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THE MOST PRECISE INSTRUMENT SHOPS IN THE WORLD'.

"View Looking West; _jmuica Plain Shop.

TESTIMONIALS.

] RDINARY printed testimonials are of little value.
They are easily obtained, are often antiquated,

and usually mean little. = We have scores of

letters which might serve as references, if we were to ask _

permission of the writers to print them. To any one desir-
ing in good faith to ascertain the merits of our instruments,
we will be pleased to send the name and address of some
one in his vicinity if practicable, to whom we have fur-
nished such, and who will doubtless give an opinion which
will be valuable, because based on experience, and unbiased

by any solicitation on our part.
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HISTORY.

HE BUSINESS now conducted and carried on by
£ the B. & B. Mfg. Co., was organized Oct. 26,
1808, by GEO. L. BUFF, the present manager,
who aided in the founding of the now extinct firm
of Buff & Berger in 1871. Mr. Buff was senior
member of that concern to 1898 when it formally dissolved.

The world-wide and long-established reputation of the
Buff & Berger instruments for uniformity of graduations and
durability, is attested by thousands of owners and engineers
who have used them.

The quality of the ¢ B. & B. Transit’” (Reg. Trade
Mark,) is ‘alone considered in its manufacture, agd we claim
for our product even greater accuracy owing to the improved
machinery, improved methods of manufacture and of the work
performed by our new and unrivalled dividing engines upon our
instruments, all under the exacting supervision as exercised by
DUrT S€nior member.

¢« QUALITY IN ENGINEERING INSTRUMENTS”

Our MoTTO.

TO THE
ENGINEERING PROFESSION.

% FTER an experience extending over 35
years in the manufacture of thousands
of engineering and astronomical instru-
ments, it seems hardly necessary for us in
presenting this catalogue to the engineering
: profession, to enlarge upon the success
attained. The number produced and the increasing
demand, speaks for their international popularity
and worth, We have, therefore, given an outline
only of the types of construction, the particular
features of our instruments, and brief descriptions
of the different styles regularly made.

The illustrations shown are by half-tones direct
from photographs of our instruments.

At the rear of this catalogue we have appended
some few remarks on Adjustments of our instru-
ments which we trust may be of service to the
engineer.

For convenience in communicating with us we
have arranged a cable code, which will be found on

~ the last pages.




- THE
«B, & B. TRANSIT.”

(U. S. ReG. TRADE MAaRK.)

Transits meet with the minimum atmos-

pheric resistance as the construction is such as to cut
the air,—not to obstruct it and collect dust as the standards
and forms of most jnstruments do.

As to dust and preventing its entry into the transit, it
is our claim that the petter the instrument, the more effec-
tively is the dust excluded, and therefore we consider that
our instruments are as mearly dust-proot as it is possible

to make.

B. & B. instruments will withstand a greater degree of
heat and moisture without impairment of the accuracies due
to the superior material and the precise method of putting

together and the final finish.
B. & B. instruments will also withstand more severe

shocks without disturbing
density of the metals employed, combined of course with the
superior grade of workmanship in the construction.

Suffice it to say therefore i—
¢« The best instrument procura
end.” By its use, aggravating and expensive repetition is

avoided.

HE B. & B.

ble is the cheapest in the |

—

the adjustments owing to the !

Characteristics of our Instruments.

Under this he i
Shia mgin:;}::’g :aen ;1'11 take up first the four vital
1. The CENTRES.
2. The GRADUATIONS.
3. The TELESCOPE.
4. The SPIRI
And then the secondary o:‘esL E: il
5. The COMPASS, NEED
6. The IMPROVE’D GRAII)‘II;.;;‘:E:ORM.
7. The Stadia. .
8. The VARIATION PLATE.
9. The TRIPOD.
10. The Plumb-bob.
11. The Final Finish of our Instruments.




Showing some external forms embodying great strength as well
as grace of design.
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The Centres.

Next to the graduations it is as equally important that the
centres be accurately spherical and truly fitted to retain that
accuracy and also constructed of the most suitable metals.

That our centres are truly spherical, we are convinced by
many and exhaustive tests and moreover are convinced that they
must be so in every one of our instruments, because of the
methods we employ in turning them (upon what we are pleased
to call ‘“dead centre lathes’’ —being precision lathes without
spindles, and merely having 2 dead head-stock with immovable
centre and tail stock with centre).

That they are fitted to retain that accuracy, —we take
especial pride in stating, — because

1. The long tapers, possible in our instruments, terminat-
ing in the large heavy flanges are theoretically and practically
the best.

2. These long tapers, — theoretically correct are in prac-
tice, most carefully and perfectly fitted by the expenditure of
much expert labor (for upon the nicety of this fit, depends the
accuracy and longevity of the entire instrument).

That the different metals employed in their construction are
the best for the purpose, — the experience of 35 years dictates.
The three widely different compositions of phospher-bronze, —
gun metal, —and hard red composition, — are the metals
chosen for the engineer’s transit, as each having for the next
respectively, the least co-eff. of friction, and altogether for the
others having the minimum difference of the co-efficients of
expansion and contraction.

For the Wye level centres, — where the presence of iron is
not prohibitory —an option has been recently offered (at the
slight additional expense of $5.00) of a ha.rdened steel centre in
a socket of best annealed charcoal iron.

It would be hardly necessary to elaborate upon these metals
as the very best possible for any centres, since this combination

11




A few Centres,

12

ol o e A ety TR

is so universally adopted for all large astronomical instruments
as giving,— !

1. The minimum co-eff. of expansion of any two metals.

2. The minimum difference of the co-eff. of expansion of each.

3. The minimum co-eff. of friction.

Thus in every way it certainly gives the ideal centre,
theoretically.

To insure the fit of this steel centre special tools have been
erected of the latest types for grinding, which in accuracy can-
not be excelled.

Graduations.

For view of Graduating Engine— See Page 62,

Points in which our graduations excell :
1. The absolute and equi-distant spacing of the division.
2. The uniform thickness of line all around the circle.
3. The fitting together of the verniers and graduations.
The CORRECTNESS of the SPACING,—as performed upon our
dividing-engines, which were recently completed by our
senior member, we are able to guarantee within 134 » of arc.
This represents an error of less than ;345 part of an inch.
Errors smaller than this it would be manifestly impossible
for human ingenuity to eliminate, since other factors must

be taken into consideration and these are respectively,—
'
1  Errors due to temperature

changes, though this change be in-
Due to the precaution | side of 1° F.

exercised, — these errors < 2. Errors due to the personal

are virfually negative. equation in setting up, leveling and

centreing the circle of the transit
upon the dividing engine.

(Compared in sum total to the personal error of manipula-
tion in the field, as usually accounted for in the closest triangulat-
ing, these combined errors are infinitesimal i1 our graduations.)

13




The UNIFORMITY of the GRADUATION LINE, —as py
upon our circles and verniers, we deem the special features
of our graduations next to accuracy, We claim thjs
because : —

1. The delicately poised mechanism, supporting the finely
ground cutter, is of such rigid construction,

2. The long experience dictating the proper combination
of cutting angles ensures that the cutter is ground to the
angles, which will cut the last line equally as wide as the
first.

The FINAL FITTING TOGETHER of the GRADUATION
and VERNIERS, as performed by ourselves, is guaranteed
to be the same that won the reputation for the old B. & B,
graduations, and performed by the same able expert.

We can also graduate in the French Centisimal system of 49¢

]
R 20
° A 10 LT
R
]
g0
20 : ®
L1 : 40 \
2|20

Usual form of figuring for jo sec. graduation.

Sizes and diameters of the different transits are measured
at the edge of graduation.

Dia. Needle. Wt. of Plain Transit.

Napllies o osss 61" 414n 14 Ibs.
£ e e 5}5: 3;{: 10 «¢
Lo vl 434" 3y- 7 «
kSR 4 234" 5 «
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" THE CIRCLES.

Which take upon the inlaid silver the complete circular graduation.

SHOWING UNIFORMITY OF RIBBING.

15




THE PLATES.
To which are attached the verniers which read off the circular graduation.

UNIFORM RIBBING

16

Telescope.

In adapting our forms of telescopes with their re-calculated
systems of lenses and diaphragms to the different styles of
instrument, we have been governed by the other factors that go

to make that particular instrument, such as the fineness of grad-
uations and sensitiveness of spirit-levels, in order to obtain an

harmonious whole in which every element is consistent with the

other,
In accomplishing this, we have been able to greatly

improve the entire lens system by instituting somewhat longer .

focus objectives, giving, —

1. Much more satisfactory working combination.

2. Vastly improved illumination.

3. Slightly greater power.

4. Flatter and sharply defined field.

Additional points that we secure in our telescopes. —

5." Reversible at both ends.

6. Perfect balance in all positions.

The power we choose for each of the several transit tele-
scopes is the one where the slightest motion of vernier or
bubbles causes a deflection, of the cross-wires in the field of
view, to be easily noticeable., A higher power is useless and
can only result in proportionately decréasing illumination. A
lower power, on the other hand, could not develop the maximum
capacitiesofthe otherdependent featuresofa first-class instrument.

In our terrestrial (erecting) telescope, for the regular No. 1

size transit, we obtain a power of 263 dia. with a 13/~ aperture
objective.

In the 18~ Engineer’s Wye level, with the larger objective
of 134 and the greatly increased available focal depth, a power
of 36 diameters is obtained.

The eye-piece for all terrestrial mountings is constructed of

the combination of 4 lenses giving an unsurpassed large field

17
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which has all the illumination possible since full size diaphragms
are used, (no attempt being made to cut the diaphragm down at
the expense of light) to gain definition. This, of course, neces-
sitates the very finest workmanship on the eye-piece lenses.

For the astronomical telescope we have adopted an admir-
able eye-piece which is a modification of the Kellner. (It is
modified insomuch as a somewhat longer working focus is
obtained which, in the field practice of the engineer, prevents
any chance of destroying the cross-wires, when placing them in
focus).

To obtain this it has been necessary to make the field lens
a double one, making three lenses altogether in the eye-piece.

For large flat field with the full aperture admitting the full
quota of light, this modified Kellner is unsurpassed.

In conclusion, the factors aiding us greatly in the-mat‘er of
good glasses in our telescopes are, —

1. Because every eye-piece and objective before being
accepted by us, is tested on a special apparatus and compared
to a known and standard telescope of excellent and tried quali-
ties, and up to which standard each must come.

2. That both eye-pieces and objectives are made by one
and the same celebrated continental makers, who know no peer
for quality or price.

It is hardly necessary to state that nothing but the purest
Jena glass of a suitable refractive index is used in our lenses.

SPECIAL.

A true and valuable improvement on our telescope (one
that is typical of our endeavor to simplify and not merely
adopt subterfuges), is the precise fit of our focussing slide into
the main telescope tube. By development from the foundation
and by the use of improved precision machines in boring out and

18

fitting, we obtain the great regularity in permanent collima-
tion so desirable. As for the use of aluminum in top and solar
telescopes, we cannot favor such at all, since the very few
ounces saved in weight can not offset the inaccuracies and lack
of permanency of such construction.

No. r—63{

No z—sgl4"

No. 3—¢% "
Showing the relative size of the standards which swing the respective telescopes and allow
reversal at either end.

Spirit Levels.

BUBBLES.

In- developing thoroughly the methods of manufacture in
producmg the spirit levels for our instrument, it has been our
aim to obtain much more uniform and reliable results than
formerly customary.

In consequence we have constructed new machines, which
are automatic in their grinding, and produce, we are certain
truer curves than could be ground by hand on a lathe arbor, ’

C.a.refully testing and marking each bubble, we separate
them into groups of definite sensitiveness, from which, according

to the type of instrument, we select the most preferred sensitive-
ness for that type.

19
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Incidentally, the method of grinding is precisely the
reverse of hand grinding, and also eliminates that objectionable
heat of the hand from grinding on an arbor in the lathe. This
heating plays a very important part in the accuracy of the vials
and is truly accountable for the inaccuracies heretofore experi-
enced. _

In addition to the regular grades of sensitiveness, the
finest being the 8+ vial, for the finest leveling instruments, we
are prepared to furnish guaranteed spirit levels ranging from 1+
up for astronomical uses.

' 'I:he Compass.

The compass circle in all our instruments is graduated to
14° on its upper surface, and is figured from 0 to 90 on each side
of N. and S.

The graduation and inside face of compass are completely
silvered.

On the south end of the needle, a fine coil of wire is wound
to equalize the attraction due to dip. As the dip of the nega-
tive needle varies, we make the correction on the needle depend-
ent upon the locality to which instrument is to be shipped.
The variation of the dip is taken from the government charts
issued each year.

The needle and its form, as made by us, plays quite an
important part in the accuracy which we claim for our compass.
Long experience has developed the form (as in pen sketch) with
jewel bearing on delicate hardened steel pivot.

Special magnet steel only is used.

20

The Improved Gradienter.

As applied by the B. & B. Mfg. Co. the attachment is guar-
anteed within 4 of one per cent. accuracy. This approximates
the average of what can be expected of the stadia.

Thus with an equivalent accuracy, it has the several
advantages of ability to run definite grade lines with the mini-
mum work, etc., and to measure horizontal distance, difference

* of level and vertical angles,

The attachment is certainly quite worthy a place on the
full Engineer’s transit.

As made by us, the gradienter dial is graduated so that
two complete revolutions will subtend the space of one, foot at
one hundred feet. Or, in other words, if moved through two
rev. afd sighting on a-leveling rod at any distance, the diff. of
the two rod readings, multiplied by one hundred will give the
actual distance in feet from the centre of instrument to sight.

The setting of a grade would be even simpler, for in that
case the reading of the gradienter screw is taken with level-
bubble standing in centre of tube. The necessary rev. of the
grad. screw from this position would then be twice the grade in
feet per hundred.

On the No. 3 and No. 4 sizes of transit, we have also per-
fected the gradienter attachment, but on these instruments the
value of the graduation on the screw dial is for one rev. 1’ in
1007, and for distance work the diff. of rod readings, subtended

by one rev. of screw, would be multiplied by 100 to obtain the dis-
tance in feet.

21




The Stadia.

In advocating the stadia wires in lieu of the gradienter at-
tachment, we stand alone, we believe, (though we claim either
fully the equal of the other in accuracy of construction). The
superiority of the stadia lies however in the permanency of the
stadia wires under all conditions, and thisis due to their simplicity.
With the gradienter, the resultant errors, owing to neglect to
guard: against back-lash of the screw, will be of such frequent
occurrence, that the entire attachment will not be valued at its
proper worth, simply because not given proper manipulation.

LONGTITUDINAL
GRADUATING MACHINE.

ion of
ding to rt of an Inch. Used to mark diaphragm for Insert
Rading ey 2 stadla wires.

In ruling the diaphragm, for the insertion of the .ﬁxed stadia,
the objective, with which this stadia is to be used, is very care-
fully measured for its mean focal length on our special Ff)cal-
length Apparatus. Having this value, in hundrfedths.of an inch,
the dependent value in ten-thousandths of an inch is ruled off

by the delicate drafting cutter in our diaphragm ruling apparatus.
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This ruled diaphragm is then insel;ted under our special
microscopic stand with the variable micrometer feed-screw ad-
justments, and then the proper thickness of spider’s web selected,

cleansed, stretched and accurately placed in the tiny groove pre-
viously ruled. N

We say, proper thickness of spider web, because here again

we are governed by the magnifying power of our respective

telescopes and select the diameter of web that fulfills the proper

» requirements.

The diameter of an ordinary spider web is .001 inch.
Diameter of web, as we use it, .00025,
Diameter of minimum web for finest astronomical

telescopes, .0001 and less.

Y. -
The price to insert the stadia in any of our new telescopes is
$3.00. Disappearing stadia wires complete—$5.00.

The constant, which is to be added to all stadia measure-

ments can be accurately assumed at 1.5 x the focal length of the
object-glass with our system of lenses.

Its value is supplied with
every instrument. .

For the adjustable stadia wire the charge is $10.00. This

form we do not however care to recommend very strongly since
so liable to deransamen

Diaphragms below show the best arrangements for all cases
of engineering and surveying practice.

Special arrangements can be supplied if desired.

23




4 5. 6.
1. Ordinary cross-wires. 2. Cross and stadla wires,
3. Stadla and solar wires. 4. Plain Triangulation wires.

5., Complete Triangulation with stadia wires. 6. Stellar observation wires.
Prices:
No. 1. and 4 are furnished as part of equipment.

2. Wire arrangement, - - - - - $3.00
3. L K e S T O
5. ““ i | AL [ 4.00
6. 0 i AT 6.00

No. 2. fitted as disappear;ng-sta,dia. wires, Complete, $5.00.
The Variation Plate.

It is well-known that the magnetic North varies in almost all
parts of the world, and also that the deviation is constantly on
the increase or decline in a series of years.

To avoid the confusion arising from adding or subtracting
the error to each reading we make an additional movable gradu-
ated ring, called the variation plate. It will readily be seen that
the engineer, having such an arrangement, can pick up old lines
on farm surveys, etc., with much ease, provided the variation
giving the time meridian is set off by means of the milled head ad-
justing screw, East or West as the case may warraat.

The cost of this attachment as applied to our instrument is

$10.00.
Special chart for the current year of the magnetic variation
and days.— mailed post free for - - 350c.

24

THE TRIPOD
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Tripod.

Our latest split-leg tripod for our regular instruments, as re-
cently designed, we construct entirely of pure white rock maple.
(The advantages of maple over ash as previously used, are the
straighter grain and closer grain, the better finish and the more
durable finish). :

The iron shoe as provided on our regular tripods is of im-
proved and superior design, as has been found necessary by field
work.. It embraces a projecting spur for the boot, and of suitable
size to admit of easily pushing the leg to a firm bearing in the earth.

The bell-metal head, holding the three legs together at the
top, is of a single casting which is strengthened by curved and
graceful ribs, adding to the grace of this part and increasing the
rigidity.

The finish on our tripod is of the most acceptable type, be-
ing of three coats of hard shellac, which are each rubbed down
and dressed in oil, thus procuring an almost indestructible, per-

manent finish,
Plumb-Bob.

Similar to several other insignificant yet important details
when assembled into a whole, is the accuracy of our plumb-bob.
This depends upon the carefulness in the making and the design
permitting an unobstructed view of the plumb-point.

The care in the making produces a bob that will, when
suspended, and rotated, swing truly in the theoretical centre.

This is obtained by having centre of gravity low, fitting hole
in top closely to size of plumb-string, and finishing carefully.
They excel in the following points :—

1. Accuracy due to careful work.

2. Design and proportions permitting a low centre of gravity

and unobstructed view of the point.

3. Thoroughness of construction from hardest bell-metal

and the point of hardened and tempered tool steel.

26
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Finish.

The finish of our instruments can be divided into three types
of one class (since all finishes are of the best grade). ;
1. Bright Finish—This is the usual finish and embraces
polished surfaces throughout.
2. Bronze Finish—Is the handsome, dark-polished finish
most suitable for mining work.
3. Cloth Finish—Which resembles a covering as of cloth ;
can be applied to any or all parts of instrument, as de:
sired. : i
QOur bright finish is of the pleasing lacquer color, so unique
among only our instruments. It is not a glaring finish, but is
bright enough to throw off the objectionable heat ra.ys' Alto-
gether it makes the most permanent finish. :

. T?:e bronze finish is upon the same finely polished surface
w!uch is burnt a delicate brown with acid, and finely la.oqucred:
mt!:. whit:a lacquer to preserve the rich tone of the brown
g‘hls' dne is s:..lita.ble for mining work since it throws off no re:
sl::ect‘;io.ms, adding thus materially to the manipulation and
o ?lctl)th finish, so-called, because to the touch it resembles cloth,

ot cloth, but merely a finely prepared material of the requisite
ccflar: greenish-bmwn, of which three separate coats are applied
with japan and each one baked on. Contrary to belief, it is also
a d.ura.ble finish, for the reason that it is so firmly {)aked on
This style is much desired for astronomical instruments, on a.c:
count of the equable temperature possible. Since the n::cessity
of finely polishing these surfaces to be cloth-finished is thereby

unnecef:sary, the cost of thus finishing is lower than with the two
preceding styles. e
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THE

STANDARD
“B. & B. TRANSIT.”

{REGISTERED TRADE MARK.)

"The B. & B. Standard instrument has behind it now a history
of twenty-nine years of ‘uninterrupted success which has been
unparalleled, demonstrating beyond cavil the correctness of the
design and the accuracies of its constructions.

It is the foundation of our present large and growing business,
and it is because of the completeness with which it has always
fulfilled our most sanguine expectations that we have been en-
couraged to extend our facilities for the manufacture of our new
types, which are, in a sense, successors to the old Buff & Berger
instruments.

The old B. & B. instrument has kept pace with the growth of
business in this country, showing that it covers a field peculiarly
its own, and has inherent advantages that cannot be outweighed.

Consequently, we not only continue to build B. & B. instru-
ments with the same scrupulous care as before, but we are to-day
building them better in every point where the experience with over
three thousand transits of this particular type has indicated that
improvement was possible. Incidentally, this instrument comes

28
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more nearly than any other to being purely elementary in design
and grace of finish. That it has thrived for over a quarter of a
century suggests the possession of tangible merit, easily dis-
cernible by those whose good sense enables them to discriminate
between a superior and an average instrument.

With an unusually skilled force, comprising men especially
belonging to the instrument makers of the world, we stand in the
position to offer our customers the best possible.

ITS ECONOMY.

In point of economy the B. & B. standard transit is une-

"qualled by any other engineering transit made.

On widely varying work we believe it to be superior to the
best of any particular instrument built for only one use, because of
the excellence of the workmanship, allowing it and the power of
the telescope to accommodate themselves to circumstances and to
offer up the clearest work at all times, and for a much longer
period to retain its adjustments and, in the total, to wear very
much 13nger, because of the rare skill in constructing of the tough-
est metals, the centres.

(It is hoped that the above will not be set aside as a piece of common
advertising bombast. It is really the careful and deliberate statement of a
manufacturing concern of established reputation, which realizes that it
cannot afford to hazard that reputation by false or misleading statements).

SPECIFICATIONS,—No. 1 Bubble Transit.

Graduation, 61 inch diameter, with two double opposite verniers
to minutes, placed at either 90° or 30° to line of sight. Two
rows of opposite inclined figures 0°-360°. Graduations sil-
vered and covered by pure crystal plate glass.

Telescope, erecting or inverting, is balanced and reverses at either
end; 12 inches long, 11 inch aperture, with power of 26.5
dia. improved eye-piece, unsurpassed large, clear field. Ad-
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justment for vertical plane, and line of collimation correct
for all distances. Sensitive level bubble, 6~ long with clamp.
Improved lower and upper spring tangent clamps.

Shifting centre with  inch adjustment.

Spirit levels truly ground by special machine, rated and sen-

sitive.
Standards are cloth-finished.
Long taper centres with broad flanges.
Compass needle is 4} inches long and of the accepted forms.
Compass graduation is silvered and figured with single row
. 0-90 on each side of N. and S.
Tripod improved ; split-leg, with wing-nuts.

The mahogany instrument box is provided with strap, lock and
hooks, and contains plumb-bob, pocket-magnifier, sun-shade,
wrench, screw-driver, pins, etc.

N. I. Plain Transit weighs—14 lbs. Stiff leg-tripod—74 lbs.

EXTRAS TO NO. 1 SIZE TRANSIT.

Graduation, horizontal circle, solid silver, .. . $10.00
. Lo ¢« reading to 30+ . 10.00
& £ 4 e « 20" - . 20.00
& s ¢ « w10+, 25.00
g vertical circle, solid silver, . . . 5.00
£ £t «  reading to 30+ . . 10.00
Ground Glass shades to verniers, . . . . &+ - 3.00
Standards finished and polished bright (ike telescope) 5.0
Improved gradienter attachment, . . . . - 5.00
Reversion level, forleveling with telescope reversed. (page 36) 15.00
Fized stadia wires, guaranteed, . . . - - 3.00
Variation plate and ring, . . . - =+ « 10.00
Silk waterproof bag, to cover instrument, . . 1.00
Superfine watch oil, per bottle, . . . . . - .25
Extension tripod, e A O . 10} 1lbs.
Reg. L LRSS IR " g S PR
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STANDARD B. & B. NO, I BUBBLE TRANSIT.

(Design Patented.)

Cope-Worp--THEODITE.

The sensitiveness
PR s hlgh{:fc‘t:g:lspiﬁt level attachment is equivalent to that of many Wye

C cy In levelin t
Price of Plain Trmsn--Code—THEOEX‘F. ?»?t‘:om!::zibgg;:sing rl!f:r;: 4 cg:&z ::'m.
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STANDARD B. & B. NO. I BUBBLE AND ARC TRANSIT.

(Design Patented.)

STANDARD B, & B. NO. I BUBBLE
AND CIRCLE TRANSIT.

(Design Patented).

B. & B. TRANSITS
Are made In four sizes.

Wt Dia. Needie
No.1. 14 lbs. 6% 4%"
“ a0 " sH WU
CHTE S T
R TS | =}

Price, as in cut, $225.00. For specifications see pages preceding.

Z Price, as in cut, $234.00
§* full circle reading to minutes is p’rotccted by aluminum guard.

Cobpe-Worb—THEODUSE.

Cobe-Worb—THEODAS
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OPTIONAL ARRANGEMENT OF VERNIERS AT 30°
TO LINE OF SIGHT.

(SHOWING NEW ARRANGEMENT WHEREBY WE USE FULL LENGTH
OF PLATE BUBBLE AND ALSO PROVIDE AMPLE PROTECTION.)

(Design Patent Applied for.)

' DOUBLE QPPOSITE VERNIER ATTACHMENT.

This arrangement is it bl
: provided with adju
vernier. Price, complete with' guard, } stlr_zg screws to set zero of

Reading-glasses for both verniers, P
Graduation reading to 3o, - ::.oo
.00

The advantages and disadvantages of the verniers at 30° to line of sightare several—and
should be carefully weighed In view of the future requirements of the work to be performed.

34 35




REVERSION LEVEL.

For Leveling with Telescope Reversed.

A guard is provided with this level to protect the under side of
the vial when not in use.
Price, complete when ordered on any of our new instruments, $15.00,

36

Engineers’ Transit.,
No. 3 Size,

SPECIFICATIONS.

Graduation, 5} inch diameter with two double opposite verniers
to minutes, placed at either 30° or 90° to line of sight. Two
rows of figures 0-360 inclined. Graduations are silvered

-and covered by pure crystal plate glass. Vertical arc § inch
diameter and reads to minutes by double vernier,

F

CODE-WORD—TRANDATE;
B. & B. NO. Il TRANSIT.
(design patented)
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Telescope, erecting or inverting, is perfectly balanced, and
reverses at both ends. Length is 10§ inches and has aper-
ture of 1} inch, power == 22.5 dia. Eye-piece gives sharply
defined field of improved illumination.

Sensitive level bubble to telescope, 5} inches long with clamp,

Adjustment for vertical plane of telescope and line of
collimation is correct for all distances.

Improved lower and upper spring tangent clamps, shifting
centre with § inch adjustment.

Standards are cloth-finished.

Long taper centres with wide flanges.

Compass needle is 3% inches long and of preferred form.

Tripod improved, split leg form with thumb-nuts.

Mahogany case is fitted with strap, lock and hooks, and
contains plumb-bob, pocket magnifier, sun-shade, wrench,
screw-driver, etc.

EXTRAS TO NO. 2 SIZE OF ENGINEERS’ TRANSIT.

Graduation, horizontal circle, solid silver, $10.00
= e “ reading to 30+  10.00

e e .8 “ ' 20» 20'00
vertical circle, solid silver, . 5.00

L 25 ¢ reading to 30" . 5.00
Standards finished bright or bronzed, . : 5.00
Extension tripod—wt., 93 lbs. . ; ; 16 00

r can order Inslud of stift leg. )

Ground é}lass shades to vernier, y : 3.00
Gradienter attachment, . : : } 5.00
Stadia wires, fixed,. : 5 - ; 3.00
Variation plate and rmg. ; . 10.00
Silk waterproof bag to cover mstrument, : 1.00
Superfine watch oil, to lubricate centres, .25

This No. 2 size of Engineers’ Transit in design is identical
with the regular larger size, but on account of decreased size
and weight is admirably adapted for work of a reliable nature
where a lighter weight instrument is desirable.

Price, precisely as in cut, $225 and per specifications
preceding.
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THE B. & B. TRANSIT

No. 3 and No. 4 Size.

SPECIFICATIONS.

Graduations, 4§ and 4 inch diameter with two double opposite
verniers to minutes, placed at 90° or 30° to line of sight. Two
rows opposite inclined figures 0-360. Graduations are
silvered and covered by pure plate glass.

Telescope, erecting or inverting, is balanced and reverses at

- both ends, 8 inches long with 11 inch aperture and power of
18-20. Improved eye-piece giving large clear field. Level
*attachment with bubble 4 inches long to telescope with clamp
and #angent adjustment. Vertical arc with double vernier
reads to minutes.

Line of collimationcorrect
for all distances.

Shifting centres.

Standards are cloth fin-
ished.

Compass magnetic needle
is 3} and 2% inch long
and graduations are sil-
vered with one row of
figures 0-90.

Tripod has extension legs,
or our  improved stiff
legs if ordered.

The mahogany instrument
case is equipped with
lock, strap and hooks,
and containsplumb-bob,
pocket magnifier, sun-
shade, wrench, screw-driver, pins, etc.

(If ordered, instrument can be packed in case to lay flat i)

Weight of plain No. 3 transit,—7 Ibs.—plain No. 4 transit,—S5 lbs.
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EXTRAS TO NO. 3 & 4 SIZE TRANSITS.

Graduation, horizontal circle, solid silver, ; . $10.00

] L ¢ reading to 30~ . : 10.00

58 vertical circle, solid silver, E: x 5.00
Ground glass shade to vernier . 4 3.00
Standards polished and finished br:ght or bronze, ; 5.00
Gradienter attachment, improved, guaranteed accurate, 5.00
Stadia wires, fixed, . : . . ; - 3.00
Two reading glasses to Hor. c1rcie, . : . 15.00
Aluminum’ guard for circle, as in mountain tra.nslt e 400
Prism, attachable to eye-piece, . i ; : : 8.00
Prism, 4 £ £t pivoted, combination, 12.00
Leather cover over case, sole leather, with handle, . 9.00
Leather cover for extension tripod, . : ¥ 8.50
Detachable side-telescope with counterpo:se, . 35.00
Silk bag to cover transit, and bottle of superfine watch 011 1.00
Striding level to complete transit, . 15.00

For this instrument made with the U shapcd sta.nda.rd
cast in one piece, without compass, thus gaining .
great transverse stiffness, add 10.00 to cost.
Steel centre in this latter form . - . : ’ 5.00

We should in all cases prefer to make this instrument with
an inverting eye-piece, believing that the utmost satisfaction will
thereby be obtained. If a detachable side-telescope is ordered,
it should be on the instrument having the U shaped standards.

For the use of explorers, reconnaissance surveys, with the
additional power we are enabled to obtain, we are confident that
we are offering in our new No. 3 transit an instrument that can
be used with the greatest satisfaction and accuracy in the results,
and an instrument that has long been asked for by a great num-
ber of engineers. Price as in cut, $215.00.

The compactness of the No. 4 peculiarly adapts it for ex-
plorers and reconnaissance surveys.

It makes the neatest set on the market.
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THE
B.& B. MINING TRANSIT.

Designed and Manufactured by the

Burr & Burr Mra. Co.,
BosToNn, Mass., U. S. A.

MINING INSTRUMENTS.

The notigeable advancement that has taken place in the de-
sign and efficiency of the small and medium sized engineers’
transit, during the past two years in particular, is clearly trace-
able to the greatly increased demand for a superior mining
transit of higher power and greater accuracy.

The elements entering into the design and construction to
obtain these qualities with absolute rigidity, are more numerous
and conflicting than is commonly understood, but have been
gained in the new B. & B. by successfully meeting and satisfying
all the requirements. Engineers contemplating the purchase of
such instruments, however, must not overlook the facts and base
their calculations, arbitrarily upon the power and the relative
weights, without considering that, particularly for mining uses,
power is not so much desired, (since sights are comparatively
much less than for surface work,) as light and defining power.
In every way the design is strictly up-to-date, and in modified
form is of the same type as our regular larger triangulation instru-
ments, that permit utmost rigidity consistent with a total weight
ensuring the most efficient operation.

In every way they are built with the same exactitude of fit,
to justify hard usage under mining conditions, and with only
reasonable care give splendid service for many years.

The accompanying engraving will in itself show to the criti-
cal engineer points of excellence sought for and secured.
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Accessories and attachments are perfect and very complete.
The hard bronze finish highly pleasing, without being elaborate,
is of the practical kmd consistent with every-day service in
mines.

MINING INSTRUMENT,

No effort has been made to cheapen these instruments at any
point, the result being instruments constructed by superior labor
under superior supervision, which must give superior service for
many years.

The accompanying engravings of our instruments from pho-
tographs of those actually built, clearly indicate to the: critical
engineer where their superiority of design exists, and why the
B. & B. so invariably met and successfully underwent the most
severe conditions of usage without injury.

Our aim is not to manufacture instruments so that we may
get the business of repairing them when they fail (through poor
design and workmanship) but it is to keep them out of our own
and other repair shops for an indefinite time, provided reason-
able attention is given to the glasses and centres, semi-occasion-
ally.

THE

B. & B. MINING TRANSIT.

No. 2 Size.

SPECIFICATIONS.

Horizontal circle 5§ inch diameter with double opposite verniers
reading to minutes on graduation, which is silvered.

Needle is 3% inches long and of improved form.
Standards are cloth finished.

42

Weight as in cut, Re-calculated

12% Ibs. Lens System
Weight Superior
Exten. Tripod, Graduations.

g3 Ibs.

CoDE-WORD—TRANDOLITE.
B. & B. MINING TRANSIT.
(No. a Si1zE—ERECTING EYE PIECE.)
s-inch dia. at edge of graduation, Inverting or erecting eye piece. Price, complete,
with full vert. circle, bubble and guard, extension tripod, etc. - - - $234
Universal top and side telescope, (D. D. Scott’'s deslzn} - - - - 45
Solld silver graduations throughout, s, = . ¥
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Telescope, 10 inches long and aperture of 1} inch.

Power of 22 dia. with erecting eye-piece.

Sensitive level bubble 5} inches long to telescope, with clamp and
tangent adjustment.

Verniers may be either at 90° or 30° to line of sight (see page 34).

Weight of instrument complete is 12} lbs., extension tripod 91
1bs., regular tripod 7 lbs.

Aluminum protection guard for circle.

The weight and size are the only points of difference to the No.
1, every detail being of equal thoroughness of construction.
Mahogany. case, with all fittings as per No. 1 transit and with

extension tripod.

EXTRAS TO MOUNTAIN TRANSIT No. 2.

Ground glass shades, to facilitate reading of vernier, . $3.00
Standards finished bright or bronze, . : : d 5.00
Gradienter attachment, improved, : ; 2 ; 5.00
Graduations, horizontal and vertical circle on solid sllver, 15.00
Variation plate, with ring, . . : % 5 . 10.00
Silk waterproof bag to cover tra.ns1t . p 1.00
Superfine watch oil, to lubricate centres and axle, S 1
Saegmuller Solar Attachment (attached), . . . 50.00
Prism, attachable to eye-piece, . . . . 8.00
Prism, combination pivoted, with colored glasses, i 12.00
Reflector shade for illuminating cross-wires, ; 4.00
Universal Top and Side Telescopc, embracing D. D

Scott’s invention, . : 45,00
Trivot, for setting instrument on beams, etc in longl-

tudinal passages, . 3.50
Complete Mining Target, w:th la.mn a.nd trmod fsend

for special circular) ; : . - . 90.00
Detachable side telescope with counterpmse, : < 35.00
Extra regular tripod, . . i : . : ; @ 16.00
Plummet-lamp, improved form, . : : ; ; 8.00
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'SPECIFICATIONS No. 3 SIZE MINING TRANSIT.

Horizontal circle 4} dia. at edge of graduation with double oppo-
site verniers reading to minutes on silvered surface.
Needle is 3} long.
Standards are cloth finished.
Telescope is 8" long with 1}* aperture power of 18.
Sensitive level bubble to telescope is 4+ long, and provided
with clamp and tangent adjustment.
Verniers may be either at 30° or 90° to line of sight.
Vertical circle reads to minutes and is protected by an alumi-
num guard.
. Weight of instrument complete is 7 Ibs., extension tripod
7 1bs., regular stiff leg tripod 5 Ibs.
Instrument complete in mahogany case with plumb-bob and

adjuster, pocket reading glass, screw-driver, wrenches and _

adjusting pins, etc. Price $224.00.

EXTRAS TO No. 3 MINING TRANSIT.

Solid silver graduations throughout, . 1 . . $15.00
Standards finished bright or bronze, . . ; ; 5.00
Gradienter attachment, complete, e : : F 5.00
Fixed stadia wires, . : ; - 3.00
Ground glass shade, complete to vernier, . . : 3.00
Variation plate, with ring, . i . i 0 e 1000
Universal top and side telescope, P £ ‘ . 45.00
Silk cover for instrument, . : ; . 2 ; 1.00
Superfine watch oil, for lubrication, . % : % .25
Reflector shade for illuminating cross-wires, : ‘ 4.00
Trivot for setting instrument on beams, . ! . 3.50
45
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THE ¢ ROCKY MOUNTAIN FAVORITE.”

Re-modelled design
of axle ensures

Weight as in cut,
utmost rigidity

without top
telescope to top telescope.
7 lbs. Superior
Graduations.
e Unexcelled
7 Ibs,

Telescopes.

B. & B. Mining Transit.

(No. 3. Size—ERecTING EvE PiECB.)
CoDpE-WoORD—TRIGON,

4% inch dia, at edge of graduati Price, complete, with full vertical circle, bubble

and guard, extension tripod, etc., - - - - - - - - $224
Unlversal top and side telescope (embracing D. D. Scott's invention,) - - 45
- i3

Solid silver graduations throughout, SRR SR LS ET R W A
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REFLECTOR SHADE.
To Nluminate the Cross Wires in Mining Work.

Made in all sizes to attach to object end of telescope. Ttis
the best method of illuminating the cross wires. Price, ready to
attach, $4.00.

Divect

?  sight
through

o colored glass.

¥ Direct sight.

P'rism with piv-

oled color glass.

1
PRISM AND COLOR GLASS.

a
For Solar Observations. PIVOTED PRISM AND COLORED GLASSES.

1. Plain diagonal prism with hinged color glass and to be -

screwed on to eye-piece, $8.00. See cut 1.
2. Prism and glasses, pivoted, and a very convenient
arrangement, $12.00. See cut 2.
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B. & B.
TRIANGULATION
TRANSIT.

Dasign Patented.

Price of
Plain
Transit, $340.

CoDe-WoRrD—
TRIANGULATION.

Triangulation Transit.

N Designed for use in cities and triangulating.

SPECIFICATIONS.

Graduation, 6} inch diameter with two double opposite verniers
to 30* and placed at 30°to line of sight. Graduations on
solid silver and protected by crystal plate glass. Two rows
of figures in opposite directions.

Telescope, 12} inch, power 29, aperture 13- to 1}*, improved
eye-piece. Reversible in standards and in bearings.
Improved tangent clamps,

Shifting centre.

Finish, bright or bronze throughout,.
Improved form of tripod and case.
Price for plain transit, $240.

EXTRAS,

Graduations, reading to 20 \ ; . $10.00

A on 7* circle to 10, : ; g 30.00
Vertical arc, reading to minutes, . 5 . 20.00
Reading glasses as in cut, with shades, . : 15.00
Shifting centre for 3 leveling screens, : . 5.00
Striding level, - , . . 5 . . 20.00
Spirit level with clamp to reverse to telescope, . 35.00

A striding level should always be ordered with above instrument.

49
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Engineers’ Levels.

18 HYDROGRAPHERS' WYE LEVEL.
18 WYE LEVEL. 14} WYE LEVEL.

15} DuMPY LEVEL.

SPECIAL TO ALL WYE LEVELS.

A STeEL CENTRE IN A SOCKET OF ANNEALED IRON.

This new adoption of the steel centre in a socket of an:}ezh:c;
iron, (though an ancient practice as .re.gards th.e cculrmtrun::f :?ction
larger astronomical inst.nm;ents as %;vxrﬁa;h;eti:i it;?::}dlfrom
and non-expansion bearing,) is one tha e

ication to engineers’ levels heretofore, for tl}& r‘eason o .
gal.ltc:::el:::e incgidental to setting up precision grm:lx:lgt::ac:am::
necessary to fit the hardened at?el centre a.ndTh-o : 1-:3 m;:l
dulling of the reamers by the iron socket.. 1sl; admir;:
obstacle, no longer stands in the way of securing such an e
able centre in an instrument (permissible since no compa
uscd%he shop cost of making such a centre for a level is still
greater than l:n making one of bell-metal or pho.sphor—bronze, fo;
the reason that the hardened steel centre requu'.es to? l:u:hgroﬁ:.:lnal
in with épccial apparatus and consumes more time ;n.tc: s
Stting. It is without question (if the term canbe ulse s;nbeen i
the B. & B. regular centre of bell-metal has a wa;; gl
superior to other makes in this respect), a nfore perma.{l1 e

The prime advantage, however, lays in the small an duc: !
co-eff. of expansion, ensuring freedom from the e;‘rforst-on
atmospheric changes, and also in the small co-eff. of friction.
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ENGINEERS’ 18 WYE LEVEL.

(Power, 36 diameters.)

Improved telescope 18+ long, having 1§ inch objective and
giving increased illumination and clearness. Protection to object
slide. Erecting or inverting eye-piece giving large, flat field of
view. Phosphor-bronze contact points in wyes for the bell-metal
collars. Regular bell-metal centre in socket of phosphor-bronze.
Line of collimation correct for all distances, Instrument finally
adjusted to obtain the finest possible, with sun-shade in position and
focused on, mean distance, Complete in mahogany case with
strap and hooks, sun-shade, wrench, screw-driver, adjusting pins,
etc. Entire telescope and level tube will be cloth finished.

Unless otherwise ordered, on this level the sensitiveness of
spirit level will be what is rated as a 10« bubble.

(One division of scale equalling 10~ of arc.)

Wt. of complete instrument, about 103 Ibs. Tripod, 7 Ibs.
Net price, $140.00, \

NOTE (—

For the most precise uses,—wbere a specially sensitive spirit
level is specified, the steel and iron centre as catalogued below is
strongly recommended as securing the most nearly perfect centre
theoretically as well as practically,—giving the ideal ‘bearing.

EXTRAS.

Hardened steel centre in phosphor-bronze socket . . $5.00
o ¢« « annealed iron e )
Fixed stadia wires, . ; ; 3 . : : 3.00

Extra sun-shade having aperture for use when the light
is too bright for accurate work, . . . . 1.50

Metal mirror, jointed, to read bubble without removing
from eye-piece, silver-plated arms, . : . l0.00
Waterproof bag of rubber to protect the level from rain, 1.00
Bottle of superfine watch oil to lubricate the centres, . .25
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Hydrographers’ Wye Level.

This precision wye level is similar in‘construction to :_]:EE
engineers’ wye level, except that three leveling screw.vs‘talrev:: b
vided instead of four. The sensitiveness of the spl-l‘l : 4
also somewhat increased, being from 8 to 10* .for 1 div. its?pod-
The weight is about 1 1b. more owing to. the stiffer .form gomnmte.
Telescope and bubble are cloth finished. Price, plete,
$158’.I(‘J:e: general preference is given to th%s type of .:)blievel;zi
screw instrument because for bench 1evehf1g, the b; |:le (F re-
hence the line of sight) can be more easﬂy‘ controlle d s
quently the levels have a sensitiveness of a single secon o
for a division of gy part of an inch. We are pre::o -
attach our auxiliary micrometer screw to eve‘n furthe; at; o
the ease and accuracy of manipulations. Price and descrip

on application.

EXTRAS TO HYDROGRAPHERS' WYE LEVEL.

i $5.00

Hardened steel centre in annedled iron, o
£ 2 ¢« <« phos.-bronze, . : ; 3.00
Fixed Stadia wires, .

Metal mirror with universal joint, - ; ks
(See cut.) 1. g

1.00
.25

Extra sun-shade with smaller aperture,
Gossamer waterproof bag,
Bottle of fine watch oil,
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ENGINEERS’ 14} WYE LEVEL.

Power, 28 diameters. Similar to the preceding style level and complete with box and tripod.

Net price, $136.00. Wt. 94 Ibs.
Aluminum bar on this instrument reduces the wt. to 8 1bs.

SPECIAL.
In all but one respect this level is fully the equal of its larger
prototype,—it being only in the shorter telescope,—that less
power is obtained and consequently the sensitiveness is cut down
slightly. The level bubble furnished, unless order specified, has
the rating of 12 to 14« sensitiveness.
Altogether this level is specially adapted for the closest
work in mountainous work where weight is an object, and still
where it is desirable to have a level capable of complete and
instant adjustment.
EXTRAS.
Stadia wires fixed, ; $3.00

Hardened steel centre in socket of annealed iron, 4 5.00
Extra sun-shade for use when sun’s rays are too strong.
having small aperture,

2 ; : : 1.50
Gossamer rubber bag for protection against the weather, 1.00
Bottle of superfine watch oil to lubricate the centre, . .25
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ENGINEERS' DUMPY LEVEL.

With a dumpy level of our improved make, in correct adjust-
ment, since the same sensitiveness of level-bubble is put into this
instrument as into our regular Wye levels with an objective of
the same focus and diameter, giving the same power of 32
diameters, equally accurate work can be done as with the Wye
level.
Particularly for work of a roughing-out nature where liability
to slight knocks is present (that would seriously injure a Wye
level) the possibilities of a compact dumpy level are at its best.

An engineer certainly can perform as close work with this
level,—and yet feel reasonably sure that his adjustments once

made, will keep so indefinitely.
Entire instrument is cloth-finished above the leveling screws,

including telescope and bubble.

The centres of this instrument are of the regular type that
we put into transits, being the hardest bell-metal in phosphor-
bronze, which are most carefully fitted to a true bearing shoulder.

The instrument is packed in mahogany case, with sun-shade,
screw-driver, wrench and adjusting pin.

Weight of level, complete, 9} lbs.

Weight of tripod, regular type, 7 lbs.
Price, complete as above, $100.00.

EXTRAS.
Inside centre of hardened steel in annealed iron . L S1000
Stadia wires, fixed, . : > s ; 3.00
Rubber bag of heavy sheeting, for protection against
rain and the weather, : . > 1.00
Bottle of superfine watch oil to lubricate the centre, .25
13.50

Instrument provided with clamp and tangent screw,
The inverting eye-piece in this instrument provides our most
ideal telescope for brilliancy and clearness,—power,—36 dia.
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ENGINEERS’ 1514+ DUMPY LEVEL

IMPROVEMENTS,
Remodelled design for posts, procuring maxi-

IMPROVEMENTS,

Focussing screw placed on to
Protection to object-slige.

P-

mum rigidity with least weight and graceful

e-calculated lens-system obtain-

Ing sharply defined, brilliant field.

appearance.

Improved form of telescope barrel casting
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piece, as per cut, completes an ideal len
Co., BosTon.

FG,

{Inverting eye-

Burr & Burr M
PRICE, with tripod and mahogany case, $100.00.

Peower, as above, 36 diameters,

CODE-WORD—~DUMPUS.



Adjustments.

The adjustments of a standard B. & B, transit important
to the engineer in the ficld ares—
1. That the plate and standard bubbles are perpendicular

to the axis of the plate.
9. ‘That the line of collimation moves in the plane that is

exactly above centre of horizontal circle.
3. That the line of collimation is perpendicular to the hori-
zontal axis.
4. That the line of collimation is parallel to the telescope
level bubble.

The adjustments of the engineers’ Wye level, important
in the field and which can be corrected by him arer—
1. That the telescope spirit-level is parallel to the axis of

collimation.

9. That the optical axis is identical with the axis of col-
limation.

3 That the vertical axis of revolution is perpendicular to
line of collimation. _

For the simplest field methods of making these adjustments
we issue a special pamphlet entitled, THE B. & B. STANDARD
TRANSIT AND ITS ADJUSTMENTS, which will be mailed on request.

A FEW CAUTIONARY REMARKS AS TO THE
CARE OF INSTRUMENTS.

In general, when not in use, it is well to bear in mind, that,—
(though there is one country, India, where protection or no pro-
tection the average life of an engineers’ transit is short of two
years on account of the fine and penetrating dust continually in
the atmosphere) & silk bood, as furnisbed by us, is of much pro-
tection to an instrument botb from dust and weather.
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‘When about to remove a film of dust from the glasses, notice
that the texture of silk is too abrasive and that onl :

soft linen should be used. o e

.Carefully note the position of instrument in box before re-
moving and grasp the lower parts to remove, (not the standards
for they are nof the handles.)

: Observe before shouldering your instrument that centres be
hghtl.y clamped, thus preventing unnecessary wear, and that the
!evelmg screws have a firm bearing, and above all, that the
m:strument is screwed well on to tripod head. Nuts ,on legs of
tripod are to be well tightened against the wood. Shoes on tripod
should also be examined occasionally, that they be not loose nor
t':oo dull, for upon their rigidity depends the entire stability of the
instrument.

The most common causes of error are due to I

1. Loose legs of tripod.
2. Loose tripod shoes.
i. g;relessness in not occasionally verifying adjustments
g oughtlessness in unnecessarily e i ‘
Y Sty y exposing to the dust
.5. I:.ifting instrument by the standards or telescope or
vertical circle, since undue strain of entire weight is put upon
these parts which are not designed to be used in such a manner

A FEW DONT'S.

Do na? unscrew object glass without reason, since both the
final a.ndmce adjustment of the line of collimation depends upon
a .ﬁxed. position of a¥l the lenses, but also the cleanliness of cross-
wires is thereby assured.

- Do not a.llow playing with the needle, and do not pick up
mstr;ment with needle swinging idly, nor with centres uncfampeci
o not oil or grease object slide, nor expose scr .

s e
gy . po ws.to collect

Do not think that the small adjusting pin furnished to adjust
the small capstan-headed screws of cross-wire diaphragm,—is not
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strong enough to impose very injurious strains upon the telescope
by excessive tightening, and above all, if any slight grinding or
whirring noise is heard, do not fail to clamp entire instrument
and subject to careful examination in the office. There the cen-
tres and principal movements may be examined and subjected to
taking apart. The irritation or cause of fretting may be removed
by careful treatment and careful and thorough cleaning before
applying freshoil. Be very careful, however, not to rub or come
against the graduation edge in any way, since the slightest burr or
sharpness of edge removed would work costly damage to an in-
strument. Fresh watch oil only, as put up by us, should be ap-
plied, after cleaning, to all the centres.

With each instrument sold we enclose a carefully prepared
treatise on the adjustments of the standard «“B. & B.” transit.

Current - Meters.

The various types of current-meters,—both electrical and
mechanical registering,—as made by us in the past, have
generally been but special orders. Since they have seldom or
never been made again, we have removed the cuts of such from
this catalogue, and will merely outline the different forms.

No. 4. Current-meter with electric register, after Gen. Ellis,
embraces a meter applicable to deep river measurements.
In design it is similar to the vanes of ‘the customary wind
velocity measuring apparatus.

No. 5. Current-meter, after A. Fteley, embodies an enclosed
type of wheel similar to the turbine water wheel.

No. 7. The latest type of meter and a successful type for deli-
cate measurements, consists of a propeller form of wheel,
and the employment of ball-bearings.

Prices and specifications furnished on request.
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- CURRENT - METER.

(Mechanical Recording.)

BUFF & BUFF MFG. CO.

Pen-sk
etch of Special Current-Meter constructed for U. S. Irrigation Investigatiol
ns.

Theimprovements constitute—the
melnt of ball-bearings—with extreme
Prices on application.

propt_ellcr form of wheel and employ-
ly simple recording mechanism

LR T =TT
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No. 1l, GRADUATING MACHINE.
Built by Sk s
. BUFF, BOSTON, - 1899 -, . :
o e:l;w have produced that vifinile rigidity which is

s AT a wital characteristic.

New construction entirely of Steel an;olro;- L
Diameter of hor. circle, 285" ; : i e
Capacity of work upon this machine is up to i
"pd f work,—circular graduations (horizontal or e:
and kin A ? 1 .::'..’,. 1° to ,° with vérniers to 5v. Alsioom_lr
f and InCIUQIng s « ; .
H'on:e graduations and the French centesimal system of
circ . '
i erniers.
i ith the corresponding v i
o ci;dl:d:zcy of work upon this machine is guaranteed to be
cc

Wlth]n _iz_h,— I]a]t i)’ an ]“{:h f[i! a thalneteI Of 285 lllCllES

Prices on application.
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Precision Planimeter.

This measuring instrument, as made by us, is of the Polar
type, as originated by Jacob Amsler in 1855,

It has only been until within a short time that this instru-
ment has met with the recognition that its design merits. This
is, however, clearly due to the accurate graduations and thorough
workmanship now employed, and also to the careful instructions
furnished with each instrument.

For cross-section and earth-work of all kinds, the saving of
time in obtaining areas or cubic conlents in inches, millimeters
or acres, make it indispensable to every engineering office.

For the accurate measuring of indicator cards this instru.
ment is especially adapted and recommended to the mechanical
engineer.

The personal error in the manipulation of this instrument
need never exceed .02 of a square inch, and by consecutive
measurements of the same area may be reduced much below this.

The cost of accurately rating such an instrument by an ex-
pert engineer we furnish, at cost, to the purchaser, $4.00.

Price of Planimeter complete, in case, $29.00.
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Minot-Blake Precision Microtome.

THE MINOT-BLAKE PRECISION MICROTOME.
As made by
BUFF & BUFF MFG. CO.

This new microtome was constructed to meet the wa.{lt for _zm
instrument capable of cutting single-micron sections in series
accurately. That it has done so was the result of careful design
and accurate workmanship. -

Dr. Bumpus of Brown Univ. says, ‘}'fbe only fault ”'MJ ‘:
find with the new microtome is the fact that it bas p'm' all o:f!g :
microtomes out of commission. [t -daes such superior wor! : a”
the students will use no other machine except under compulsion.

6+

ture is one that will be appreciated by the engineer a

to the soft points which are so easily bent, even b
wood.)

PLUMB - BOBS AND PLUMMET - LAMPS. -
Hardened and tempered tool-steel points,

PRICE LIST.

PLUMMET-LAMp NoO. 12.
Weight, 20 oz.
Price, compiete, $g.00.

TUNNEL-Bos No. 13
Weight, 26 oz.
Price, complete, $4.00

SHAFT-Bos No, 1.
Weight, 44 oz.
Price, complete, $5.00.

In style and construction our plumb-bobs are all of a stand-
ard form, one that has been found to be taper enough to allow the

line of sight to pass easily by, and not be obstructed by the ro-
tundity of the bob from easily seeing the point.

Tool-steel points which are hardened and tempered in oil,
are fixed to all our plumb-bobs and plummet-lamps. (This fea-

ccustomed
y plunging into
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PLUMB - BOBS.

All of our plumb-bobs have the hardened and tempered tool-steel
points, common to only our make.

PRICE LIST.
GENERA.L_L-Y FURNISHED WITH THE
Siz8 WEGHE Faice BELOW INSTRUMENTS.
Plane-table, Mining.
el 5 9 5;00 No. = Transit.
oy ey -.:.:‘: No. 2 Transit.
e L s 2.00 No. 3 Transit.
. E:OL s.m No. 4 Transit.
No. 4 4% oz. 3 s

REFLECTOR - SHADE.

To illuminate the cross-
wires in mining work. Made
in 3 sizes for our different

instruments.
Price each, $4.00.

SPIRIT-LEVELS,

{ (Y -H.)I”.F
-{ | |©i ,1 i ) Spirit-levels of any
e sensitiveness and size

G{ | |C| I I Dl 11 } ground to specification,

and guaranteed of the
same superior quality as for our instruments and made by our
own improved process, producing that regularity unattainable by
any form of hand grinding. Prices on application.

LOCKE’S HAND LEVEL.
For preliminary and particularly cross-section work and
slope-stake work s :
on railroads this ;
instrument is ex-

AT

tremely useful,

fully accurate enough and a rapid worker.

Price, complete as
in cut, in moroceo case, $9.00.

LEVELS ON METALLIC BASE.

Spirit-level on 8 inch base, with handle, accurately ground
so that one division of level is equivalent to a deflection of 30~
of arc. Bubble is adjustable and is complete in morocco case,
$12.00.

Spirit-level on 31 base, with handle, 1 division of level is
equivalent to 1 min. of arc. Bubble is adjustable and is com-
Plete in morocco case. Net, $6.50.
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Philadelphia. New York.

Boston.

Leveling Rods.

Warranted Accurate.

Philadelphia
LEVELING ROD.

A perfect self-reading rod, with
target, vernier and clamps, 7' long,
sliding to 12'. Scale on tangent
reads to half-hundredths, $14.00.

New York
LEVELING ROD.

Hardwood, 63 sliding to 12,
verniers to thousandths of a foot,
$14.00.

Boston
LEVELING ROD.

Of mahogany, machine divided
on satinwood with target, verniers
at both ends read to thousandths
of a foot. 6} feet long, sliding to
11 feet. Convenient on account
of its lightness, $14.00.

: dExcelsior Stee% Tapes, }* wide, on patent frame, with folding
andle, graduated in 10ths, 100 ft. $11.00; 50 £t. $6.00

Excelsior Steel Tapes, 1* wi i .
contrs, 106 %, $0088, e RS S e

Excelsior Steel Ta i
: pes, %' wide, leath i
centre, with large handles, $1{T25. s M iy

Saegmuller Solar Attachment.

Pr.ice, attached to new B. & B. instruments, $50.00.
Price of solar attachment, with hour glass, $60.00

The advantage of this sol
ar, as recommen }
e it ded by us, lay in

2. Simplicity,
3. Can be used as vertical sighting telescope.
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Tapes.

LUFKIN STEEL TAPES.

100 ft. Lufkin steel tape, 3 inch wide, divided in 10ths

25 s (1 [ i 8 o« 0% I o4 i

k)
50 i 6§ u]’unior“ %_ ' i

PAINE’S PATTERN STEEL TAPE.

4+ wide, in thin leather case, flush handles.
100 feet steel tape, divided in 10ths, .
50 ‘i (13 i

70

$11.00
4.25
4.00

$11.00
6.00

Lufkin
POCKET STEEL TAPE
Measure.
EXTRA QUALITY.
In German Silver case, with spring

and stop.

36" long, divided in soths or inches, $1.25
60 long,- i s < s e . 30D

Chesterman’s.

100 feet, $11.00
50 feet, 6.00

' LUCAS IMPROVED STEEL TAPES.

1" WIDE.
100 feet, (brass centre, $1.50) . Style D ; . $4.00
200 feet, : 1 A 2 R A - ; o = a0
300 feet, i i ; : SR : T
400 feet, ! : ; ; ; “« 0 : « 1100
7l
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Range Poles.

WOOoD.

Manufactured from well-seasoned ash, of octagon shape,
hand-dressed and painted alternate white and red in feet, with
tempered steel point shoe, a thoroughly first-class rod, 6 feet
long, $1.50. 7 or 8 feet long, $1.65.

IRON TUBULAR RANGING POLES.

Iron tubular ranging pole, 6 feet long, painted alternate feet
red and white, 3§ dia. steel shoe, $2.75.

MARKING PINS.

Set of 11 best spring steel marking pins, 14 long, No 8

wire, (rings closed to hold tags,) 80 cents.
Spring balance, extra quality, } lb. intervals to 20 Ibs, guar-

anteed correct, $1.50.

72

Aneroid -Barometers.

TO 'MEASURE HEIGHTS AND ATMOSPHERIC PRESSURE.

Style as in cut.

Made by the most reliable
makers and guaranteed
by us to be the best.

SPECIFICATION,

2} inch diam., in morocco
case, polished brass case, sil-
vered dial, revolving altitude
scale, compensation for tem-
perature.
ALTITUDE SCALE.

3,000 by 10 ft. — $21.00

6,000 < 20 «« — 20.00
12,000 < 50« — 2100
18,000 100 «« — 22.00

|f|'|'rII_IIII].‘_.u|. )

]

MINING BAROMETER.

" 2,000 ft. below ) .,
6,000 ft, above { DY 20t

2} diameter, in bronze finished case, silvered dial, rack and
pinion to operate scale, compensation for temperature, each,
$34.50.

A GOOD ANEROID BAROMETER.

1}~ diameter, Watch pattern, silvered dial, revolving altitude
scale, 8,000 ft. by 50 ft., (estimates to 25 ft.,) each $13.50.
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Pocket

Magniﬁers.

Style A—lvory. ¥ B
1* diam. lens, enclosed in ivory cell, zylonite case, each $§ .60

1*: ‘i (] [ 0 .90
1_}- € “ & 0 1.15
Style B.—lvory.

1}; ‘e i€ ‘e b 1.30

. Style A.—Vulcanized Rubber.
2 L i L hard rubber case, i .30
11;» W i i i Wk £ 6e .45
li_n ‘s i 'Y [ i Qi . .60
Style B.—Rubber.
11 e K4 ih €t i .90
T

. GOSSAMER BAGS.

Bag of rubber sheeting to protect Wye level from dust and
rain, 3 sizes, each $1.00.

SILK TRANSIT HOOD.

Made of first quality heavy umbrella silk, for transits of our
make, in 4 sizes, each $1.00.

OIL.

1 oz. bottle, Superfine watch oil, put up expressly for lubricat-
ing centres, 25 cents.

4

Field Glasses.

In the rating given these excel-
lent glasses for the military and
navy, 11 lines are equivalent to
one inch. The power and defini-
tion depends upon the size of the
object lenses.

No. 1 Binocular, 24 lines diam.,
8 lenses, power 3% times, vertical
angle 9°. In soft case with handle,
price $16.00.

No 2 Binocular, 19 lines, power 8 times, vertical angle 4} °,
with sun-shade, finish morocco. In case, with shoulder strap,
price $22.50.

No. 1 glass embodies the maximum size of object glass, and
is an admirable glass for general search use.

No. 2 is strictly a high powered glass for the army and navy
and mountain use.

“B. & B” LEVEL TRIER.

Price of this instrument, complete, $35.00.

For use in Observatories, Laboratories, and Schools in testing the
sensitiveness of level vials. Reads to single second of arc.

75



Trieder Binocular.

Send for special catalogue.

The method of con-
struction of the Trieder
glass demands a high de-
gree of technical perfec-
tion, as is shown by the
. fact that until within a
few years ago it was im-
possible to obtain the pro-
per material for the &

reflecting prism. >
Thus, by the use of all GOERZ TRIEDER BINOCULARS.
» Y One-half its natural size.

the modern improvements

in technical optics, and the glass of sufficient purity, C. P. Goerz
has overcome all the difficulties experienced in the manufacture
of the re-inverting prisms and we believe we here place before
the engineering profession a glass which will fulfill every require-
ment in the most satisfactory manner. Send for special cata-

logue.

TRIEDER BINOCULAR, NO. 10.

Field of view 7 times that of best opera glass of the same
power, net $44.50.

TRIEDER BINOCULAR, NO. 20.

Power 6 times, surface manification 36 times, a perfect glass
for the theatre as well as for touring and the army and navy;
for races and regattas unsurpassed, net $54.00,

TRIEDER MONOCLE TELESCOPE.
Power 6 times, net $22.00.
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Testimonials.

Rupid Transit R. R. Comm., New York.

It gives me pleasure to state, that we have in use on the present work
here in New York twenty-nine instruments of your new *“ B. & B.’" make.
Yours very sincerely,

WM. BARCLAY PARSONS, Ch. Engr.

Spokane, Washington.

We judge, therefore, that errors below 2' of arc have been entirely
eliminated in your graduations. . . . . We would state further that
it is the first and only transit we have used in which the graduations
could be proved accurate to 2’ second of arc and less.

Austin, Texas.

After six months’ constant field use of my transit 1 have found no
occasion to adjust the same at all. The gradienter attachment works
accurately. The line of collimation is still perfect and the telescope
focussing slide works very perfect with little or no back lash.

Atlanta, Georgia.

1 am pleased, in fact, very pleased with your ** B. & B.’’ transit lately
sent me, After a month’s steady use | do not hesitate in stating my con-
victions that in your own words, *‘ Quality in Engineering Instruments”’
holds first place in every part. The glasses in the telescope please me
greatly and are the best | own in any of my six instruments.

Sault Ste. Marie, Ontario, Canada.

In concluding would say, we are especially pleased with the two
transits furnished us recently, and will assure you, we certainly consider
your make the best, and what we shall choose when again in the market.

Denver, Colorade.

The No. 4 Transit is a beauty in looks and more than that in action,
for there is not one feature that | should even suggest as having been
overlooked to make it the eminent success it is.

Eldora, Colorado.

The telescope in definition far excells my old Buff & Berger transit,
and certainly makes your transit a superior but above all a *‘ consistent
transit of the highest quality.”
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Honolulu, H. [,

I must say it exceeded my most sanguine expectations, it is the most
cute looking instrument | have ever seen. The first preliminary test of
the transit fully confirmed your assertions that ‘‘it leaves our shops in
excellent adjustment.”” . . . . Since my last letter 1 have put the
transit to some thorough tests in the field, and it worked splendid. The
line of collimation is absolutely perfect for all distances, stadia works
beautiful, and the excellence of the graduations was even more demon-
strated in triangulation work.

Granite, Coloradoe.

A transit that Is altogether satisfactory in every respect, with particu-
larly clear lenses. Once again complimenting you on the beauty of form
and general appearance of the instrument.

Tucson, Arizona.

The finish is really the best | have ever seen, and together with the
proportion of the longer telescope, etc., makes a handsomely finished and
graceful transit.

Mexico City, Mexico.

It pleases me in the graduations and the clear light in the verniers,
with your admirable arrangement of the verniers at 30° to telescope. The
especial feature that catches my attention is the position of the plate bubble
insomuch as it does not stick out on the edge of the plate, thereby being
free from knocks.

Mobile, Alabama.

The summary then of this extended triangulation survey with vour
transit No. 3026 gives the corrected angie with an error of 0.26 second of
arc, aresult that we have no hesitation in saying is better than the best
result ever attained in our office with any of the older Buff & Berger transits.

Sydney, N. §., Canada.

Respecting the accuracy of my new ‘“B. & B.” transit when put to
the test, and of its extreme rigidity and satisfactory working capacity, |
am more than pleased. Without question the transit is the most grace-
fully proportioned | have ever seen, etc., etc.

Seattle, Washington.

The particular feature that delights my men, is the very excellent tele-
scope that you have furnished in the transit. To use their own words,
““the glasses in the new Buff & Buff transit are clear and sharp and much
better than our old Buff & Berger transit.”
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B. & B. TELEGRAPHIC CODE.

ENGINEERS’ TRANSITS.

Transits will include the following (unless ordered to the contrary) :
Ground Glass Shades.

Solid Silver Graduations (Complete in case with accessories).
Verniers at 9o® to line of sight (Stiff leg tri. for No. t and No. 2 transit).
Erecting Telescope (Extension tripod for Nos. 3 and 4 transit).
f No. 1 TRANSIT. No. 2 TRANSIT. NO. 3 TRANSIT
Dia. 6-%", Dia.s-%", Dia. ¢-%",
Wit. 14 Ibs. Wt. 10 Ibs. Wt. 6% Ibs.
Platn . it o o0 oo s iTheoeat: Trandus. Trius.
Bubbe. - o0 T 4G nC “Eheadite Trandist. Tribat.
Bubble and Arc. . . . . Theodas. Trandate. Trio.
Bubble Circle and Guard . Theoduse. Trandolite.  Trigon.

ENGINEERS’ LEVELS.

14- 4" 3"
DumpY LEVEL. WYE LEVEL. WYE LEVEL.
Brect 5 6. ool Sea- Gl cDanipat Wyeing. Wyes.
invert w=iria o o s e DAmpRSs, Wyeate. Wyat.
Erect, Fixed Stadia . . . Dumpfixt. Wyefix. Wyfixt.
Invert, Fixed Stadia . . . Dumpinfix. Wyecatfix,. Wyatfix.
MISCELLANEOUS.
CoDE.
What is the price of, and how soon can you ship? . . . Scandia.
Answer by wire, night message . . . . . . . . . . . Oakley.
Send particulars by mail . . . . . . ., . . . . . . Ongo
Eitet 6ht i omIee TOE vis g v %0 o e ai e S eee ARalEr
We are awaiting your remittance . . . . . . . . . . Schalls.
By what line have you shipped? . . . . . . . . . . Tabor
IR DY eXPIeES: o S B e e e el e bt et TR
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INDEX.

Adjustments for Transit. . 58-60
Adjustments for Levels . . . 58
Aneroid Barometer . . , . 73
Astronomical Transit Theo-
tdollte. » ia & oG as 84
10T I bl S o AT
Binoculars, Regular . . . . 75
Binoculars, Trieder . . . . 76
Care of Instrument . . 58-59-60
Centres, Regular . . . 11-12-13
Centres, Special . . . . . 50
Chesterman’s Steel Tape . . 71
City Transit . . . . . 29-30-31
Cloth FImeh o o s 27
Compass = . . , <« « + . 20
CrosgaWires . . .0 . o #T
Current-Meter . . . . . 60-61
Dumpy Level . . . . . 50-57
Engineers’ Transit . . . 37-38
Engineers' Wye Level . . 51-52
Excelsior Tapes . . . . . 69
Fleld Glangey = . Fo ol a5 G 0TS
el e N T, 2T
Fixed Stadia Wires . . 22 23-24
Graduating Engine . . . . 62
Graduations . . . . , , 1314
Gradienter Attachment . . . 21
Hand Level, Locke’s . . . . 67
Hydrographic Wye Levels . 53-54
Lamps for Mining Work . . 65
I e R a3
Level Attachment . . . . ., 31
LevelingRods . . . . . . 68

Magnetic Needle . . . . . 20
Magnetic Variation Plate . . 24
Magnifying Glasses . . . . 74
MarineGlasses . . . . . . 75
Marking Pins. . . . . . 42
Mining Transit . . . . . 41-46
Minot-Blake Microtome . . . 64
Mountain Transit . . . . . 46
Paine's Steel Tape. . . . . 70
Planimeter, Precision . . . 63
Plumb-bob . . . . . 26-65-66
Blisomet Lampe o' 0 .« 2 68
Prismatic Eye-Piece . . . . 47
Rappe Poles s o s, 0T
Reflector Shade . . . . . 47-66
Side Telescopes. . . . . . 4%
Solar Attachment . . . . ., 69
Spirit Levels . 19-20-67
Stadia Wires. . . . 22-23-24
Striding Level . . . . . 4849
Tapes,-Steel . & . . . . 301
Theodolite . . . . . . 4849
Telescope, Description of . 17-18
Telescope, Top for Mining. . 43
Transit, Standard B. & B. . 28-30
Transit, Engineers’ . . ., 37-38
Transit, Mining . . . . 4146
Transit, Triangulation . . 4849
Transit Adjustments . . . 58-60
Tripod, Regular Stiff Leg . 25-26
VarlationPlate.. . . . . . 24
Wiy Eevel o o o s G 55l
Wye Level Adjustments . . 58

Our Hand-book—**The B. & B. Transit and its Adjustments,” will he
mailed gratis on application.

GENERAL DIRECTIONS.

ORDERING.

In ordering,—please state plainly, style, size and kind of
finish, also price, so as to avoid any possible mistakes.
Be’ particular to give plain shipping directions,—what ex-
press to ship by (if any is preferred), etc. Transporta-
tion charges are always to be borne by purchaser.

TERMS.

Our terms are net cash in every case.

The catalogue price is the cash price, and from this we cannot
make discounts, except to regular agents.

C. 0. D. orders, with privilege of examination, must be accom-
panied by money enough to pay charges both ways in case
the goods are not accepted.

Packing boxes are charged for at cost price.
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A FEW ADVANCED IDEAS IN OUR
INSTRUMENTS.

Greater length of focus in all transits obtaining /ncreased Bril-
liancy, Additional Power.

TELESCOPE—Better system of lenses, all made by one
maker, thus insuring Flatfer Field, More Sharply Defined
Field.

GRADUATIONS—AIl graduations performed by ourselves
upon our superior graduation engines, and their accuracies
guaranteed. Fitting together of verniers and circular grad-
uations also performed by ourselves, guaranteed to be
absolutely opposite and of absolute length.

CENTRES—For centres we use only the hardest bell-metal in
a socket of phosphor-bronze, fitted together by the same
expert of many years’ experience. The regular level centres
are of two kinds, the bell-metal in hard composition, or the
new and successful hardened steel centre in annealed iron.

SPIRIT-LEVELS—Our spirit-levels are carefully tested, and
extremely uniform.

GRADIENTER—Thoroughly worked over and rigidly tested
under severest conditions and claimed to be absolutely
accurate within .%; of one per cent. This attachment has
also been perfected for the smaller No. 3 size of transit.

SPECIAL NEW CONSTRUCTION WORK—We are par-
ticularly equipped to develop economically new types of
scientific instruments which are to be simplified in form and
working.

82

“Qualxt;y in Engineering Instruments.”



YO T AN UL ekl

.+ Surveyor and

268 Observations on Surveying Instruments.

ArTt. VL.— Observations on Surveying Instruments, and the
means of 'remetg/' their imperfections ; by Lucius Lyox,
d ;#Engmee;—{wit!z a print.) ol e

: " Detrolt, Michigan Teritory, Jan. 26th, 1828."

- MacxeTisy is the well known name of a mysterious pow-
er, manifested only by its effects, and of whose ultimate
cause we are ignorant. y A ST e S S

~ Among its effects, none is more important, than that which
results from the application of one of Jts familiar properties,
tothe art of surveymg. "/ . -7 . AT

By no other means at present known, ‘can linés be run,
new lands be laid off, estates subdivided, their boundaries de-
fined, and the local position of places ascertained, with so
much facility as by the magnetic needle. To perform the
same services, in any other way, with any tolerable degrec of
uccuracy, would be an interminable labor. : 3his
- But, although the magnetic needle affords great facilities
for the practice of surveying, and in most cases is the only
means which it is })racticab e to employ ; it ought not to be
relied on as entirely correct. S ‘

It is subject to many irregularities, to which our present
limited knowledge of the laws which govern magnetism does
not enable us to apply corrections. ~ Although more . than
three hundred years {a\rc clapsed, since Columbus, with .
astonishment, discovered the variation of the magnet from
the poles of the earth; little or nothing has yet been done
toward finding out its cause, or satisfactorily explaining the

" G s I Y

reasons for the different variation at different places, or the °

change of variation, at the same place. AL
Great improvement has, however, been made, in the ap-
plication of -the magnet to practical purposes, in the manu-
facture of magnetic needles, and in ﬁttinﬁ them to the instru-
ments with which they are used ; as well as in perfecting the
form, and increasing the accuracy and convenience, of those
instruments, In this respect we seem to have improved more
than other nations, in proportion to the unsettled state of the
boundaries of -extensive tracts of our lands, the newness of
much of our country, and the consequent necessity for using
surveying instruments.  Of the truth of this remark, any per-
son who 1s a competent judge, and who will take the trouble
to compare American with English compasses, will be

Observations o:_z-Surueying Tnstruments, 269

convinced, For although the latter generally show a higle
finish, and nice graduatjons ; I have never scen one that had
a convenient disposition of its parts. And they often pre-
sent, the inconsistency, of . & nonius, by .which the divisions
may, be read off to every minute, while the needle is so clum-
sy that the course cannot be determined, nearer than to half
a degree. - BEE el 5 ;

- The inacguracy of surveys has, (as Mr. Gummere very
Justly observes,) been a more fruitful ‘source of litigation in
the United States, than all other causes put together. Hence
arises the necessity that every person who practices survey-
ing should be provided with good instruments, that erfor may
be avoided as much as possible, and without such instru-
ments it is in vain to expect any tolerable degree of accura:
cy. Hence also, our government, which has already survey-
ed about one hundred and forty willions of acres, and has
more than one hundred and thirty millions yet to survey, with
a view of the importance of the subject, and with a design to
promote accuracy, directs, that no compasses be used 1n its
surveys, but such as have Rittenhouse’s improvements. -

In the course of surveying more than three thousand miles,
for the United States, and in using compasses manufactured
by several of our best artists, although excellent of their kind,
I have frequently experienced considerable inconvenicnee in
passing over hilly ground, from not being able to elevate or
depress, as the casc might require, the forward end of the in-
strument.  The theodolite is represented by writers on the
subject, to be the perfection of instruments for this kind of
busipess, but however well it may be adapfed to surveying
in an open country ; it is altogether too unwicldy for use in
the woods. Considering that an instrument combining the
advantages of the theodolite in a portable form, would be n
desideratum, I had what I conceived to be such a one made,
to order, by Mr. Benj. Plalt, a very ingenious artist of Colum-
bus, Ohio—far a represcntation o%wlnch, see Fig. 1.¥
Lzplanation of the Figure, and description of the instru-

e R SEE: ; ment. R . ;

Fig. 1 represcnts a view of the “improved elevating com-
pass,” from a point somewhat lower than the compass box,

* Mr. Platt has for some time madc compasses on & similar construetion, and
their superiority is bringing them into general use in the western couptry, He
<alls it the patent elevating compass,
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as standing upright on its staff, with its forward end, or end
farthest from the observer, elevated at an angle of about for-
ty-five degrees. - 1R '

A, a hollow' plate, covering the whole bottom of the com-
pass box, and about four tenths of an inchin thickness on the
outer edge, a part of which plate projects and forms axles at
Dandd. ° o) B N T aie '

B and C, two bars about four tenths of an inch thick, encir-
cling the compass box and attached by screws to the joints
D.'t?, and turning on the aforesaid axles, © - ‘ot

E, a plate, the uppér part of which forms the card, or face
of the compass, to which is attached the graduated ring.- This
plate, provided with a nonius represented at O, and with two
spirit levels in the face of the compass, is turned at pleasure
by the trundle P, and made fast by the screw T. The nonius
should always be made to turn off, at least fifteen degrees.
Compasses are usually faulty in this respect. = "= - '

@G, a semicircle, graduated to degrees, and ‘attached to a
projection of the circular bars. s

]E'[, an index with a nonius, by which the divisions on the
semicircle may be read off for every five minutes, attached
by a screw, to the end of the axle at D, and. made- fast to
the semicircular arch, when necessary, by the thumb screw

stie o enolini s 4
- K,a trigonometer attached by screws to the circular bar, but
which may be conveniently carried in the pocket. It has'an
index or hand with a fiducial edge, so divided as to correspond
with the size of the divisions on the plate. One end of this
index turns around a centre at g, and the other comes over
the edge of the plate, (which forms an are of a circle, and is
_graduated up to 45° thence backward to 90°,) the index be-
ing thé hypothenuse, and the divisions on the plate, the legs,
of a right angled triangle. e R
L, ball and stem. Around the stem of the ball is 2 small
circular plate in contact with the screws a, b, ¢, which pass
through the top of the socket, and by which the compass may
be nicely adjusted to a }evel, when great accuracy is re-
uired. TR
3 M, a screw to regulate the ball, and N, another to faston
the socket to the staff. F oS
P, screw, which by means of a spiral spring, raises the
needle off the centre-pin, 3
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. B, a screw acting against the spring, 7, by which the com-
pass may be made fast to_the stem of the ball. 'This part of
the compass which fits on to the stem, runs up through the
plates, and has attached to it in the face of the compass, an

" index with. a nonius, (see fig. 2.) ' If the screw at R, which

fistens the compass to the part just described, be loosed, and
the screw S made tight ; thé compass may be turned around
at pleasure, while the index remains stationary—and thus
any contained angle may be measured, without reference to

-the needle, with great facility,

.T and V, are sight-vanes, with eye-holes and cross-hairs for
levelling. They need be but short, as they can be elevated
or depressed to the direction of the object at pleasure. ' *

Fig. 2 shows an oblique view of the face of the compass,’
with the needle, index, and levels, and also shows the manner
in which the parts of the joints arc put together.

This instrument, after a fair trinlpin surveying upwards of
five hundred miles, has fully answered my expectations. By
the addition of a telescopé, which may easily be made to the
sight-vanes, it will unite all the excellencies of the theodolite,
and have the advantage, that it may be divested of its appen-
dages for measuring vertical angles, and rendered as porta-
ble as a common circumferentor. The irigonometer which
is attached to it, may be carried in the pocket, and if well
made, will entirely supersede the nccessity of carrying a tra-
verse-table ;s on it, the latitude and departure for any
course, and ‘any ordinary distancé may bé seen at a glance.
The surveyor will find it a very convenient and expeditioys
method of megsuring the distance across streams, &c.—par-
ticularly if the weather be wet and he cannot use tables. -*

. The experience that I have had with ncedles of different
fornds, scems to confirm the truth of Professor Eaton’s re-
mark, (Am. Jour. of Science, vol. XII, page 16,) namely,
that “ the flat kinds are the best, which are wide in the mid-
dle, and of a true taper to the points.” Ihave been so well
convinced of this, that for several years T have nsed no other.
They should be nicely pointed, the south part blued by &
gentle heat, and the north part well polished. No letters, as
is usually seen in the face of compasses, to denote the cardin-
al points, ought ever to be placed on the card. They an-
swer a good purpose on the mariner’s compass, where the
position of the card is always the same with respect to the
cardinal points ; but on the surveyors compass, they will be
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very likely to mislead those who pay any attention to them.
A simple fleur de lis on the north part of the needle, is all that
is necessary, . . G ey
~ With a view to ‘the improvement of instruments, and to
obviate, if possible, some of'the difficulties and- embarrass-
ments which the practising surveyor. has to encounter, I. will

venture to add to the observations already made,.a few -
i e _Remw-f:,é on the errors af_iﬁe GOmpEss. ; '

. . Those in the use of. ordinary instruments, will be many,
such as may arise from impérfect graduations, &e. § ‘but ‘T
shall mention only a few of those which are common to all,
or at least the greater part. ‘ : Sess
Most of the compasses that I have seen, have steel centre-
pins passing through the card, and extending from an inch,
to an inch and a half below, and frequently of the size of &'
cominon crow’s quill, i SO e e
Should this pin by any means get magnetized, and acquire
polarity, as it will be very likely to do, E;rl standing in a verti-
cal position ; it is obvious, that in many cases, it might exert
a sensible influence upon the needle. The larger part of the
centre-pin which passes through the plate, should be of brass

or copper, and into this thie small steel pivot, on which the

needle librates, should be firmly screwed, = -

Much uncertainty and difficulty in the practice of survey-’
ing, pariicularly in tracing old lines, arises from the constant
changing of the declination of the needle.

. This difficulty might be obviated in relation to future sur-
veys, by carefully observing, once or twice every year, the ex-
act variation of the magnetic, from the true meridian ; and
by establishing a true meridian line for the adjustmeng of
different instruments.* LT . .

Such obscrvntions'beinﬁ made and registers of them kept,
at as many places as might be nccessary, we should thence,
knowing the dates of the different surveys thereafter made,
have the means of determining the precise bearing of a given
line at any time when it might be convenient, whether the
survey had been made by the magnetic, or by the true meri-
dian. . Such observations besides a practical, would have a

' # Mr, Gummore, author of an excellent treatise on the theory of surveying, I
think proposes something similar, See hiz discourse on land surveying.
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scientific value, and may be made at any place in a variety
of ways, with far less trouble than their importance might
demiand® o SeAnil b e e &5 e
: -.In O¢tober, 1822, in company with 1. Mullett, Esq., survey-
or general of Mic]:igan. I made several observations, to de-
termine the precise variation of the needle at Detroit, and
the mean of the different observations was 3° 13' 22" declin-
ation eastwardly. I have, during the present month, repeated

~ the observations in company with the same gentleman, and

find 2° 50’ variation eastwardly ; thus showing a traverse of
the magnetic meridian to the westward of 23’ 22" in little
more than five years, or about 4'y%; per year. On the Island
-of Michilimackmac in- July last, I found the variation; east-
wardly to be 2° 59', In the winter of 1825-6, on the Grand
River of Lake Michigan, in'the western part of the peninsula,
I observed the variation every clear night, for several months,
and every night in a different place, extending over a tract
of country 'about seventy miles long by twenty-four broad.
The results. were various, from 3° 45’ E,, to 6° E,, varying
sometimes 50”.in.a distance of six miles ; and that without
any apparent cause, as the country is entirely alluvial, and
scarely a trace of iron can be found. The declination, how-
ever, generally appeared to increase in going westwardly.
Practising surveyors, in all parts of the United States,
whether amongst the primitive mountains, or -on the alluvial
lains, often complain of the errors and perplexities arising

from the aberrations of the needle, and .suppose the cause,

which they call local attraction, to exist in the earth.

" In hilly countries, where ores abound, it is reasonable to
suppose that they may exert an influence upon the ncedle,
and sometimes cause it to vary from its general direction,
but 6n extensive alluvial plains, where there is no trace of ores
of any kind, its aberrations are, on this supposition, inexplica-
ble; and I am well convinced that in most cases they de-

end entirely on another cause, which I do not recollect to
nave seen mentioned by any writer on the subjeci, namely,
the developement of electricity or magnetism, or both, in
some part of the glass of the compass, by its friction against
the clothes of the person carrying the instrument. :

; * Mr. Mullett keeps 2 reglster of the daily varation at Detrolt,
Vor, XIV,~Neo. 2. - . 9
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The common:method of cnrrging the compass for conven-
ience and forithe ‘protection -of the glass, particularly in the
woods, is to throw it over the left arm, wilR its face 'towards
the body, holding one sight:vaneinthe hand, while the other
Jies'across'the:arm dbove the elbow.. e d 2 HdL

Inithis>position,'one part of the.glass will:frequently come

' 4n!contadt with the.covering ‘of the body ; .and I have found

by:abundant expericnce, that itis the part thus excited, which,
in ‘a.dry iatmosphere, very .often:produces the aberrations of
the needlé so:much complained of,'the :cause ‘of ‘which has
generally been considered:so inexplicable. ./ o
I believe, that in nine cases ‘out-ofiten, wherelocal attrac-
tion is -suspected, the surveyor need not:look'beyond-his in-
strument for the-cause. . :
Hometimes from this cause, when the compass.is set, and
the:needle l¢t:down onito ithe:centre-pin, it will swing-hastily
around to‘a certain position, where:it:will suddenly-stop,‘and
remain for:several minutes, until the «excitement appears'to
‘have’in some measure abated, when it:will Jeisurely move off
.and :appavently ‘assume its proper position. At:other times,
when the igurrounding:atmosphere is drier, antl circumstan-
«ves seem'more 'favorable ?tu!tﬁ&:-dovelopement -of the disturb-
ing ‘cause, 'the’needle whenlowered on 1o ithe ‘pivot, will fly
immediately 'to some jpoint in the . glass,.and inttach itself so
«closdly byione of itsiends, that itiis with. difficulty, that:it-can
‘be immediately removed. R ol sl

e

Note—~With o view toascertain ‘whether the attracting cause s -devalopet
(by friction:in an'cow glassos :adike, Lila monde -seyeral .experiments in
eompany with Mr.. ott ; .the result.of which was, that out of the four diffor-
ent com which we examined, Three, by nibbing afew Beconds on any

rpart of the glass‘with silicor weollen ¢loth, would aitreet the needle from twen-
40 eighty ‘degrees, andiheld it in-contectiwith ithe glass.from.five to fifteen
minutes. ti‘hsother,g!m. by rubbing, showed.no «of attraction, either.for

the necdle or electrometer—neither would an’ éxcited stick “of seiling wex, nor
. &wma- u;:vhan ﬁxﬁt:d,amut’{he moogli:‘ m%jmm
3 d,-‘thraug ithe other es:at @ -greater ance, - glass was
“!\}hl:z' laced over itha other nee(ﬁerwlth the same result. Henes we inferred
that li.ll glass had no affinity Tor the éleciric orélectro:magnetic fluid, and"that
it wagimpervious'torit. ° LT
_ Neither-ofins having ever beforemsed a:compase glass that could.not.bo.ex-
cited, this singular exception of the fourth glass induced us to try another ex-
periment, to see’ifa mﬁ magnet of "the same ‘dttractive power ‘as'Uhe-sealing
wax, jn relation to the other needles, when held at a certain distance, would at-
tract the needle through this glass, “The result proved that'it Would vary semsi-
bly. Henee then, if the: cause of theattraction of the needle, develaped in the
glass and sealing wax, be magnetism, thero'must be two'kinds ; ‘one that can
communicate its influence through this glass, and enother thafitannof,
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On one occasion, the needle of my compass was so strong-

* Iy attracted to the glass, that it was with.the greatest difficul-

ty that I could shake it off;. and when, I had succeeded in. de-
taching it, it would immediately return and adhere as firmly
ag before. AP D T SR S e

-In this dilemma, I washed the glass on both sides, in a
nelgi_xbonnf brook, which. secmed: to lessen the attraction
considerably, but so.strong, was- the excitement about the in-
strument; that near half an hour elapsed before I felt any con-
fidence in its accuracy. S e :
. Toobviate the errors arising from this source, by prevent-
ing the friction of the glass, Mr. Mullett proposes to cover
the face of the compass with two semicircular brass plates,
to turn on hinges; and so contrived that by means of a spring,
they can be made to fly open when required.¥- #
_ - F-will only add, that the surveyor's compass, or any other
instrument, depending on the needle, requires to be used
with great circumspection. ..

In order to ascertain, whether the ajtmetion of the necdle in the aforemen-
tioned cages, was caused by the electricity cxcited, or by magnetism, wrglech
from the’strong attraction of the necdle, I suspected might'be a concomitant, I

tly made a variety of experiments with different substances, by a very
delicate clectrometer, and a noedle nicely balanced. A stick of sealing
wax or a disk of polished glass, when excited, attracted and covered themselves
with iron filings, and also attracted the needle and electrometer ; but on Being
dipped in water, suddenly lost all their attractive power, and did not affect
the npedle. The disk of glass, howaver, when excited, did not scem to have
its attractive power materially lessened by holding it between two brass plates
for several minutes, and would attract either the electrometer or the needle ; but
the needls scemed the most sensitive, and would be attracted by a small excite-
ment of the glass, when the electrometer, which was 2 small down feather,
would pot be moved. The stick of scaling wax, or the glass when excited and
placed ona tea cup inapan of water, eould be drawn by & magnet from one side
of the pan to the other, to and fro, at pleasure, Thesame could also be done by
2 e of iron, a brass scale, or boxwood rule, or any thing clse with equal fi-

:¥n Hence it appears the attraction of the needle by the glass was not ow-
5:8 any mul:rm:ﬁﬁ;ty :if;lti:; ﬁcﬁﬁt{tof d:; glass for the magnetism of

o ncedle, at the elec attrae e samo virtue, and wi
same force l.}:?; it does all otb;r bodies. i S the

* This would answer, provided the glass is the only part of the instrument in
which the magnetic or electric influenes can, in t‘hﬁelz.s.-.:,- be developed, but ¥
have observed at times, that the whole of one part of the compass appeared to
‘be temporarily magnetized, and this is the only way that 1 could account for the
hasty swing and sudden stop of the needle before mentioned, when it was ap-
-parently, not at all influenced by the E}:- I have also observed in some in-
stances, when the needle t[:_semd to have been disturbed in settling, that put-
ting the hand toward it, would pttract it several degrees. 1 have never obsery-
ed this curlous pbenomenon, except when I had been walking, and suppose it
may be stiributed to the elactricity thus excited.  Mr, Mullett apd others, have
observed the same thing in similar clreumstances. g
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