ distant from the
equator.

It is the declination which causes the sun to appear so
much higher in summer than in winter, his altitude in the
heavens being in fact nearly 47° more on the 21st of June
than it is on the 218t of December,

Tue Horizox of a place is the surface which is defined by
a plane supposed to pass through the place at right angles
to a vertical or plumb line, and to bound our vision at the
surface of the earth.

The horizon or a horizontal surface is determined by the
surface of any liquid when at rest, or by the spirit levels of
an instrument.

Tae Zenma of any place is the point directly over head,
at right angles to the horizon. *

Tae Mermiax of any place is a great circle passing through
the zenith of a place, and the poles of the earth.

The me.idian, or true north and south line of any place is
the line determined by the intersection of the plane of the
meridian circle with the plane of the horizon.

Tre Merian Artitunk of the sun is its angular elevation
above the horizon, when passing the meridian of a place.
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Tae Larrrope of a place is its distance north or south of
the equator, measured on a meridian, At the equator the
latitude is 0°, at the poles 90°.

Tue Loxerrupe of a place is its distance in degrees or in
time, east or west of a given place taken as the starting
point or first meridian; it is measured on the equator or any
parallel of latitude.

In the Nautical Almanac, which is commonly used with
the Solar Compass, the longitude of the principal places in
the United States is reckoned from Greenwich, England, and
expressed both in degrees and hours.

Tre Zesrre Distance of any heavenly body, is its angular
distance north or south of the zenith of a place, measured
when the body is on the meridian.

Suppose a person situated on the equator at the time of
the equinoxes, the sun, when on the meridian, would be in
the zenith of the place, and the poles of the earth would, of
course, lie in the plane of his horizon.

Disregarding for the present the declination of the sun,
let us suppose the person travels towards the north pole.

As he passes to the north, the sun will descend from the
zenith, and the pole rise from the horizou in the same propor-
tion, until when he arrives at the north pole of the earth,
the sun will have declined to the horizon, and the pole of the
heavens will have rcached the zenith,

The altitude of the pole at any place, or the distance of
the sun from the zenith, would in the case supposed, give
the observer the latitude of that place.

If we now take into account the sun’s declination, it would
increase or diminish its meridian altitude, according as it
passes north or south of the equator ; but the declination of
the sun at any time being known, its zenith distance, and
therefore the latitude of the place, can be readily ascertained
by an observation made when it is on the meridian.
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As we shall see hereafter, it is by this method that we
obtain the latitude of any place by the Solar Compass.

True.—A solar day is the interval of time between the
departure of the sun from the meridian of a place, and its
succeeding return to the same position.

The length of the solar day, by reason of the varying
velocities of the earth in its orbit, and the inclination of its
axis, is continually changing.

In order to have a uniform measure of time, we have
recourse to what is termed a mean solar day, the length of
which is equal to the mean or average of all the solar days
in & year,

The time thus given is termed mean time, and is that to
which clocks and watches are adjusted for the ordinary
business of life.

The sun is sometimes faster, and sometimes slower, than
the clock, the difference being termed the equation of time.

The moment when the sun is on the meridian of any place
is termed apparent noon, and this being ascertained, we can,
by referring to the equation of time for the given day, and
adding to, or subtracting from, apparent noon, according
as the sun is slow or fast, obtain the time of mean noon, by
which to set the watch or chronometer.

DirrerENCE OF LoNerruDE.—AS the earth makes a complete
rotation upon its axis once a day, every point on its surface
must past over 360° in 24 hours, or 15° in one hour, and so
on in the same proportion.

And as the rotation is from west to east, the sun would
come to the meridian of every place 15° west of Greenwich,
Just one hour later than the time given in the Almanac, for
apparent noon at that place.

To an observer situated at Troy, N. Y., the Iongltude of
which is in time 4 hours 54 minutes, 40 sec., the sun would
come to the meridian nearly five hours later than at Greens
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wich, and thus when it was 12 M. at that place, it would be
be but about 7 o’clock A. M. in Troy.

Rerracrion.—By reason of the increasing density of the
atmosphere from its upper regions to the earth’s surface, the
rays of light from the sun are bent out of their course, so as
to make his altitude appear greater than is actually the c/li.

The amount of refraction varies, according to the altitude
of the body observed ; being 0 when it is in the zenith,
about one minute when midway from the horizon to the
zenith, and almost 34’ when in the horizon.

To indicate the amount of refraction to be allowed in
observations with the solar compass, the sights have on
their inside faces a number of lines, marked at intervals,
and figured 8o as to read off the degree of refraction of the
sun or other body, when seen directly over the top of one
sight, by the eye placed on the other at the height marked
by the line of refraction.

Errrcr or INcipENTAL RErracTiON.—It will be seen by
referring to the instrument, that the effect of the ordinary
refraction, which to distinguish from meridional refraction,
we will term tncidental, upon the position of the sun’s image
with reference to the equatorial lines, which, in fact, are the
only ones to be regarded in running lines with the Solar
Compass, is continually changing, not only with the change
of latitude, but also with that of the sun’s declination from
hour to hour, and the motion of the revolving arm as it fol-
lows the sun in its daily revolution.

If the equatorial lines were always in the same vertical
plane with the sun, as would be the case at the equator at
the tine of the equinoxes, it is evident that refraction would
have no effect upon the position of the image between these
Yines, and therefore would not be of any importance to the
surveyor. ,

But as we proceed further north, and as the sun’s declina-
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tion to the south increases, the refraction also increases, and
must now be taken into account.

Again the angle which the equatorial lines mak> with the
horizon is continually changing as the arm is made to follow
the motion of the sun during the course of a day.
4hus in the morning and evening they are more or lesa
inclined to the horizon, while at noon they are exactly
parallel to it.

And thus it follows that the excess of refraction at morn
ing and evening is in some measure balanced by the fact
that the position of the sun’s image with reference to the
equatorial lines is then less affected by it, on account of the
greater inclination of the lines to the horizon.

Besides the causes already mentioned as modifying the
effect of refraction, we may add that of the numerous changes
in the atmosphere ; and when all these are considered, it
will be seen that any idea of calculating the amount and
influence of refraction with certainty may well be abandoned.

The best than can be done, is to estimate and allow for it
as a little experience will sugzgest during morning and
evening, and disregard it entirely for the rest of the day.

‘We shall give the practice of government surveyors in
allowing for refraction, when we come to speak of the man-
ner in which the Solar Compass is used.

Tae MeripioNal RerFracrioN of the sun is that by which
his position is affected when on the meridian.

It varies of course, with the varying meridional altitudes
of the sun, and in all places in north latitude must be added
to the declination when it is north, and subtracted when it is
south, in order to obtain the true declination for the given day.

This is done for the starting hour as will be hereafter
described, and is carried through the other hours of the day
without further addition. '

To obtain the meridional refraction of the sun for a given
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day and place, we first ascertain the meridional altitude of
the sun on that day, and then refer to the table of refractions
given in the Almanac a few pages beyond the eplemeris
of the sun, and find the amount of refraction corresponding
to the angle thus obtained, which will be the meridional
refraction required.

Thus to obtain the meridional refraction of the sun for
April 16th, 1868, at Troy, N. Y., proceed as follows :
Latitude of Troy...eeceee..42° 44/

90—42° 44'=4"7° 16’
Declination April 16, which isnorthor4..... 10° 1¥ 22

Gives a meridional altitude of 57° 35/ 22

Referring now to the table of refractions we find the amount
corresponding to the angle thus found to be 38”7, which is the
meridional refraction for the given day, and is to be added
to the declination, as will hereafter be seen.

Again, let it be required to obtain the meridional refraction
at the same place, Oct. 15, 1868, the declination now being
in the contrary direction,

Latitude of Troy «eeeeenss..42° 44/
90—42° 44'=47° 16’
Declination for Oct. 16, whichis south or—.... 9° &/ 40/

Gives a meridional altitnde of  38° 10’ 20~

Referring again to the table, we find the refraction for the
meridional altitude just found to be 1’ 14", which is nbw to
be subtracted from the declination for the given day, when

it is set off upon the declination arc.
As will be seen by both examples, the meridional refraction,

though affecting the sun’s declination by a constant quantity
through the whole day, is yet of comparatively small amount,
and in practice is often entirely disregarded, except by those
surveyors engaged in running the great standard meridiaus
and parallels of latitude, or in testing their instruments.
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Principles of the Solar Compass.
‘We are now prepared, to proceed to the explanation of the
peculiar construction of the instrument we are considering.
The little silver plate before referred to, is shown in detal
in fig. 13. On its surface are marked two sets of lines inter-

Fig. 13. secting each other at right angles; of these,

b b are termed the hour lines, and ¢ ¢ the

) > a—f A equatorial lines, as having reference respec-
(%] tively, to the hour of the day and the posi-

tion of the sun, in relation to the equator.

Below the equatorial lines are also marked three other lines,

which are five minutes apart, and are of service in making
allowance for refraction, as will be hereafter explained.
" The interval between the two lines ¢, ¢, as well as between
b, b, is just sufficient to include the circular image of the sun,
as formed by the solar lens, on the opposite end of the re-
volving arm.

When, therefore, the instrument is made perfectly hori-
zontal, the equatorial lines and the opposite lenses being
accurately adjusted to each other by a previous operation,
and the sun’s image brought within the equatorial lines, his
position in the heavens, with reference to the horizon, will
be defined with precision.

Suppose the observation to be made at the time of one of
the equinoxes ; the arm A, set at zero on the declination arc
b, and the polar axis p, placed exactly parallel to the axis of
the earth.

Then the motion of the arm h, if revolved on the spindle
of the declination arc around the hour circle ¢, will exactly
correspond with the motion of the sun in the heavens, on tle
given day and at the place of observation ; so that if the
sun’s image was brought between the lines ¢ ¢, in the morn-
ing, it would continue in the same position, passing neithes



THE SOLAR COMPARS. 75

above nor below the lines, as the arm was made to revolve
in imitation of the motion of the sun about the earth.

In the morning as the sun rises from the horizon, the arm
h will be in a position nearly at right angles to that shown
in the cut, the lens being turned towards the sun, and the
silver plate on which his image is thrown directly opposite.

As the sun ascends, the arm must be moved around, until -
when he has reached the meridian, the graduated side of the
declination arc will indicate 12 on the hour circle, and the arm
h, the declination arc b, and the latitude arc g, will be in the
same plane.

As the sun declines from the meridian the arm h must be
moved in the same direction, until at sunset its position will
be the exact reverse of that it occupied in the morning.

ALLowaNCE FoR DEcLiNATION.—Let us now suppose the
observation made when the sun has passed the equinoctial
point, and when his position is affected by declination.

By referring to the Almanac, and setting off on the arc
his declination for the given day and hour, we are still able
to determine his position with the same certainty as if he
remaired on the equator.

When the sun’s declination is south, that is from the 22d
of September to the 20th of March in each year, the arc b is
turned towards the plates of the compass, as shown in the
engraving, and the solar lens, o, with the silver plate oppo-
site, are made use of in the surveys.

The remainder of the year, the arc is turned from the
plates, and the other lens and plate employed.

When the Solar Compass is accurately adjusted, and its
plates made perfectly horizontal, the latitude of the place,
and the declination of the sun for the given day and hour,
being also set off on the respective arcs, the image of the
sun cannot be brought between the equatorial lines until the
polar axis 1s placed in the plane of the meridian of the place, or
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in @ prrilion parallel to the awxis of the earth. The slightest
deviaticn from this position will cause the image 10 pass
above or below the lines, and thus discover the erroi.

We thus, from the position of the sun in the solar system,
sbtain a certain direction absolutely unchangeable, from which
to run our lines, and measure the horizontal angles required.

This simple principle is not only the basis of the construc-
tion of the Solar Compass, but the sole cause of its superiority
to the ordinary or magnetic instrument. For in a needle
instrument, as before stated in this work, the accuracy of
the horizontal angles indicated, and therefore of all the
observations made, depends upon * the delicacy of the needle,
and the constancy with which it assumes a certain direction,
termed the magnetic meridian.”

The principal causes of error in the needle as briefly
stated, are the dulling of the pivot, the loss of polarity in
the needle, the influence of local attraction, and the effect of
the sun’s rays, producing the diurnal variation.

From all these imperfections the solar instrument is free.

The sights and the graduated limb being adjusted to the solar
apparatus, and the latitude of the place, and the declination
of the sun also set off upon the respective arcs, we are
able, not only to run the true meridian, or & due east and
west course, but also to set off the horizontal angles with
minuteness and accuracy from a direation which never
changes, and is unaffected by attraction of any kind.

To adjust the Solar Compass.

The adjustments of this instrument, with which the sur-
veyor will have to do, are simple and few in number, and
will now be given in order.

1st, To Apsust TeE LEvELs.—Proceed precisely as directed
in the account of the other instruments we have described,
by bringing the bubbles into the centre of the tubes by the
leveling screws of the tripod, and then reversing the instru-
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ment upon its spindle, and raising or lowering the ends of
the tubes, until the bubbles will remain in the centre during
a complete revolution of the instrument.

2d, To Apsusr tHE EquatoriaL Lings anp Sorar LEnses.—
First detach the arm A from the declination arc by withdraw-
ing the screws shown in the cut from the ends of the posts
of the tangent screw, k£, and also the clamp screw, and the
conical pivot with its small screws by which the arm and
declination arc are connected.

The arm, h, being thus removed, attach the adjuster in its
place by replacing the conical pivot and screws, and insert
the clamp screw so as to clamp the adjuster at any point on
the declination arc.

Now level the instrument, place the arm A on the adjuster,
with the same gide resting against the surface of the’ decli-
nation arc as before it was detached. Turn the instrument
on its spindle 8o as to bring the solar lens to be adjusted in
the direction of the sun, and raise or lower the afljuster on
the declination arc, until it can be clamped in such a posi-
tion, as to bring the sun’s image as near as may be between
the equatorial lines on the opposite silver plate, and bring
the im&éze precisely into position, by the tangent of the lati-
tude arc, or the leveling screws of the tripod. Then care-
fully turn the arm half way over, until it rests upon the
adjuster by the opposite faces of the rectangular blocks, and
again observe the position of the sun’s image.

If it remains between the lines as before, the lens and
plate are in adjustment; if not, loosen the three screws
whicl. confine the plate to the block, and move the plate
under their heads, until one balf the error in the position of
the sun’s image is removed.

Again bring the iinage between the lines, and repeat the
operation until it will remain in the same situation, in both
positions of the arm, when the adjustment will be completed



78 THE SOLAR COMPASS.

To adjust the other lens and plate, reverse the arm end for
end on the adjuster, and proceed precisely as in the former
case, until the same result is attained.

In tightening the screws over the silver plate, care must
be taken not to move the plate.

This adjustment now being complete, the adjuster should
be removed, and the arm, k, with its attachments, replaced
as before.

3d, To Aojust THE VERNIER OF THE DECLINATION ARC.—
Having leveled the instrument, and turned its lens in the
direction of the sun, clamp to the spindle, and set the ver-
nier, v, of the declination arc, at zero, by means of the tan-
gent screw, at &, and clamp to the arc.

See that the spindle moves easily and yet truly in the
socke#, or polar axis, and raise or lower the latitude arc
by turning the tangent screw, f, until the sun’s image is
brought between the equatorial lines on one of the plates.
Clamp the latitude arc by the screw, and bring the image
precisely into position by the leveling screws of the tripod
or socket, and without disturbing the instrument, carefully
revolve the arm A, until the opposite lens and plate are
brought in the direction of the sun, and note if the sun’s
image comes between the lines as before.

If it does, there is no index error of the declination arc;
if not with the tangent screw, k2, move the arm until the
sun’s image passes over half the error; again bring the image
between the lines, and repeat the operation as before, until
the image will occupy the same position on both the plates.

We shall now find, however, that the zero marks on the
arc and the vernier do not correspond, and to remedy this
error, the little flat head screws above the vernier must be
loosened until it can be moved so as to make the zeros
coincide, when the operation will be completed.
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ath, To Apsust THE SoLAR APPaRATUS TO THE CoMPAss
Sicers.—First level the instrument, and with the clamp and
tangent screws set the main plate at 90° by the verniers
and horizontal limb. Then remove the clamp screw, and
raise the latitude arc until the polar axis is by estimation
very nearly horizontal, and if necessary, tighten the screws
on the pivots of the arc, so as to retain it in this position.

Fix the vernier of the declination arc at zero, and direct
the equatorial sights to some distant and well marked object,
and observe the same through the compass sights. If the
same object i8 seen through both, and the verniers read to
90° on the limb, the adjustment is complete ; if not, the cor-
rection must be made by moving the sights or changing the
position of ihe verniers.

In that form of this instrument, described hereafter as the
Solar Compass proper, the solar work is attached perma-
nently to the sockets, and this adjustment once made by the
maker, will need no further attention at the hands of the
surveyor, unless in case of severe accidents.

In the second form, termed the Solar Telescope Compass,
the socket of the telescope is made so as to be adjustable
horizontally, and thus set to the solar apparatus and divided
limb with certainty and ease.

OrHER ApsustMeENTs.—We should perhaps here say, that
the above adjustments, as well as the others with which the
surveyor ordinarily will have no concern, are all made by
us, in the process of constructing and finishing our instru-
ments, and are liable to very little derangement in the ordi-
nary use of the Solar Compass.

Tripods, de.

The Solar Compass should always be used on a tripod pro-
vided with some means by which it may be leveled with case
and accuracy. '

A tangent motion to the whole instrament about its spindla
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in addition to that of the limb already spoken of, is also of
vory great value.

These requirements are, we thinkf best supplied in our
Adjusting Socket, with compound tangent ball, shown in
fig. 14, being screwed into the top of a tripod like the ordi-
nary leveling head.

The interior stem of the socket is expanded above te
receive the ball of the compass, and below, pivots upon a
small ball confined underneath the plate of the tripod.

The instrument is approximately leveled by the ball and
socket joint, and finally made perfectly horizontal by the
leveling screws of the socket.

It also revolves upon the spindle as

Fig. 14. upon the ordinary compass ball, but can
be clamped at pleasure to the spindle, -
and then by its sights or telescope
directed precisely to any object by the
tangent screw of the compound ball.

The ordinary adjusting tripod head
with leveling screws, and clamp and
tangent movement, as shown with our
Surveyor’s Transit, is also used with
this instrument, but is heavier and less
capable of rapid adjustment.

Of course when a single or jacob staff
is preferred to the tripod, for this or any
other of our compasses, the adjusting
socket, with either a simple or compound
ball, can be placed upon the top of the
staff and adjusted as just descxribed.

In all cases where either a leveling tripod or the adjust-
ing socket, with compound ball, is furnished with this
instrument, & simple ball ie also supplied, upon which the
compass can be placed whenever desired.



THE SOLAR COMPASS. 81

The simple ball is furnished with an extra cap for the
socket, or in case of the leveling tripod, with an adopter,
fitting to the top of the tripod, so that the substitution can
be made by the surveyor himself without any difficulty.

Prioes or tEE SockEr.-—As the adjusting socket may often
be used to advantage with the other instruments described
in this work, we will here insert its prices with its various
modifications.

Wlth tripod and compound ball as'in fig. 14..$18 00

“  gimple “ ceecseess 12 00
¢ Jacob staff and compound ball......... 12 00
“ “ simple H eeeseses 600

To use the Solar Compass.
_ Before this instrument can be used at any given place it is
necessary to set off upon its arcs both the declination of the
sun as affected by its meridional refraction for the given day,
and the latitude of the place where the observation is made.

To ser orr THE DecrLinarioN.—The declination of the sun,
given in the Ephemeris of the Nautical Almanac, from year to
year, is calculated for apparent noon at Greenwich, England.

To determine it for any other hour at a place in the U. S,,
reference must be had, not only to the difference of time
ariging from the longitude, but also to the change of declina-
tion from day to day.

The longitude of the place, and therefore its difference in
time, if not given directly in the tables of the Almanac, can
be ascertained very nearly by reference to that of other
places given, which are situated on, or very nearly on, the
same meridian.

It is the practice of surveyors in the States east of the
Mississippi to allow a difference of stz hours for the difference
in longitude, calling the declination given in the Almanag
for 12 M., that of 6 A. M., at the place of observation.

]
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Beyond the parallel of Santa Fe, the allowance would be
about seven hours, and in California, Oregon, and Washing.
ton Territory about eight hours

Having thus the difference of time, we very readily obtain
the declination for a certain hour in the morning, which
would be earlier or later as the longitude was greater or less,
and the same as that of apparent noon at Greenwich on 1he
given day. Thus suppose the observation made at a place,
say, five hours later than Greenwich, then the declination
given in the Almanac for the given day at noon, affected by
the meridional refraction, would be the declination at the
place of observation for 7 o’clock, A. M.; this gives us the
starting point.

To obtain the declination for the other hours of the day
take from the Almanac, the declination for apparent noon of
the given day, and also that of the day following, subtract
one from the other, as it may have increased or decreased,
and we have the change of declination for 24 hours, divide
this by 24, and we obtain the change of declination for a
single hour, which is to be added to, or subtracted from
that of the starting homr, according as the declination is
increasing or decreasing between the two days taken.

To make this more plain we will give an example. Sup-
pose it was required to obtain the declination for the dif
ferent hours of April 16th, 1868, at Troy, N. Y.

The longitude in time is 4 hrs. 54 min. 40 sec., or practi-
cally 5 hours, so that the declination given in the Almanac
for the given day at Greenwich would be that of 7 A. M. at
Iroy.

To obtain the hourly change

Say dechnatlon at Greenwich, April 17..10° 40’ 28~
“ ¢ 16..10 19 22

Change for 24 hours,...... 21 06
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Reduoe to seconds, and divide by 24, and we have an hourly
shange of 50 seconds, which, as the declination is increasing,

is to be added every hour after 7 A. M.

Hence, sun’s declination at Greenwich noon as by the table

being....0000reees...10°-19° 227

Add meridional refraction.

10

Add hourly change . .....

s (1]
“ “
[} %
[} “
[ “
[ “
[ ] [
[ “
- "

10

10

10

20

20

21

22

10

10

10

10

10

LN AR

10

23

25

25

26

28

38

—Dec. for 7 A. M.

50

50
50

40

50

30
50

20
50

10
50
50
50

50

40
50

30
50

20

m"

8 &“
9 [
10 «
11«
12 M.
1P. M
2 43
g «
4 1}
B «
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10° 28’ 20"=Deo. for 5 P.M.

Add hourly change...... 50
10 29 10 0« 6

“ u . 50
10 30 “ T u

-In the case taken the declination is increasing from day to
day, and therefore the hourly change is added; if, on the
contrary, the declination was decreasing, the hourly change
should be subtracted.

The calculation of the declination for the different hours of
the day, should of course be made and noted before the sur-
veyor commences his work, that he may lay off the change
from hour to hour, from a table prepared as above described.

It is considered sufficiently accurate by most government
surveyors, to set off the declination only three or four times
in the day, at intervals of two or three hours as required.

“To ser orF THE Latirupe.—Find the declination of the sun
for the given day at noon, at the place of observation as just
described, apd with the tangent screw sct it off upon the de-
clination arc, and clamp the arm firmly to the arc.

Observe in the almanac the equation of time for the given
day, in order to know about the time the sun will reach the
meridian,

Then, about fifteeh or twenty mmutes before this time, set
up the instrument, level it carefully, fix the divided surface
of the declination aré at 12 on the hour circle, and turn the
instrument upon its spindle until the solar lens is brought
into the direction of the sun. )

Loosen the clamp screw of the 1a.t1tuc1e arc, and with the
tangent crew raise or lower this arc until the image of the
sun is brought precisely between the equatorial lines, and
turn the instrument from time to time so as to keep the
image also between the hour lines on the plate.
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. As the sun ascends, its image will move below the lines,
and the arc must be moved to follow it. Continue thus keep-
ing it between the two sets of lines until its image beging
to pass above the equatorial lines, which is also the moment
of its passing the meridian.

Now read off the vernier of the arc, and we have the lati
tude of the place, which is always to be set off on the are¢
when the compass is used at the given place.

It is the practice of surveyors using the Solar Compass to
set off, in the manner just described, the latitude of the point
where the survey begins, and to repeat the observation and
correction of the latitude arc every day when the weather is
favorable, there being also nearly an hour at mid-day when
the sun is so near the meridian as not to give the direction
of lines with the certainty required.

To Rux Lixes wirH THE SoLir CoMPass —Havmg set off
in the manner just given the latitude and declination upon
their respective arcs, the instrument being also in adjust-
ment, the surveyor is ready to run lines by the sun.

To do this, the instrument is set over the station and
carefully leveled, the plates clamped at zero on the horizontal
limb, and the sights directed north and south, the direction
being given, when unknown, approximately by the needle.

The solar lens is then turned to the sun, and with one hand
on the instrument, and the other on the revolving arm, both
are-moved from side to side, until the sun’s image is made
to appear on the silver plate ; when by carefully continuing
the operation, it may be brought precisely between the
equatorial lines.

Aliowance being now made for refraction, the line of sights
will indicate the true meridian; the observation may now be
made, and the flag-man put in position.

When a due east and west line is to be run, the verniers
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of the horizontal limb are set at 90°, and the sun’s image
kept between the lines as before.

The Solar Compass being so constructed that when the
sun’s image is in position the limb must be clamped at 0 in
order tc run a true meridian line, it will be evident that the
bearing of any line from the meridian, may be read by the
verniers of the limb precisely as in the ordinary magnctic
compass, the bearing of lines are read from the ends of the
needle.

ALrowaNce For RerractioN.—From what has been before
stated, it will br seen that no precise calculation can be
made for the effect of incidental refraction.

The practice of the Government surveyor in this matter
is, to keep the image square between the equatorial lines
during most of the day, but at morning and evening, when
the sun is near the horizon, to run the image full and flush
upon the lower line, and pay no regard to the other.

When the sun is near the horizon, the image is less bright
and clearly defined than during the rest of the day, and in
keeping the brightest partfully on the lower equatorial line,
as we have said, the hazy edge of the image will overlap
one or two of the graduated spaces below, and thus fully
compensate for the effect of refraction. .

A little practice with the instrument will soon enable the
inexperienced surveyor to supply the correction thus ap-

" proximately given, so as to make the proper allowance for
incidental refraction with more accuracy, than if a precise
calculation had been attempted.

Usk or tHE NEEDLE.—In running lines, the magnetic needle
is alway kept with the sun ; that is, the point of the necdle
is made to indicate 0 on the arc of the compass box, by
turning the tangent screw connected with its arm on the
opposite side of the plate. By this means the lines can be
run by the needle alone in case of the temporary disappear
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ance of the sun; but, of course, in such cases the surveyor
must be sure that no local attraction is exerted.

The variation of the needle, which is noted at every station,
is read off in degrees and minutes on the arc, by the edge of
which the vernier of the needle box moves.

ALLowaNncE For THE Earre’s CurvatuRe—When long lines
are run by the Solar Compass, either by the true meridian, or
due east and west, allowance mnst be made for the curvature
of the earth,

Thus, in running north or south, the latitude changes
about one minute for every distance of 92 chains,; 30 links,
and the side of a township requires a change on the latitude
arc of 5' 12", the township, of course, being six miles square.

This allowance is of constant use where the surveyor fails
to get an observation on the sun at noon, and is a very close
approximation to the truth.

In running due east and west, as in tracing the standard
parallels of latitude, the sights are set at 90e on the limb,
and the line is run at right angles to the meridian.

If no allowance were made for the earth’s curvature, these
lines would, if sufficiently produced, reach the equator, to
which they are constantly tending.

Of course, in running short lines either east or west, the
variation from the parallel, would be so small as to be of no
practical importance, but when long sights, are taken, the
correction should be made by taking fore and back sights at
every station, noticing the error on the back sight, and set-
ting off one half of it on the fore sight on the side towards
the pole.

Timve or Day BY THE Sun.~—The time of day is best ascer-
tained by the Solar Compass when the sun is on the meridian,
as at the time of making the observation for latitude.

The time thus given is that of apparent noon, and can be
reduced to mean tim>, by merely applying the eqguation of
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time nas directed in the Almanac, end adding or subtracting
as the sun is slow or fast.

The time, of course, can also be taken before or after noon,
by bringing the sun’s image between the hour lines, and
noticing the position of the divided edge of the revolving
srm, with reference to the graduatiors of the hour circle,
allowing four minutes of time for each degree of the arc, and
thus obtaining apparent time, which must be corrected by
the equation of time as just described.

CavurioN a8 10 THE FaLse ImacE~—In using the compass
upon the sun, if the revolving arm be turned a little one side
of its proper position, a false or reflected image of the sun
will appear on the silver plate in nearly the same place as
that occupied by the true one. It is caused by the reflection
of the true image from the surface of the arm, and is a fruit-
ful source of error to the inexperienced surveyor. It can,
however, be readily distinguished from the real image by
being much less bright, and not so clearly defined.

ArproxiMATE BeariNes.—When the bearings of lines, such
a8 the course of a stream, or the boundaries of a forest,
are not desired with the certainty given by the verniers and
horizontal limb, & rough approximation of the angle they
make with the true meridian, is obtained by the divisions on
the outside of the circular plate.

In this operation, a pencil, or thin straight edge of any
sort, is held perpendicularly against the circular edge of the
plate, and moved around until it is in range with the eye,
the brass centre pin, and the object observed.

The bearing of the line is then read off at the point where
the pencil is placed.

Time for using the Solar Compass.
The Solar Compass, like the ordinary instrument, can be
used at all seasons of the year, the most favorable time
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being, of course, in the summer, when the declination is
north, and the days are long, and more generally fair.

It is best not to take the sun at morning and evening,
when it is within half-an-hour of the horizon, nor at noon, as
we have before stated, for about the same interval, before
and after it passes the meridian,

Telescope and Micrometer.

Tt is often desirable to use a telescope in connection with
the Solar Compass, both for ranging lines and measuring
distances, where the chain cannot be conveniently employed

Fig. 15.

The above cut will show the arrangement which we have
commonly made for this purpose, and which is intended to
use with that form of the instrument provided with the
ordinary sights.

The telescope is from 17 to 20 inches in length, and fur-
_nished with the same glasses as those of the best leveling
instruments.

It has, of course, the ordinary cross-wires, with screws for
their adjustment ; the centering ring for the eye-piece, the
screws and washers of which are shown at the eye end; and
s pinion for bringing the object glass into focus upon neai
aud distant objects. '

The tube of the telescope is placed in Y pieces like those
of the leveling instrument, so that it can be revolved at
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pleasure on loosening the pins which confine it, or entirely
removed from the wyes, and carried on the person of the
surveyor, by a cord suspended from the little rings shown
on its upper surface.

The wye piece on the forward sight has a slote as shown,
8o as to allow the telescope to move up or down a short
distance, and to be clamped at pleasure at any point within
the range.

The cross-wire screws are concealed under a little thin
brass ferule, placed on the enlarged part of the tube, which
can be slipped off, whenever thc¢ adjustment of the wires is
required.

The cross-wires are adjusted like those of the ordinary
level, by revolving the tube in the wyes, and bringing each
wire to reverse upon the same object.

When thus adjusted, the telescope is turned in the wyes,
until the pinion is in the position shown in the cut, and the
wires made respectively horizontal and vertical, when it is
clamped by the pins, and the telescope moved up r down
at the forward end, and finally clamped upon the sights, so
that the vertical wire and the compass sights bisect the
same object observed.

The telescope can then be used in place of the sights, and
long lines over surfaces nearly horizontal be run with nearly
the same accuracy and ease as with the Transit.

When packed in the instrument case, the tube of the
telescope takes apart by unscrewing in the middle, there
being also little caps supplied to screw on the open ends,
and keep out the dust and moisture from the interior of the
tube.

Tae Creaper Teescore.—In place of the telescope we
have just described, a much clieaper one is sometimes made
by adapting the ordinary spy-glass to the sights, and sup
plying the cross wires.
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" This telescope, however, cannot be adjusted with certainty,
or used with satisfaction, nor can it be recommended where
aceuracy of observation is required.

MicroMETER.—In this telescope there are three horizcntal
cross wires, the centre one being fixed as usual, while the otl crs,
one on either side, can be adjusted at any distance from each
other, and thus made to cover a certain interval upon a rod
placed at a specified distance from the telescope.

When these wires are thus adjusted to include a certain
interval, as a foot for instance, upon a rod placed at a distance
of 100 feet, it is found that they will cover half a foot at one
half that distance, or two feet at a distance of 200 feet, and
8v on in very nearly the same proportion.

By this means the distance of the rod from the instrument
can be measured or set off, without the use of a chain, and
with astonishing accuracy and ease.

Indeed, we have been frequently assured that with a power-
ful telescope, such as we have often placed on our transit
instruments, or such as we are now describing, distances can
be measured with even greater aeccuracy than by a chain,
especially when the surface of the ground is broken or inter-
sected by deep ravines.

The two small screws by which the movable wires are ad-
justed, have their heads upon the outside of the washers of
the cross wire screws, and can thus be moved by the surveyor
with a simple screw driver, one being slackened and the other
tightened, until the interval between the wires is made pre-
cisely as desired, when the little movable ferule is slipped over
all, and the wires protected from any derangement.

When measurements are to be recorded in chains and links,
the wires should be made to cover a foot at a distance of 66
feet, if recorded in feet, they should cover the same interval
at a distance of 100 feet.
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The rod used with the micrometer should be gradaated to
feet and decimals of a foot, and provided with two targets,
the upper one being fixed at some definite point, while the
lower one can be moved as the surveyor requires, the dis-
tance between the two targets being accurately read off by
the vernier of the movable one.

In using the micrometer, the upper wire is brought by the
leveling screws of the tripod precisely upon the upper or
stationary target, while the lower target is moved up or
down until the lower wire. exactly bisects its centre line,
when the rod is read, and the distance recorded.

Different Forms of the Solar Compass.
‘We manufacture but one form of this instrument, of
which we will now proceed to give a detailed description.

THE SOLAR COMPASS,
Fig. 16.

The first form of this instrument, and that which is most com-
nonly used by the government surveyor, is shown in fig, 16,
and still better in the engraving at the opening of this article
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As there seen, the main plate which carries the sights,
&c., is but a trifle larger than the circular one on which the

solar work is placed.

" The solar apparatus, which is of the nsual form and size,
ie permanently attached to the sockets of the instrument by
a screw, the head of which may be seen in the inside of the
socket when the instrument is removed from the ball.

Tae Sockers arc very strong, and the whole instrument is
exceedingly compact, light, and substantial.

Tre TaxeENT MovEMENT between the plates is partly shown
in the figure, the clamp screw, however, is concealed.

Tre Cramp Screw, by which the instrument is fastened to
the spindle, is shown on the side of the socket.

Tre Sering Carch, of which the knob is shown opposite
the head of the clamp screw, prevents the instrument from
falling from the spindte when carried on the shoulder, with-
out being previously clamped.

The lines of refraction are shown on one of the sights, but
as we have previously remarked, are very seldom used in
practice.

Tre TaNeEnT SCALE for angles of elevation and depression
is also seen upon the sights, and is sometimes of service in
reducing an inclined to a horizontal surface in chaining.

Tug GrapuatioNs of this instrument are made upon silver
plate, and figured as usual, the arcs and zircles being read
to single minutes by their respective verniers.

THE SoLaR APPARATUs has the same adjustments and
lppllances as have been previously described.

Taxe Sorar Compass should always be furnished with and
fitted to a leveling tripod; but is often used on the com-
pound ball and adjusting socket as shown in Fig. 14, and
both of these are now supplied with each instrument.



94 THE SOLAR TELESCOPE COMPASS.

THE SOLAR TELESCOPE COMPASS.

‘We have for some years manufactured an instrument
named as above. And they have generally performed
well, and given satisfaction. But the position of the tele-
scope to one side of the centre, and the excess of weight
on that side have always been serious objections to its use
in the field, and we have for some time past declined any
orders for this instrument, recommending in its place the
ordinary form. We have therefore omitted in the present
edition the engraving and description of this instrument.

Superiority of our Solar Compasses.

The Solar Compass as hitherto made, though planned
with great ingenuity in its general arrangement, was still
extremely rude in its mechanical details and adjustments.
Some of these defects which are apparent on inspection of
any instrument, as hitherto made by other manufacturers,
and which must have frequently occurred to the surveyor,
we will now enumerate.

The motion of the plates over each other was accompanied
with so much friction, that in turning the verniers around
the limb, the whole instrument would often be moved about
its spindle.

Again, the verniers must be set, and the sights directed to
an object by the hand alone, a matter of no little difficulty
when single minutes of a degree were to be set off, and
accurate observations were required.

The latitude and declination arcs must also be moved by
hand, and the verniers set to single minutes in the same
manner.

The points in which we claim the superiority of our Solar
Compass over any hitherto manufactured, and by means of
which the defects just enumerated are entirely removed,
are partially shown in the various cuts already given, and
will now be stated in detail.



THE SOLAR TELESCOPE COMPASS. 96

1. A motion of the horizontal plates almost entirely free
from friction, combined with perfeet solidity.

2. A fine clamp and tangent movement to the divided
Limb, as shown in the figures under the plate.

3. A tangent movement with clamp, for the declination
arc, as shown at .

4. A tangent movement with clamp to the latitude arc, as
shown at f.

5. A tangent motion for the whole instrument about its
sockets, as shown in our Adjusting Socket.

6. Great facility of adjustment, and, in consequence, an
important saving of time,.

7. An important reduction in price, while still furnishing
an article greatly improved.

Weight of the Solar Compass.

The average weights of the different forms of this instru-
ment which we manufacture are as follows :

Solar Compass proper, with adjusting socket. .. .12 Ibs,

Advantages of the Solar Compass in Surveying.
It will readily oceur to all who have read the preceding
. deseription of the Solar Compass, that while it is indis-
pensable in the surveys of public lands, it also possesses
important advantages over the magnetic compass, when
used in the ordinary surveys of farms, &e.

For not only can lines be run and angles be measured
without regard to the diurnal variation, or the effect of local
attraction, but the bearings being taken from the true
meridian, will remain unchanged for all time.

The constant uncertainty caused by the variation of the
needle, and the litigation to which it so often gives rise,
may thus be entirely prevented by the use of the Solar Com-
pass in this kind of work. v

It is also said by those familiar with the use of this
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instrument, that, in favorable weather, surveys can be more
rapidly made with it than with the ordinary needle in-
strument; there being no time consumed in waiting for -
the needle to settle, or in avoiding the errors of local
attraction.

When the sun is obscured, the lines may be run by the
needle alone, it being always kept with the sun, or at 0
on its arc, and thus indicating the direction of the true
meridian.

The sun, however, must ever be regarded as the most
reliable guide, and should, if possible, be taken at every
station.

It is with the design of making the principles and use of
the Solar Compass intelligible to the ordinary surveyor, that
we have given a more extended account of this instrument
than of the others previously mentioned, believing that
when its merits become better understood, it will come into
more general use.

For much valuable information as to the details of this
instrument, as well as the practice of government sur-
veyors in the field, we are indebted to our friend James
L. Incarisee, late U. S. Deputy Surveyor in Iowa, Kansas
and Nebraska. .

POCKET ANEROID BAROMETERS,

for ascertaining heights, differences of level and meteorolo-
gical changes, approach of storms, &e.

These instruments as now made are nearly as portable
as an ordinary watch, and yet are fully as accurate as the
larger sizes. They are of very great service to the engineer
and tounrist, as well as to the scientific observer, and are
rapidly coming into general use.

The ordinary styles indicate altitudes to 8,000 feet, and
can be furnished, reading as high as 18,000 feet.
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They are all inclosed in neat morocco cases, and are ac-
companied by a hand-book of instructions.

Prices, in gilt cases:
No. 15, silvered metal dis], plain, welght 83§ 0Z...cv.vveerecnieersrenvannneses $18 00
The ssme with thermometer attached................
No. 17, witn altitude scale to 8,000 feet, without thermometer
‘With thermometer.........cceiviiteoerateciiietcrenccsscrovon.
In German Silver Cases extra fine..cc..es . voviannns
In golid Silver Cases, oI, ...cooeseeececscesscesanscesacessver... $42 00 t0 50 00
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Engineers® Instruments.

THE ENGINEER’S TRANSIT.

Having now described the various instruments employed
in surveying, we shall consider those whose use belongs more
especially to the practice of the civil engineer, and of these
the first in importance is that termed the Engineer’s Transit.

The engraving will convey a good idea of our latest im-
proved Engineer’s Transit, and to this the reader will please
refer in the following detailed deseription of its different parts.

Tee TreLescore is from eleven to twelve inches long, and
is of the finest quality.

Like those of our other instruments, it is capable of rever-
sion always at the eye end, and we now most commonly
make both ends to reverse.

The rack and pinion movement of the object-glass is
usually placed, as shown, on the side of the telescope tube,
though sometimes on the top, as the engineer may prefer.

Pixioxr mo TER Eye-Grass.—We have often adapted to the
eye-piece of this and our other Transits a rack and pinion
movement, which is placed on the side of the tube, and is
very excellent in bringing the cross-wires precisely into focus,

A spiral adjustment of the eye-piece is also used by us
in the telescopes of all our transits, by which, when the
milled head of the eye-piece is twisted in either direction,
as may be needed, the eye-piece is brought into focus with
ease and accuracy.

Tae Seape—A short piece of thin tube called the shade,
is always made to accompany this and the previous instrue
ments, and is used to protect the object-glass from the glare
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»f the sun, or from moisture ; it must be removed whenever
the telescope is reversed, unless the telescope is made to
reverse at the eye-end, as is generally desired,

The interior construction of the telescope is similar to
those already described.

TrE StaNparDs are made of well-hammered brass, firm and
strong.

On one of them will be seen the little movable box with the
capstan head screw underneath, by which the cross-wires
are adjusted to trace a vertical line, as described on page
42 in our account of the Vernier Transit.

Tae Lms or divided circle is seven inches in diameter,
graduated to half degrees, and read by two opposite verniers
to single minutes.

Tee Vernigrs are double, reading both ways from the
centre, and are placed on the sides of the plate at right
angles to the tclescope.

Tee NeepLe is five inches long, and is raised by a milled
screw head shown in the cut, placed above the plate.

TeE CramMp aNDp TanceNT Screws are also above, so as to be
very accessible, and out of the reach of ordinary accidents.
The clamping of the limb is effected in the interior, the
aperture being covered with a washer to exclude the dust
and moisture.

Tre Levens, as shown in the cut, are above; they are
both adjustable with the ordinary steel pin.

The glass vials used in the levels of this and the Sur-
veyor’s Transit, are ground on their upper interior surface,
go that the bubble moves very evenly and with great sensi
tiveness.

Tre Tripop HEap of this instrument is made consideratly
heavier than that of the Surveyor’s Transit.

The upper plate is about five inches diameter, made thick
and of well haAmmered brass ; into this are screwed the long
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nute or sockets for the leveling screws, and on the npper
surface is seen the clamp, with the two butting tangent
BCrews.

With these the movement is made very slowly, and much
more firmly than is possible with a single tangent screw.

The leveling screws are of bell metal, and have a broad
{hree milled head ; they rest on the lower plate, in the little
cups spoken of in our account of the previous instrument,

In the engraving it will also be seen that the screws are
entirely covered above the plate, by little brass caps which
protect the threads from dust and corrosion.

The lower plate is a little smaller than the upper, milled
on the edge, and made to connect by a screw, with the tripod
legs.

This tripod head is attached to the sockets of the limb
and vernier plate, and is removed with them, when the in-
strument is packed in the box for transportation.

The loop for the plumb-bob is connected by ascrew to the
spindle of the vernier plate, so that it is always suspended
from the exact centre of the instrument,.

The Attachments of the Transit.

The engraving of the Surveyor’s Transit shows the verti-
cal circle of four and a half inches diameter, which is read
by a double vernier to minutes, and also the clamp and
tangent movement to the axis of the telescope.

These, with the addition of a level on the telescope, are
oft.n used with this instrument, though the majority of
engineers prefer an instrument with “plain telesccpe,” like
that shown in the engraving.

Micrometer.

It is sometimes very convenient in the use of both the
Fransit and Leveling Instrument, to employ some simple
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method of ascertaining--the distances of objects without res
sorting to actual medsirements.

This is well effected by what is termed a “ Micrometer,” by
the French called * Stad\a,” the construction and use of
which we have already gwe‘n on pages 89 — 91, in our
account of the Solar Compags,™ *

The two small screws which at&]nqt the movable wire, are
placed on opposite sides of the telescope, and to one side of
the ordinary cross-wire screws, prec‘geLv as shown in fig. 117,
and the wire is moved by alternately lodsening one and
tightening the other, until the two honzbntal wlres are made
to cover the interval desired. SRS

The micrometer wire is furnished, whenever ‘desired, with
any of our transits, and without additional chéx:g,a‘;-“

To adjusé the Transit. T

The adjustments of this instrument and its attachments
have been described in our acconnt of those previously
considered. '

To use the Engineer’s Transit,

But little need be added to what has been already given
in the previous pages.

Tree NeepLe is of service principally as a rough check
apon the readings of the verniers in the measurement of
horizontal angles, any glaring mistake bLeing detected, by
noticing the angles indicated by both, in the different posi-
tions of the telescope.

It may also be used as in the compass, to give the direc-
tion in which the lines are run, but its employment is only
subsidiary to the general purposes of the Transit.

8ize of the Engineer’s Transil.

We make two different sizes of this instrument, viz :
Tre Five-Inca Transir just described, which, exclusive of
the tripod legs, weighs about 13} lbs., and the
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Four-Incr Transrr, precisely similar in style, but about
one-fourth smaller and lighter in all its;parts.
It has a telescope of about 'oen ‘inches long, a four-inch
needle, and a divided limb of snt hthes diameter.
Weight of the Attachments
As it may sometimes be deerabIe to know the weights of
the different extras or a.ttaahzhents often used in this and the
other Transits prev;ans"ly described, we here add them in
detail.
Ground level _tube, with vial coniplete.. T} oz
Vertical’ cxrcle with vernier v.s.vuve.. 6 oz
Clamp and tangent to axig..iec0ee.... 4 o0z
Besides tlié ‘simple form of the Engineer’s Transit, we also
make important modifications, which may be desired by the
enginé'or(‘; a few of these we shall now enumerate.

The Waich Telescope.

A telescope is sometimes attached to a socket, moving in
a hollow cylinder which surrounds the lengthened socket of
the limb, and is thus capable of moving around under the
plates, and of a short vertical motion.

The cylinder which supports it, may be clamped firmly to
the limb, and the wires of the telescope thus fixed upon any
object, by the tangent movement of the tripod head.

The object of the watch telescope, is to guard against, and
detect any inaccuracy arising from the disturbance of the
limb, during the progress of an observation, or the measure-
ment of angles.

Thus, if the wires of both telescopes are fixed upon the
same object, and the watch telescope kept still upon it, while
the vernicr plate is unclamped, and the upper telescope
shifted to the second point, a reference to the watch tele-
scope will immediately betray any disturbance in the posi
tion of the limb.
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But, in spite of its excellencies in cases where great nicety
is required, the additional weight and complication of the
watch telescope, have caused it to be regarded by most
American engineers as an incumbrance, rather than an ad-
vantage to the Transit.

The Theodolite Axis.

In place of the ordinary axis of the telescope represented
in our engraving, we sometimes make one resembling the Y
axis of the English Theodolite.

This modification is desirable, in cases where this instru-
ment is intended to subserve the purposes of both level and
transit,

In such an arrangement, the telescope is confined in the
axis with clips, by loosening which, it may be revolved in
the wyes, or taken out and reversed end for end, precisely
like that of the leveling instrument. :

The standards also allow its transit, or complete revolu-
tion in a vertical direction.

In such an instrument, the adjustment of the wires, ard
level of the telescope, is effected in the same manner as
those of the leveling instrument, the tangent movement
of the axis serving, instead. of the leveling screws, to bring
the bubble and wires into position.

With this modification of the Transit, we have aiso fre-
quectly added, that of a small level bar, wyes, &c., into
which the telescope may be transferred, making thus a
miniature leveling instrument.

This may be placed upon the socket and tripod head of
the traunsit, and thus made capable of taking levels with a
good degree of accuracy.

When desirable, a vertical wheel may be placed on the
axis of the telescope of this instrument, and thus all the
properties of the English Theodolite united with thoee of
the American Transit
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THE LEVELING INSTRUMENT.

Of the different varieties of the leveling instrument, that
termed the Y Level, has been almost universally preferred
ny American engineers, on account of the facility of its
adjustment and superior accuracy.

Of these levels we manufacture four different sizes, having
telescopes of sixteen, eighteen, twenty, and twenty-twe
inches long, respectively.

The engraving on the opposite page represents our twenty
inch Level, that of the sixteen inch telescope will be shown
beyond.

We shall consider the several parts of the instrument in
detail :

Taz TrLescore has at each end a ring of bell-metal, turned
very truly and both of exactly the same diameter ; by these
it revolves in the wyes, or can be at pleasure clamped in any
position when the clips of the wyes are brought down upon
the rings, by pushing in the tapering pins.

The telescope has a rack and pinion movemeut to both
object and eye-glasses, an adjustment for centering the eye-
piece, shown at A A, in the longitudinal section of the tele-
scope, (page 105,) and another seen at C, C, for ensuring the
accurate projection of the object-glass, in a straight line.

Both of these are completely concealed from observation
and disturbance by a thing ring which slides over them.

The telescope has also a shade over the object-glass, so
made, that whilst it may be readily moved on its slide over
the glass, it cannot be dropped off and lost.

The shade of our sixteen inch level, is made to take off,
like that of the Engincer’s Transit.

The interior construction of the telescope will be readily
understood from fig. 21, which represents a longitudinal sec-
tion, and exhibits the adjustment which ensures the accurate
projection of the object-glass slide.
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As this is peculiar to our instruments,
and is always made by the maker so per-
manently as to need no further attention
at the hands of the engineer, we shall here
describe the means by which it is effected,
somewhat in detail.

The necessity for such an adjustment will
- appear, when we state, that it is almost
impossible to makt a telescope tube, so
that it shall be perfectly straight on its
interior surface.

Such being the case, it is evident that
the object-glass slide which is fitted to
this surface, and moves in it, must partake
of its irregularity, so that the glass and
the line of collimation depending upon it,
though adjusted in one position of the slide
will be thrown out when the slide is
moved to a different point.

To prove this, let any level be selected
which is constructed in the usual manner,
and the line of collimation adjusted upon
an object taken as near as the range of
the slide will allow; then let another be
selected, as distant as may be clearly secn;
upon this revolve the wires, and they will
almost invariably be found out of adjust-
ment, sometimes to an amount fatal to any
confidence in the accuracy of the instru-
ment. The arrangement adopted by us to
correct this imperfection, and which so
perfectly accomplishes its parpose, is
ghown in the adjoining cut, fig. 21.

Here are seen the two Tiearings of the



106 THE LEVELING INSTRUMENT.

tbject-glass slide, one being in the narrow bell-metal ring,
which slightly contracts the diameter of the main tube, the
other in the small adjustable ring, also of bell-metal, shown
al C C, and suspended by four screws in the middle of the
tetescope.

Advantage is here taken of the fact, that the rays of
light are converged by the object-glass, so that none are
obetructed by the contraction of the slide, except those
which diverge, and which ought always to be intercepted, and
absorbed in the blackened surface of the interior of the slide.

Now, in such a telescope, the perfection of movement of
the slide, depends entirely upon its exterior surfaces, at the
points of the two bearings.

These surfaces are easily and accurately turned, concentric,
and parallel with each other, and being fitted to the rings, it
only remains necessary to adjust the position of the smaller
ring, so that its centre will coincide with that of the optical
axis of the object-glass.

When this has been once well done, no further correction
will be necessary, unless the telescope should be seriously
injured.

The manner in which the adjustment of the object-glass
slide is effected, will be considered when we come to speak
of the other adjustments.

Rack anp Pinton.—As seen in the engraving, our Level
telescopes are usually furnished with the ordinary rack and
pinion movement to both object and eye tubes.

The advantages of an eye-piece pinion, are, that the eye-
piece can be shifted without danger of disturbing the tele-
scope, and that the wires are more certainly brought inte
dintinct view, so as to avoid effectually any error of observa-
tion, arieing from what is termed the instrumental parallax,

The pusition of the pinion on the tube is varied in dif
ferent instruments according to the choice of the engineer
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We usually place our object slide pinion on the side—
both of Transit telescopes, and of those of the Level. The
pinion of the eye tube is always placed on the side of the tele
scope,

Tre LeveL or ground bubble tube ir attached to the under
side of the telescope, and furnished at the different ends
with the usual movements, in both horizontal and vertical
directions.

The aperture of the tube, through which the glass vial
appears, is about five and one-fourth inches long, being
crossed at the centre by a small tib or bridge, which greatly
strengthens the tube.

The level scale which extends over the whole length, is
graduated into spaces a little coarser than tenths of an inch,
and figured at every fifth division, counting from zero at the
centre of the bridge ; the scale is set close to the glass.

The bubble vial is made of thick glass tube, selected so
as to have an even bore from end to end, and finely ground
on its upper interior surface, that the run of the air bubble
may be uniform throughout its whole range.

The sensitiveness of a ground level, is determined best by
an instrument called a level tester, having at one end two
Y’s to hold the tube, and at the other a micrometer wheel
divided into hundredths, and attached to the top of a fine
threaded screw which raises the end of the tester very
gradrally.

The number of divisions passed over on the perimeter of
the wheel, in carrying the bubble over a tenth of the scale,
is the index of the delicacy of the level. In the tester which
we use, 8 movement of the wheel terrdivisions to one of the
scale, indicates the degree of delicacy generally preferred
for railroad engineering.

For canal work practice, & ‘more sensitive bubble is often
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desired, as for instance, one of seven or eight divisions of
the wheel, to one of the scale.

Tee WyEes of our levels are made large and strong, of
the best bell-metal, and each have two nuts, both being
adjustable with the ordinary steel pin.

The clips are brought down on the rings of the telescope
tube by the Y pins, which are made tapering, 8o as to clamp
the rings very firmly.

Tee Lever Bar is made round, of well hammered brass,
and shaped, so as to possess the greatest strength in the
parts most subject to sudden strains.

Connected with the level bar is the head of the tripod socket.

Tae Trirop Socker is compound; the interior spindle, upon
which the whole instrument is supported, is made of steel,
and nicely ground, so as to turn evenly and firmly in a hol-
low cylinder of bell-metal ; this again, has its exterior sur-
face fitted and ground to the main socket of the tripod head.

The. bronze cylinder is held upon the spindle by a washer
and screw, the head of this having a hole in its centre,
through which the string of the plumb bob is passed.

The upper part of the instrument, with the socket, may
thus be detached from the tripod head ; and this, also, as in
the case of all our instruments, can be unscrewed from the
legs, so that both may be conveniently packed in the box.

A little under the upper parallel plate of the tripod head,
and in the main socket, is a screw which can be moved into
a corresponding crease, turned on the outside of the hollow
cylinder, and thus made to hold the instrument in the tripod,
when it is carried upon the shoulders.

It will be seen from the engraving, that the arrangement.
Jjust described allows long sockets, and yet brings the whole
instrument down as closely as possible to the tripod head,
poth objects of great importance in the construction of any
instrument. ‘
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TrE Trreop Heap has the same plates and levelinig screws
a8 that described in the account of the Engineer’s Transit ;
the tangent screw, however, is commonly single.

For our sixteen inch level we make a similar tripod head,
resembling that used with the lighter Engineer’s Transit.

The Adjustments.

Having now completed the description of the different -
parts of the Leveling Instrument, we are ready to proceed
with their adjustments, and shall begin with that of the
object-slide, which, although always made by the maker, so
permanently as to need no further attention at the hands of
the engineer, unless in eases of derangement by accident, is
yet peculiar fo our instruments, and therefore not familiar
to many engineers.

To Apsust THE OBsEor SLDE—The maker selects an
object as distant as may be distinctly observed, and upon
it adjusts the line of collimation, in the manner here-
after described, making the centre of the wires to revolve
without passing either above or below the point or line
assumed.

In this position, the slide will be drawn in nearly as far
as the telescope tube will allow.

He then, with the pinion head, moves out the slide until
an object, distant about ten or fifteen feet, is brought clearly
into view ; again revolving the felescope in the Y’s, he
ebserves whether the wires will reverse upon this second
object.

Should this happen to be the case, he will assunfe, that
as.the line of collimation is in adjustment for these two
distances, it will be so for all intermediate ones, since the
bearings of the slide are supposed to be true, and their
planes parallel with each other.

" If, however, as is most probable, either or both wires fail
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to reverse upon the second point, he must then, by estima-
tion, remove half the error by the screws C O, (fig. 21,) at
right angles to the hair sought to be corrected, remember-
ing, at the same time, that on account of the inversion of
the eye-piece, he must move the slide in the direction
which apparently increases the error. When both wires
have thus been treated in succession, the line of collimation
is adjusted on the near object, and the telescope again
brought upon the most distant point; here the tube is
again revolved, the reversion of the wires upon the object
once more tested, and the correction, if necessary, made in
precisely the same manner.

He proceeds thus, until the wires will reverse upon both
objects in succession ; the line of collimation will then be
in adjustment at these and all intermediate points, and by
bringing the screw heads, in the course of the operation, to
8 firm bearing upon the washers beneath them, the ad-
justable ring will be fastened so as for many years to need
no further adjustment.

‘When this has been completed, the thin brass ferule is
slipped over the outside ring, concealing the screw heads,
and avoiding the danger of their disturbance by an inexpe-
rienced operator.

In effecting this adjustment, it is always best to bring the
wires into the centre of the field of view, by moving the
little screws A A (fig. 21) working in the ring which
embraces the eye-piece tube.

Should the engineer desire to make this adjustment, it
will be necessary to remove the bubble tube, in order that
the small screw immediately above its scale may be operated
upon with the serew-driver.

The adjustment we have now given is preparatory to
those which follow, and are common to all leveling instru.
ments of recent construction, and are all that the engineer
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will have to do with in using our own instruments. What
is still necessary then is—

1. To adjust the line of collimation, or in other words, to
bring both wires into the optical axis, so that their point of
intersection will remain on any given point, during an entire
revolution of the telescope.

2. To bring the level bubble parallel with the bearings of the
Y rings, and with the longitudinal axis of the telescope.

3. To adjust the wyes, or to bring the bubble into a
position. at right angles to the vertica} axis of the instru-
ment.

To Apsusr THE Live oF CoLLrvaTioN, set the tripod firmly,
remove the Y pins from the clips, so as to allow the tele-
scope to turn freely, clamp the instrument to the tripod
head, and, by the leveling and tangent screws, bring either
of the wires upon & clearly marked edge of some object,
distant from one to five hundred feet.

Then with the hand carefully turn the telescope half
way around, so that the same wire is compa.red with the
object assumed.

Should it be found above or below, bring it half way back
by moving the capstan head screws at right angles to i,
remembering always the inverting property of the eye-piece ;
now bring the wire again upon the object, and repeat the
first operation until it will reverse correctly.

Proceed in the same manner with the other wire until the
adjustment is completed. ,

Should both wires be much out, it will be well to bring
them nearly correct before either is entirely adjusted.

When this is effected, slip off the covering of the eye-
piece centering screws, shown in the sectional view (fig. 21)
at A A, and move each pair in succession with a small screw-
driver, until the wires are brought into the centre of the
field of view.
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The inversion of the eye-piece does not affect this opera-
tion, and the screws are moved direct.

To test the correctness of the centering, revolve the tele-
scope, and observe whether it appears to shift the position
of an object.

Should any movement be perceived, the centering is not
perfectly effected.

It may here be repeated, that in all telescopes the position
and adjustment of the line of collimation depends upon
that of the object-glass; and, therefore, that the movement
of the eye-piece does not effect the adjustment of the wires
in any respect.

‘When the centering has been once effected it remains per-
manent, the cover being slipped over to conceal and protect
it from derangement at the hands of the curious or inexpe-
rienced operator.

To Avsvst THE Lever BupBLe.—Clamp the instrument
over either pair of leveling screws, and bring the bubble
into the centre of the tube.

Now turn the telescope in the wyes, so as to bring the
level tube on either side of the centre of the bar. Should
the bubble run to the end it would show that the vertical
plane, passing through the centre of the bubble, was not
parallel to that drawn through the axis of the telescope
rings.

To rectify the error, bring it by estimation entirely back,
with the capstan head screws, which are set in either side
of the level holder, placed usually at the object end of the
tube.

Again bring the level tube over the centre of the bar, and
adjust the bubble in the centre, turn the level to either sids,
and, if necessary, repeat the correction until the bubble will
keep its position, when the tube is turned half an inch or
more, to either side of the centre of the bar.
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The necessity for this operation arises from the fact, that
when the telescope is reversed end for end in the wyes in
the other and principal adjustment of the bubble, we are
not certain of placing the level tube in the same vertical
plane; and, therefore, it would be almost impossible to
effect the adjustment without a lateral correction.

Having now, in great measure, removed the preparatory
difficulties, we proceed to make the level tube parallel with
the bearings of the Y rings.

To do this, bring the bubble into the centre with the
leveling screws, and then, without jarring the instrument,
take the telescope out of the wyes and reverse it end for
end. Should the bubble run to either end, lower that end,
or what is equivalent, raise the other by turning the small
adjusting nuts, on one end of the level, until by estima-
tion ‘half the correction is made; again bring the bubble
into the centre and repeat the whole operation, until the
reversion can be made without causing any change in
the bubble.

It would be well to test the lateral adjustment, and make
such correction as may be necessary in that, before the
horizontal adjustment is entirely completed.

To Apsusr THE WyEs.—Having effected the previous ad-
justments, it remains now to describe that of the wyes, or,
more precisely, that which brings the level into a position
at right angles to the vertical axis, so that the bubble will
remain in the centre during an entire revolution of the
instrument. '

To do this, bring the level tube directly over the centre
of the bar, and clamp the telescope firmly in the wyes,
placing it as before, over two of the leveling screws, un-
- clamp the socket, level the bubble, and turn the instrument
half way around, so that the level bar may occupy the same
position with respect to the leveling screws beneath. ‘
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Should the bubble run to either end, bring it half way
back by the Y nuts on either end of the bar ; now move the
telescope over the other set of leveling screws, bring the
bubble again into the centre, and proceed precisely as above
described, changing to each pair of screws, sucoessively,
until the adjustment is very nearly perfected, when it may
be completed over a single pair.

The object of this approximate adjustment, is to bring the

upper parallel plate of the tripod head into & position as

nearly horizontal as possible, in order that no essentisl
error may arise, in case the level, when reversed, is not
brought precisely to its former situation. When the level
has been thus completely adjusted, if the instrument is
properly made, and the sockets well fitted to each other
and the tripod head, the bubble will reverse over each pair
of screws in any position.

Should the engineer be unable to make it perform cor-
rectly, he should examine the outside socket carefully to
see that it sets securely in the main socket, and also
notice that the clamp does not bear upon the nng which
it encircles.

‘When these are correct, and the error is still manifested,
it will, probably, be in the imperfection of the interior
spindle.

After the adjustments of the level have been effected, and
the bubble remains in the centre, in any position of the
socket, the engineer should carefully turn the telescope in
the wyes, and sighting upon the end of the level, which has
the horizontal adjustments along each side of the wye, make
the tube as nearly vertical as possible.

‘When this has been secured, he may observe, through
the telescope, the vertical edge of a building, noticing if
the vertical hair is parallel to it; if not, he should loosen
two of the crosswire screws at right angles to each other
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and with the hand on these, turn the ring inside, until
the hair is made vertical; the line of collimation must
then be corrected again, and the adjustments of the level
will be complete.

To use the Level.

When using the instrument, the legs must be set firmly
into the ground, and neither the hands nor person of the
operator be allowed to touch them ; the bubble should then
be brought over each pair of leveling screws successively,
and leveled in each position, any correction being made in
the adjustments that may appear necessary.

Care should be taken to bring the wires precisely in
focus, and the object distinctly in view, so that all errors of
parallax may be avoided.

This error is seen when the eye of an observer is moved
to either side of the centre of the eye-piece of a telescope,
in which the foci of the object and eye-glasses are_not
brought precisely upon the cross-wires and object ; in such
a case the wires will appear to move over the surface, and
the observation will be liable to inaccuracy.

In all instances the wires and object should be brought
into view so perfectly, that the spider lines will appear to
be fastened to the surface, and will remain in that position
however the eye is moved.

If the socket of the instrument becomes so firmly set in
the tripod head as to be difficult of removal in the ordinary
way, the engineer should place the palm of his hand under
the wye nuts at each end of the bar, and give a sudden
upward shock to the bar, taking care also to bold his handa
8o as to grasp it the moment it i fraq,
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Weight of Leveling Insiruments.
The average weights of the different sizes of this instru.
ment, exclusive of the tripod legs, are as follows:

16-inch telescope........c....... eveose.11] lbs,
18-nch  do.  .iiiieiiiiieneiinnnn.. 12 do.
20-inch do. ....ieeeiiiiineennn.n, 12} do.
22-inch  do. ...c....... Ceerennanan 13 do.

THE BUILDER’S, OR DUMPY LEVEL.

This instrument, one size of which is shown in the en
graving, is of more simple and compact construction than
those already described.

As represented, the telescope is provided with the usual
facilities for adjustment, and rests upon two hollow cylin-
ders or studs, raised from the ends of the bar by the two
similar faces of the octagonal-shaped prisms which sur-
round the telescope tube at either end.

The telescope and attachments are held firmly to the
bar by a long, stout screw at either end; the heads of
these screws are shown under the ends of the bar, and are
bored to admit the usual adjusting-pin. :

A strong spiral spring is placed in a recess in the upper
end of the upright stud at each end of the bar, and serves
in conmection with the screws to effect the third adjust-
ment of the level.

These springs are, of course, removed whilst the other
adjustments are in progress, and the telescope allowed to
rest directly upon the upper plane surface of the upright
studs.

The level is placed under the telescope like that of the X
level, and is adjustable at either end by two nuts, as shown.
The instrument should always be used upon the adjusting
tripod with leveling screws, as shown in the engraving.
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The adjustments of this instrument are made in the same
order and almost precisely in the same manner as those
of the Engineers’ Level, described on pages 114-118, and
need but a brief description here.

To adjust the time of collimation, it is necessary first to
remove the two long stout screws which hold the telescope
to the bar, and also the springs already named, from the.
upper ends of the studs, so that the similar faces of the
prisms may rest directly upon the upper surfaces of the
studs.

(1.) The line of collimation is then adjusted like that of
the ordinary Y level, by making the cross wires to reverse
upon any given point when the telescope is turned half
way around, so as to rest upon the studs by the opposite
faces of the prisms.

(2.) The level is adjusted by turning the telescope end
for end upon the studs, the bubble being made to come to
the centre in both positions.

(8.) The bubble is brought into a position at right angles
to the vertical axis (the adjustment of the wyes in ordinary
levels), by releasing or compressing the springs at either
end by turning the capstan head screws underneath the
bar, so that the bubble will come into the centre as the
instrument is turned upon its spindle, over both pairs of
leveling screws in succession.

This instrument is packed in the box with the leveling
head always attached, and need not to be taken from its
spindle except for repairs.

We make two sizes of this level—one, of 11-inch tele-
scope, with light tripod, and used by millwrights, masons
and builders, and the 15-inch size, with medium-sized
tripod—used not only by the persons above named, but
found to be a most simple and accurate level in railroad
surveys and constructions.




LEVELING RODS,
The two kinds most generally used by American engineers,
-are both sliding rods, divided into hundredths of a foot, and
reading by verniers to thousandths.

. Boston Rod.

That known as the Boston or Yankee Rod, is formed of
two pieces of light baywood or mahogany, each about six
and a half feet long, connected together by a tongue, and
sliding easily by each other, in both directions,

One side is furnished with a clamp screw and vernier at
each end, the other carries the divisions, marked on strips
of satin wood, inlaid on either side.

The target is a rectangle of wood, fastened near one end
of the divided side, and having its horizontal line just
three-tenths from the extremity.

The target being fixed, when any height is taken above
six feet, the rod is changed end for end, and the divisions
read by the other vernier ; the height to which the rod can.
be extended being a little over eleven feet.

This kind of rod is very convenient from its great light-
uess, but the parts are made too frail to endure the rough
usage of this country, and, therefore, American engineers
have generally given the preference to another, made heavier
and more substantial.
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The New York Rod.

This rod, which is shown in the engraving,
a8 cut in two, so that the ends may be exhi«
bited, is made of satin wood, in two pieces
like the former, but sliding one from the other,
the same end being always held on the ground,
and the graduations starting from that point.

The graduations are made to tenths and hun«
dredths of a foot, the tenth figures being black,
and the feet marked with a large red figure.

The. front surface, on which the target
moves, reads to six and a half feet; when a
greater height is required, the horizontal line
of the target is fixed at that point, and the
upper half of the rod, carrying the target, is
moved out of the lower, the reading being now
obtained by a vernier on the graduated side,
up to an elevation of twelve feet.

The mountings of this rod are differently
made by different manufacturers. We shall
give those which we have adopted.

The target is .round, made of thick brass,
having, to strengthen it still more, a rib raised
on the edge, which also protects the paint
from being defaced.

The target moves easily on the rod, being
kept in any position by the friction of the two
flat plates of brass which are pressed against
two alternative sides, by small spiral springs,
working in little thimbles attached to the band
which surrounds the rod.

There is also & clamp screw on the back, by
which it may be securely fastened to any part
of the rod.
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The face of the target is divided into quadrants, by hori.
sontal and vertical diameters, which are also the boundaries
of the alternate colors with which it is painted.

The colors usually preferred are white and red: some-
times white and black.

The opening in the face of the target is a little more than
s tenth of a foot long, so that in any position a tenth, or a
foot figure, can be seen on the surface of the rod.

The right edge of the opening is chamfered, and divided
into ten equal spaces, corresponding with nine hundredths
on the rod; the divisions start from the horizontal line
which separates the colors of the face.

The vernier, like that on the other side of the rod, reads
to thousandths of a foot.

The clamp, which is screwed fast to the lower end of the
upper sliding piece, has a movable part which can be
brought by the clamp screw firmly against the front surface
of the lower half of the rod, and thus the two parts
immovably fastened to each other without marring the
divided face of the rod.

THE MINER'S COMPASS.

This instrument, shown in the engraving, consists essen-
tially of a magnetic needle so suspended as to move readily
in a vertieal direction, the angle of inclination, or *dip,”
being measured upon the divided rim of a small compass
box.

When in use, the ring or bail is held in the hand--the
compass box by its. own weight takes a vertical position—
and should also be in the plane of the magnetic meridian.

In this position the needle, when unaffected by the
sttraction of iron, assumes & horizontal line, as shown by
the zeros of the circle. When brought over any mass of
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iron it dips, and thus detects the presence of iron ores with
certainty.

If the compass box is held horizontally, it serves as an
ordinary pocket compass. The box of the Miner’s Compass
is often made of brass, with a cover of the same material,
The best form, however, we believe to be that shown in the
engraving, having its two sides of glass, and provided also
with a stop for the needle, worked by the little brass knob,
there shown.

This Compass is packed in a small mahogany case, and
used as above described, the observer standing with his face
to the west, and holding the compass box suspended in the
plane of the magnetic meridian.

THE POCKET COMPASS.
Fig. 26.

This little instrument, shown with jacob-staff socket in
fig. 26, though not used in extensive surveys like the larger
compasses we have described, is found very convenient in
making explorations, or in retracing the lines of govern-
ment surveys, as in locating land warrants, &ec.

The sights are made with a slote and a hair, on opposite
sides ; they also have joints near the base, so as to fold over
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each other above the glass, when the compass is packed in
its case.

The circle is graduated to degrees, and figured from 0 to
90 each way, a8 in larger instruments.

The needle is suspended upon a jeweled centre, and is
raised by the lifter shown in the cut.

The jacob-staff socket is often used with the compass,
being screwed to the under side, and detached at pleasure.

The mountings are all that are furnished, the staff itselr
being easily made out of a common walking-stick.

We make two sizes of the Pocket Compass, differing
mainly in the needle, which in one is two and a half, in the

other three and a half inches long.
" The larger size is also sometimes provided with two small
levels, let into the face of the compass ; these are not shown
in the cut.

VERNIER POCKET COMPASS.

This instrument, shown in the engraving, has also a
three and a half inch needle, and is furnished with a vernier
outside, reading to five minutes, by which the sights can be
placed at any desired angle with the line of zeros, so as to
set off the variation of the needle, as with the Vernier
Compass.

The compass is furnished with jacob-staff mountings;
sometimes, if desired, with a very light fripod, as shown in
the engraving; has two levels, and is neatly packed in a
mahogany case.

It makes » most excellent and portable little msbrument
in locations, and i8 especially useful for the surveyor of
government lands.
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General Matters.

TRIPODS.

In the tripods of all our instruments, the upper part of the
leg, is flattened, and fitted closely in the surfaces of the
brass cheek pieces.

The cheeks are made very broad, and give a firm hold
upon the leg, which may be tightened at any time by screw-
ing up the bolts which pass through the top of the legs ;
this is especially necessary after the surface of the wood
has been much worn.

The legs are round, and taper in each direction from a.

- swell, turned about one-third the way down, from the head
to the point.

The point, or shoe, is a tapering brass ferule, having an
iron end ; it is cemented, and riveted firmly to the wood.

The legs of all our tripods are about four feet eight inches
long, from head to point. We make three sizes of tripods,
which we will now separately describe.

1. Tre Comrass Tripop, seen in part in the cut of the
vernier transit, and having the brass plate to which the
clieeks are attached, three and three-fourth inches in diameter,
and legs which are about one inch at the top, one and three-
eighths at the swell, and seven-eighths at the bottom.

The legs are usually made of cherry, sometimes of malio-
gany, and the tripod is used with the various kinds of com-
passes, and with the vernier transit.

2. Tee Meprvu Sizep Trieop, shown with the surveyor’s
transit, and having a plate of same diamcter as above, but

s
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with the cheeks made considerably broader, by curving at
each ®nd ; the legs being also about an eighth of an inch
larger throughout.

This tripod has mahogany legs, and is used with the
surveyor's transit, the light engineer’s transit, and the six-
teen inch level.

8. Tur Heavy Tripop, shown with the engineer’s transit,
having a brass plate of four and one-fourth inches diameter,
with extended cheek pieces, and with legs one and three-
eighths of an inch at the top, one and three-fourths at the
swell, and one and an eighth at the point.

The heavy size has also mahogany legs, and is used with
the engineer’s transit, and larger leveling instruments.

Lacquering.

All instruments are covered with a thin varnish, made by
dissolving gum shellac in alcohol, and applied when the
work is heated.

As long as this varnish remains, the brass surface will be
kept from tarnishing, and the engineer, by taking care not
to rub his instrument with a dusty cloth, or to expose it
to the friction of his clothes, can preserve its original fresk-
ness for a long time.

Bronze Finish.

Instead of the ordinary brass finish, some engineers prefer
fnstruments blackened or bronzed. This is done with an
acid preparation, after the work has been polished, and gives
the instrument a very showy appearance, besides being
thought advantageoug on account of not reflecting the rays
of the sun as much as the ordinary finish.

When well lacquered, the bronzing will last a considerable
time, but as soon as it becomes a little worn the appearance
of the instrumrent is- much wourse than one finished in the
usual style.
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CHAINS.
Surveyors’ Chains.

Forr PoLe Cuains.—The ordinary surveyor’s chain ig
sixty-six feet, or four poles long, composed of one hun-
dred links, each connected to the other by two rings, and
furnished with tally marks at the end of every ten links,

In all the chains we manufacture, the rings are oval, are
sawed, and well closed, the ends of the wire forming the hook
being also filed and bent close to the link, so as to avoid the
danger of “kinking.”

A link in measurement includes a ring at each end.

The handles are of brasgs, and each forms part of the end
links, to which it is connected by a nut, by which also the
length of the chain is adjusted.

The tallies are also of brass, and have one, two, three, or
four, notches, as they are ten, twenty, thirty, or forty, links,
from either end ; the fiftieth link is rounded, so as to dis-
tinguish it from the others.

Two Pore Crans.—In place of the four pole chain just
described, many surveyors prefer one of two rods or thirty-
tliree feet long, having but fifty links, and counted by its
tallies from one end in a single direction.

Svarp ror ArrteriNg Craing.—We often make four pole
chains 8o arranged, that by detaching a steel snap in the
middle, the two parts can be separated, and then one of the
bandles being removed in the same manner, and transferred
to the forty-ninth link, a two pole chain is readily obtained.
This modification is made whenever desired, and without any
additional charge,
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Sizes or Wme.—OQur surveyors’ chains are made of the
best refined iron wire, of sizes No. 8 or 10, as may be pre-
ferred ; the diameter of No. 10 wire being about one-
eighth of an inch, and that of No. 8 wire nearly a sixteentn
larger.

Engineers’ Chains

Differ from the preceding, in that the links are each 13

inches long ; the wire, also, is usually much stronger.

They are either fifty or one hundred feet long, and are
furnished with handles, tallies, &c., and sometimes with a
swivel in the middle to avoid being twisted in use.

In place of the round rings commonly made, we have
substituted in these, and our other chains, rings of an oval
form, and find them almost one-third stronger, though made
of the same kind of wire.

Sizes or Wire.—The wire used for these chains is com-
monly of No. 5 or 6 ; the first being nearly one-fourth of an
inch in diameter, while No. 6 wire is about one-sixteenth
smaller,

The wire is of the first quality, and the whole chain is
made in the most accurate and substantial manner.

Steel Chains.

- Chains made of steel wire, though more costly than those
which we have just described, are yet often preferred on
account of their greater lightness and strength.

They are made of any desired size or length, generally
of No. 10, rarely of No. 8 wire, and are very stiff and
strong.

Brazeo SteEr CHaNns.—A very portable and excellent
neasure is made, by a light steel chain, each link and ring
of which is securely brazed, after being united together ana
tested the wire-is also tempered.

9 .
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The wird generslly used by us is of size No. 12, the rings
are of oval form, the chain, though exceedingly light, is
almost incapable of being either broken or stretched.

- Our steel brazed chains have been found exceedingly
desirable for all kinds of measurement, and for the use of
engineers upon railroads and canals have a.]most entirely
superseded the heavier chains.

Qrumman’s Patent Chains.

These chains, invented and patented by J. M. Grumman,
of Brooklyn, N. Y., are made of very light steel wire, the
links being finely tempered, and, as shown in the illustration,

w

S= £ ©
== . —90

=S

so formed at the ends as to fold together readily, and thus
dispense with the use of rings.

This construction gives only one-third as many wearing
points as the ordinary chain, and affords the utmost facility
for repairs, from five to ten extra links being furnished with
each chain, which have only to be sprung into place to replace
such as may have been broken ; it can also be taken apart
st any link, and, by having & spring-catch on either handle,
be made of any length desired. These chains are made ct
three different sizes of wire—the first two, termed drag-chains,
being of size No. 12 and 15, and used for measuring on the
surface, like the ordinary chain ; and the second, called the
* suspended chain,” for very accurate measurements, made
of No. 18 wire, and with spring-balance, thermometer and
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spirit level attachinents, to be held above the surface when in
use, the extremities of the chain being marked upon the
ground by the points of plummets let fall from the ends of
the chain.

The drag-chains are all that are needed in common land
surveys ; for a mixed practice of village and country survey-
ing, the spring-balance should be attached to the drag-
chains, while for city surveying the suspended chain, with
all its atéachments, is the proper instrument.

A more complete description of these chains, and of chain
measurements in general, written by the inventor, will be
sent by us to any one applying for the same.

We have purchased the patent for the Grumman chains,
with the entire right to make and sell them, and shall here-
after be able to furnish them promptly.

Marking Pins.

In chaining, there are needed ten marking pins, or chain
stakes, made either of iron, steel, or brass wire, as may be
preferred, about fourteen inches long, pointed at one end to
enter the ground, and formed into a ring at the other, for
convenience in handling.

They are sometimes loaded with a little mass of lead
around the lower end, so as to answer as a plumb when
dropped to the ground, from the suspended end of the
chain.

To wuse the Chain.

In using the chain its length must be taken from its
extreme ends, and the pins placed on the outside of the
handles ; it must be drawn straight and taut, and care«
fully examined to detect any kinks or other causes of
inaccuracy. ‘

Our chains are all carefully tested at every ten, some-
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times at every link, and in their whole length by the U. 8.
standard, and when new may always be relied upon as
correct. B

But as all will alter, more or less, after long use in the
field, it will be best for the surveyor to carefully lay down
on & level surface the exact length of the chain when yet
new, marking also its extreme ends by monuments which
will not be liable to disturbance.

He will thus have a standard measure of his own to
which the chain can be adjusted from time to time, and
again be used with perfect confidence.

-

TAPE MEASURES.

The best are Chesterman’s steel tapes, made of a thin
ribbon of steel, which is jointed at intervals, and wound up
in a leathern case, having a folding handle.

These tapes are of all lengths, from thirty-three to one
hundred feet, divided into inches and links, or more usually,
tenths of a foot, and links, the figures and graduations being
raised on the surface of the steel.

The great cost of the steel tape has always prevented its
general use, and the metallic tape of the same manufacturer
is the only one commonly employed in American engineering,

These are of linen, and have also fine brass wires inter-
woven through their whole length.

They are thus measurably correct, even when wet.

They are mounted Like the steel tapes, of like lengths
and similarly graduated.

z&s~ See page 6 for length, price, &c.
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Supplement to Manual.

DRAWING INSTRUMENTS.

To guide the surveyor and engineer in the selection of
Drawing Instruments, we here add a detailed description,
with illustrations and prices of the separate pieces, and
cases of the different kinds in general use.

Those we shall first mention are of Swiss manufacture,
and are of the finest quality and finish.

The Brass Instruments are used in Schools and elementary
practice.

The fine German Silver Instruments are of the best
German make, intended for Engineers, Architects, and
Machinists :

Swiss Drawing Instruments.
OF GERMAN SILVER, EXTBA FINE FINISHED.
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Figure No. : Prioe.
1 A. Drawing Compass, joints in legs, 83 to T mchel long, with pen,
pencil-holder, needle-point, lengthening bar and dot. pen....$11 60
1 B. Drawing Compass, 6 inches long, with pen, pencil-holder,
lengtbening bar and needle points.oseceeceevensecsscseseaas 850
2. Hair Spring Dividers, 5-6 inch eecve v vvoracceieues svnasnsss 800
3 Plain Dividers, 44 inch..ouovt cisevorseorscaconssscosssssesess 100

3. Plain Dividers, § inch $2 25, 6 inch...... 270
4. Hair Dividers, 4} inch ....coce0uuvenn 265
k|

7 8 8

8. Drawing Compass, 4 inoh, with pen, pencil-holder, and needle
point . ...... teeseeasacetetistrasararrasiesassnetssssanases  § 00

7. Proportional Compuss, with rack..... P t I £

7. Proportional Compass, with full divisions for lines and circles.. 12 25

7. The same, with Micrometer screw. ....ceo0 voeennns Caeeanenes S U 1

8. Beam Compass, 19-20 inches long, in two German Silver bars... 11 50
8. The same, 20 inches long, in 3 German Silver bars ............. 1300
8. The same, 36 do 4 do . 19 00
8. The same, 54 do 4 do veessesaacie 2250
9. Triangular Compass.. o veeevircritscecsocnssonoassscsceccss 4 00
10. Dotting Pen, with one wheel $2 65, with rix wheels 4 00
11. Road or Double Drawing Pen........... PO Cererensnnees $3 80 and 4 15
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Figure No.

12. Pooket DIViders ... ceceeeeeci vaocsrsnassassoscsssssnansenases

13. Whole and Half Dividers...occoe sovsceacesccnses

evevs qane

14 4. Universal Compass, with points to shift...ecceevssecince aees
14 B. Universal Compass, with points t0 TUBN. .. eeseccoacocscann

15.
16.
17.
17.
18.
19.
20.
21.
22.
23.
24
25.

27.

22 28 13 16

Large Steel Spring Dividers, 5 t0 6-inch...ceeviievsners cones
Small Steel Stepping Dividers, 3} inches ..cceevisovercvesnasns
Small Steel Compass, with pen, do teesrraena st esarsnas
Small Steel Bow Pencil, do eovess aserassaasassres
Drawing Pen, with joint, 4} inches long...ccevsicrrecacesienns
do do 53 do [ T T T T OUR

do do 8 do L T TAppos

Horn Centre, with German Silver frame .ceveeeceirersecoasnen
Bow Pen...... Feeesacnnen L L T P S P S
Bow Pen, with pencil-holder...... ....
German Silver Centre, with handle ...
German Silver Paper Pins, per dogen.coe.ceces sieens coeseneose
do Steel do do seesrececs arsses sennarones
Eeoentric rules cc.ocoeveeeeeoscsosrstsscrascossesossecsssanse

#2080 coso s tecsce oo

Leeset corssess s

Price.

$3 00
4 3
8 60
8 00
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28

Figure No,
28. Horn Protractors, 4inch, 20 centa; 5-inch, 35 centa; 6-inch, 45 centa;
T-inch, W cents; 8INCh.scscueiiniieiiiiionnseiasnseniacnasisoscnnes
28, Protractor, German Silver, 5-inch diameter, ¢ circle, 4 degrees, centre
on outer edge......... PO tesosvisosticen eectstecnt csecnesnnnn
28, Protractor, German Sflver, 6-inch diameter, } circle, § degrees, centre
ONl OBLET B0, ... .u.vueieeeccnnnrcerotrncnasessessvonss connsnsosonas .
28, Protractor, German Silver, 6-inch diameter, ¢ circle, } degrees, centre
on outer edge........c..... cesetsensianane eoremsesaanesiisnenesossarens
28, Protractor, German Silver, 5-inch diameter, ¢ circle, ¢ degrees, centre
on Inner edge......cccvuveennn teseenconasassatre sessenavens cesesen .
#8. Protractor, German Sflver, 6-inch diameter, ¥eircle, § degrees, centre

29. Protractor, German Silver, 54-inch diameter, whole cireles, § de-
grees, with vernier to three minutes .....ccoeeciiecees conee

22 Protractor, German Silver, 8-inch diameter, whole cirele, § de-
grees, vernier 0 1 minUte . cvuees canecs coccrsssceer cononre

$100
2 5Q
32
300
2 50

4 60

16 00

18 00
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1L
318
i I@l\l\[ﬂl\ﬂ 13
s1A
. Frotee 7 Prioe.

29. Protractor, German Silver, 5}-inch dmmeter, 1 oirole, } degrees,
with vernier reading to three minutes. ..ovcevecvoreecansceee $13 50
29. Protractor, German Silver, 8-inch diameter, 4 oircle, } degrees,
vernier reading to one minute ceeeteiiiecreriitasiacsonsaess 18 50
29. Protraotor, German Silver, 10-inch diameter, § cirole, } degrees,
vernier 0 one MinULO . cve cesros srravsescsarsnsssssrsvacees 1800
80. Beam Compass furniture, for wood beams, $8 30 ; in Morocoo
DOKesvarrosesssoecesssnsosssssessancsnsssassassssnssasacse 875
31, 33 and 34. Horn Curves, each ..oove sovetienseccancnrarsenans 75
82, Drawing Compass, 4 inches, with long ivory handle, spring and
micrometer, with 2 pens, pencil-holder and needle point..... g 5o
85. Parallel Rule, with rollers: ceecceveicvetocecscosraancassecces 4 00
37 o. Bow Compass, fast needle point and pen; joints in both legs.., 8 60
37 B. Bow Compass, fast needle point and pencil-holder, with jointa
in both legs e coceeevninsencesccsssiorsnsecravscsnssssseness 860
07 For Boxwood asd Ivory Scales, Protractors, &c., ses pages 147-148.
Parties wanting cases made up, can select the pieces, and we will have
boxes made to suit, at an additional cost of from $7 to $15, according to
the size of the boxes, which are made of rosewood, mahogany or walnuly
highly Anished.
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CASES OF EXTRA FINE SWISS DRAWING INSTRUMENTS.

Figure No. Pries
€0. Polished Walnut Box, with lock and key, and tray. Containing:
Pair Dividers, 64 inches long, with peun, pencil, and needle
points, and lengthening bar; Pair plain Dividers, 54 inches
long; Steel Bow Pen, with spring; two Drawing Pens, one 44
inches long, and one 6} inches long; Half Circle Protractor, 5
inches dlameter, § degrees « vocesevess covononaces cvescnsnrs $24 50
41. Bame a8 No. 40, with the addition of a pair of Dividers, 3}
inches long, with pen, pencil, and needle points, and a Steel
Bow Pencil, with 8Pring «ecovveevecesioar-souesaserecsssses 33 50
42. Polished Bosewood Box, with lock, and key, and tray. Contain-
ing: Pair Dividers, 64 inches long, with pen, pencil, and
needle points, and lengthening bar; Pair Dividers, 3§ inches
long, with pen, pencil, and meedle points; Pair plain Dividers,
. b inches long; Pair Hair Spring Dividers, 5} inches long;
Pair Steel Spacing Dividers, 3} inohes long, with spring; Steel
Bow Pen, with spring; Steel Bow Pencil, with spring; Three
Drawing Pens, one 4} inchee, one 5} inohes, and one 6 inches
long; Half Circle Protractcr, 64 inches diameter, § degrees;
Trisngular Soale of Boxwood, 12 inches 1ong ccveveveeseccess 48 00
43, Bame a8 No. 42, with the addition of a Pair of Proportional Di-
viders 9 inehes long, and the Protractor graduated in } de-
. PP - X
é4. Polished Rosewood Box, with loek and xey, and tray. Contain-
ing: Pair Dividers, 6§ inoches long, with pen, pencil and
needle points, and lengthening bar; Pair Dividers, 8 inches
long, with pen, pencil, and needle points; Pair plain Dividers,
5} inehes long; Pair Hair Spring Dividers, 54 inches long;
Pair Proportional Dividers, 9 inoches long; Pair Steel Spacing
Dividers, 3} inches long, with spring; Steel Bow Pen, with
spring; Steel Bow Pencil, with spring; Beam Compsass, 21
inches long, with three bars; Three Drawing Pens, one 4}
inches, one 54, and one 8} inches long; Railroad Drawing
Pen; Dotting Pen; Half Circle Protractor, 8} inches diameter,
4 degrees, center on the inner edge; Triangular Seale of Box-
wood, 12 inches long..evovsevuoivone cennn teresseessssssees, 82 00
$8. Polisked Rosewood Box, with lock and key, and tray; Pair Di-
viders, 65 inches long, with pen, pencil, and needle points, and
lengthening bar; Pair Dividers, 4 inches long, with ivory
bandle, adjusting serew and spring, pencil, needle and two
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Prioce.
pen points; Pair plain Dividers, 54 inches long; Pair Hair
Spring Dividers, 54 inches long; Pair Proportional Dividers,

9 inches long, with micrometer adjusting screw; Pair Steel.
Spacing Dividers, 34 inches long, with spring; Pair Steel
Spacing Dividers, 5 inches long; Steel Bow Pen, with spring;

Steel Bow Pencil, with spring; Beam Compass, 36 inches long,

in 4 bars; Three Drawing Pens, one 4} inches, one 54 inches,

and one 8 inches’ long; Railroad Drawing Pen, Dotting Pen;

Half Cirole Protractor, 8 inches diameter, with arm and ver-

nier; Triangular Scale of Boxwood, 12 inohes long ...c.cc.... $110 08

MATHEMATICAL INSTRUMENTS

OF BRASS, FOR SCHOOLS.

1 3 3

Figure No.

1. Brass Dividers, 4% inches long, rivet joint...

1. do. 134 do. do.

1. do. T 8% do. do.

2. do. 374 do. screw joint. . 60
2. do. 4% do. do. . 25
2. do. 1374 do. do. 35
2. do. (31 do. - do. 45
8. do steel joints, turned cheeks, hair spring, 5-inch... 1 28
8. do do do do 8-inch... 1 65

4. Dividers, brass, brass joints, turned cheeks, 4} inches long, with
pen, and pencil points acd lengthening bar, per s0t.ceeceanee 85
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Figure No. Price.
Dividers, braes, brass joints, turned cheeks, 8 inches long, with
pen ard pencil points and lengthening bar, per set........... §1 00
5. Dividers, brass, brass joints, turned cheeks, needle peint, 4} inches
long, with pen and penoil points and lengthening bar, per set, 1 00
Dividers, brass, brass joints, tarned cheeks, needle point, 6 inches
long, with pen and pencil points and lengthening bar, per sst, 1 00

T 8 9 .10
8. Dividers, brass, medium quality, needle point, with pen and
penocil points, 3 iNehes ¢ evves canver tiaett cici e Piiiieriacnne 3
T. Bow Pen, Drass..ciceee ereueeesecetosscorscosnosasvesscsncas 75
8. Bow Pen, brass, needle points ceeeee soeiceeriraiervinnresennne %
9. Bow Pen, brass, needle points and adjusting spring ..cceoenecee %

13 14
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Figure No.
10. Furniture for Beam Compass, brass, with adjusting serew, in

Price.

TOTOCCO CABCes svevcsanssecsarenassscsssennuarianstansssores $5 50

11 Bisecting Dividers, brags. oo coieciniiieteresoceteccocsanes
12. Proportional Dividers, brass, half ‘divided. seesvaceccecrsencnes
i8. Drawing Pen, black handle. .c.. ceevee visevecsnsoscsvoncsesnse

Drawing Pen, ivory handle......oceeeiiieocsvesnnens
t4 Roulstte for dotting lines, with extra wheels ceveesvcarsaonscee

CASES OF BRASS DRAWING INSTRUMENTS

FOR SCHOOLS.

20. Wood Box; pair 4}-inch Dividers, with pen and pencil points,
and Crayon Holder ...ece svieiviceneanancnnnnnss vevessonne
21. Wood Box; pair 4}-inch Dividers, with pen and pencil points
and lengthening bar; Ebony handie Drawing Pen; Boxwood
Beale, 4 inches 10NE seeees sietteccorenrcncssnsnseansdonnse

22

22. Wood Box; Pair of 4}-inch Dividers, with pen and pencil points
and lengthening bar; Pair of 34-inch plain Dividers, Drawing
Pen, Horn Protraetor; Boxwood Scale, 4 inches long .c.c....
23. Rosewood Box; Pair 54-inch Dividers, with pen and pencil points
and longthening bar; Pair of 4}-inch plain Dividers, Draw-
ing Pen, Horn Protractor; Box Wood Scale, 8 inches long....
24. Same as 23, with addition of Parallel Ruler..c..ccvevev.aeeross
25. Same as 23, with Ivory Scale, 8 inches long ..
28. Same as 25, with addition of Parallel Ruler.ccoessesec. sovsnee

75
2 00
25

100

75

12

185
210
2 50
275
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27 29

Figure No.

27. Rosewcod Box; Pair of 68-inch Dividers, with pen and pencil
points ‘and lengthening bar; I'air of 4}-inch plain Dividers,
Drawing Pen; Pair of 3}-inoh Dividers, with pen and pencil
points; Brass Protractor, Horm Protractor; Ivory Socale, 8 in-
ches 10ng, POr 86t ...ccceetteress soineannssstvsssassarcarcses

28. Same a8 No. 27, but with the instruments set in a tray, so that
oolors, ete., may be put below, per set ........ teseessncsenen

9. Rosewood Box; Pair of 8-inch needle point Dividers, with peu
and pencil points, and lengthening bar; Pair 4}-inch plain
Dividers; Pair of 3}-inch needle point Dividers, with pen and
pencil points; Drawing Pen, Brass Protractor, Horn Protractor;
Ivory Scale, B inches long, perset ccocee conevscren conencnans

80. Same ag No. 29, but with lock and key and the instruments set
in a tray, so that the colors may be put below, per set........

81. Same as No. 30, with addition of Parallel Ruler, per set . ......

82. Rosewood Box, with lock and key, the instrumeunts set in a tray,
8o that colors, etc., may be put below; Pair of 8-inch needle
point Dividers, with pen and pencil points, and lengthening
bar; Drawing Pen, Pair 4}-inch plain Dividers, Brass Protrac-
tor, Horn Protractor, Pair of 3}-inoh Needle Point Dividers,
with pen and pencil points; Spring Bow Pen, with needle
point; Ivory Scale, 8 inches long, per 8ét.ceseceveceesvannas

93. Bame as No. 32, with addition of Parallel Ruler, per set. ......

84. Same a8 No. 33, with the addition of a palr Proportional Dividers, hasno

brass Protractor, but has wood Triangle and Irregular Curves......

139

Prioe,

$3 35

383

4 00

4 50
475

535
5 60
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36

FINE GERMAN SILVER INSTRUMENTS.

37 38 40 41

Figure No.

86.

87.

88.

39

40.

41.
42.

43.

4.
45.
48.
47.
48.
49.
80,

Dividers, German Silver, steel joints, turned choeks fine finish,
4-inch, 70 cents; 5-inch, 80 cents; 6-inch, $1; 7-jnch..........
Dividers, German Silver; steel jo‘mts, tarned cheeks, fine finish,
hair spring, 4-inch, $ .25 ; §-inoh, §1 80; 6~inch...............
Dividers, German Silver; fine quality, needle point, wllh peR
and penoil point, 3 inches..cccvaeneencereriacinrance cienne
Dividers, German Silver; fine guality, with needle point, pen,
lengthening bar, and pencil points, 8 inches...... covvaacnenn
Dividers, German Silver; 5-inch, fine finish, with shield for
pocket ceeriinaantan R T T TR T Y P PP PP
Dividers, German Bilver; 5-inch, three-legged..esvevecanennes
Proportional Dividers, German Silver, 74 inches long, divided
for 1ines ..ou.veers tonsrenecanesassssnncaorassnsens sosncans
Proportional Dividers, German Silver, 9 inches long, finely di-
vided for lines and circles....ev cavevisoncnncs aas vesesitsnes
Bisecting Dividers, German Silver .o..cccveceecvererennaneens
Steel-Spacing Dividers, 5 inches long, with ivory handle.......
do do 34 do "do  or metal handle,
Spring Bow Pen, all steel, ivory handle.... «..civeeeiacininns
Spring Bow Pencil, ivory handle. «.cvceeviieicinviisvorscene
Spring Bow Pen, German Silver .. ....... J e
do do with pencil point...ccoeereveees

Price,

$1 26

27

350

2 00
8 50

2 5

12 28
11is
320
170
225
22
150
250
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45 46 47 51 52 58

Figure No.
81. Drawing Pen, German Silver; fine finish, hinge to pen.........
52. Drawing Pen, German Silver; fine finish, hinge to pen, and pro-

tracting Pin.ces.cecvieien ieeranaiainnes

563. Drawing Pen, German Silver; fine finish, hinge to pen.........
b4. do do and protracting pin, extra fine,
54-inch ... . csn [ R [ T

55. Drawing Pen, all German Silver, for red ink...ccooceveeeninen.
56 Double Drawing Pen, or Road Pen, fine finish «...v0 veevnaeses

CASES OF FINE GERMAN SILVER INSTRUMENTS,
FOR ENGINEERS, ARCHITECTS, AND MACHINISTS.
€0, Morocco Box; pair of 5}-inch Dividers, with Pen and Pencil
Points, Drawing Pen, Ivory Scale, 6 inches long, same as in
school-oases of instruments .........o00.e teettin sees neens
81, Moroceo Box; pair of 3-inch Dividers, with Pen, Pencll and
Needle-Points, and Lengthening Bar, Drawing Pen. No
Scale or Protracor. Perset...ceceecearcccaniicnconssnsscss

141

Price.
80 60

75
112

180
75
275

350

5 00
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62

Figure No. Price.
62. Morocco Box; pair of 5}-inch Dividers, with Pen and Pencil
Points, pair of 5-inch plain Dividers, Drawing Pen, Ivory

Protractor Scale, 6 inches long, per 8et....ceeecevcccccrerces $5 00

83. Same as No. 82, with addition of Needle Points and Lengthening
Bar to 5§-inch Dividers, perset........ cecrssetesscnsssi-e 650
84. Moroceo Box, rounded corners, for earrying in the pocket; pair
of 43-inch Dividers, with hinge in one leg, Needle Points, with
Pen and Pencil Points, and Lengthening Bar, Spring Bow Pen,
Needle Point, pair of 4-inch plain Dividers, rounded point,
Drawing Pen, ivory handle, -inch Ivory Inch Rule, divided
into eighths, perset..covcecececvsssicnrccvetcesvenncecnces 850

€5 Morocco Box; pair of 5l-inch Dividers, with Pen and Pencil
Points, and Lengthening Bar, pair of 6-inch plain Dividers,
pair of 3-inch Dividers, with Pen and Pencil Points, Drawing
Pen, German Silver Protractor, German Silver Square, Ivory
Secale, 6 incheas long, per set...cc.cvceiverree cevnesescnseses 950
88. Morocco Box; pair of 5}-inoh Dividers, with Pen, Pencil and
Needle Points, and Lengthening Bar, pair of 5-inch plain Di-
viders, Spring Bow Pen, Drawing Pen, Ivory Protractor Scale,
0 inches long, perset c.oviiiiiiitiritenienrsisnncrnaceesees 950
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73

Figure No. Prioe.
87, Morceeco Box; pair of 51-inch Dividers, with Pen, Pencil and
Needle Points, and Lengthening Bar, pair .f §-inch plain Di-
viders, pair of 3-inch Dividers, with Pen, Pencil and Needle
Point, 2 Drawing Pens, German Siiver Square, German Silver
Protractor, Ivory Scale, 8 inches long, per set ..............$11 00
68. Bame instruments as in No, 87, in polished Walnut Box, per set, 14 50
69. Same instruments as No. 67, omitting Ivory Scale, German Sil-
ver Protrauctor and German Silver Square, but in polished
Walnut Box, with lock and tray «c.eee canvsenesecieennaecsss 13 00
70. Polished Walnut Box; same instruments as No. 68, with the ad-
dition of Spring Bow Pen with Needle Point cevecvuee oooee. 17 50
71. Same as No. 70, with the addition of 5—inch hair-spring Dividers, 17 25
72. Same as No. 70, set in a tray, and the box mueh larger, with
lock, thus affording space for extra instruments or colors, &c., 18 75
73. Polished Walnut Box, with lock and key and tray; containing pair
6 inch Dividers, with Pen, Pencil and Pen Point, and Lengthening
Bar,
Pair 5 inch plain Dividers,
Pair 5 inch Hair Spring Dividers, .
Pair 3 inch Dividers, with Pen, PenclL and Needle Point,
Bow Pen,
2 Drawing Peuns,
1 Red Ink Pen, 1 Road Pen,
Pair Proportional Dividers,
Protractor,
Triangle, and Triangular Scale .. ..coeiveirrivonenceiinennnnn. eees 27040
Same a8 No. 73, with addition of Beam COmMPaBS....vveevunn.oe.. ..., .. 8200
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PROTRACTORS OF HORN. BRASS, GERMAN SILVER
IVORY AND PAPER.

Flgure So. .
80. Horn Protractors, half circle, half degrees, 5-inch diameter, 85 cents;
6-inch, 45 cents ; 7T-inch, 75 cents; 8-INCR...evveeecnccsssccoasacaseece &1 08

§1. Brass Protractors, half circle, whole degrees, 4-Inch.........cc0vvee..e. .
do do half degrees, 4-inch, 40 cents ; 5-inch, 60 cents; 6-inch

82. German Silver Protractor, 4 Inches diameter, half circle, whole degree. ..
do do half degrees, 5-inch, $1; 6-inch, $1.25; Tinch 1

83 German Silver Protractors, with beveled edges, 5-inch, $1.56; 6-inch, $2;

asg

g8

84. Paper Protractor, whole circle, half degrees, 12-inch thin paper..........
do do whole circle, half degrees, 12-inch Bristol board .......
do do half circle, half degrees, 5-inch card board.....ccceees
do do half circle, whole degrees, 4-inch card board..c.veeees.

BERs®8 8

85. Ivory Protractor, 8 inches long, 1% inches wide, whole degrees,

with 8 scales of equal parts, 4 seales of feet and inches, 2 scales

of chords and diagonal scale...... reoe® tanrns nnes ceseeese 175
86. Ivory Protractor, 8 inches long, 17 inches wide, whole degrees,

with 8 scales of equal parts, 8 soales of feet and inches, 2 scales

of chords and dingonal Beale sees cieveerenier sieeisnsren-aseas 300
87. Ivory Protractor, 6 inches long, 2 inches wide, whole degrees,

with 8 scales of equal parts, 10 scales of feet and innhes, 2

scales of chords, diagonal scule and line of 40 on lower edge.. 3 25
88. Ivory Protractor, same as No. 87, but in half degrees .... .. e 404
87§, do do 6 inches long, 2} inches wide, half degreas,

with 10 scales of equal parts, 12 scales of feet and inches, 2

seales of chords, diagonal scale, and line of 40 on lower edge, 4 50



IVORY AND BOXWOOD SCALES,

Pigure No.

89. lvory Protractor, 6 inches long, 24 inches wide, with 8 scalas of
equal parts, 12 soales of feet and inches, 3 soales of chords,
lines of sines, tangents, secants, hours, &o, &o., and line of 40
On 1oWer @dge ... coee coveeeeos0 cencts sanecctocs sasonssnscs

90. Ivory Protractor, 8 inches long, 2 inches wide, half degrees, with
8 soalen of equal parts, 8 scales of feet and inches, 2 scales of
ohords, diagonal scale and line of 40 on lower edge..ee.cau.. .

91. Ivory Protractor, 12 inches long, 24 inches wide, half degrees,
with 10 scales of equal parts, 12 scales of feet and inches, 2
soales of chords, diagonal scale and line of 40 on lower edge...

IVORY AND BOXWOOD SCALES.

93. Boxwood Protractor, 6 inches long, 1§ inches wide, whole de-
grees, with 6 scales of equal parts, 4 scales of feet and inches,
2 gcales of chords, and diagonal scale «.coeeviataceasrennnns

IVORY SCALES.

95

98. Ivory Sector, 8 inches, opens to 12 inches. cceevesecerccansares
94. Ivory Soale, 8 inohes long, same a8 in school cases of instruments,
95. Ivory Chain Seales, 12 inckes long, graduated on two edges with
either 10 and 10 parts, or 10 and 20, or 20 and 40, or 30 and
50, or 40 and 80, or 50 and 80, each..covetecesnsecsosacsens
do do do do with 40 and 80, or 50 and 100, each.
968. Ivory Architeots’ Scales, 12 inches iong, each . ..ceovcveenseens

do do do with diagonal soale on
one gide, eaoh......
do do do with18 different gradu-

ations all brought to the edges, each...ceeeecsoeecasessecess

BOXWOOD SCALES.

97. Boxwood Seale, 8 inches long, same as in school eases of instru-
MeDES soeeerrrcrsssreecrorcasstorcas sssnvosccs sreocnnsasan
98. Boxwood Scale, 12 inches long, for Architeots..cocavcevsnscass
"”. do 12 do with 16 different graduations, all
brought to the adges «eveeecasianesacsressessssstarscsnnsee

145

Price

$6 00
& 00

11 50

o

225
078

8 00
525
3 00

8 00

3 00

020
125

128
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Figure No. Prioe.
160. Boxwood Scale, 12 inches long, for Architeots, with diagonal

8cale on 0R Side .uivee enen .. cosrsersansessvestec sanssess $1 25
101, Triangular Scale of Boxwood, 24 in. long, graduated 10, 20, 30,

40, 50 and 60 to the inch . .ieevvereveircucacnecsecsnsanans . 500
102, do do do do 12 inch, 200
1024, do do do do 6 inch, 1 50

T

h il

102

108. Triangular Scale of Boxwood, 24 in. long, m&dﬁ,{n IZEX XX Y
1, 1}, 3 and 16ths to the f00t.c.eessseieirinoavenaes eonven reseaee verees 808
2 00
. 1 50
106. Boxwood Gunter Scales, 12 in. 10Dg..c.iecrivecnnee ccvnnnan cramtesonnes 65
107, Satinwood Gunter Scales, 24 In.long......cieevvennen etescsesesecsnsens ™
108. Polar Planimeter, with printed instructions....cceieeeeveeresrsnncesess 83 00

By means of Amsler’s Polar Planimeter a person entirely ignorant of Geometry
may ascertain the area of any planimetrical figure, no matter how irregular its out-
Hnes may be, more eorrectly, and in much shorter time, than the most experienced
Mathematician could calculate it.

The management of the instrament can be easily learned in half an hour, and in
size it is no larger than a two-foot folding rule.

The Planimeter indicates square feet or square inches, and acres for surveying,

PAPEB SCALES, STEEL RULES, Erca
PAPER SCALES.

111, Paper Scales, on card paper, 19 inches long, for architeots and
engineers, in sets of 6 5081e8, Per 8et....cvevecneesescesaseas 1 00

112. Series A contains 6 soales, one each, divided to §, {, §, 1, 14 and
3 inches to the foot, for architectS.c.cesseeeccescacnseseeses 1 00

113. Series B contains 8 scales, one each, divided to 3-32, §, 3-18,
5-16, § and § inch to the foot, for architeeta .vc.eovevevaees 1 00

114. Beries C contains 6 scales, one each, divided to 10, 30, 30, 40,
50 and 60 parts to the inch, for engineers .....ccvaveveocenas 1 00
Bingle Scale of any of the above series, A, B, C—each seale ... 0 2¢

115, Paper Beales, 19 inches, divided either to §, 1}, 1} or 1§ inches
to the foot, e80h .euviiiieeetinnrietttiiinnescaranrrecsess 0 28
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STANDARD STEEL RULES FOR MACHINISTS,
Mgare No. ’ Priee.
118. 24 inch steel rule, divided into 8ths, 10ths, 12ths, 14ths, 18ths,
20ths, 24ths, 28ths, 32ds, 48ths, 50ths, 64ths, and 100tha of an

IDCH scretsteereracacenioesnesocssscassnansccosnsscsssscess $4 00

117. 12 inches do do de 2 00
118. 9 inches do do . - do 150
119. 6 inches do de do 100
120. 4 inches do do do 075

121. 3 inches do do do 0 50

FRENCH STANDARD STEEL RULES.

1213. Steel Rule, 1 Metre long .
Y % 4 o
" Vlo “ £“
£ 1-/5 € «“
& 1./10 “ b
st 1./20 [ o

They are divided on three edges to millimetres, and on one edge to
fifths of milimetres.
’ Steel Rule, 1/ Metre, send by mail on receipt of $2 00
E l.flo " “ 4 L 0 m
4 1./20 “ &4 [ “ 0 50

SHRINK RULES FOR PATTERN MAKERS.

' .122. 24} inch single shrink, full, divided, Steel...crcccavccacrsee ¢ 4 50

123. 243 do do do Boxwood cvevevarcanencse 3 00
124. 244 inoh double shrink, Sths and 18ths, Steel.ccisseerecroncae 4 50
126. 244 do do do Boxwood ssececonseess 3 00

S8TANDARD SCALES-—STEEL.

126. 38 inch Bteel or Standard Yard, full, divided «..cvvcvveeecese 8 00
127. 86 inch Stecl Standard Yard, § in. square, divided to feet only, 2 00
128. French Standard Metre, divided on 3 edges to millimetres, and
. one edge to 5the of millimetres ..o ccveitveiiieecesnieenceee 10 00
139. Centre Gauge for lathes, also for serew toolsececeevvviusacnees 0 50
180. Horse-shoe Magnets, steel, 2-inch, $0.15; 2}-inch, $0.20; 3-
inoh, $0.40; 4-inoh, $0.50; 5-inch, $0.70; 6-inch .o« ¢+ 40ees 1 00



148 TRIANGLES, SQUARES, ETC.

STEEL SQUARES FOR MACHINISTS.

131

131. Bteel Squares, with 3-inch blade, $2.50; 4-inch, $3.00; 8-inch,
$3.50; 9-inah, $4.005 12-inoh et everrssiiocasococireocsess 600

132. Hardened Cast-steel Try Squares, for machinists, 15-ineh, $15

12-inch, $12; 9-inch, $9; 8-inch, $6; 4} inch, $4.50; 3-inch
$3.50; 14-inch ceceeincnscnircrcnrencsnnranacscrsacsscasens $2 M

133. Steel Bavel Protractor, with sliding arm, divided to degrees,
for :nnohinists; with 8-inch arm, $8; with .10-inch arm...... © 50

1333%. Triangular Steel Rules, 31DCH. .covieecicierosiisscniaccavncronieene $0 60
do. do. 4inch ....o..ee 0 80
do. do. 120
do. do. 3 00
GRADUATIONS.
18, 64, 100 to the inch whole length,
18, 32, 64 & 6 €@

20, 50, 100,—12, 24, 48,16, 32, 64 to the Inch.
The 12 in. are divided only as follows:
8, 10, 12, 14, 18, 20, 24, 28, 48, 50, 64, 100 to the inch. 1
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TRIANGLES, SQUARES, &o.

140

27

148

Figure No. Price.
184, Hardened Cast-steel Pocket Vernler Calliper; vernier to 1000ths of
inches, one edge to millimetres, $6; In MOroCCO €ABL...cvvvevereersse $T 00
185. Improved Vernier Calliper, vernier reads to 1000ths of inches inside and
outside Callipers, and points to transfer the distance, with dividers;
in morocco case; 6-Inch, $18; 1%-inch, $25; 24-Inch.....ovennevennns . 8000
186 Calliper Bquares, divided to 100ths and 64ths of inches; 2-inch, $3.50;
BHDCR. cevttiriereroteonance-nesssasariervesscsscscsscsvsnncsscscase o 4 80
137, Bevelled Steel Stralght Edges.
48 inches long, 3 inches wide, X inch thicK.........c..veene
86 ¢« g o« e g e e
24 £ “ 2 [ (&. 8-/—!8 “ g een
18 [13 “ 1% .t g y’ls » 4" -
2t I ¥ PO
The beveled edgces ore 1/,4 In. thick. Ouly one edge is bevelled




150 PARALLEL RULES, ETC.

138. Polished Rosewood Straight Edge, 20-Inch, 50 cents ; 30-Inch, 75 cents ;
40-inch, $1; 50-inch, $1.50; 60-inch, $2.50; THNCH...e crevrrrenrnnee
139, Ames' Patent Universal S8quare, blade 6 Inches long, $3; 8-inch, $4;
10-inch, $5; 2inch.............. teeentamcesesasbancsnoresratesresonn

) 140, Pearwood Triangles—30, 60 and 90 degrees, and 45,45 and 90 degrees;
5 to 7-inch, 15 cents; 7 to 10-inch, 20 cents; 12-inch......cccee0veeens
140%3. Pearwqod Stra.lght Edges 20 mches long, wnh ouc edge bevelled. .

30 “ caen

g “ 40 4 o I3 vees

¢ [ 4 50 “ “ &% e

[ 4@ 60 4 iy s JU
141, Rosewood or Beachwood Triangle, framed, degrees as No. 140, plain
. finish; 6 te10-inch, 50 cents; 12to15dnch.....cccvueeinreiiniiinanee
142. Rosewood or Beachwood Triangle, polished, 8 to 10-inch, 60 cents;
120 16-INCH vs suviiinniiiieceiiiaianioninetiiionnecon cannn
143, Hard Rubber Triangle, 6-inch, 76 cents; 7 to 10-Inch......coveivsnanaee
144. German Silver Triangle—30, 60 and 90 deg. perpendicular, 6 to 7 inch.
145. do do . do 80, 60 and 90 deg. do 9 to 10 inch,
46, do do do 45,45 and 90 deg. do 4to 5inch.
147, do do do 45, 45 and 90 deg. do 8to 7inch,
148 do do Squares, perpendicular, 8 to T Inches ...ccccvevvernconss

CURVES, T SQUARES, ETC.

149. Whitewood Irregular Curves, 5 to 9 inches long, various patterns, each
25 cents ; 10 to 12-inch, 35 cents; 13 to 18-inch.....cecuvee...... reerras

150, T Square, Pearwood, fixed head, blade 15 inches long, each 35 cents'
.20-inch, 50 cents ; 30-inch, 75 cents; 40-inch, $1 00; 50-inch.......

151. T Square, Rosewgod or Satinwood (Flg. 150), pol.l.shed, 80-inch, $1 75;
40-DCh. ceee et e eeraneseens Gesenetananeas

162. T Square, Pearwood, single head to turn; head t.akes off, and blade
can be used as a rule; 20-inch $1 00 ; 30-inch, $1 35 ; 40-inch, $1 50;

52 11T o TN

153. T Sguare, Pearwood double head, 24-inch, $1 25; 30-inch, $1 35;
L 1)+ R Y
154, T 8quare, Resewood, polished (Flg 153), 30-inch, $2 753 42-nch......

1544, Nickel Plated Swivel Head T Squares.
20 to 24 inches...... Veeeiie wasaiavane feeriiireareiienes
B L 1 T P
B8 K L eieeeiiiaenes PN
8 % i e s
Divided to half degrees with a vernier reading to five Minutes.

45

35

I
&

0
100

110

125
1%
250
4 00
2%
4 00

15

2 50

17

160
8 60
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° 149 ’ C
t

@

150 152 158

PARALLEL RULES, Erc.

Figure No. Price.

1565. Parallel Rulers, Ebony, brass mounted, 8 inches long, each, 25 cta,
9-inch, 50 cts.; 12-imch, 75 cts.; 15-inch, $1; 18-inch, $1.25;

£ -] 0,
155

156. Parallel Rulers, Germau Silver, mounted, 12-inch..........cceceneee. 1 25

151, do. do. all German Sllver, on rollers, 12-inch, $10 50 ; 15-inch,
$13 50; IB-IDCH. .. .oiviiiieieni e ittt e e 15 00

158. Parallel Rulers, all Brass, on rollers, 9-inch, $500; 12-inch, $650;
B 8T 54T 1 8 50

158%;. Paraliel Rulers, Brass, on rollers, Nickel plated, o-mch $650; 12-
inch, $8 00; 15-fnch, $1000; 184DCh..... ... ..c.ioiieniiiinvanans . 12 00

159, Paraliel Rulers, Ebony, on rollers, 12-inch, $3 25; 15-inch, $4 003
5 00

.......... eeesiisagenerevene

B T ¢ R



152 IVORY AND BOXWOOD RULES.

Figure No. Prioce.
160. Parallel Rulers, Ebony, jvory graduated edges, 12-inch, $5;
15-inch, $6; 18-iDChe..ccs seesecscsscsscccsscascscascosncene $7 B0

® FASTENING TACKS AND HORN CENTRES.

160%. Fastening Tacks, of Brass, heads flat, 1 inch diameter,....per doz. $0 25
161. “ “ ¢ heads round, ¥y ** b “ 035
16134, 4" I “ " "flﬂ “ &“* e I 045
162. s “  ofGerman silver. headsrounded, ¥ in. diam. < 0 30
162}{, [ s “ " foe 1] o Py 0 Co
163. “* “ ¢ flatheads, %/;4 In. dlam., very super. o 075
16313. &% 6 “ o 34 “ « 100
164, “ n .t s b4 & “ “ 12
164%. ‘@ “ 4 “« I o“ “ . 150
165, “ &  of Steel, round heads, ¥ Inch diameter.... * 0 €0
1655%. “ ¢  of Brass, right angled.........cooee.... ... % 078
168. Horn Centre, each.......... Ceeeeraaeaeaa e areeeaiaiees eaen 020
166%. “ with German Sl.lver Rim, each............. terieeeees. 085

IVORY AND BOXWOOD RULES.

. 107
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- Pigure No. Prices
107. Combination Rule, 1 foot, 2 fold, boxwood. This is the most
sonvenient and useful pocket-rule ever made; it combines in
itself a Carpenter’s Rule, Spirit Level, Square, Plumb, Bevel,
Indicator, Bracs, Scale, Draughting Scale of equal parts, T
Bquare, Protractor, Right angle Triangle, and with a straight
edge can be nsed as a Parallel Ruler, all the parts of which,

in their separate applicatione, are perfectly relinble......... $3 50

POCKET RULES.
189. Onme foot, 4 fold, boxwo0d, 88Ch s.eorreeencevsaresssvonssnses 0 25

170, do do do brass edges..cuveacee et acsancass 0 85

171. do do  ivory, brass mounted c.ccceeeccrcrcsnscasesse 075

172. do do  German Silver, mounted «cvveeevsaesnresecsse 1 23
173. do do do do graduated in 10ths

and 100ths, for engineers..... 1 50

174. do do do OAEEB coueeecsvocsasancrnsaes 2 00

175. Two feet, 4 fold, DOXWOOR . eve seee covsee cavseossssnsreerosnss 0 30

170. do do do brass edges.ccecescnciosecrsrsioses 1 00
177. do do ivory, German Silver bound, with 8th, 10th

and 16th inches, and 4, 4, § and 1 inch drafting scales..... .. 4 00

178, do do do German Silver edges.. 8 00

179. Two feet, 6 fold rules, boxwood, graduated, 8th, 10th, and 18th
inches..ecee sesencacncesnsesssovensass 125

180. do do ivory, graduated, 8th, 10th, 10th and
16th INOheB coceestevrancrvocese cnrsessascrsnnsasonasssesse B 00

SPIRIT LEVELS AND POCKET COMPASSES.

185

185 Locke’e Hand Level, made of German Silver seoucecsssceances 12 04

188. do do do brass....coicviieienieneensnaes 10 00
187. Levels, mounted in brass, for mechanical purposes, 3 to 12 in.
long, perinch.vee veuneoane Cesticesasienrasacccncarssncess 025

188 Level Bulbs, unmounted, 2 to 4 inches, 25¢; 4 to 8 inches ,.... 0 &



154 POCKET COMPASSES.

187
Figure No. Price.
189. Spirit,Levels, for millwrights, mahogany stock, with 3 ground
level vials set in brass, all adjustable, 24 and 30-inch ....... $6 048
180. Bpirit Levels, for millwrights, with 2 ground level vials, ad-
justable, 24 and 30-inch et vaciei ittt riiinensccreas & 50
191, Bpirit Levels, with unground level vials, of good quality; 3
lovels, $45 2 JOVEISecerse oot crescasscasscrosncnnsseaccanse S 00
192. Brass Plumb Bobs, steel-point screw heads; 3-oxz. $1; 6-os.
$1.50; 10-05. $1.75; 14-ox. $2.25; 20-os. $2.75; 24-o0z. $3;

. - Y T

POCKET COMPASSES.

195 200 198
198 Mahogany Case, with stop to needle, 1} inches square, $1.50; 2-inch, §3;
24-inch, $2.25; 8inch..cccviiiniieaieniiieiioiiieccaniecies veseseese 378
198, Brass, round, with cover, 1} inches diameter, stop to needle....... veeer 128
191. do do do do do and
agate centré toneedls......ocvviviinnnnnnn. tesnssanaes 15
198, do watch pattern, stop, agate centre, 1¢ inch, $1.50 ; 2-inch.. 228
199, do watch pattern, stop, agate centre, 1}-inch, with hinged
OV tesecencraseenssonnccsasessarssesossn vosinssoncs 25

200, do Gilt Charm Compasses, to hang to wateh-guard ......... B
801, Pocket Compasses, gllt watch pattern, with stop, enameled dial,

TMOTOCCO CASOB........ eeeersieiiaetearetetesrroneinas Superior, §6 and 8 00
202. Prismatic Azimuth Cempass, brass, 22 in. dlam., $18; 4 in. diam,...... 223 20
208. Pocket Sextants, with Telescope, very accurate..... eesecessctanren veees 40 00
204, Burveyor's Cross—for right Angles.....cvee covssreereocnnes ereecss sans 8 0C
805, Odometer for measuring distances by recording revolutions of carriage

Wheal.. . cciveiiiiviierassoscosernsocrariocassssacsrssescsssncssonsses 0 00
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MICROSCOPES, &c.
BIMPLE MICROSCOPES TO FOLD IN CASES,

TR

210 212 213 217
Figure No. Prises
210. Hard Rubber case and frame, round form, 1 double convex lens,

# inch diameter, $.50; 1-inch, $0.75; 1j-inch, $1; 14-inch,

$1.25; 13-inch, $1.50; 2-inch..ecicaeeecanaan.es cerenes veer $2 28
211. Hard Rubber case and frame, round form, 2 double convex

lenses, 3-inch, $0.75; 1-inch, $1.25; 1}-inch, $2; 14-inch...’ 2 50
212. Hard Rubber case and frame, bellows form, 3-in. $0.76; 1-in. 1 00
213. do do do 2 lenses, §-in. $1; 1-in. 1 25
214. do do do 8 do 3-in.$1.50;1-in. 1 75
215. Microscope on three legs, with screw adjustment for focus,.... 1 00
218. Linen Provers, or Microscope for counting the threads in linen

fabrios ceoeesevnecevencnies seeresasissessatevsnsssonaccess 0 7B
217. Stanhope lens, iu German Bilver frame.....cvs covsevccnnesas 150

218 Coddington lens, brass frame....cceovcteceecrcecscsasnsa-ans 2 00

219, do silver frame 2 50
220. do do 8 50
221. do do large sise, with cover .....ee0... 5 BO

READING AND PICTURE LENSES,

226 %

225. Reading Glass, hard rubber frame, double convex lens, -ineh
diameter, $0.85; 13-inch, $0.85; 2-inch, $1.50; 24-inch, $3;
b 5 1) R R TT TR P e I £ |



156 MARINE, OR FIELD GLASSES,

Figure No.
226. Reading Glass, oxidized metal frame, double convex lens, 2-Inch, §1;
2¢-inch, $1.50; 8-inch, $1.75; 8}-Inch, $2.50; 4-inch, $3; 4-Inch.....

227. Reading Glass, oxidized metal frame, two plano-convex lenses, 24 inches
diameter, $2.25; 8-inch, $3; 34-inch, $4.25; 4-inch............. vare.s

228. Reading Glases, gilt metal frame, ivory handle, one double convex lens,
2inch, $2.25; 24-inch, §2.75; 8-inch, $3.75; 4-inch, 84.75; 4¢-inch, ..

229. Reading Glasg, black metal frame, wood handle, double convex lens,
8 inches long by 14 inches wide, $1.50 ; 8§ x 1} inches, $2; 4x? inches

820. Picture Glasses, rosewood frame and handle, double convex lenes,
5 inches diameter, $5; 6InCh.cuciverasirerace coerertocnnresssncnacas

ACHROMATIO OPERA GLASSES.
. Diameter of Object-Ginsses given in lines 12 to 1 inch.
235, Bix lens, metal body, japaned, black, 18 lines, $4.50; 15 lines, $5;
17 lines, $6; 19 lines, $7.25; 21 lines, $8.25; 24 lines....coeeivuccvens

288, Six lens, metal body, covered with black imitation Turkey morocco,
bhars connecting the two bodies curved; 13 lines, $7; 15 lines, §9;
17 lines, $9.50; 19 lines, $11; 21 lines.....

237. Twelve lens, metal body, covered with imitation Turkey morocco,
superior quality ; 13 lines, $11; 15 lines, $12; 17 lines, $14; 19 lines,
$15.25; 21lnes.., .ciievvunnnne tteerieannesecanen cevessenes ve aveees

888. Twelve lens, metal body, covered with black Turkey morocco, superior

quality; 18 lines, $12.75; 15 lines, §14; 17 lines, $15.75; 10 lines, $18;

Also, & large varlety mounted in pearl, enamel, and oxidized metal,

MARINE, OR FIELD GLASSES,

239, Six lens Achromatic Field Glass, metal body, covered with Turkey
morocco, sun shade to extend over the object-glasses, and soft leather
case, with strap.

Body 8% inches long: object-glasses 15 lines In diameter..........
do 4 do do 17 do [+ [« TN
do 44 do do 19 do do  iieeeens
do 4} do do 21 do [ 1
do &} do do M do [ 1 RO

Price.

50

500
8 5%
25

750

0%
1250
16 50

%

™n
8 00
50
10 25
120



ACHROMATIC TELESCOPES.

Figure No.

240. U. 8. Army Bignal Service six lens Achromatic Field Glaes,
metal body, covered with Turkey morocco, sun shade to ex-
tend over the object-glasses, and heavy leather case, with
strap; very superior.

157
Price

Body, 5§ inches long; object-glasses 21 Ilnes in diameter.....$18 00

do 53 do do 24 do . en.
do 63} do deo 26 do cesen

ACHROMATIC TELESCOPES.

18 00
20 00

251
241. Telescope, wood body, 3 draws, 15 inches drawn out, 8 inches
shut, objeot-glass 1 inch in diameter, power 15 times ........
242, Telescope, wood body, 3 draws, 18 inches drawn out, 8 inches
shut, object-glass 1] inches in diameter, power 20 times......
243. Telescope, wocd body, 3 draws, 23 inches drawn out, 8 inches
shut, object-glass 1§ inches in diameter, power 25 times.....
244. Telescope, wood body, 3 draws, 30 inches drawn out, 10 inches
tbut, object-glass 1§ inches in diameter, power 30 times .....
245. Telescope, wood body, 4 draws, 37 inches drawn out, 11 inches
shut, objeot-glass 13 inches in diameter; superior glass; power
85 tIMes coeuec seccrstarcroneciie sttetertonnteincersentanre
246. Telescope, wood body, 4 drawe, 42 inches drawn out, 11} inches
shut, object-glas 2} inches in diameter, power 40 times .....
247. Telescope, wood body, 4 draws, 48 inches drawn out, 134 inches
shut, objeot-glass 23 inches in diameter, power 45 times .....
248. Telescope, wood body, 5 draws, 28 inches drawn out, 7§ inches
shut, objeot-glass 1§ in. in diameter; about the same power
a8 No. 245, but more portable; power 35 times...... ceov ...t
249 Telescope, wood body, 6 draws, 17 inches drawn out, 43 inches
shut, object-glass 1§ inches in diameter, power 20 times .....
250 Telescopo, wood body, 6 draws, 16 inches drawn out, 43 inches
shut, objeot-glass § inch in diameter; very portable; power
15 tIMO8 voeeeeueer sanses sorectanetaacereconnsscnnses seasns
251. Telescope, brass bddy, covered with cord or leather; shade to
keep off the sun and rain; 1 draw, 36 inches drawn out, 20 in.
shut, power 25 times...... veus cenver teneie sitosnninennnona,
252. Same as above, but with 2 or 3 draws; 15 inches shut coveveuee

$3 00
400
6 00

8 00

14 00
25 00

86 50

10 00

8 50

8 00

12 00
12 00



158 ACHROMATIC TELESCOPES

253

Figure No. . : Pries.
253. Tourist’s Achromatic Spy-glass, with brass body, eovered with

Turkey moroceo; 3 draws, 17 inches drawn out, 8 inches shut,

object-glass 1} inches diameter; sun shade to slip beyond the

object-glass; heavy leather caps to cover both the eye-glass

and object-glass; strong leather strap to sling ovor the shoul-

der: power 20 times c.oaieeivrrrsirncessacrcesescncanscncas$12 00
254. Same as No. 253, but is 21 inches drawn out, 7 inches shut, ob-

ject-glass 1§ inches diameter; power 25 times.....c.ccv.euee 14 00
255. Bame as No. 253, but is 24 inches drawn out, 9 innhes shut, ob-

ject-glass 1§ inches diameter, power 30 times...ccceveeeeencs 21 00
256. Same as No. 253, but has 4 draws, and is 38 inches drawn ont,

10 inches shut, object-glass 13 in. diameter, power 35 times.. 80 00
857. Brass Clamp with gimlet screw, to fasten a Spy-glass to a post

OF $P00. .. 0oe coevvaesvst®snsassstssassnorsasnssasessss canoes 8 OO
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Drawing Paper, Colors, &Lc.

In filling orders for Instruments from different parts of the country,
we have frequently been called upon to furnish, in addition, the vari-
ous materials for the office work of the Surveyor and Engineer, as
Drawing Paper, Colors, Text-Books, &. We have therefore supplied
ourselves with an assortment of these goods, and shall hereafter be
able to furnish them on as favorable terms as any other dealer in the
Union.

DRAWING STATIONERY.

No.

258. Whatman’s Hot and Cold-pressed Drawing Papers, selected.
BEST QUALITY. Price.
20x15 inches, persheet, $0 09; per quire, $1 00
. .o 22x17 ¢ “ 012; «“ 1 50
Royal,. ...cccen.. 24X19 4 “ 0153 o 2 00
Super-royal,.... . 27x18 ¢ “ 018; @ 2 50
Imperial, ........ 30x21 ¢ “ 025; o 3 50
33x28 ¢ “ 030; “ 525
Double Elephant, 40x26 <« s 0 40; 4 8 00
Antiquarian, ..... 52x81 ¢ 1 200; “ 30 00

‘We only keep the best Whatman’s Paper in stock, but to parties desir-
ing it, can furnish the second quality at about 15 per cent. below the above
prices. *

259. Continuous Drawing Paper. EXtra white.
IN ROLLS OF 30 TO 50 POUNDS.

German make, 36 inches wide, per pound $0 40, per yard 0 25
4 36 “* thin superior, “ 0 60, “ 035

4 42 o thlck, “ 0 40, il 0 30

“ 42 “ do. superior, “ 0 60, “ 045

“ 42 “ thin, * 0 40, 4 0 25

i 54 b thick, “ 0 56, “ 0 50

“ 54 “ thin “ 0 55, “ 035

Best egg shell, 59 o thick, “* 0 60, “ 075
“ “ 59 “ medium, “ 0 60, “ 05
o “ 59 u thin, i 0 60, “ 045

260. Muslin Backed Continuous Drawinz Paper. Extra white.
IN ROLLS OF 10 YARDS,
Best German Paper, 42 Inchies wide, per roll $9 00, per yard........ 100
b “ 54 o “ 14 00, b cereass. 150
4 “ 50 “ o 18 00, “ vereees. 200




160 DRAWING AND TRACING PAPERE, ETC.

‘231, Bleached Manilla Buff Tint for Working Drawings.
BEST AMERICAN MAKE, IN ROLLS OF 50 TO 100 POUNDS.

36 inches wide, thick, perlb. $0 16, peryard.........co...... cons
40 “ " “ 016, ¢ ..
44 73 «“ a 0 186, A .
48 o “ i« 0 18, ettt ieaae.

Full rolls only of continnous paper sold by the pound at above rates,

262. Tracing or Vellum Cloth.
IN ROLLS OF 24 YARDS, BOTH SIDES GLAZED, OR FACE GLAZED AND
BACK DULL, SUITABLE FOR PENCIL MARKS.
Imperial, 18 inches wide, per roll $6 50, peryard...c...........
i}

o 30 o “ 9 50, ¢ P
" 36 it ‘@ 11 50. “®
“ 42 s “ 15 50, “
Sagar'’s Patent, 18 “ ¢ 7 00, «*
I 30 §“° « 10 00, b
“ 36 £t & 12 00, L
& 49 “@ «* 16 00' s

283, French Tracing Paper.
FINE QUALITY, VERY CLEAR AND STRONG,

In Sheets, Royal, 19x25 inches, per quire
¢ Super Royal, 21x26 ¢ “ ..
¢ Double Elephant, 2640 ¢ “
In Rolls, 11 yards long and 43 Inches wide, per yard $ per roll,
“ 22 g 4 “ 3 - ¢
Vegetable Royal, 19x25 inches, per quire $2 20, per sheet....
“ Super Royal, 21x268 ¢ « 3 50, “*
¢ Double Elephant, 28x40 ¢ “ 10 00, “ N
“ “ in rolls of 22 yards, 54 inches wide, per roll,
264, PROFILE PAPER.
Plate A, 42x15 in., horizontal ruling, 4, vertical, 20 to in., per sheet,
Plate B. 42x13} - do 4, do 30 do do
Plate C, 42x15 do 5 do 25 do do
Continuous Profile Paper Plates, A and B, per yard.......... [P

Muslin Backed Continuous Profile Paper, A and B, per yard..........

265. CROSS SECTION PAPERS.

Trautwine’s Cross Section and Diagram, 10 feet to inch, for embank-
ments of 14 and 24 feet, roadway, and for excavations of 18
and 28 feet, ruling 197x12 inches, per shecet...vvevevieaanans

Cross Scction, ruling 22x18 inches, 8 feet to inch, per sheet........

Cross Section, ruling 131x18 inches, 10 feet to inch, do secesese

Buled and Section, 14x17 inches, 4 feet to inch, [ 1.

$0 12
015
017
018

0 40
8 40
0 40
080
075

. 025
025
025
008
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LYONS’> TABLES.

161

A set of Tables for inding at a glance, the true cubical sontents of Exea~

vation and Embankments for all Bases. and for every variety of Growss
and Side Slopes; by M. E. Lyoxs, C. E.«
Bheet No 1. General Table for all Bases and all Slopes.
2. For Side Hill Cuts and Fills.

do
do 3. Base 12 feet Slopes
do 4. do 14 do
do 5. do 15 do
do 6. do 15 do
do 7. do 15 do
do 8. do 18 do
do 9. do 16 do
do 10. do 18 do
do 11. do 18 do
do 12. do 18 do
do 13. do 18 do
do 14. do 20 do
de 15. do 24 do
do 16. do 24 do
¢ 17. do 25 do
do 18 do 2 do
Bheat No. 19. Base 28 feot B10pe8s..ou.cenes -an
do 20. do 30 do
do 21. do 30 do
do 22. do 30 do
do 23. do 32 do
do 24. do 32 do

TR R P R N YT T Y ¥

ese0 10 c00s 000t qanensrs snny

9es4et ssaraensevee 0 anses

D LR R R Y IR R P P

Weoeseernseseress sssnseonne

LR L Y PR T Y S T YT

P L LR LR TR ¥ Y PP

2036 crsssasescsacret o

R R R TR LL LYY

L R L LR TP PP PPy

R N T R LT Y R PRI
2t04 1 4uss 000E LI s oss0nnn
R X R YRR Y YT RTERY ¥
4ese cesees s0cat so0ssatose
L XY R P RPN YRR L X

csseceebcaracre

L R N R Y R LR T Y
€038 0200 4000 cecateteren
R R LT Y R PP
Cessacsssses sncorrasenns

seas ssarventeccccncanen

1jtol
1lito1l
dtol
1 tol
13tol
3tol
1 tol
ftol
ftol
1 tol
1§t l
lito 1l
itol
13to 1
ljtol
i}
$tol
1 tol
1}tol
ijtol
1 tol
1ito?

The Tables are printed in clear, bold type on tinted paper, sheets
25x16 inches.
the eye-sight.
that is wanted in conneotion with the Base or Slope designated,
whether on level or side-hill cross section.

261. Level Books,
Transit Book,
Record Book,

$10 50 per dozZen,...cc.o.iiiiiainnnennnas 2

$7 50 per dozen,

7 50
7 50
Cross Section Books, 8 inches long by 7 inches wide, for Topography,

FIELD BOOKS.

They may be used by candle-light without injuring
Each sheet is complete in iteelf, aud embraces all

Per sheet, 35 cents; bound In one volumMe .eeevevvsrncecorencrecsess $8 00

075
075
015

100

-
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BOUND PROFILE BOOKS,

These books are for fleld or officc purposes, bcing printed on both sides of &
tough thick paper, and bound in flexiblc covers convenient for the pocket. Each
page will contain a profile of thrce.thousand feet in length, 8o that each folio will
contain an average section of a road as usually laid out for construction. Rall-
road and other engineers will find them very useful. Size of book 9}; by 6%
inches. The rulings correspond to our large proflle plates A and B.

268, Plate A, 25 leaves imitation Turkey morocco, with elastic band...... $3 50

4 60 " “* £ s 5 m
’ [£3 lm £ 13 44 ¢ 8 m
“ 50 ¢ Tarkey moroeco, turncd edges, with elastlc band.. 6 00
[t 100 . 4 2] 4 (3 .. 9 m
269. Plate B, 25 <« imitation Turkey morocco, with elastic band...... 3 50
. [y 50 “ 4 g 4" eee e 5 00
" 100 ¢ m I “w o 8 00
s 50 ¢ Turkey morocco, turned edges, with elastic band.. 6 00
“® 100 L L1 Ty £ .. 9 m
270. PAPER PROTRACTOR—SHEETS AND BOARDS.
Whole Cirele Protractors, 12 in. diam. 4 degrees,, thin paper, each, 0 30
do do do do Bristol boards do 0 &0

INK SLABS, SAUCERS AND WATER COLORS.

27, INK SLABS
For India Ink and Colors; containing 8 holes or cups and 1 slanting division,
Measuring 2 by 1§ inches, each 20 cts. Measuring 4 by 2} inches, each 40 cts,

do 8 by 2 inches, each 35 cts. do 43 by 8 inches, each 50 cta.
CABINET NESTS.
272, Porcelain Saucers in Nests; fitted on each other.
Contaming b Saucers and s Cover, 24 inches in diameter........per pest.,.. k]
do B do do 2?inches do  ....oe.. dOo° ... 100
do 5 do do 3% inches do ........ "do ... 188
273. WINSOR & NEWTON’S WATER COLORS.

IN BALF AND WHOLE CAKES.
Whole cakes, 30 cents each ; half cakes, 15 cents each.

Antwerp Blue, Emerald Green, Payre’s Grey,
Blstre, Flake White, Prussian Blue,
Blue Black, Gamboge, Prussiau Green,
British Ink, Hooker's Green, No. 1, Raw gicnna,
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Brown Ochre, HooXxer's Green, No. %, | Raw Umber, *
Brown Fink, Indigo, Red Chalk,
Bronze, Indian Red, Red Lead,
Burnt Roman Oclire, Italian Pink, Red Ochre,
Burnt Sienna, Ivory Biack, Roman Ochre,
Barnt Umber, King's Yellow, Sap Green,
Chlnese White, Lamp Black, -1 Terre Verte,
Onrome Yellow, *! Light Red, Yandyke Brown,
Cologne Earth, .Naples Yellow, Venetian Red,
Constant White, Neutral Tint, Vermilion,
Deep Chrome, New ‘Blue, Yellow Lake,
Dragon’s Blood, QOlive Green. Yellow Ochre..
Orange Chrome,

274.  Whole cakes, 80 cents each ; half cakes, 30 cents each.
Black Lead, Mars Yellow, Scarlet Lake,
Brown Madder, Neutral Orange, Scarlet Vermilion,
Chalon’s Brown, Purple Lake, Sepla,
Orimson Lake, Roman ia, ‘Warm Senia.
Indian Yellow, Reuben’s Magddor,
275. Whole cakes, 85 oents each ; half cakes, 45 cents each.
Oobalt Blae, | Orange VermiHon, | Violet Carmine.
276. Whole cakes, $1 15 each ; half cakes, 60 cents each.
Aureolin, Freach Blue, Pale Cadmium Yellow,
Burnt Carmiae, Galistone, Pink Madder,
Cadmium Yellow, Green Oxide of Chromium,| Pure Scarlet,
Cagmium Orange, Indian Purple, Rose Madder,
Qarmine, ‘Intenso Blue, Vviridian.

. Lemon Yellow,

277. ‘Whole ogkes, $1 80each : half'cakes, 60 cents each.

Fleld’s Orange Vermilon, | Mars Orange, Smalt,
Madder Carmine, Purple Madder, Ultramarine Ash.
Color Boxes furnished to erder, to hold §, 12, 18, or 24 whole or balf cakes.
‘8. WINSOR & XEWTON'S WATER COLOR LIQUIDS.
IN GLASS BOTTLES.
Carmine .............:. 60cents. Extract of Ox Gall....... 50 cents.
Indelible Brown.Ink. 60 ¢ Indian Ink........ R B
Prout’s Brown... 60 ¢ Chinese White,...... ... 60 *
Gold InK...couivereeae., 60 ¢
BRUSHES.
279. Camel Hair Pendlls, fine quallty, black wood handles, and metal tubes.
‘Nos. 1and 2, eath..iceeeveienininennnnnns eetreiieesesaesiia.. $015
8and4, ; 010
5andg, * ..... 0 10
280. Double Camel Halr Wash Pencils, fine quality, metal tubes, wood
handles.
No.1, each.......... PP | X 1]
ORI PPUURP | I 1
. S teiiinienien testasereceteiiieiees. 060
281. Large Camel Hair Pencils, in swan quill, fine quality.
Nos. 0 and 1, each........ ST ' X
2 and 3, ¢ ....... fieessevesniaiann teessecniosneenesss 040

45,8008, Y .iiiiiiieireeieeeaiisiiiieieereseenaens aee 098
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282, Red Bable Halr Pencils. 1) inch to 2 inches long, each.........c....
i v 2 “ 2 B eerieanrarens
“ “ 215 ¢ 3y “ : G ereieriennes
233. Red Sable Hair Penclls, with black wood handles.
N08. 1810d 2, €8CD..ccuieen ciiiee seeneicsranscursovososenennsee

3and 4, ¢
5andg, ¢
284. Brown Sable Hair Penclls, with black wood handles.
Nos. 18nd 2, €80l cceene.ieieiirninnnenns revereeienes
3and4, < ...... veeersneeans
Sband @, ** ...........
235, GILLOTT'S STEEL PENS.'
Mapping, Drawing, and Engraving, on cards........per doz.....
"Lithograph, en cards...... rreeeiaaeae o O N

Lithograph Crow Quill, on cards....... "
Extra Fine No. 803, per Gross $1 65.....00ceeevvn.a. % L.,

LEAD PENCILS.
A. W, FABER'S (GENUINE),
Hexagon Gilt, Kos. 1,8, 8, 4and B..........cecenvnenunvvens ... por dozen...,
Black or Red Gilt, round, Nos. 1, 2, 8, 4.. do coes
Black or Yellow Gilt, Nos. 1, 2, 8,4, 8mall..ce.ccceveinneccncess d0 ..o
One bex, contalning 7 Pencils, for Engineers, sliding ends to box............
do do 8 Pencils, BB to H....oovovmeriisrarssssssrcocs ave svee
do do T Penclls, BBBtO HH......cooevrarococenecs soioanvnee
do do 10 Penclls, BBBB t0 HHHH.....cco0unereveennceaccnccns
Sure Siberian Lead, Nos. BBBBBB, GBB, BB, B, HB, F, H, HH, HHH,
HHHHHH, 15 cents each,........cceevseossreersscnsases.per dozen....

Red, Green, Blue, and Yellow Pencils. do

Faber’s Ink and Pencil Erasers........ ..each......

Guttknecht’s Pencils, Red and Blue end.............. «esees..per dozen....

Red Chalk Pencils for marking sr.ake...................... ... do

do In UMD .covsevsecnernns per ib.......

Timber Scribes or Ma.rk.l.ng Irons........ P T - 7.) | I

287. MISCELLANEOUS.

Rogers & Son's Steel Blade Eraser, cocoa handles, each.........ccevuv ..o
do do do ivoryhandles * .. ..................
do do do extra fine quality, each ....... veensans

“Falcon,” < Commercial,* and * Business ! Pens, per gros8......ceceeeee

Best Foolscap Paper, per ream $6 50, perquire ................. PR

Best Letter do s 5 25, “

Best Commercial Note, ¢ 4 00, “

Superior Post Otfice Paper, buff tint, per ream $11 00, per quire.......... .

Printed Legal Cap Paper, 8peclally ruled for specifications and contracts,

(]
075
05
025

1%

o
060
060
0TS
100

160
150
020
200
125

126
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Der ream g10 50, per quire.......... Ateetacisestiarasrossnssonsscs 0680

Flat Paper, smootH, extra, 16X21, Per re8M.......... PR

do do 4o I8X23, ¥ Liiiiiiii. eeesens
Superior White Envelopes, per thousand $5 25, per package

do  Buff do do 4 25, “

do do do  ‘‘legal,” (large size) per thousand $8 15, package, 030
Arnold’s Wrilting Fluld, per quart.......c.ceve voovnrenaecesvaneen 0 87
Blue Ink, per bottle...... ettt eeaeteare e e aasaeseaes seeranas 025
Davld’s Carmine, 2 ounce bottles, wlth glass stoppers, per bottle . 0 50

Rubber Bands, % inch wide, 2 Inches long, per gross $1 15, per dozen.. 012

do X do 23 do do 1 40, do .. 018
do B do 3 do ,do 1 65, do . 02
do X do 3% do do 2 00, do .. 025
do % do 2 do do 2 25, do .. 025
do 3% do 235 do do 2 50, do .. 030
do 3 do 3 do do 2 15, do .. 035
do % do 33 do ao 800, do .. 040
do 3% do assorted length, do 2 00,
do /s do 13 Inches long for tickets, &c., per gross.,, 0 20
All other sizes Rubber Bands furnished at proportlonal rates.
Mucilage, per quart $1 25, per cone (3 0z.)......... verrnnnnnnes s veee 025
Red Chalk Penclls for Marking Stakes, Per A0ZeD...e....evuesesansennnss 125

Red Chalk, in lumps, per pound
Arkansas Oii Stones . deriersenanen
Copying Books, Copying Ink and Presses, Blotting Paper, and all articles of
Stationery needed in Englneer’s offices furnished at reasonable rates.
Envelopes, Letter and Note Heads, Cards, &c., printed and lithographed at
nusual prices,




LIST OF BOOKS

ON

Livi. ENGINEERING, SURVEYING, EC.

*,* Nore.—Parties ordering should either send drafts or postal orders on New
York, or if money is enclosed In letters, such letters shonld be registered at the
post-office where mailed.

We prepay postage on nearly all American books when the retail price is sent to
us in advance, but do not on foreign books, so that it s necessary to include ten
per cent. additional to the price of the same when garties desire them sent by mail.

Orders_for over $10 will be sent by express * C. O. D.;” but for smaller sums
parties will Ylease remit the necessary amount with their order.

Write all letters legibly, give your post-office, county, and State, and be sure to
sign your letter before mai F

‘e are not responsible for loss of goods sent by malil.

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

publishers’ prices.

ARCHITECTURE, CARPENTRY, AND BUILDING.

Price.
ABERDEEN, Earl of. Grecian Architecture. (Weale's series.).....ccc..... $0
ARMENGAI}D, AMOROUX, and JOHNSON. A Complete Course of Me-
chanical Engineering and %lrll.gnlmml Drawing. Fully illustrated. .. .. 10 00
ARMSTRONG. Chimneys for aces, Fire-Places, and Steam-Boilers, By
R. Armstrong, C.E. 1vol I2M0... ...ivueiceneaieoneervacessannns Paper 50
ASHPITEL. Treatise on Architecture, including the Arts of Constructive
Building, Stone Masonry, Arch Carpentry, Roof Joinery, and Strength of
Materials. 4to. Tlustrated.....eevoeranrnrecerannes teseisnaisseeraares 15
BARNARD. 8chool Architectare. 84 edition. 1 vol. 8vo. New York, 1849, 3 00
BICKNELL'S VILLAGE BUILDER. Elevations and Plans for Cottages,
Villas, Suburban Residences, Farm-Houses, Stables and Carri Houses,
Store Fronts, School-Houses, Churches, Court-Houses, and a Model Jail.
4to. Troy, 1870...ceceiiirnnnnnns e 10
BULLOCK'S Rudiments of Architecture and Building. 250 engravings. 8vo. 8
BULLOCK'S American Cottage Builder. 78 engravings........c..oiivenees . 8
BURN. Practical Ventilation. 1 vol. 12mo. inburgh, 1850.............. . 8
1

BROOKS. Erection of Dwelling-Honses, with Specifications, Quantities of
Materials, etc. 27 plates, By 8. H. Brooks. (Weale’s series.) ........
CLEVELAND and BACKUS' Coftage and Farm ArchiteCture ................ 4
CUMMINGS and MILLER'S Architecture, including Designs for Street
Fronte, Suburban Houses, and Cottages, and with a great variety of
details, With over 1000 illustrations. 1 vol. large 4to..... beseienes sas .-
NGS and MILLER'S Modern American Architecture, containing
designs and plans for Villas, Farm-Houses, School-Houses, Cottages, Cit:
Residences, Churches, &e. 1vol. large4to.....ccenvivncinanenans ..Cloth 10
DOWNING'S Cottage Residenees. 8V0...cee.ceinernrereaccnsosonnas PPN . 8
ol Counu% Houses, inclndin%{deslgns for Cottages, Farm-houses,
and Villag; with remarks on the best modes of Warming
and Ventilation. Finely {llustrated. 1 vol. 8vo....... veeseea
“ h;;iﬁpe Gardening and Rural Architecture. Finely illus.

VO setverasceooscrcersncescconsssscscnssccsccesones

00
50
50
00
B
00
00
00
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Prica,
EDWARDS. On the Ventllation of Dwelling-Houses, and Utilization of
Warte Heat. By Krederic Edwards, Jr. 1 vol. 8vo. London, 1868...... .8 W
FIELD’S City Architecture. 1 VoL 8VO...c.itivvauiarreniniiinenoiinsiiainn 300
FRANCIS. On the Streagth of Cast-Iron Piflars.  With Tables for the Use
of Eng.neers, Architects, and Builders. By J. B. Francis, Civil Engineer.
1 vol. Bvo. New Y. York, 1865.... ..vvviee iiiiiiiisiniinnriiiennsnees Cloth 2 00
GOUGE. New System of Ventﬂatxon, which has been thorou(rhly tested
under the patronage of many distinguished persons. By Heury A. Gouge.

1 vol. 8v0. New YOrk, 1870, ..ivoveveneennrasnocoarascsinrinaannss Cloth 2 0u.
HATFIELD. The American House- -Carpenter. By R, G. Hatfield. Seventh
edition. 8vo, New YOrk, 1869.......c0uieiieninne samavneerenannns Cloth 3 50

HOOD. A Practical Treatise on Warming Buildings ‘by Hot Water, Steam,
and Hot Air, on Ventilation, and the various methods of distribuiing
Artificial Heat. By Charles Hood F.R.8. 1vol 8vo. London,1869. Cloth 3 &
HOLLEY'S Country Seats, containing Designs for Cottages, Villas, Man-

sions, Railway Stations, &c. 1vol.dto ... ceoviviineniiieiiann, ver 500
HUGHEI.Ef’8 Gardening, Arcfntecture, and Laudscapo Gardening, London. 75
B U TR . - PPN
LEEIDSL é.ectures on Ventilation. By Lewis W. Leeds. New York, 1868. 100
VO VO0uosoe - estoseseatonaonosonenascossvooatsvanses 4saosarvecnsnnes
LEUCHERS. How to Buﬂd ‘and Ventilate Hot-Honses. By P. B. Leuchers.
Illl%stmted 1 VOL 12M0scvae.  vernse sressine ereusieiiiiiiieainenas 150

JENNEY. Princi%les #nd Practice of Architecture ; compris-
ing 46 folio plates of Plans, Elevations, and Details of Chnrches Dwell-
ings, ete., constructed by the authors, 8. E. Loring and W, L. B, Jenney
Cluca G - T . Cloth 12 00
LOTH‘S Pmctxcaf Stmr-Builder A Complete Treatise on the Art of Building
Stairs and Hand-rails, Illustrated with 30 o vﬁn&l plates. 1vol. large 4to, 10 00 -
LOUDON'S Cyclopedia of Cottage, Farm, and a Architecture and -
ture. 20009u§1;§1v1ngs. TVOL 480 . ee s oeenrnsnanennennsnszaraonenss vees. 1500
MONUMENT entirely new work, being Desxgns for Tombs, Monu-
ments, Head-Stones, Grave-Crosses, etc., with Working Details and De-
scnpnve Text by eminent Architects and others. 1 vol. 4to. London,

B T th 21 00
RAWLINSON Demgns for Factory. Furnace, and other tall Chimney Shaﬁs.
R. Rawlinson, C.E. 1 vol. 1. folio. Lon(‘{on, .................. Cloth 21 00

BOB NSON. The Parks, Promenades and Gardens of Paris, described and
considered in relation to the wants of our own Cities, and of Public and
Private Gardens. By W. Robiuson, F.L.8, Illustrated. 8vo. London,
IBBD. .. eeierss s csaaasesetreninnetnarneasiert s bentbons seeanaesiaas Cloth 9 00

ROBINSON and TREDGOLD'S Carpentry and Joinery. With plates, ...... 800

SHAW, Specimens of Tile Pavements, drawn fromn existing authorities,

Henry Shaw. 1 vol. 4to. Plates colored. Lonaom, 1858. .-n....ecsrr.... 18 00

BHAW'S Civil Architecture; being a complete Theoretxcal and Practical
System of Building, contammg the Fundamental Principles of the Art,

By Bdward Shaw. To which is added a Treatise on Gothic Architecture

etc., by T. W, Silloway and Geo. M. Harding, Architects. Dlustrated by

302 plates, engraved on copper. 1 vol. 4to, hlladelphla 1870, 1
BLUAN'S Homest.ead Architecture,

BLOAR'S € cul; and Suburban A ctw
Edifices, Private Residences, and Mercanhle Buildings
MITH. Acoustics of Public Buudmgs .........
" Parks and Pleasure Grounds; or, Practi
dunces, Vxllas, Public Parks and Gardens. By C. H. J Smith.
1v0lL 12mM0,. . vuverienesensnns ...Cloth
TOMLINSON. Wmmmg and Ventilatiou.
VAUX'S Villas and Cottages. With nearly 500 enoravings 8v
WALKER. Useful Hints on Ventilation. Explauatory of its leading prin-
clples, and designed to facilitate their application to all kinds of Buildings.
g . Walker, Kngineer. 12mo. Manchester, 1850..............., Cloth
WEIDENMANN, Beautifying Country Homes: a Hand-book of Landscape
Gardening. Ilustrated by Nplans of places already improved. By
Weidenmann, 1 vol. 4to. New York, 1870........

Conmmmg 40 Desngns for
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Prica
Rural Homes, or Sketches of Houses suited to American
Country Life, with orlglnal Plans, Deelgns, etc. By Gervalse Wheeler. -
1 vol. 12mo. New York, 1868....... veessssss..Cloth §2 00
ELER. Homes for the People in Suburb and Country, the Villa the
Mansion, and the Cottage, adapézd to American Climate and Wants. By

Gervmse Wheeler, Architect. vised edition. 1 vol. 12mo. New !c?r{xh 200
WOODWM‘ﬁ “COUDLFY HOUSOS. 1F0. - <o v scuneesnersos ne stanasceeens 15

Cottage and Farm Houses. ~With 178 odgnnl Desxgns and
Plans of low-priced Cottages and Fa ouses........... 1%

ot Nattri:nal Almhito;ct A very complete work. Fully illus.

3 T .
od Rural Church Architectnre contalnlug 8 Designs by dif-
ferent ArchitectB......coeiiirusneeiieiiiiirinniniesiaenns
- Suburban and Country Houses, With 70 Designs and Plan

and numerous examples of the French or Chateau Roof.. 150

BRIDGES, ROOFS, &

BAKER'S Long-Span Railway Bridges. London. ...... ves
BA.SHFORTH. A Practical Treatise on the Construction of Obiique Brldges,
;Xinl and equilibrated courses. With 12 plates. By F. Bash.

fort.h BVO0.ietneensvareanansrnosascnnsrresaccnsennsneroesnnosses Cloth 4
BUCK. A Practical and Theoretical Es ‘z on Obhqne Bridges. By aw

Buck, C.E. 2d edition. Corrected by H. Barlow. 1vol Bvo.. .Cloth 6
CAMPIN. _Construction of Iron Roofs... 3
CHANUTRE. The Kanaae City Bridge, with an ‘seconnt of the Reglmen of the

Missouri River, and a description of the Methods for Foun: in that

River, By O‘dhanute, Chiet Engineer, and George Morison, Assistant

" Engineer. Illustrated., New York, 1870, 4t0ue....vveurr.enenss...Cloth 6 00
CLARKE. Description of the Iron Raxlway Bridge across ‘the Mississippl

River at Quincy, Nlinois. By Thomas Curtis Clarke, Chief Engineer.

Pri
8

Hlustrated with numerous plans, 1 vol. 4to. New York, 1869............ 750
(}[JLL1 UIIHS System of Military Brldges in the United States an Enrope. 50
VOL BVO. . ocvvvinncnnnnnnssaaan wee

DEMPSKY. Iron ‘A plied ‘to Railway Structnres. comprising an abstract of
results of ex%?rimem.s conducted under the authority of the Commis-
sioners appointed to inquire into the application of Iron to Railway
Structures, with practical notes and illustrated-plates and descriptions of
some of the principal Railvgsz Bridges. By G. D. Dempsey, C. 1 vol
4to, with plates. Loundon, 1850.....

DEMPSEY. e Practical Raﬂway
4th edition, revired, 1 vol, 4to....... eeen

DEMPSEY. A Rudimentary Treatise ob the Locomotive Engine in all its

hases. By G. Drysdale Dem &se , C.E. 2d edition, (Weale's series).... k(]
EIE EY. bular and Iron Girder Brid es, including the Britannia and
dges. By G. D. Demg (Weale’s 8Ti8). .. ...0vvenrs...

DOWLm Iron Work. ‘ormulz and Rules for finding the Strain
11md lBli%aklng Weight ot Wronght Iron Bridges. By C. H. Dowling, C

VOL 160, ..ot verrviisnsasnnsesironsioesasssasoorses

FAIRBAIRN. An Account of the Gonstruction of the Britannia and Conwny
Tubuiar Bridges. With a complete History of thelr Progress. By Wm.
Fairbairn, C. 1vol, 8vo. London, 1849.... .criee evrvrrsovoenens

GROVER. Estimates and Dlagrams of Railway Brldges {n the Embankments
ot Double or Single Lines; also Culverts of varions dlmensions

J. W. Grover, C.E. 4to, London, 1870. . euvs.. ... ot.{
mum' ) Brid Constructlon With practical illustrations, 8v0.........
Mili litar Bridges, including Designs for Trestle and Trnss Brldges

BUMBER'S Cast and Wrought-iron Bridges and Girders, applied to Rallway

Structures, ete. Wlthssmleageplatea. Imperial Q10 rernee vevennans
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Price,
HUMBER'S Cast and Wrought-iron Bridges. A complete Treatise, including
Iron Foundations. With 80 double plates. In 2 vols. 4to..... ....
YNARD'S DBridges, Roofs, etc., !n Iron, with exnmples from actual

TACHICE. LOMAON .. ruvvnssanasensnsnssssnsesnsososncncnonsnsnssansnnnes 2 50
MERRILL'S Iron Truss Bridges for Rallways With a’ comparmon of the
most prominent Truss Bridges. Ilustrated. 410..........ccoccviierenans 5 00

ROBINSON TREDGOLD and PRICE'S Roofs for Public and Private Build-
Weale's senes& ko
ROElliL.IN S Long and hort Span Raﬂway Bndges. ‘With 16 fine’ copper- " 2 00
ETONEY The' ’l‘heory of Strains in @irders and Similar Structures, with
observations on the application of Theory to Practice, and Tables of
Streng[tlg and other Properties of Material. By B. B. Stoney, B,A. 2 vols.
Bvo ndon,1869 ol 1, 2dedmon......... ...... eovsssans oses. Cloth

g
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CONSTRUCTIONS, STRENGTH OF MATERIALS, &

ABELL’S Machinery Construction and Working....

Plates to the above,4to ..................
BAKER'S Strength of Beams, Columns, and Arches, in Cast or Wrong-ht “Iron
or Steel. London. 12mMO......cc. iiieieeiiiirioniinr coerieienirienans 450
BAKER'S Railway Engineering; or, Fleld-Work Preparawry to ‘the Con-
struction of Railways 1 vol. 8vo. By T.BaKer..oc..cooriievueranannnns 2 50

BAI&LOW on the Strength of Materials. New edxtion, enlnrged. 1 voléJ]m&
Vo, ceriassicestaraciresssesnians 9 00
BLAND'S Arches, Piers and Buttresses
BOURNS. The Pnnclples and Practice of Engineering, Tngonomemcal
Subterraneous and Marine Surveying. With an Appendix. By C
Bourns. 8d cdition. London, 1867. "VOL 8Y0...u s snrnserrnanns ,loth 250
BURR. Iustructions in Practical Surveying, Top0§mphlml Plnn Drawing,
and Sketching Ground withont Instruments. edxtion. y Geo. D.

Burr. 1 vol. T vesescasarans Cloth 8 00
BTCRGOYNE'S Road-making and Macadamized ROBAS. ... ssososness- ceessnes ki1
BURNS' Horsé Railways for Street Traflic, etc. London, 1 'vol. 12mo.. (]
BURNELL'S Limes, Cements, and MOIBIB. ..o enevrner ouvnvnanrensarncnesoe s
COLE'S Contractor's Book, conmlnlng Working Drawings for Canal and

Railroad Constructions........ oo iouuee ereereresieesiess 10 00
DOBSON’S Foundauons and Concrete Works ki

asong and Stone Cuttmg............. .
v Art of BalldIng. o ee e ivenrniiiionrinnieentiiriiicnienoniseinnan
EASTON‘S Horse Railways, their Locatlon, Constmctlon, and Manxge-

LONdON. BV0...c..iceiiiiaire  seeeviraniiseenteratiottiaest rtanensnan 800
FENWICK’S Mechanics of Construct‘lon including theories of Strength of
Materials for Roofs, Arches, and Suspension Bridges. London. 8vo.. .. 600

FRANCIS, Strength of Cast-Iron Pillars; with Tables, etc. 8vo. 200
GILLESPIE'S Roads and Railroads; their Locatlon, Constructlon, and

Improvement, Reviced ......... ORI X .
GILLMORE'S Limes, Cements, A0A MOTLATS. - oo nvnmrorn s vrne s 4 00
MAHAN'S Civil Engineering. A Treatise on Strictures and Materials.. ... 4 00
JERVIS® Railway ConStruction and MANAEEMENt. ... .. .n...ensnesnn, 300
OLVER. Tables for Setting Out Half-Widths on Raxlways, Roads, Cnnals,

and other Public Works. By J. 8, Olver. 12mo. London. 1870....Cloth 178
TATE'S Strength of Materials as ap lied to Tubular Bridges, Wrought and

Cast-Iron Beams, etc.  London. 8¥0............ceeeenvsnceusincsossnies 218
WHILDIN'S Strengt‘: of Materials nsed ln Eng‘lneermg Conltrnctions. i2mo. 3§00
VOSE. Hand-Book of Raliroad Construction, with Plans, Maps, &c. 2 vols, 20 09



170 LIST OF BOOKS.

SURVEYING AND ENGINEERING.
Price.
AND WS' Treatise on Agricnitural Engineering. Ilustrated.............. $1 50
BAKER'S Land and Engineering Surveying 100
FROME. Outline of the Method of Conducting a wonomemcal Survey, for
the Formation of Geographical and Topogr: ‘fhlcal Maps and Plans.
Col. Frome, Royal Kngineers. 1 vol 8vo. ition. Lendou, 1862, Clef 6 08

GILLESPIE’S Land Surveying. The beat and latest work pubhsbed... Leees 800
GILLESPIE'S Higher Surveying. A Treatise on Leveling, Topography,
Mining, Surveying, etc. Just pubhshed ................................ 2 50

HAWES' System of Rectangular Surveying employed m subdlviding the
Public Ly;mds of the Umtgd States ; bemgaMnnual of U. 8. Government

Snrveymo 1vol 8vo.. 3 00
GUMMERE'S Surve L]fini: 2 50
LAW and BURNE! ngin . . 2%
MENDELL'S Military Surveymgrnnd Instruments. IHustrated.............. 2 00
PLANE TABLE, aud its use in Topographical Surveying. From the papers

of Coast Survey. Illustrated. I VOl BVO.....eeeersernnes 300
RANKINE'S Manual of Civil Engineering.... 8 00
ROBINSON'S Surveying and Navigation .. 2 50
SIMMS’ Principles and Practice of Levelmg. .. 2 50
MURRAY. Mannal of Land Surveying............ 2 00

HYDRAULIC ENGINEERING

BROOELYN Water Works and 8ewers ; containing a Descriptive Account of
the Conetraction of the Works, and also Reports on the Brookiyn, Hart-
ford, Belleville, and Cambridge Pumping Engines. With illustrations.

1 VOL fOlI0, 4 eeusanruneecaanaer oot irsonnessosonsoanasssmoonnsmacnns Clotb 15 00
and SWINDELL ‘Well 8inking, Boring, and Pump-work........ 50
Hydraulic Engineering........coe00vcunvnen.nn 150
COLBURN and MAW. The Water Works of London, wgether ‘With a series
of Articles on varions other Water Works. By Zeran Colburn and Wm.
H, Maw. 1 vol. royal 8vo. Illustrated with wood-cuts and two roldmg
Ehglat.ea London, 1867..c.ceueiniiieierannnnsionenins reerereaniaes P, 37
DEMPSEY. Draining Districtsand Lands......cc...vvenee. s
Drainage and Sewe ¢ of Towns and Bulldlngs . 100
EVANS' Young Millwright’s and Miller's Guide....... ....ccoevveniniennn., 260
FRANCIS' Lowell Hydraulic Experiments on Hydranlic Motors, now of
water in weirs, etc. 1 vol,dt0.. v i iviirnereivnieicnecriniecsacssnenseass 15 00
FENWICK'S Subterraneous Surveying. ........coe.ceeesneses eeens 12
FRENCH’S Principles, Process, and Effects of Dralning Lands eeee.. 150
GLYNN'S Water ov\erasappliedems S cees 105
HEWSON'S Embanking, Rivers, Levees, etc. 200
HUGHES' Waterworke f0r Cition 8nA TOWDS, ... ... .vvernossonsnsessonsoos 15

KIRKWOOD. Report on the Filtration of River Waters for the Supply of
Cities, a8 practised in Europe, made to the Board of Water Commie-
snom,rs of e city of St. Louis. By James P, Kirkwood, C.E. Published

‘germmaion of the Board. Illustrated. 4to. New York 1869....Cloth 15 00
0O0D. _Collection of Reports and Opinions of Chemists in regard to
the use of Lead Pipes for Service Pipes in the Distribution of Waters for
the suppiy of cities. By J. P. Kirkwood, C.E. 1vol. 8vo. New York,

D ...Cloth 150

KREPP. The Scwage Question; being 8 General Review of ali Systems and
Mcthods hitherto emgloyad ‘in various countries for draining cities and
utilizing Sewage, with a descri{atlon of Liernur's System, etc. By Fred.
Chas. Krepp. ndon, 18067. 1 voi, 8¥0...0ceiveereriiiiniaienane. Cloth 6

MONCRIEFY¥, " Irrigation in Southern Europe. Being the Report of & Tour
of Insyectlon of the Irrigation Works of France, Spain, and Italy, under-
taken in 186768 for the government of India. By ]E)leut C. C. Scott Mon-
criefl, C.E. 1 vol. 8vo. London, 1868, ...................

PALLETTE. The Miller, Millwri ht and Engineer s Guide.........

STEVENSON'S Canal and River ngineeri ............... cssscacscsrsass

TEMPLETON'S Young Millwright's and MALSrs GUIGo. ... vesnsssserses

Numa
g28388
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GEOLOGY, MINING, AND METALLURGY.

Price.
UERMAN, Metallargy of Iron. Containing Outlines of the History of
Iron Manufacture, Analysis of Iron Ores, etc. 13mO0...........c....... .
DADDOW and BANNAN. Coal, Iron, and Oil; or, the Practical Miner., A
Plain and Popular Work on our Mines and Mineral Resources, and a
Text-Book or Guide to their Economical Develgment With numerous
Maps and Engravings. By 8. H. Daddow and Ben). Bannan. 1 volume,

...................... . vesemssreneereesenaass...Cloth 7 50
DA.NA‘S Mamml of Geology, treating especially of American Geoiogicai
disto B O ) T N 550
DANA'S nal of Mlneraiogy. mduding Observatxons on Mines, the
Reduction of Ores, 8te.....cceeieieivaiececneseencesecectronsnsonsronas 228
FAIRBAIRN, TIron: its History, Propertxes, and Processes of Manu- -
PO T ur e o e voeseeosanrennnuiacsasssasrrossosonsossacessossnosasnasssasasn 4 50

KERL'S Metallmgy adspted trom the last German edmon, treating especm]ly
on Iron, Vol

10 00
50

d Elements of Geology. 850
OVERMAN S etallurgy, comprlsing Mming and Metallprgical Opemtions. 500
PEPPEB‘S Pia ‘Book of Metals, incinding Narra 'r.{v'éé'af' Vistts to Coal,

Lead, C yx,andhnmnes.’. 9 25
PHILLIIS‘ ining and Metallurgy of Gold and Siiver.. 15 78
BILVERSMITH'S ibmd -book for Miners, Memllurglsts th

details of. American Mining Practice.ce.ceeeocviienienn.. 3 00
URE'S Dictionary of Arts, Manufactures, and Mines. 8 Vols......... vesness 1500

DRAWING.

APPLETON'S Cyclopedia of Drawing...........
BECKER'S Letter Book and Ornamen e
and Finished Alphabets.............
QOPLEY. A Setof Alphabets of all the ‘Varlous Hands of ern Uge.
Examples in each Style; also, the Mechanical and Analytical Construction
of Letters, Figures, and Titles. Drawn and arranged by Frederick B.
E“iley. 1vol oblong. New York, 1870.......c... verrerennnn.
DAVIES. A Treatise on Shades and Qhadows, and Linea
C.Davies. 1vOoLBVO....... cevivcenniieniceninis
ENTHOFFER. Manual of Topomph snd Text Book of Topogmphical
Drawmgk ?QY'IO En!.hoﬂ’er, Survey. 1 vol. 8vo, with atlas. 1

10 00
400

NOW YOIk, I870. ... overnerunnnersioreneaeearsonancnsnesesnseres
JOPLING'S Practice of Isometrical Perspectve. Tondon. 8vo.
IAH AN'S Industrial Drawing, comprismg a Description and Uses of Draw-

Instruments. . 8

MINI TE'S Mechanical Drawing including an Introdnction to Tsometrical

Drawing and an Eseay on Linear Perspective and Shadows. Finely
Iustrated. 1voL 8vO.......ccoivveniinniiiiiinieneiriiirniienans

FIE'S Geometrical Drawing—an abndgment of the above

PRANG. Alphabets—Plain, Ornamented and Iluminated. A selectlon b

L. Pran &Co. Oblong. .o vuiaeiiiiiaes o aiiiiiiiieniaaaas K

-

8ESERB838 €8 8

2

BMITH’S phical Drawina 1 vol. 8vo. Plates. . . 2
anu&lof?rowctwus..... ceeser sssesnas . [T |

“ Lmear Persf)ective feieesseececsrennsannnrs U |

s Plane Problems in Elementary Geometry . eee 1

“ Descriptive Geometry......occcivaeeriienssoaonnnnes e 8

“ Higher Linear Perspective PO 4
General Problems of Shades and Shadows. ... . cees 8

. WILLIAMS and PACKARD'S Ornamental Letter BOOK.areurrne sevurvieses B
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POCKET-BOOKS, TABLES, &

BYRNE'S Pocket-Book for Railroad and Civil Englneen
BURT'S Key for Solar Compnsl .........................
CROSS’ Engineer's Field Book......cc.vevvussn
GRISWOLD’S Pocket Companion for the Field.....
HASLETT'S Engineer's and Mechanic's Pocket-Book. ..
HASWLKELL'S Engineer’s and Mechanic’s Pocket-Book. .
HKENCK’S I'jeld k for Civil En}zineers ................
MOLESWORTH'S Pocket-Book of Formul® for Engineers........occereeess.
NYSTROM'S Pocket-Book of Mechanics and Englneenng ZRevised. ..vvueen
BCRIBNEB’S Pocket Tabloe BOOK. ... ...ooviiue crsesiicassonsaceconcnnioons
Engineer’s and Mecbanic's Companlo .......................

SHUNK. A Pmctical Treatise on Raillway Curves, and Locutlon, for Young
neers, By W. F.8hunk......c.oceov veee - erienccccnsefoncncanes
TEMP ETON'S men sht's and Engloeer's Companlon .

‘ WINKE'S Il;}:ﬂcava ons and Embankmen

WARNER'S Thoorems, Tables an Diagrams f
EACtEWOTKS v evveversessnennsesocnnnnn. arens

0500 20 20
% S8Z8 S3EITIZITHA!

TREATISES ON INSTRUMENTS.

DICK. The Telescope and MICrosCOPe...ccceecreees - sovovaciossvssccscnser
GURLEY'S Man ustrated.. cesectones
HEATHER'S Treatise on Mathematical Instruments. .. .... .
HOGG. The Microscope, History, Construction, and A dppllcation ceesians o
KEI‘Iﬁ‘éSSHmBoxt of Instruments and Slide Rule, or Guide to Gauger, Hoarsu,
an dent....eereiiisireraionines teciteriasssniseares rerasseeen rae one
SIMM'S Mathematical INStruments.........ov ceoseccnciocrsrnesoaseocsonsss
STANLEY, A Descriptive Treatize on Mathematical Drawing Instmuenu,
their Construction, Uses, Qualities, Selection, Preservation, and Sug-
stions for Imiprovement; with Hints npon anlng and Coiorlng ‘z
Ford Stanley. 1 vol. 12mo. London, 1866 Clof
WARREN'S Draughtaman's Instruments.. e ser.. e

LT -
g% 8388

MISCELLANEOUS,

APPLETON'S Dictlomrﬁ?ﬂ(echanlm Svols.......... sossesesscescennsees 30 00
BOOTU ?nsd MORFIT. cyclopedia of Chemistry, Practical and Theoretical. 500
OFB] BVO. ..uieuerins vupiunrserrsorsansaacn sosensne e soees sseeseons
DIC'I‘I NARY of Terms nsed b Bullders Architects, ete. (Weas s gseries).. 3
GREGOBY‘S Mathematics for Practical Men ctosescess 8
manac, with hemeris . 1
NICHOLSON‘S Ogmnt.lve Mechanic and Machin e 18
OVEAR h?tl: h Mechanics, for the Millwright, Machlnist, Civil glne
PCRILECE. .o evaserecneiananeeerirmtoncrssagecracsvooasens
ROSCOE. Lessons in Elementary Chemist.ry. London. 12m
BTEVENSON Lighthouees, their Constraction and Illuminatio
VAN NOST! k] Enzinearing Magazine. Per No., 50 cents ; year
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THE RENSSELAER POLYTECHNIC INSTITOTE.

FOUNDED IN 1824,

Tr1s well known School of the NaturaL Scrences and of Civik
ENGINEERING has just opened for the years 18734 with very fine
promise. : :

Tur Proressorsmips are well filled, and the incumbents of the
different chairs have cntered upon the duties of their departments
with much zeal, and under very favorable auspic;s. The several
Divisions are filling up, and the Preparatory Department embraces a
respectable number of Students.

Young gentlemen in various parts of the United States and the
Canadas, who contemplate taking a thorough course in the Naturaw

. SciENCES, and in the Higher Mathematics—and especially with a
view to MiNiNG or CiviL ENGINEERING, would do well to apply for
. the New Register of 1873, that they may know more of the character
and terms of the Institute, and have the CorrICULUM before them.
Application may be made to CraRLES DrowNE, C. E., Direclor,
WiLrian H. Youne, Treasurer, or the subscriber of this notice.

JAMES FORSYTH,

President of B. P. Institute.
Troy, May, 1873. ‘



SCIENTIFIC BOOKS

ENGINEERS, INVENTORS, DRAUGHTSMEN, ETC.,

And for High Schools, Scientific Schools, eto.

W. & L. E. GURLEY,

WIiLL SUPPLY THE FOLLOWING WORKS ON THE THEORY AND PRAcCTION
oF GEOMETRICAL DRaWING.

Published by JuaN WiLzy, 56 Walker Strees, New York.

ELEMENTARY PLANE ProBLEMS. $1.25

DRAFTING INSTRUMENTS AND OPERATIONS. Div. I.—In.
struments and Materials, Div. IL.—Instrumental Opera-
tions. Div,II11.——Constructions in two Dimensions. Div.
IV. — Elementary Esthetics of Geometrical Drawing.
Price, $1.25.

MANvAL oF ProJEcTIONS, BT0. Div. I.—Elementary Pro-
Jections.  Div. IL.—Details in Masonry, Wood and Metals.
Div. II1.-——Elementary Shades and Shadows. Div. IV .—
Isometrical Drawing. Div. V.—Simple Structure Drawing.
Price, $1.50.

ELEMENTARY LINEAR PRRSPECTIVE. Part I.—Primitive
Methods. Part II.—Derivative Methods. Price, $1.00.

GENERAL PROBLEMS OF DESCRIPTIVE GEOMETRY,
PRICE, - - - - - - $3.50.

By S. EDWARD WARREN, C. E.,
Professor of Descriptive Geometlry and Geomebrical Drawing in the Renese-
laer Polytechnic Institute, Troy, N. Y. .

The above published works are all fully illustrated with euts and plates.
They are used in several of the Soientifio or Polytechnio Sohools of the
eountry, and have received warm commendation in varicus quarters., The
volumes of the Elementary Course are especially adapted for the upper
olasses in High Schools and Acedemies, and for the Scientific Undergrad-
uate Coirses in Colleges, as well as for the lower olasses in the Polytechnia
Bobools, and for the self-instruction of Artizans, eto. Vol. 6 is also eepo~
oially adapted for Ladies’ Seminaries and Schools of Design, ia which the
prinoiples of perapeotive are taught.



A DVERTISEMENT.

443 AND 445 Broapway, NEw Yozrk.

D. APPLETON AND COMPANY

HAVE RECENTLY PUBLISHED

A Treatise onL.and Surveying:
THEORETICAL AND PRACTICAL.

By W. M. GILLESPIE, LL D,

Profsssor of Civil Engineering, Union Collego; Author of ¢ Manual of
Roads and Railwaye,” &c.

1 Vol. 8vo.—424 Pages.—$3.00.

WITH FOUR BUNDRED ENGRAVINGS, AND A MAP SHOWING THE VARIAe
TION OF THE NEEDLE IN THE UNITED STATES.

Among the leading peculiarities of the work are these :

1. Ann the operations of saurveying are developed from only five simpls
principles.

2. A complete system of surveying with only a chain, & rope, or any sub-
stitute, is fully explained.

3. Means of measuring inaccessible distances, in all possible cases, with the
chain alone, are given in great variety, so as to oonstitute a Land Geomelry.
It ocoupies 26 pages, with 58 figures.

4. The Rectangular method of Compass-surveying is greatly simplified.

5. The Traverse Table gives increased acouracy, in one-fifteenth of the space
#f the usual tables,

8. The effect of the changes in the variation of the needle, on the resurvey of
sld lines, is minutely illustrated.

7. Correct tables of the times of elongation of the North Star are given;
those in common usze being in some cases nearly half an hour out of the way.

8. The adjustment of the engineer’s Transit and Theodolite are here, for the
Brst time, fully developed.

'596 Moethods of avoiding obstaoles in angular surveying occupy 24 pages, with
gures.

10. Topographical Mapping is fully desoribed, with illastrations.

11. Laying out, Parting off, and dividing up Land, are very fully explained,
and lllastrated by 50 figures.

12. The most resent improvements in the method of surveying the Publie
Lands of the United States, with the methods used for marking ¢¢ corners,” are
minutely described from official authorities.

A double object has been kept in view in the preparation of the volume, vis:
to make an introductory treatise easy to be mastered by the young scholar or
the practical man of little previous acquirement, the only pre-requisltes being
Arithmetic and a little Geometry; and, at the same time, to make the instrue-
on of such & character as t0 lay a foundation broad enough and desp emough
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for the most complete anperstructure which the profesaionn.l student may sabse-
. quently wish to raise upon it.
The volume is divided as follows:

Part I. General Principles and Fundamental Operations. II. Chain Sore
veying. III. Compass Surveying. IV. Trapsit and Theodolite Surveying.
V. Trigonometrioal Surveying. VI. Trilinear Surveying. VII. Obstacles in
Angular Surveying. VIII. Plain Table Surveying. IX. Surveying withcut
Inetruments. X. Mapping. XI. Laying out, Parting off, and Dividing up
Lands. XII. United States Publio Lands.

ArpENDIX.—A. Synopsis of Plain Trigonometry. B. Demonstrations of
Problems. C. Leveling., :

TaBLes.—Chords for Platting. Latitudes and Departures. Naiural Sines
and Cosines. .

EXTRACTS FROM LETTERS.

From Prof. Cras. W, HackrLEy, Columbia College, New York:

¢¢ Prof. Qillespie’s work is the most complete one in our language on the
branches of surveying of which it treats.”?

From Prof. D. H, Magox, West Point Aeademy:

¢¢] have received Prof. Gillespie’s work on Surveying, which you have had
the kindness to send me. In this treatise, Prof. Gillespie has given another
evidence of his practical acquaintance ¥ith the wants of the teacher and pupil
in his specialty, and of his ability to meet them. His work, which presents
geveral new features in its plan, is written with such plainness, and illustrated
with such copiousness of diagram and detail, as cannot fail to render the subject
of easy attainment to the most ordinary comprehension.”

From Prof. E. S. BNELL, Amherst College:

¢¢ Please accept my thanks for the copy lately received of Prof. Gillespie’s
Burveying. I very much admire its systematic character, its completeness and
fullness, and ite adaptedness in all respects to the wants of the teacher, the
upil, and the practieal Surveyor. I have seen no work which ean at all be
Eronght into comparison with it.” -
From Prof. Ava. W. Suira, Wesleyan University:

¢¢On examination, I find it the most full and complete of any work on Prao-
tionl Surveying with which I am acquainted. Itfurnishesinformation, minute
snd speoific, on all points which are likely to oocur in praetice. . .
I know of no better work, or one better adapted to the wants of those who hsve
not the aid of the living temher.”
From J. W. ANDREWS, President of Marietta College, Ohjo.

¢ From my knowledge of the anthor, I was prepared to expeet a work of de-
#ided excellence, and oortmnly I have not been disappointed. ., . I
shall take great pleasure in recommending it to all who wish & full knowledga
of surveying.”’

From A. C. Rog, Principal of Cornwall Collegiate School :

¢¢ T thank the author for the time and labor it has saved me, and express the

eat satxsfacuon with which I have used it. Valuable in its plan and the

appy manner in which the principles of the science are unfolded, it iz still
more 80 in those practical hints which I have seen in no other work, and which,
though of the greatest importanee even to a beginner, I learned mysolf only aftee
a long time, and very considerable experience.”’



NEW BOOKS

ENGINEERING AND CONSTRUCTION,

Just Pubdlished, and For Sale by

W. & L. E. GURLEY,
’ TROY, New York.

TRAUTWINE'S CIVIL ENGINEER'S POCKET BOOK,

THE CiviL ENGINEER'S PoCKET BOOK of Mensuration, Trigo-
" nometry, Burveying, Hydraulics, Hydrostatics, Instruments and their
adjustments, Strength of Materials, Masonry, Principles of Wooden
and Iron Roof and Bridge Trusses, Stone Bridges and Culverts,
Trestles, Pillars, Suspension Bridges, Dams, Railroads, Turnouis,
Turning Platforms, Water Stations, Cost of Earthwdrk, Foundations,
Retaining Walls, etc., etc, etc. By Jorn C, TRAUTWINE, Civil
Engineer.

The book contains 645 pages, and many hundreds of wood-cuts.
Retail price, bound in tucks, gilt edges, for the pocket, $5; or in
roan, for library use, $4.50. Will be sent by mail, postage prepaid,
on receipt of price.

A TREATISE
ON THE

RESISTANCE OF MATERIALS,

AND AN APPENDIX ON THE
PRESERVATION OF TIMBER,

By PROF. DEVOLSON WOOD,
University of Mickigun.

This book contains the theory of the Strength of Materials, with
Chapters on Tension Compression. Theories of Flexure and Rup-
ture from Tranverse Stress, Shearing Stress, Tranverse Strength,
Torsion Effects of Long-continued Strains and Shocks, and the Limits
of Safe Loading for Mechanical Structures.

QOne vol. 16mo., cloth, pp. 248. Price $2.50, post paid.



MANUAL OF LAND SURVEYING.

BY DAVID MURRAY, AM,, PH.D,,

Professor of Mathematics and Astr 1y im Ruigers Collegy.

One Vol,, 12mo., $2.00.

Dlustrated with fall-page plates of Field Instruments and numerous
wood-cuts,

CONTENTS:

INTRODUCTION.
CHAPTER I.—Plane Trigonometry.
CHAP, IL.—Measurement of Lines, Instruments, Methods, Ob-
stacles.
III.—Measurement of Angles, Descrlptlon of Compass,
Transit and Theodolite, Uses and Adjustments,
IV.—Inaccessible Distances, Problems of Heights and
Distances.
V.—Areas. How to Measure and Complete Land Areas,
VIL.—Compass Surveying. Field Work. Notes and Com,
putations.
VIL—Variation of the Needle. How to Determine. Chart
and Table.
VIII.—Transit Surveying. Field Work, Notes and Comr
putations,
IX.—Laying Out and Dividing Land.
X.—TU. 8. Public Land Surveying. Solar Compasa.
XT.—Plane Table Surveying.
CHAP. XII.—Leveling,
CHAP. XIII.—Subterranean Surveymg.

EEEEEEEEE

THE VOLUME ALSO CONTAINS:
A Table of Logarithms of Numbers.
A Table of Logarithmic Sines, Tangents, ete.
A Table of Natural Sines, Tangents, etc.
A Table of Latitudes and Departures.

o W. SCHERMERHORN & CO., Pubdishers,
14 BOND STREET, New York.



ADVERTISEMENT,

SOCRIBNER’S

ENGINEERS’ AND MECHANICS' COMPANION,

COMPRISING—

United States Weights and Measures, Mensuration of
Superfices and Solids, Tables of Squares and Cubes, Square
and Cube Roots, Circumference and Areas of Circles. The
Mechanical Powers; centres of gravity, gravitation of bodies,
pendulums, specific gravity of bodies, strength, weight, and
crush of Materials, water wheels, hydrostatics, hydraulics,
statics, centers of percussion and gyration, friction, heat,
tables of the weights of metals, pipes, scantling, &c., &o.
Seam and Steam Engine,

BIXTEENTH EDITION. REVISED AND ENLARGED.

By J. M. SCRIBNER,

Author of # Pngineers’ Pocket Table Book,” &c., &6,

-

BOUND IN TUCK. GILT.

Recommended in the highest terms by the profession
throughout the United States.

Copies sent to any address, prepaid, carefully wrapped
and plainly directed, on receipt of $2.00, by

OAMBRSLEY & CO.,
Publishers, Hartford, Conn.



ADVERTISEMENT.

SORIBNER'S
ENGINEERS, CONTRACTORS, AND SURVEYORS"
POCKET TABLE BOOK.

COMPRISING—

Logarithms of Numbers, from 1 to 10,000; Points of the Compnss; Logarithmie
Bines, Tangents, and Secants, to every point and quarter-point of the compass;
Hyperbolio Logarithms; Geographical Miles in a Degree of Longitude; Velocity
and Force of the Wind; Sines and Tangents; Traverse Table; Table of Natural
Sinea; Table of Natural Tangents; Arcas of the Zones of a Circle; Areas of the
Begments of & Circle; Lengths of Circular Arcs; Lengths of Circular Arcs, Radius
belng Unity ; Proportions of the Lengths of Semi-elliptic Arca; Proportions of the
Lengths of Circular Arca; Demonstration of the Prismoidal 1'ormula; Explanation
N Excavation Tables; Tables of Excavation and Embankment, First Series; Tables
#f Excavation and Embankment, Second Series ; Tables of Excavation and Embank-
ment, Z%ird Serdes; Clircumferences and Areas of Circles by Eighths; Squares,
Cubes, Square and Cube Roots; Circumferences and Areas of Circles by Zenthsy
Weight of a Lineal Foot of S8quare Iron; Weight of & Lineal Foot of Round Iron;
‘Weight of a Lineal Foot of Flat Bar Iron; Weight of Cast Iron Pipe; Weight of
Malleable Iron, Copper, and Lead Pipe; Weight of Cast Iron Solid Cylinders;
Welght of Cast Iron and Lead Balls; Number of Nails and Spikes to the Pound;
Table on the Strength of Columns of Wood; Table, showing the Dimensions of
Cast Irop Columns for sustaining & given weight with safety ; Weight of Lead and
Copper Pipes; Table of the Strength of Materlals; Hints about laying out Curves;
Table of the quantity of Land for Railroads and Canals; Explauation of the quantity
of Land for Railroads and Canals; Difference of Level; Curvature of the Earth;
" Earthwork in Canala; Angles of Slopes in Cuttings or Embankments ; Mathematical
Diagrams; Diagram for laying out Curves; Inclined Planes; Longitude affecting
Fime; Experiments on the Strength of various species of Timber; Stiffness of
different Woods; Comparative Strength of Ropes and Chains; Weight in 1bs. of &
Foot in length of Cast Iron; Welght of a Cublc Foot of Various Substances;
Beaatling and Timber Measure, &c., &c., &e.

This book is largely used, and no better proof of its usefulness can
be given than that fact. Copies sent to any address, prepaid, on
receipt of $2.00, by )

HAMERSLEY & C0.,
Publishers, Hartford, Conn



CIVIL ENGINEERING DEPARTMENT

or

UNION COLLEGE, SCHENECTADY, N. Y.

THE object of this Department, which was organized in
UxroN CoLLEGE in 1845, is to give its Students such in-
struction in the Theory and Practice of C1viL ENGINEERING
a8 to qualify them for immediate usefulness in the field and
office in subordinate relations, and at the same time to fit
them to fill satisfactorily the higher positions in the pro-
fession after a moderate amount of experience in the routine
of practice.

The efficiency which the Department gained under the
late Pror. W. M. GILLESPIE, LL.D,, it is believed are well

. maintained under its present organization.

The thoroughness and completeness of the course of
instruction, the unsurpassed excellence of its illustrative ap-
paratus, the opportunities and arrangements for field practice,
the moderate charges ($30 per term), and the fact tHat
Students have access without further charge to the teachings
of the other Departments, commend the course to those
contemplating the Engineering profession.

For circulars, or for specific information, address Prow,
CADY STALEY, or

PresipEnt CHARLES A. AIKEN.




WHIPPLE'S

BRIDGE BUILDING.

An Elementary and Practical Treatise on Bridge Building,

TH1s is & new and enlarged Edition of the favorite work on Bridges,
by the same author, the inventor of the Whipple Bridges, &.

The work develops from fundamental principles the systems of
Bridge building both in Wood and Iron, and is not only an appro-
priate Text-Book for the Engineering Student, but also a complete
and useful Manual for the Practicing Engineer and' Bridge Builder,
in 1 vol, 8vo, cloth, 817 pages. Price, prepaid, by mail, $4.

W. & L. E. GURLEY,
TROY, N. Y.

VOSE’S

MANUAL FOR ENGINEERS,

HAND-BOOK OF RAILF_{OAD CONSTRUCTION.
WITH PLANS, MAPS, &c. BY GEO. L. VOSE.
2 Volumes, Price $20.00, Postage Paid.

This work, designed to mcet a want long felt by Engineers in the survey and
construction of Railroads and their proper equipment, treats of the following:

INTRODUCTION.—Reconnolssance, Survey, Location, Laying out Work, Earth-
work, Rockwork, Tunnels, Strength of Materlals {Experimental data,) Strengih
of Materials (Rules for Practice,) Joints in Structures of Wood and Iron, Strains
in Girders, Bridge Work, (Illustrations from Practice,) Bridge Work, (General
Remarks,) Draws, Trestles, Centres and Falsework, Foundations, Masonry, Super-
structure, Locomotives, Cars, Wheels and Axles, Stations and Shops, Railway
Management.

The APPENDIX contalns the following papers, many of them quite full: I. Ex-
planation of Algebraic Slgus; II. Weights of Materials ; III. Tables of Grades
. and Curves; 1V. The Wire Gauges and Whitworth’s Screws ; V. Pheenixville
Wrought Iron Columns; VI. On the so-called «(Crystalization” of Wrought
Iron; VIL Tesung Iron by Magnetism ; VIII. Kirkaldy’s Conclusions regarding
Iron and Steei ; IX. Specification for Ralls ; X. Specification for Iron Bridges ;



XI. Specification for a Locomotivé Engine: XII. General Specification for &
Raliroad ; XIII. Resistance from Curves upon Railways ; XIV. Relation between
Grades with and against Traffic; XV. Etfect of Grades on the Capacity of Rait-
ways; XVI B. H, Latrobe on the adaptation of Locomotive Power ; XVIIL. Scour
of the Mississippi River; XVIII, Caissons for the St, Louis Bridge ; XIX. Nar-
row Gauge Rallways ; XX. Relation of Rallways to the State.

The work is illustrated by 165 wood cuts, besides which the following 31 plates
will form a second volume:—1. Location of parts of the Pennsylvania and Balti-
more and Ohio Rallroads, and plan of part of a location made for the Con-
nelsville and Southern Pennsylvania Railway, by R. D. Lewlis, Esq.; 2. Location
of the Union Pacific Rallway east of Aspen Summit; 3. Locatlon of Central Pacific
Railway from Summit Valley to Truckee River (eastern siope of the Sierra Nevada);
4. Location of Portland and Ogdensburgh Railway through the Crawford Notch
of the White Mountains; 5. Numerous pians for smali bridges; 6. Howe Bridge of
Wood; 7. 300 feet span Howe Bridge, with iron lower chord, by Fred. H. Smith
(Baltimore Bridge Co.); 8. Vermillon River Bridge, by Detroit Bridge and Iron
Co.; 9. 8. 8. Post’s Bridges; 10 and 11. Fink’s Trlangular Bridges; 12. Green River
Bridge; 13. Barren River Bridge; 14. Tygart’s Valley Bridge, Baltimore and Ohio
Railway; 156 and 16. 400 feet span of the Louisville Bridge; 17. Mt. Union Bridge;
18. Juniata No. 5 Bridge (the last two being on the Pennsylvania Railway); 19.
Bollman’s Bridge; 20 and 21. Clarke, Reeves, & Co.'s fron Bridges. 22. Detroit
Bridge Co.’s Bridges; 23. Canestota Wrought Iron Lattice Bridge; 24. Various
Forms of Compression Numbers and Draw Bridges; 25. Large Draw Bridges; 26.
Lyon Brook Wrought Iron Trestle; 27. Plers of Kansas City, Quincy, Havre de
Grace, Albany, Louisville, and Victorla Bridges; 28. Rails, Chairs, Frogs, Switches;
29, Baldwin Locomotive Co.’s Eight-Wheeled Passenger Engine; 30. ¢ Mogul 7’
and 31. Baldwin Co.’s Ten-wheeled Freight Engine.

The above material has in all cases been obtained from the origlnal sonrces,
and is accompanied by very full descriptions in the text. The object has been
throughout to present to the engineer works of tried and approved merit, and to
deal not less with those practical details upon which safety and strength depend,
than with the general forms and arrangements of materiais; and thus to furnish
a manual, valuable at once to the practical engineer and to the engineering
student. ’ ’

Price Twenty Dollars.



