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PREFACE.

Bensamin Pixe, Jr., in presenting to his friends
and the public the following Catalogue of Instruments,
desires to say, that he has been induced to undertake
the collection of materials for such a volume, from the
fact that no work corresponding to it is to be found,
and the information which it is intended to impanrt, can
only be gathered from a great variety of sources, many
of which are works not published in this country.
The rapid strides with which the sciences are advanc-
ing, and the fact that the arts and manufactures are
calling in the aid of some of these instruments to
facilitate their processes, while others may be employed
in every day use, renders such a volume as this alto-
gether appropriate and useful, if, indeed, it be not abso-
lutely indispensable.

He wishes it borne in mind, that he is not a man
of letters, but a mechanic,—a practical workman : this
will account for whatever imperfections may be found
in style, arrangement, &c..

'The instruments illustrated in our modern works on
natural philosophy are too frequently represented by
old and obsolete cuts, mere copies, book after book, for
many years back, furnishing but little idea of more
modern articles.

In presenting this volume, the first design has been
to illustrate by good drawings, and brief descriptions,
articles manufactured in his establishment, or imported

1%



vi PREFACE.

by him, in order that those desirous of obtaining appa-
ratus, and not having an opportunity of personal
examination, may yet be able to judge of the style,
quality, and price. The usual brevity of the descrip-
tions has in a few instances been departed from, where
the instrument has demanded a more extended notice.

Particular pains have been taken, and a large ex-
pense incurred, in the illustrations (numbering over 750)
of this Catalogue ; they are mostly original, and drawn
from the most modern and approved instruments.

These articles embrace every variety kept in an
extensive Optical and Philosophical Instrument Store;
and include almost every instrument used in natural
and experimental philosophy.

The author having devoted himself from carly youth
to the manufacture of these instruments on a some-
what extensive scale, is satisfied that his collection of
instruments is not surpassed, if equalled, by any in the
country, for extent, style, quality, or cheapness; he
therefore solicits with confidence a continuance of that
encouragement which he has in past years received,
and which he is determined to merit.

Professors of the sciences will find in his establish-
ment a full assortment of instruments suitable for
illustration and practical purposes. 'T'o his stock have
been recently added many large and valuable instru-
ments, and it will be his endeavor to continue to keep
pace with the growing demand for good instruments
among the scientific community.

Parents and guardians of youth, who feel desirous
of promoting a taste for Chemistry and Natural Phi-
losophy in the minds of the young, from seeing what
rapid advances these sciences are making, and how
necessary their acquaintance to all, will find nothing



PREFACE. vii

promote their wishes, nor their children’s enjoyment,
more than procuring for them an assortment of appa-
ratus, whereby they may be able to follow up practi-
cally those experiments of which they have read in
text books of science, or have seen in lectures. The
moderate prices of some of these articles are enumera-
ted at the end of this volume.

In the construction of apparatus, it will be the
maker’s aim to use the various pieces of apparatus to
the best advantage, by adapting them to the perform-
ance of as great a variety of purposes and experiments
as is possible.

The writer might enumerate to his patrons a num-
ber of diplomas and silver medals received for his
Air-Pumps, Galvanic Batteries, Magnetic Machines,
Barometers, Theodolites, Magic-Lanterns, Sliders, &c.,
at various Fairs of different Institutes; and also the
commendatory letters of distinguished Professors in
various Colleges and Universities, who are using in-
struments of his manufacture ; but having been long
established in this business, he trusts that the charac-
ter of his instruments is understood, without further
reference.

He would beg leave to notice his improved Magnetic
Machines for medical purposes; and though, unlike
many that have followed in his wake, he has not
trumpeted abroad the various cures the instrument has
accomplished, yet the remarkable cures it has and still
is effecting, are beyond question, although he has de-
clined to publish cases, from the fact that the most
remarkable are among some of the very first families
of this city, and elsewhere, to whom it would not be
agreeable to have an account of their infirmities seen
in print. Let it suffice to say, that this instrument arose
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to its high reputation, by no efforts of his own to give
it publicity, but solely by the cures it accomplished,
and which are now very generally known.

As every maker of these instruments claims to make
the best, and the last usually makes the loudest claim,
he would simply state that his instrument has been,
without solicitation, purchased and used by every Hos-
pital and Medical Institution in this city and vicinity,
and by almost every Physician, as well as by over one
thousand of our own citizens, and also by distinguished
persons in various parts of this country and in foreign
lands.

His stock of Telescopes and Microscopes will be
found very extensive, and together with Optical Lenses
and Sliders for the Magic Lantern, form the principal
articles that are imported; and for obtaining these
from London and Paris direct, and at low rates, he is
possessed of unusual facilities.

As the Microscope is capable of affording a vast field
for amusement and instruction, opening a new world
and displaying the most extensive scenes of creative
power, wisdomn, and design; and it being difficult to
find in print any information concerning it, a minute
description of one of the kinds is given, which will be
found applicable to all the others; also particular
directions for procuring and applying some of the most
interesting subjects for examination.

In regard to Spectacles, Eye-Glasses, and Lenses for
optical purposes of every description, his assortment is
most extensive and complete. To this branch of his
business he devotes special attention, furnishing Glasses
or Pebbles that are truly ground, and properly adapted
to the sight; feeling that so important a matter as






Laztracts from Notices of the First Edition by the
Press.

“ A new and useful work, in two neatly-printed and profusely illus-
trated volumes, and can not but be exceedingly useful as giving pub-
licity to one of the best assorted and beantifully finished collections of
Philospphical, Mechanical, and Chemical Apparatus, in the country.
Bach instrument is described, and its price appended, together with
much other valuable information, not easily obtained elsewhere.”—
Farmer and Mechanic.

“In these volumes the latest and most improved Chemical, Mathe-
matical, and Philosophical instruments of all kinds, are fully described
and arranged under appropriate heads. An engraving of cach accom-
panies the description, which embraces the particulars of the construc-
tion, and uscs of each article, and also the price at which it can be
procured.”—Day-Book.

““This book will be found a convenicnt manual of reference for in-
struction in the necessary manipulations of philosophical apparatus :
the requisite information upon which has hitherto been scattered
through many volumes. . . . . An instance of private enterprise to
which no parallel exists in this country; nor indeed are we aware of
anything, covering so large a field, being put forth in the unpretend-
ing shape of a list of mauufactured articles, even from European
presses. . . . . Such a catalogue must be a valuable boon to all who
are engaged in scientific pursuits ; and professors of colleges, teachers,
and others, will find it of infinite service ‘in the selection and use of
illustrative apparatus in every department of science.””’—Lit’y World.

““The information embodied in this work must prove valuable, if *
not indispensable, to men of seience and skill, to the manufacturer
and mechanic, and indeed to all who have taken an interest in the ex-
perimental operations of natural philosophy, and the progressive ad-
vancement of science. It will interest the curious in such matters,
while it becomes a vademecum to the man of science.”—2Merchant’s May.

“No similar catalogue can be found elsewhere. The work is not a
mere catalogue ; it is & museum to which the lovers of science may re-
sort, and where they may examine the various apparatus which have
been contrived to illustrate and explain the phenomena of nature, or
to explore ‘the heavens above and the earth beneath, and the waters
that are upon the earth.” The work is embellished with over seven
hundred and fifty good engravings of all manner of instruments, which
are here thoroughly delineated and described, in the various depart-
ments of the arts—Electricity, Galvanism, Magnetism, Pnenmatics,
Hydrostaties, Mechanics, Optics, Astronomy, Meteorology, Naviga-
tion, Surveying, Chemistry, &c. The prices of the article are plain-
ly designated. = The work is neatly bound and finished—altogether,
being a curions and interesting publication.”—7ribune.

“These two volumes contain cuts and descriptions illustrative of
the construction and uses of the great variety of instruments, &c.,
manufactured by the author. ¢Pike’s’ has long been a resort for
everything in the way of instruments in use by the different lcarned
professions.”—N. Y. Observer.



CATALOGUE, &c.

A CASE OF MATHEMATICAL INSTRUMENTS.

A Pocket Case of Mathematical Instruments (see Fig. 1,
next page) usually contains the following, viz. :

Pair of 5-inch plain compasses,

Pair of 6-inch drawing compasses, with one leg or point
movable, ¢

3 Pencil point,

4 Ink point,

5 One for dotting, :

6 Drawing pen, with a protracting pin in the handle,

7

8

9

RO =t

Protractor in the form of a semicircle,
Plain scale,
Parallel rule,
10 Sometimes a sector,
11 Also sometimes a bow pen,
12 Pencil.
Price $3.50; $5.00; $8.50.

A Magazine Case of Instruments (see Fig. 2, page 14),
of fine quality, contains—

Pair of 6-inch drawing compasses, with a movable leg,

Ink point, .

Pencil point,

Lengthening piece,

Pair of 5-inch hair compasses,

Drawing pen, with ivory handle,

Bow pen,

Bow pencil,

Knife, ﬁlq, key, and screw-driver, for the compasses, in
one piece,

Q=T Ot h W WK
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MATHEMATICAL INSTRUMEKTS. 15

COMPASSES.

Coupasses are made of brass, or fine German silver, and
with steel points. In good instruments the joints should
be framed of different substances ; one side or part should be
of German silver or brass, and the other of steel, as the
difference in the metals diminishes the wear and promotes
uniformity in their motion ; all shake and irregularity at the
joint is a sign of imperfection. The points should be of
steel, so tempered as neither to be easily bent nor broken;
fine and tapering, and meeting closely when shut.

Plain compasses are used to measure small distances, and
for subdividing them; drawing circles, arches, or for con-
strueting any proposed figure; in plotting, or making plans.
The use of the compasses occurs in every branch of prac-
tical mathematics.

The Drawing Compass. —(Flg 3, page 17.)—These com-
passes are chiefly designed for drawing circles and circular
arches; and it is often 1 necessary they should be drawn with
different materials, and therefore this pair of compasses has,
in one of its legs, a triangular socket and screw, to receive
and fasten the following parts or points for that purpose, viz. :

1. A steel point, which, being fixed in the socket, makes
the compasses then but a plain pair for drawing blank circles,
setting off lines, &ec.

2. A pencil point (Fig. 4, page 17), for receiving a pencil
or crayon, in using which the lines can be easily rubbed out
if not right.

3. The dotting points (Fig. 5, page 17), or dotting pen,
with a small indented wheel at the end, moving very freely,
and receiving ink from the pen over it, communicates the
same in equal and regular dots upon the paper, where dotted
lines are chosen. In the most costly instruments one of the
blades of this instrument is jointed, and by loosening the
screw, may be separated from the othery and wheels mark-
ing different figures used ; as a dot, a short line, a long line,
a dot and a line, two dots and a line, &e. Also, by taking
off the wheel it may be used as.a pen for drawing very wide

-



16 BENJ, PIKE’S, JR., DESCRIPTIVE CATALOGUE.

ink lines, the pen causing the ink to flow freely in a very
wide line.

4. The ink point, or pen, (Fig. 6, page 17), for drawing
and describing lines in ink; for this purpose the two blades
or sides of the pen are opened or closed with an adjusting
screw, that the line drawn may be as fine or as coarse as
you please ; in fine instruments, one of the blades is framed
with a joint, that the points may be separated, and thus
cleaned more conveniently. In the pencil point, dotter, and
pen point, there is a joint by which you can set the iower
part always perpendicular to the paper, which is necessary
for drawing a line well in every opening of the compasses.

5. Lengthener—(Fig. 7, page 17.)—One or two additional
pieces are often applied to the best compasses; these by
lengthening the leg enable them to strike larger circles, or
measure greater extents than they would otherwise per-
form, and that without the inconvenience that would attend
using long compasses.

Compasses of the best kind are frequently framed at the
end of the shank, so as to form a strong spring, and the
points and lengthener slide into this socket, and are firmly
held. The best description are furnished with joints in one °
or both legs, that they may be placed perpendicular to the
paper. Price, in German silver, $12 to $18.

Hair Compasses.—(Fig. 8, page 19.)—They are so named,
on account of a contrivance in the shank to set them with
greater accuracy than can be effected by the motion of the
joint alone. One of the steel points is fastened near the
top of the compasses, and may be moved very gradually by
turning the screw either backwards or forwards. To use
these compasses, 1st, place the leg to which the screw is
annexed, outermost ; 2d, set the fixed leg on that point from
whence the extent is to be taken ; 8d, open the compasses
as nearly as possible to the required distance, and then
make the points accurately coincide therewith, by turning
the screw. Price, in brass, - $2.00 to $3.00.

“ in German silver, $2.00 to $4.00.

The Drawing Ren—(Fig. 9, page 19.)—This pen is used
to draw straight lines ; it consists of two blades with steel
points fixed to a handle. The blades are so bent that the
ends of the steel points meet, and yet leave a sufficient cavity

-
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Fig. 7.
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for the ink ; the blades may be opened more or less by a
screw, and being properly set, will draw an equal and regu-
lar'line of any desirable thickness. One of the blades is
formed with a joint, but the points may be separated and
thus cleaned more conveniently, A small spring is some-
times inserted between the blades, to act against the mov-
able blade, and serves to steady it in drawing wide lines; in
pens with metal handles there is usually inserted in the
middle part a fine point, which, when unscrewed, can be used
for making a nice dot, or mark, on paper; or to set off
divisions from the protractor. Price, $1.25.

The Steel Drawing Pen.—(Fig. 10, page 19.)—Is form-
ed of two blades of steel joined at the top, both immovable
except from the spring of the steel, and terminated with
very fine points. The screw in the middle of the blades
will draw the points close together, or allow them to sepa-
rate sufficiently to clean. This pen is mostly used for very
fine lines, and is mounted with an ivory handle.

Price, $1.25.

The Road Pen (Fig, 11, page 19), or double drawing
pen, is formed of two steel pens joined together with a
handle, and having a serew whereby they can be set nearer
or wider, at the pleasure of the drawer, and will draw two
parallel lines in any direction; is much used in laying down
roads and canals, in drawings where they are required.

Price, $3.00 and $3.50.

The Dotting Pen.—(Fig. 12, page 19.)—This instrument
consists of two blades of metal, formed as the drawing pen,
one of which is jointed, and by loosening the screw may be
separated from the other at its point ; near the point of the
fixed blade is fastened a short pin, on which small indented
steel wheels of different figures can be placed, and allowed
to revolve freely when passed over paper; it is fed with ink
from the blades over it, and communicates the same in equal
and regular dots, lines, ar a combination of dots and lines,
according to the figure of the wheels or rollers used. This
instrument is particularly useful where a number of courses
are to be laid down on one map or plan, and it is required
to distinguish each readily. It may also be used without
the rollers as a drawing pen for drawing very wide ink lines;
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the width of the point and the pin causing the ink to flow
freely, in a much wider line than the usual drawing pen.
This is a very beautiful instrument, and when well made
its use may be of great advantage in many drawings.

Price, $2.25 to $6 00.

Needle Holder—(Fig. 13, page 19.)—1Is used for holding
a needle, or other fine point, in pricking off spaces from the
protractor, scales, etc. It conmsists of an ivory handle,
terminated with a small round metallic shaft and point,
perforated with a small hole and slit, on this moves a slide ;
when the needle is introduced, the slide is drawn down, and
the needle held firmly for use; the top of the handle is
made to serew off, having a cavity for holding the needles.

Price, in German silver, $1.25.

(Fig. 14, page 19.)—The knife, file, key, and screw-
driver for the compasses in one piece. Price $1.25.

Bow Compasses.—The common compasses are not so well
adapted for small drawings as this small kind, called
Bows ; they are used to describe small circles and arches,
which may be nicely drawn with them, as, from the shape
of the head, which is a short stem or shaft, the instrument
may be made to roll with great ease between the fingers.

Bow Pen. -—(Flg 15, page 21.)—The same as the last
with the ink point or pen, instead of the plain point.

Price, in brass, $1.00.
“ in German silver, $1.38.

Bow Pencil—(Fig. 16, page 21.)—The same, with the
pencil point in place of the plain pomt
Price, in brass, $1.00.
“ " in German silver, $1.38.

Bow Pen, jointed in the legs. -—(Fw 17, page 21 )
Price, in brass," 3.00.
¢ in German silver, $3 75.

Bow Pencil, jointed in the legs. —-(FIO' 18, page 21.)
Price, in brass, $3.00
“ in German silver, $3.75.
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Fine French Bow Pen—(Fig. 19, page 21.)
Price $1.75 to 3.00.

Bow Compass, with shifting leg and points.—(Fig. 20,
page 21.)—The general construction is the same as the
ordinary compass, with a socket in the leg to insert the ink
or pencil point at pleasure, as in the Luge drawing com-
passes. Price, $2.50 to 3.50.

Steel Bow Dividers—(Fig. 21, page 21.)—These are a
still finer description of instrument, much used by good
draughtsmen in forming small centres, repeating divisions
of a small but-equal extent, ete. Price, $2.00.

Steel Dow Pen.—(Fig. 22, page 23.)—The same as the
steel bow, with the ink point in place of the plain point.
Price, $2.25.
-

Steel Bow Pencil—(Fig. 23, page 23.)—The same as
the steel bow, with the pencil point in place of the plain
point. Price, $2.25.

The Universal Bow is formed as a bow pencil, and has a
shaft with one end finely pointed, and on the other a pen
for ink, either end of this can be inserted in the pencil
holder, and secured by its spring or screw ; thus combining
the three in one instrument. Price, $3 00 to 4.00.

Needle Point Instruments.—(Fig. 24, page 28.)—Com-
passes and bow instruments are sometimes formed with
arrangements for using needles for their points, and are
called needle point instruments, and serve very well for
delicate purposes. We give here a representation of a bow
instrument with needle point, and the ink and pencil points
to turn on a swivel, either of which can be in a moment
brought into use ; the bow is also jointed in the legs. It
is a very desirable and useful instrument.

Price, $3.50 to 7.00.

Proportional Compasses (Fig. 25, page 25), consists of
two parts or sides of brass, which lie upen each other so
nicely as to appear but one when they are shut. These
sides easily open, and move about a centre which ‘is itself
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movable in a hollow canal cut through the greater part of
their length. To this centre, on each side, is affixed a slid-
ing piece of a small length, with a fine line drawn on it,
serving as an index, to be set against other lines or divisions
placed upon the compasses. Thus, by placing the index
against 1, and screwing it fast, if you open the compasses
then the distance between the points at each end will be
equal. If you place the index against 2, and open the com-
passes, the distance between the points of the longer legs
will be twice the distance hetween the shorter ones; and
thus a line is bisected, or divided, into two equal parts, If
the index be placed against 3, and the compasses opened,
the distance between the points will be as 3 to 1, and so a line
Fig. 24,
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is divided into three equal parts; and thus you proceed for
any number of parts under 10 or 12. There are also some-
times placed on the face, a scale of plans, solids, and circles.
They are sometimes made with an adjusting screw, or a
tooth and pinion to move the slide, and which admits of
great nicety in the adjustment of the index.
Price, in brass, $4.50 ; with rack and } £6.50
pinion motion, e
¢ German silver, $7.00; “ “ $8.50.
“  with adjusting points, $2.00 extra.

Bisecting Compasses, or whole and halves.—(Fig. 26,
page 25.)—A name given to these compasses, because,
when the longer legs are opened to any given line, the
shorter ones will be opened to the half of that line; being
always a bisection.

Price, in brass, $2.00 to $3.00.
“ in German silver, §3.00.

Triangular Compasses.—(Fig. 27, page 25.)—They con-
sist of a pair of compasses, to whose head a joint and
socket is fitted for the reception of a third leg, which may
be moved in almost every dircction. These compasses,
though _exceedingly useful, are but little known ; they are
very serviceable in copying all kinds of drawings, as from
two fixed points they will always ascertain the exact posi-
tion of a third point.

Price, in German silver, $5.00 and $7.00.

The Pillar Compasses.—(Fig. 28, page 27.)—A universal
instrument, and is, when opened, about six inches long ;
the points are made to turn up so as to occupy but about
half that space; within the two legs are contained the ink
and pencil points, held firmly by a spring joint; ecither of
these can be taken out and the plain points inserted in their
places. Thus, by shifting them around, making a pair of
compasses with plain point, ink point, and pencil point.
Also, the points can be used—taken out of the legs of the
instrument—as bow pen, and bow pencil, there being a
small head attached to each for that purpose. This instru-
ment forms in itself a pocket case of instruments.

Price, in brass, $4.00 to $6.50.
“ in German silver, $5.00 to $10.00.
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The Universal Tube Compass, with poinls to turn.—
(Fig. 29, page 29.)—This instrument consists of two Ger-
man silver or brass tubes, connected by a joint as other
compasses, having other tubes sliding firmly and evenly
within them ; at the outer ends of the inner tubes are affixed
a joint and pieces, to which are attached the points, which
are fixed in pairs; the pencil point at one end, and a plain
point at the other, in one arrangement, and the ink point
and a plain point in the other arrangement; each of which
is movable in a swivel, and can be turned round so as to
bring either point into use as may be required. When a
longer space is wanted than can be conveniently extended
in the ordinary state of the instrument, the movable tubes
can be drawn out, and thus a larger pair of compasses form-
ed. They also can be used as a beam compass within the
limits of the slides, having both the points turned parallel
to each other, and also perpendicular with the paper.

Price, in German silver, $12.00.

Beam Compasses (Figs. 30 and 31, page 27) are used
for describing large arches, and bisecting lines or arches.
These compasses consist of a long beam, made of brass or
wood, furnished with two brass boxes, the one fixed at
the end, the other sliding along the beam, to any part of
which it may be firmly fixed by a screw. An adjusting
screw is adapted to the box at the end of ihe beam; by
this the point connected therewith may be moved with
extreme regularity and exactness.

Price, $4.00 to 10.00.

Drawing Pins (Fig. 32, page 29), are used for fastening
to the drawing board paper, for which purpose one is
pressed through each corner of the paper into the board,
firmly securing the paper thereby.

Price, in brass, per dozen, 75cts.
¢ in German silver, do. 88cts.

Metal Centres, having two or more very delicate pins, to
fasten to the paper used in drawing, where the points of the
dividers are frequently to be placed on one centre, and
preventing the injury to the paper that would arise from
placing the points thereon many times.

Price, 25 to 50cts.
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The Protractor (Fig. 33, page 30) is an instrument used
to protract, or lay down an angle containing any number
of degrees, or to find how many degrees are contained in
any given angle. .

The Semicircular Protractor is divided into one hundred
and eighty equal parts or degrees, which are numbered at
every tenth degree each way, for the convenience of
xeckoning either from the right hand towards the left, or
from the left towards the right; or the more easily to lay
down an angle from either end of the line, beginning at
each end with 10, 20, ete., and proceeding to 180 degrees.
The straight side is the diameter of the semicirele, and the
mark or small notch in the middle points out the centre.

Price, in brass, 4 inch 50cts.

“© é“ 5 ¢« 75CLS.

6 inch, divided to one-half degrees, $1.25.
7 inch, $1.50.

Ivory Protractors (Fig. 34, page 31), in the form of a
parallelogram, or long square, are usually contained in the
best cases of mathematical instruments, and are more exact
than the common semicircular ones for angles to forty or
fifty degrees; because at and about each end the divisions
being further from the centre are larger ; the side of these
protractors to be applied to the paper is flat, on which is
marked the lines of the plane scale, and that whereon the
degrees are marked is sloped away to the edge, that an
angle may be more easily measured, and the divisions set
off with greater exactness. Price, $1.50 to $4.00.

Protractors of Horn are, from their transparency, very
convenient in measuring angles, and raising perpendiculars.
When they are out of use they should be kept in a book to

prevent their warping. Price, 4 inch, 25cts.
£ 5. R,
6 inch, divided to half degrees, 88cts.

g co 4 % ] $1.25.

The Plane Scale—(Fig. 35, page 33.)—The divisions
used for measuring straight lines are called scales of equal
parts, and are of various lengths, for the convenicnce.of
delineating any figure of a larger or smaller size, according
to the fancy or purposes of the draughtsman. They are a
measure in miniature for laying down upon paper, &e.,
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Fig. 33. any known measure, as
chains, yards, feet, &e. ;
and the plan will be
larger or smaller as the
scale contains a smaller
or greater number of
partsin theinch. Hence
a variety of scales are
useful to lay down lines
of any required length,
and of a convenient pro-
portion with respect to
the size of the drawing.
If none of the scales
happen to suit the pur-
pose, recourse should
be had to the sector.

The plane scale (Fig.
35),in the common cases
of instruments, has the
following lines of scales
upon it, viz. 1. A line
of 6 inches. 2. A line
of 50 equal parts. 3. A
diagonal scale. 4. A
line of chords marked
C. 5. Seven particular
scales of equal parts,
or decimal scales of dif-
ferent sizes. The num-
bers placed at the beginning of each denote how many of
the small divisions at the beginning are contained in one
inch, viz. 20, 25, 30, 85, 40, 45, 55. On the lines over the
spaces containing the decimal divisions, is marked a line of
twelve parts to the same space, answering for measures re-
duced from feet and inches.

T'he line of chords.—This line is used to set off an angle
from a given point in any right line, or to measure the quan-
tity of an angle already laid down. Thus, to dvaw an
angle of a given number of degrees, say 85, open your
compasses to the extent of 60 degrees upon the line of
chords, and with that opening of the compasses describe an
arch ; then, taking the extent of 85 degrees from the chord
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line, set it in the arch described, and the angle formed by
lines drawn through these points is 85 degrees. The de-
grees contained in an angle to be measured, are found in
nearly the same manner.
Price, in ivory, 6 inch,  88cts.; 12 inch, $3.00 to $8.00.

“ in brass, ¢ ¢ $1.50 o« $3.00.

The Sector—(Fig. 36, page 85.)—Of all mathematical
instruments that have been contrived to facilitate the art of
drawing, there is none so extensive in its use as the sector.
It is a universal scale. It not only contains the most useful
lines, but by its nature renders them of general application ;
uniting, as it were, angles and parallel lines, the rule and
the compass. The sector is usually six inches long when
closed, and forms a rule of twelve inches long when open.
The sector consisting of two pairs, or legs, movable upon a
central joint, it is requisite that the lines should be laid on
the sector by pairs, viz. one of a sort on each leg, and all
of them issuing from the centre; all of the same length,
and every two containing the same angle. The scales or
lines graduated upon the faces of the instrument, and which
are used as sectoral lines, are, 1, two scales of equal parts
called the line of lines, and marked L; 2, two scales of
chords, marked ¢; 3, two scales of secants, marked s; 4, a
line of polygons, marked por. Upon the other face; 5,
two lines of sines, marked s; 6, two lines of tangents, mark-
ed T; 7, another line of tangents extending from 45 to 75
degrees; the first only extending to 50. DBesides these,
when the sector is quite opened, there is on one side, I,
Gunter’s line of artificlal numbers, marked ~; 2, line of
artificial sines, marked s: 3, line of artificial tangents,
marked t; and on the other side a line of twelve Inches
divided in tenths, and on the edge, the foot divided into
100 parts. To explain the proper use of all these sectoral
lines would require more space than can be given in this
work. A few examples will be given.

1. In the line of equal parts—Having three numbers
givén to find a fourth proportional. To do this, take in
your compasses the lateral extent of sixteen divisions in the
line of lines, and apply it by a proper opening of the sector
from 4 to 4 in these lines; then take the parallel distance
from 7 to 7 in your compasses, with the same opening of
the sector, and apply one foot of the compasses to the com-
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mencement of these lines, and the other will fall on 28, the
number required. For as 4 is to 7 so 1s 16 to 28.

2. In the Lines of Chords—Suppose it required to lay
off an angle equal to 25 degrees, with any convenient
opening of the sector, take the extent in the lines marked
¢, from 60 to 60, and with it describe an arch indefinitely ;
then, with the same opening of the sector, take the parallel
distance from 25 to 25, and set it in the arch described,
lines drawn from these points in the arch to its centre, will
give the angle required.

3. In the Lines of Sines.—The lines of sines, tangents,
and secants, are used in conjunction with the line of lines in
the solution of all the cases of plain trigonometry ; thus,
suppose we are 230 feet from a spire, or elevation, the
aeight of which we wish to measure, we ascertain the angle
ormed at that distance by the base and point of the spire
py means of a quadrant, and find it to be 36 degrees and
30 minutes ; consequently, the other angle being its com-
plement must be 537 degrees; we now take the lateral
distance, 230, from the line of lines, and make it a parallel
from 58} degrees to 53; degrees in the line of lines; then
the parallel distance between 363 in the same lines, will
reach laterally from the centre to 170 in the line of lines,
for the height of the spire 170 feet.

4. Polygons.—If we open the sector any convenient
distance, and iake with the compasses the distance 6 and 6
on these lines, and inseribe a circle, the whole circumference
will be divided by it into 6 parts; then, if you take the
distance 4 and 4 on the same lines, it will be divided into
four parts, and you have a square inscribed in the circle;
if you take 7 and 7 you have a heptagon, or seven sided
figure, and so on with izll the divisions of these scales.

A great number of problems of much interest may be
solved by means of these, and the other lines of the sector.

Price, in ivory, $1.50.
¢ in brass, $1.50.

Architect’s Scale—~(¥ig. 3%, page 37.)—Scales are usually
divided into tenths ; those expressly for architects are divided
into twelve parts, to correspond to the measure used by
carpenters and masons. They are usually made of ivory,
and six, nine, and twelve inches long; one side is slanted
off at each edge, having scales of L, L, L, 1 inch, marked
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thereon ; these are very convenient, as any proportion may
be marked off, from the edge, directly on the drawing,
without the use of a pair of dividers; the scales on the
other part are usually 2, %, 2, Z, and on the other side of
the scale 11, 11, 13, 2, 21, 21, 3 inch.
Price, 6 in. In ivory, $2.50.; 9 in. $3.00.; 12 in. §4.00.
¢ in brass, from - - $1.00. to $3.00.

The Parallel Rule (Fig. 38, page 37) is used for drawing
one or more lines parallel to, or equally distant from, any
line proposed. It consists of two straight rules, which are
connected together, and always maintained in a parallel
position by the two equal and parallel bars, which move
very freely on the centre, or rivets, by which they are
fastened to the straight rules.

Price, in black ebony, 6 in., 62¢. ; 9 in., 88c.; 12 in., $1;

15 in., $1.25; 18in., $1.50;
24 in., $2.50; 36 in., $5.00.
“ inivory, 6 in., $1.50; 12 in., $3.00.

Double Parallel Rule—(Fig. 39, page 88.)—This instru-
ment consists of two equal flat rules, and a middle picce ;
they are connected together by four brass bars. The ends
of two bars are riveted on the middle line of onc of the
straight rules ; the ends of the other two bars are riveted
on the middle line of the other straight rule; the other
ends of the brass bars are taken two and two, and 1iveted
on the middle piece, as is evident from the figure ; the brass
bars move freely on their rivets, as so many centres. The
advantage of this rule is, that in using it the movable rule
may always be so placed, that its ends may be exactly over,
or even with, the ends of the fixed rule; whereas, in the
former kind, they are always shifting away from the ends
of the fixed rule. Price, 6 inch, ivory, $3.50.

“ 12 o« “  §7.00.

Eckhardt's, or Rolling Parallel Rule—(Fig. 40, page
38.)~~This is a rule of black ebony, with slips of ivory laid
on the edges of the rule, and divided into inches and tenths.
The rule is supported by two small wheels, which are con-
nected together by a long axis, the wheels being exactly of
the same size, and their rolling surfaces being parallel to the
axis; when they are rolled backwards or forwards, the axis
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and rule will move in a
direction parallel to them-
selves. The wheels are
somewhat indented, to pre-
vent their sliding on the
paper; small ivory cylin-
ders are sometimes affixed
to the rollers, as in the
figure. The circumferences
of these are so adjusted,
that they indicate with ex-
actness the parts of an inch
moved through by the
rule.

In rolling these rules,
one hand only must be used,
and the fingers should be
placed nearly in the mid-
dle of the rule, that one
end may not have a ten-
dency to move faster than
the other; the wheels only
should touch the paper
when the rule is moving,
and the surface of the pa-
per smooth and flat.

Price, 12 in., $5.50.

The T Square—(Figs.
41 and 42, page 89.)—
This is a very useful article
in drawing. A ruler, about
two to three feet in length,
made of hard wood, or
steel, is fixed, as a square,
to the middle of a piece
of hard wood, about one
foot long and two inches
wide, and on one side a loose piece is fastened by a thumb
screw, which passes through both pieces, allowing both to be
clamped together at any angle, thus forming a bevel.

The head of the square, applied close to the edge of a
true drawing board, will admit of true lines being drawn as
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well as oblique ones, with more ease and expedition than by
the common parallel rule.
Price, 75 cts. to $2.50.
o with steel blade, $3.00 to $5.00.

The T Square and Protractor.—(Fig. 43, page 39.)—
This instrument is formed of a divided arc of brass, usually
about ten inches in diameter, whose graduation commences
at the middle, and is continued each way to 90 degrees; at
the centre of the arc is attached a movable arm, about 30
inches long ; at the shorter end is a vernier, running on the
graduated are, and subdividing the degrees of the arc into
minutes, and having a spring bent over to the under side of
the arc, with a screw to clamp it fast in any position. Used
on a true drawing board, this instrument is simple and con-
venient, answering all the purposes of plotting and protract-
ing of a square and bevel, and for drawing parallel lines in
different directions. Price, $7.00 to $12.00.

GQauge for measuring Diameters, Interiors, etic.—(Fig. 44,
page 39), with steel blades and brass sliding bars, the bars
sliding within each other, and graduated to inches and
tenths, with one, two, or three slides.

Price, $1.50 to $7.50.

Draughtsman’s Squares—(Figs. 45 and 46, page 39.)—
These squares are best made of hard wood, and are used
with a common flat ruler, one of the edges of the square
being placed against the rule, and by holding the rule fast,
and moving the square, parallel lines may be drawn with
ease and accuracy. One of the squares represented is a
solid one, having a hole for the finger to move it by. The
other is open in the centre, and is used where they are
required of a large size.

Price 25 cents to 75 cents.

Curves.—(see pages 41, 42, 43.)—These are various in
shape and size, and from 6 to 24 inches long. Their use is
to present a varlety of forms for drawing curves, and they
are extensively used in naval architecture and other draw-
ings. Price, 38 cents to 50 cents each.

The set of 25, $7.
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Fig.47.  Fig. 48, Fig. 49. Fig. 50.
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Fig. 56. Fig. 57. Fig. 58.

Fig. 60

Fig. 61
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Fig. 65. Fig. 66. Fig. 67.

Fig. 73.

Centrolinead.—(Fig. 74, page 45.)—The Centrolinead is an
instrument used in perspective drawing, for drawing lines to-
wards a distant centre, as towards a distant vanishing point.
They are made in pairs right and left. In the cut, the blades
are represented as broken off.  Price, with blades, each $10.

Improved Circular Protractor—(Fig. 75, page 45.)—
This instrument consists of an entire circle, A A, connected
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with its centre by four radial bars, @ a. &e. The centre of
the metal is removed, and a circular disk of glass fixed in
its place, on which are drawn two lines crossing each other
at right angles, and dividing the small circle into four quad-
rants, the intersection of the lines denoting the centre of the
protractor. When the instrument is used for laying down
an angle, the protractor must be so placed on the paper
that its centre exactly coincides with, or covers the angular
point ; which may easily be done, as the paper can be seen
through the glass centre-piece.

Round the centre, and concentric with the circle, is fitted
a collar, b, carrying two arms, ¢ ¢, one of which has a
vernier at its extremity adapted to the divided circle, and
the other a milled-head, d, which turns a pinion, working
in a toothed rack round the exterior circle of the instrument;
sometimes a third arm is applied at right angles to the
other two, to which the pinion is attached, and a vernier
can then, if required, be applied to each of the other two,
and it also prevents the observer disturbing that part of the
instrument with his hand when moving the pinion. The
rack and pinion give motion to the arms, which can thus be
turned quite round the circle for setting the vernier to any
angle that may be required. Upon a joint near the extremi-
ty of -the two arms (which form a diameter to the circle)
turns a branch, e ¢, which for packing may be folded over
the face of the instrument, but when in use must be placed
in the position shown in the figure : these branches carry,
near each of their extremities, a fine steel pricker, the two
points of which, and the centre of the protractor, must, for
the instrument to be correct, be in the same straight line.
The points are prevented from scratching the paper as the
arms are moved round, by steel springs, which Iift the
branches a small quantity, so that, after setting the centre
of the protractor over the angular point, and the vernier in
its required position, a slight downward pressure must be
given to the branches, and each of the points will make a
fine puncture in the paper; a line drawn through one of
these punctures and the angular point will be the line
required to form the angle.

Any inaccuracy in placing the centre of the protractor
over the angular point may easily be discovered, for, if in-
coriectly done, a straight line drawn through the two
punctures in the paper will not pass through the angular
point, which it will do, if all be correct.
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The face of the glass centre-piece, on which the lines are
drawn, is placed as nearly even with the under surface of the
instrument as possible, that no parallax may be occasioned
by a space between the lines and the surface of the paper.

By help of the vernier, the protractor is graduated to
single minutes, which, taking into consideration the numer-
ous sources of inaccuracy in this kind of proceeding, is the
smallest angular quantity that we can pretend to lay down
with certainty. Price, $18.00 to $40.00.

Fig. 74
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The Pantagraph.—(Fig. 76, as above.)—The pantagraph
is usually made of ebony or brass, from 12 to 24 inches long,
and consists of four flat rules, two of them long and two of
them short. The two longer are joined at the end by a
double pivot, which is fixed to one of the rules, and works in
two small holes placed at the end of the other. Under the
joint is an ivory castor, to support this end of the instrument.
The two smaller rules are fixed by pivots near the middle of
the larger rules, and are also joined together at their other
end; by the construction of this instrument, the four rules
always form a parallelogram. There is a sliding box on the
longer arm, and another on the shorter arm. These boxes
may be fixed at any part of the rules, by means of their
milled head screws; each of thése boxes is furnished with
a cylindrical tube, to carry cither the tracing point, erayon,
or fulerum. The fulerum or support, B, Fig. 76, is a leaden
weight ; on this the whole instrument moves when in use,
there being movable rollers under different parts of the in-
strument to facilitate the movement thereof. The gradua-
tions are placed on two of the rules, B and D, with the pro-
portions of L, 1,1, &e., to y'5, marked on them. The pencil
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holder, tracer, and fulerum, must in all cases be in a right
line, so that when they are set to any number, if a-string be
stretched over them, and they do not coincide with it, there
is an error either in the seiting or the graduations. The long
tube that carries the pencil, or crayon, moves easily up or
down in another tube, passing afterwards through the holes
in the three small knobs to the tracing point, where it may,
if necessary, be fastened. By pulling this string, the pencil
is lifted up occasionally, and thus prevented from making
false or improper marks upon the copy.

To Reduce in any proportions, &, L, 1, etc., as marked on
the bars—Suppose, for example, L is required: place the
two sockets at 1 on the bars B and D, place the fulcrum
or lead weight at B, the pencil socket with pencil at D,
and the tracing point at C. Fasten down upon a smooth
board, or table, a sheet of white paper under the pencil D,
and the original map, &c., under the tracing point C; al-
lowing }onrself room enough for the various openings of
the instrument. Then, with a steady hand, carefully move
the tracing point C over the outlines of the map, and the
pencil D will describe exactly the same figure as the original,
but half the size. Inthe same manner for any other propor-
tion, by only setting the two sockets to the number of the
required proportion. The pencil holder moves easily in the
socket to give way to any 1rregular1ty in the paper. There
is a cup at the top for receiving an additional weight, either
to keep down the pencil to the paper, or to increase the
strength of its mark.

If the original should be so large, that the instrument
will not extend over it at any one operation, two or three
points must be marked on the original, and the same to cor-
respond on the copy. The fulerum and copy may then be
removed into such situations as to admit the copying of the
remaining part of the original; first observing, that when
the tracing point is applied to the three points marked on
the original, the pencil falls on the three corresponding points
upon the copy. In this manner, by repeated shiftings, a
pantagraph may be made to copy an original of ever so
large dimensions.

To enlarge in any of the proportwns, L 31 1, &e—Sup-
pose 3. You set the two sockets at £, as before, and have
only to change places between the pencll and tracing point,
viz. to place “the tracing point at D, and the pencil at C.
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SURVEYOR’S LAND CHAIN.

Gu~ter’s Chain (Fig. 77, page 51) is the one now com-
monly used in taking the dimensions of land ; it is sixty-six
feet, or four poles in length, and is divided into 100 links,
each of which is Jomed to the next by three rings; the
length of each link, including the connecting rings, s 7.92
inches, and at the end of every tenth link is attached a piece
of brass (each of a different shape) for more readily count-
ing the odd links.

Short distances, or offsets from the chain line, are usually
measured with a rod, called an off-set staff, the most con-
venient length for which is 6 feet 7.2 inches, being equal to
10 links of the chain, and it should be divided accordingly.

With the chain should be provided ten arrows, which may
be made of strong iron wire, about 12 or 15 inches long,
pointed at one end for piercing the ground, and turned up
at the other, in the form of a ring, to serve as a handle:
their use is to fix in the ground at each extremity of the
chain whilst measuring, and to point out the number of
chains measured.. Prlce 2 pole, $1.00 and $1.25.

4 « $2.25 to $2.75.

Perambulator, or Measuring Wheel —(Fig. 78, page 51.)
—An instrument which being run along a road or other
level surface indicates and registers the exact distance it
passes over. The general form of the instrument, and its
system of wheel-work, are as follows :—

The wheel is 8% feet in circumference, and consequently
measures exactly a pole in every two revolutions. The
number of revolutions made, and consequently the distance
passed over, is seen on the dial-plate, where there are two

5
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hands, one moving round a circle, upon which are inseribed
yards, poles and furlongs; the other, that is the shorter
hand, indicates the number of miles travelled.

Price, $50.00,

Tape Measure—(Fig. 79, page 51.)—This instrument
consists of a tape prepared and painted, or varnished, on
which is divided feet and inches, one end of which is attach-
ed to a brass axis having a handle, by turning which the
tape is wound up in a small compass, and inclosed usually
in a Jeather box ; to the other end of the tape a ring is at-
tached, by which the tape may be drawn out, the measure-
ment commencing at the ring ; on one side there are frequently
divided links, 100 of which make a chain, or 66 feet.

Price, 25 feet long, $1.25; 30 feet long, $1.37.
40 & v = Siln50uEEb0 el
“. 80 ¢ v $2.00 HE00 FEEINERIS S BE0 OF

Pocket Tape Measure—(Fig. 80, page 51.)—These are
from three to twelve feet long, and mounted in a variety of
styles, some having springs by which the tape is drawn in
when required, and are mounted in brass or German silver.

Price, 38 feet, brass case, - - %0.63.
'3 6 13 3 X3 - - $0.88-
« 12 113 €< €6 - - $125.

S Sudifals o « with spring, $1.25.
13 6 113 6 113 113 113 $150
“ 3 ¢« Germansilver, ¢ «  $2.00.

Plumb Bob.—(Fig. 81, page 51.)—This consists of a cone
of metal with steel point and rounded top, suspended by a
cord, for which a small perforated piece of brass is screwed
into the top, within which the knot fastening the cord is
tied. Price, 2 inch, $1.25; 3 inch, $2.00.

S e = - - $2.50.

Pocket Compass.—(Fig. 82, page 53.)—The pocket com-
pass is a very valuable instrument to travellers, and persons
visiting pathless forests, or unfrequented places, as by the
help of this little instrument they may direct their course
with ecertainty in any directicn; they are usually made in
small brass boxes, from one inch to two inches in diameter,
and half an inch thick ; the points of the compass are repre-
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Fig. 78
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sented on a card at the bottom of the box, and over it the
magnetic needle is suspended on a fine point, a glass cover
ing the needle, and a brass cap covering the whole.
Price, - - - - - - 38cts.
& two sizes larger 50cts., and 63cts.

(Fig. 83, page 53) represents a pocket compass in z
watch form, with a pendant, the case usually gilt and neatly
and lightly made. Price, $1.00.

(Fig. 84, page 53) represents a pocket compass of the
best make, having an enamelled dial with all the 360 degrees
and all the points of the compass marked thereon, having a
fine edge bar needle with agate centre, a stop to lift the
needle from the fine point on which it turns, to prevent
unnecessary wear when not in use; the case 1s either of
silver or well gilt, and is enclosed in a morocco case.

Price, strong gilt case,  $9.00.
o silver case, $12.00.

Pocket Compasses (Fig. 85, page 53) in square wood cases,
with lever to stop the magnetic needle when the lid is closed,
but on opening the lid, is left free to assume its directive

tendency.
Price, 2 inch, 81.25; 21 inch, $1.50; 3 inch, $2.00.

The Mariner's Compass (Fig. 86, page 53) consists of a
magnetic needle, formed of a thin plate of steel, about six
inches long, and half an inch wide, having at its centre a
cap fitted to it, usually having an agate centre, which is
supported on a sharp pointed pivot fixed in the base of the
instrument ; beneath the needle is fixed a circular card, on
the circumference of which are divided 360 degrees, while an
inner circle, described on it, is marked with the thirty-two
points, of which the four, viz. North, South, East, and
West, are called cardinal points, while intermediate between
these are ~.E. or north-east, s.e. or south-east, s.w. ot
south-west, N.w. or north-west, N.b.E. is north by east, ¥.N.E
is north of north-east, etc.; the pivot of support rises from
the bottom of a circular box, which contains the needle and
its card, and is covered with a glass; the compass box is
suspended within a larger square box, by means of twe
concentric brass circles, or gimbals, as they are called, the
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outer one being fixed by horizontal points, both to the inner
circle which carries the compass box, and also to the outer
box; and the two sets of axes being in directions at right
angles to one another, by the combinations of movements
determined by these axes, the inner circle, with the compass
box and its contents, always retains a horizontal position dur-
ing the rolling of the ship; and the pilot, by looking at the
position of the needle, can steer his course in any required
direction. Although the north pole of the magnet, in every
part of the world, when freely suspended, points to the
northern parts, and the south pole to the southern parts,
yet its ends seldom point exactly towards the poles of the
earth, The angle in which it deviates from due north and
south is called the angle of declination, or the variation of
the compass; and this declination is said to be east or west,
according as the north pole of the needle is eastward or
westward of the astronomical meridian of the place. This
deviation from the meridian is not the same in all parts of
the world,-but is different in different places, and it is even
continually varying in the same place; the present declina-
tion of the needle is

Price, with wood bowl, £2.50.
Fig. 87 “ “ brass “  $4.50.

Brass Boat Compass.—(Fig. 87.)—The brass
boat compass with nautical floating card.
‘ Price, 2% inch diameter, $2.25.
g “« 3 « “ $2'75'

The Azimuth Compass.—(Fig. 88, page 55.)—The azi-
sauth compass differs from the ordinary mariner’s compass,
only in the circumference of its inner box being provided
with sights, through which any object, either in the horizon
or above it, may be seen, and 1ts bearings from the magnetic
points of the compass determined, by reference to the posi-
tion of the card, with respect to the sights. For this pur-
pose the whole box is hung in detached gimbals, which
turn on a strong vertical pin fixed below the box, which is
thus capable of being moved. around horizontally, and of
the sights being directed to whatever object is to be viewed
through them. On one side of the box there is usually
mserted a nut, or stop, which, when pushed in, presses
against the card and stops it; this is done to enable the
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Fig. 83.

observer to read off the number of degrees from the card,
which correspond with an index, or perpendicular line,
drawn on the inside of the box.

Description.—The semicircle A B is fixed by a screw at its
middle, or lowest point, to a stand at the bottom of the
outer box containing the whole apparatus, in such a manner
as to admit of its being turned round honzontally, and
placed in all azimuths. To the upper extremities of this
semicircle a brass circle ¢ p is fixed by two pivots, constitut-
ing a horizontal axis of motion; while the inner cylindrical
brass box P q, containing the compass, is attached to the
brass circle ¢ p by similar pivots, of which one is seen at g,
forming a horizontal axis at right angles to the former, and
both together acting as gimbals, The compass with its
card is balanced in the usual manner on a pointed pivot
rising from the centre of the bottom of the inner box, the
upper side of which is covered with a circular glass. The
two sights & and o are fixed vertically on the upper side of
the cylinder of this box, diametrically opposite to each other ;
the one, E, to which the eye is intended to be applied, con-
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sists of a brass slip, having a narrow vertical slit ; the other,
o, which is turned to the object, is a similar slip, having an
oblong aperture containing a fine thread, passing along the
middle of the open space in a vertical direction. Two ver-
tical lines are also marked on the inside of the box, which
are prolongations of the slit in the sight for the eye, and of
the thread in that for the object. These lines are intended
as indexes for the measurement of the angular distance in
azimuth of an object viewed through the two sights, from
the place of the magnetic meridian, as shown by that por-
tion of the graduated edge of the card which coincides with
the line with which it is compared.
Price, $8.00 to $20.00.

The Prismatic Compass—(Fig. 89, as below.)—The use
of this little instrument is to measure horizontal angles only,
and from its portability it is particularly adapted for military
surveying, or where but little more than a sketck map of the
country-is required. It is also very useful in filling in the
detail of a map, where all the principal points have been
correctly fixed by means of the theodolite. It may likewise
be used for determining approximately the direction of the
true meridian, the variation being determined by comparing
the observed azimuth of a celestial object, with its true
azimuth deduced from an observation made for the purpose.

mn

Fig. 89.

* e
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In the preceding figuse, A represents the compass box, and
B the card, which, being attached to the magnetic needle,
moves as it moves, round the agate centre, ¢, on which it
is suspended. The circumference of the card is usually
divided to 80’ of a degree; ¢ is a prism, which the
observer looks through in observing with the instrument.
The perpendicular thread of the sight-vane, E, and the
divisions on the card appear together on looking through the
prism, and the division with which the thread coincides
when the needle is at rest, is the magnetic azimuth of what-
ever object the thread may bisect. The prism is mounted
with a hinge joint, D, by which it can be turned over to
the side of the compass box, that being its position when
put into the case. The sight-vane has a fine thread stretched
along its opening, in the direction of its length, which 1s
brought to bisect any object, by turning the box round
horizontally ; the vane also turns upon a hinge joint, and
can be laid flat upon the box, for the convenienceof car-
riage. Fis a mirror, made to slide on or off the sight-vane,
E; and it may be reversed at pleasure, that is, turned face
downwards ; it can also be inclined at any angle, by means
of its joint, d; and it will remain stationary on any part of
the vane, by the friction of its slides. Its use is to reflect
the image of an object to the eye of the observer when the
object is much above or below the horizontal plane. When
the instrument is employed in observing the azimuth of the
sun, a dark glass must be interposed; and the colored
glasses represented at G, are intended for that purpose ;
the joint upon which they act allowing them to be turned
down over the sloping side of the prism box.

At e is shown a spring, which, being pressed by the
finger at the time of observation, and then released, checks
the vibrations of the card, and brings it more speedily to
rest. A stop is likewise fixed at the other side of the box,
by which the needle may be thrown off its centre; which
should always be done when the instrument is not in use,
as the constant playing of the needle would wear the point
upon which it is balanced, and upon the fineness of the
point much of the accuracy of the instrument depends. A
cover is adapted to the box, and the whole is packed in a
case, which may be carried in the pocket without incon-
venience,

The method of using this instrument is very simple. First
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raise the prism in its socket, b, until you obtain distinct
vision of the divisions on the card, and standing at the
place where the angles are to be taken, hold the instrument
to the eye, and looking through the slit, ¢, turn round till
the thread in the sight-vane, bisects one of the objects
whose azimuth or angular distance from any other object
is required ; then, by touching the spring, ¢, bring the needle
torest, and the division on the card which coincides with
the thread on the vane, will be the azimuth or bearing of
the object from the north or south points of the magnetic
meridian. Then turn to any other object, and repeat the
operation ; the difference between the bearing of this object
and that of the former, will be the angular distance of the
objects in question. Suppose the former bearing to be 40°
30’, and the latter 10° 15’, both east, or both west, from
the north or south, the angle will be 30° 15." The divi-
sions are generally numbered 5°, 10°, 15°, cte., round the
circle to 360°, A stand can be had with the instrument,
f required, on which to place it when observing, instead of
holding it"in the hand. Price, $16.00 and $20.00.

The Plane- Table—(Fig. 90, as below.)—Before the thco-
dolite came into general use, the plane-table was extensively
employed in the practice of surveying ; it is still sometimes,
chough seldom, used in surveying small plots of ground, or

Fig. 90.
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(where great accuracy is not required) in forming a sketch
map, or laying down the details of a country where the
relative situation of the principal conspicuous objects have
been previously fixed by triangulation. The expedition with
which such work may.be performed, by a person who is expert
in the use of this instrument, is its chief recommendation.

The construction and size of the plane-table have been
varied at different times, to suit both the convenience and
intentions of the surveyor; but the annexed figure is a re-
presentation of that which is now in most general use. It
is a board, as A, about sixteen inches square, having its
upper edge rabbeted, to receive a boxwood frame, B, which
being accurately fitted, can be placed on the board in any
position, with either face upwards. This frame is intended
both to stretch and retain the drawing paper upon the board,
which it does by being simply pressed down into its place
upon the paper, which for this purpose must be cut a little
larger than the board.

One face of the frame is divided to 360 degrees, from a
centre, (, fixed in the middle of the board, and these are
subdivided as minutely as the size of the table will admit.
The divisions are frequently numbered each way, to show
at sight both an angle and its complement to 360°. There
is sometimes a second centre piece, D, fixed on the table, at
about a quarter of its width from one of the sides, and at
exactly half its length in the other direction. From this cen-
tre, and on the other side of the frame, there are graduated
180°; each of these degrees is subdivided to 30 minutes,
and numbered 10, 20, 30, &c., both ways, to 180. The
object of these graduations is, to make the plane-table sup-
ply the place of the theodolite, and an instrument formerly
i use called a semicircle. The reverse face of the frame is
usually divided into equal parts, as inches and tenths, for
the purpose of ruling parallel lines or squares, and for shift-
ing the paper, when the work requires more than one sheet.
G is a compass-box, let into one side of the table, with a
dove-tail joint, and fastened with a milled-headed screw,
that it may be applied or removed at pleasure. The com-
pass, besides rendering the plane-table capable of answering
the purpose of a circumferentor, is principally useful in
setting the instrument up at a new station parallel to any
position that it may have had at a former station, as well as
a check upon the progress of the work.
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The ruler or-index, E, is made of brass, as long as the
diagonal of the table, and about two inches broad ; it has a
sloping edge, like that of a Gunter’s seale, which is called
the fiducial edge. A perpendicular sight vane, FF,is fixed
to each extremity of the index, and the eye looking through
one of them, the vertical thread in the other is made to
bisect any required distant object. Upon the flat surface
of the index, there are frequently engraved scales of various
kinds, such as lines of equal parts, with diagonal scales, a
line of chords, &c.

To the under side of the table, a centre is attached with
a ball and socket, or parallel plate-serews like those of the
theodolite, by which it can be placed upon a staff-head;
and the table may be set horizontal, by means of a circular
spirit-level placed upon it for that purpose.

Price, $20.00 to $35.00.

Surveyor’s Cross.—The surveyor’s cross
(Fig. 91) consists of two pair of sights,
placed at right angles to each other. These
sights are sometimes pierced out in the
circumference of a thick tube of brass, or
sides of a square box, about three inches
in diameter. It has a socket, which, when
in use, is screwed on a staff, having a sharp
point at the bottom to stick in the ground.
The more improved instruments are made
octangular, having the intermediate angle
of 45 degrees also pierced.

Price $3.00 to $6.00.

Clircumferentor, or Surveyor’s Compass.—(Fig. 92, next
page.)—This instrument consists of a brass plate, usually
about fourteen or fifteen inches long, with sights at each
end, and in the middle thereof a circular box with a glass
cover, usually from five to seven inches diameter; within
the box is a brass graduated circle, the upper surface divid-
ed into 360 degrees, and frequently subdivided into half
degrees, and numbered from the north and south points
each way from 0 to 90. On the face of the plate are en-
graved the principal points of the compass, a fleur de lis
answering for the north. In the middle of the box is placed
a steel pin finely pointed, called the centre pin, on which is






62 BENJ. PIKE’S, JR., DESCRIPTIVE CATALOGUE.

their position, perpendicular to the plate, by milled-head
screws, and may be detached for convenient transportation ;
in each sight there is a large and small aperture, or slit, the
one over the other; these are alternate, that is, the large
aperture being above the smaller in one of the sights, and
below it in the other; a fine piece of sewing silk is fastened
vertically through the middle line of the large slit, through
small holes for the purpose. Under the compass box is a
socket to fit in the pin of the staff; the instrument may be
turned around on this pin, or fixed in any situation by the
milled-head screw ; it may also be readily fixed in a hori-
zontal direction by the ball and socket of the staff, moving
for this purpose the box, till the ends of the needle are
equidistant from the bottom, and traverse or play with
freedom.

There are usually one or two levels on the plate of the
instrument, for more accurately finding a horizontal position.
A spring is also placed within the box, having a milled-head
screw acting against it, by which the magnetic needle can
be lifted off the centre pin and the cap pressed against the
glass, to preserve the point of the centre pin from being blunt-
ed by the continual friction of the cap of the needle. The
most improved instruments have a loose plate, to which is at-
tached the compass box, having a vernier over a graduated arc
on the face of the brass plate ; by this contrivance the compass
box may be moved about its centre without moving the
plate to which the sights are attached ; along screw with a
milled head being on the opposite side of the compass box, for
the purpose of giving a slow motion when required. Sup-
pose the needle to rest between two of the divisions on the
graduated circle; by this vernier the number of minutes
contained between the needle and either of the divisions is
indicated. The sights also are improved, having small slits
in both the upper and lower part, in which holes are placed
alternately, for taking sight through.

To use the Circumferentor, or Surveyor’s Compass.—Sup-
pose a given angle to be measured ; the instrument being
fixed on the staff, place its centre over one of the points of
the angle, set it horizontal by moving the ball in its socket
till the needle is parallel to the bottom of the compass box,
or the levels indicate a horizontal position ; turn the end of
the compass box on which the N or fleur de lis is engraved
next the eye, look through the sights to one of the objects
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forming the angle to be measured, and observe at vhat
degree the needle stands, suppose 40, turn the instrument
around on the pin of the ball and socket till you can see the
object forming the other angle, and suppose the needle now
to stand at 85, take the former from the latter, and the
remainder, 45, is the required angle.
Packed in a mahogany case, with lock,
Price, with 4 in. needle, $14.00.

¢« with 5 in. needle, $20.00 and $22.50.

“ with 6 in. needle, $28.00 and $32.00.

¢ with nonius, 5in. $30.00.

“ with nonius, 61in. §35.00 to $42.

Plane Surveyor’s Compass.—The above engraving (Fig. 93)
represents a low-priced surveyor’s compass, that is very use-
ful to farmers and others, in running lines and laying out their
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tields, as well as in surveying them. It is used by setting it
on the top of a post, fence, &e. Its diameter is 4 inches.
Packed in a mahogany case, Price $5.00.

Fig. 94.

The Graphometer, and Four Sighted Theodolite—(Fig. 94,
as above.)—The error arising from the use of an instrument,
where the whole dependence is placed on the needle, being
frequently influenced by local attractions, has rendered it
necessary for some other method to be employed to measure
angles with accuracy ; among these the common theodolite
with four sights has taken the lead.

It is simple in its construction, and easy in its use.

The annexed figure represents the graphometer, a brass
plate or part of a circle about twelve inches in diameter,
graduated on its edge from 0 to 180 degrees; in the open-
ing between the moving centre and the graduated are, is a
compass about four inches in diameter; two sights are fixed
on the graduated are, one at 0 dand the other at 180°. Per-
pendicular to the plane of the instrument, there is a movable
limb attached to the limb of the arc, but a little shorter, and
having the extremities slanted off, one of which forms a
nonius, subdividing the degrees on the limb to minutes, and
having two sights, one at each end; in each sight there is a
large and a small aperture, placed alternately, the large
aperture in one sight being always opposed to the narrow
aperture in the other; underneath the plate is a spring to
fit on the pin of a ball and socket, which fixes it the single
or three legged staff, as may be required. In the figure the
ball and socket are represented detached from the instrument.

The Four Sighted Theodolite is the same instrument, ex-
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. . E 4
cept that the circle is entire, and the compass is placed in
the centre of the circle.

Cautions in using the instrument.—1. Spread the legs that
support the theodolite rather wide, and thrust them firmly
into the ground, that they may neither yicld nor give un-
equally during the observation. 2. Set the instrument
horizontal. 3. Screw the ball firmly in its socket, that in
turning the index the theodolite may not vary from the ob-
jeets to which itis directed. 4. Where accuracy is required,
the angles should always be taken twice over, oftener where
great accuracy is material, and the mean of the observation,
must be taken for the true angle.

To measure an angle with the Theodolite—Let A B ¢ repre-
sent the angle to be measured; place the theodolite over
the angular point 4, and direct the fixed sights along one of
the lines, till you see through the sights the point n; at this
screw the instrument fast; then turn the movable index till
through its sights you see the other point, ¢ ; then the de-
grees cut by the index upon the graduated limb or ring of
the instrument show the quantity of the angle.

The fixed sights are always to be directed to the last
station, and those of the index to the next.

Price, 8 inch, in case, $15.00.
12 o« ¢ $30.00.

The Quadrant.—(Fig. 95, next page.)—The Quadrant
consists of an arc firmly attached to two radii, or bars,
which are strengthened and bound together by two braces.

Of the Index—The Index is a flat bar of brass attached
to the centre of motion. At the lower end of the index
there is an oblong opening ; to one side of this opening a
nonius scale is fixed to subdivide the divisions of the arc.
At the bottom, or end of the index, there is a piece of
brass, which bends under the are, carrying a spring to make
the nonius scale lie close to the divisions; it is also fur-
nished with a serew to fix the index in any desired position.
The best instruments have an adjusting screw fitted to the
index, that it may be moved more slowly, and with greater
regularity and accuracy than by the hand. The circular
arcs on the arc of the quadrant are drawn from the centre
on which the index turns. The position of the index on ths
arc, after an observation, points out the number of degrees
and minutes contained in the observed angle.

6*
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Of the Indexr Qlass—Upon the index, and near its axis,
is fixed a plain speculum, or mirror of glass, quicksilvered.
It is set in a brass frame, and is placed so that the face of

Fig. 95.

A. Frame and are ; B. Index: C. Nonius seale; D Index glass; E. Dark glasses
or screens; F. Horizon glass; G. Vane or sight ’
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it is perpendicular to the plane of the instrument; this
mirror being fixed “to the index, moves along with it, and
has its direction changed by the motion thereof; this glass
is designed to receive the image of the sun, or any other
object, and reflect it on the horizon glass. The brass frame
with the glass is fixed to the index by screws which serve
to adjust 1t in a perpendicular position.

Of the Horizon Glass.—On the radius of the frame isa
small speculum, the surface of which is parallel to the index
glass, when the counting division of the index is at O on
the are, and receives the reflected rays from the object, and
transmits them to the observer. 'The horizon glass is not
entirely quicksilvered, but only on its lower half, or that
next to the frame of the quadrant, the other half being
transparent ; and the back part of the frame is cut away, that
nothing may impede the sight through the unsilvered part
of the glass. The edge of the foil of this glass is about pa-
rallel to the plane of the instrument, and ought to be very
sharp, and without a flaw ; the glass is set in a brass frame,
to which there is an axis which passes through the wood-
work, and is fitted to a lever on the under side of the
quadrant; by this lever the glass may be turned a few
degrees on its axis, in order to set it parallel to the index
glass ; the lever has a contrivance to turn it slowly. To
set this glass perpendicular to the plane of the quadrant
there are two sunk screws, one before and one behind the
glass; these screws pass through the plate on which the
frame is fixed, into another plate, so that by loosening one,
and tightening the other of these screws, the diection of
the frame, with its mirror, may be altered, and thus set
perpendicular to the plane of the instrument.

Of the Shades—These are two red, or dark, and one
green glass ; they are used to prevent the rays of the sun
from hurting the eye at the time of observation; they are
cach of them set in a brass frame, which turns on a centre,
so that they may be used scparately, or together, as the
brightness of the sun may require. These glasses are fixed
on the frame, between the index and the horizon glasses.

Of the Sight Vane~This is a piece of brass fixed on the
frame opposite the horizon glass, perforated with two small
holes, one exactly at the height of the quicksilvered edge
of the horizon glass; the other somewhat higher, to direct
the sight to the middle of the transparent part of the mirror
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for those objects that are bright enough to be reflected from
the unsilvered part of the mirror. .

The Arc and Nonius—The Arc is divided into 90 degrees
from the right to the left, and each degree is subdivided
into three parts, or 20 minutes, which are again subdivided
by the Nonius into every minute. The Nonius is numbered
at every fifth of three divisions, from the right to the left,
with 5, 10, 15 and 20. The first division to the right hand
being to be considered the index division.

Directions to hold the Quadrant.—It is recommended
to support the weight of the instrument by the right hand,
and reserve the left to govern the index; place the thumb
of the right hand against the edge of the quadrant, under
the swelling part on which the sight stands, extending the
fingers across the back of the quadrant, so as to lay hold on
the opposite edge, placing the forefinger above, and the
other fingers below the swelling part, or near the horizon
glass; thus the instrument may be supported conveniently
in a vertical position, by the right hand only. By resting the
thumb of the left hand against the side, or the fingers
against the middle bar, you may move the index gradually
either way.

To adjust the Quadrant.—It is a peculiar excellence of
the Quadrant that the errors to which it is liable are easily
detected and soon rectified; the observer may, therefore, if
he will be attentive, always put his instrument in a fit state
for accurate observation.

1. 7o adjust the Index Glass, or make it perpendicular
to the Plane of the Instrument.—Hold the Quadrant in a
horizontal position, with the index glass close to'the eye,
look nearly in a right line down the glass, and in such a
manner, that you may see the arc of the quadrant by direct
view, and by reflection at the same time. If they join in
one direct line, and the arc seen by reflection forms an
exact plane with the arc seen by direct view, the glass is
perpendicular to the plane of the quadrant; if not, the
error must be rectified by altering the position of the serews
behind the frame.

2. To adjust the Horizon Glass, and set it parallel to the
Index Glass—Set the index line of the nonius exactly at o
on the limb, and fix it there by the screw at the under side.
Now look through the sight at some distant small object;
the object will be seen directly through the unsilvered part
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of the glass, but by reflection in the silvered part; if the
object in the silvered part exactly meets, and forms one con-
tinued line with that seen through the unsilvered part, then
is the instrument said to be adjusted, and the horizon glass
to be parallel to the index glass ; but if the objects do not
coincide, then loosen the screw on the under side of the
quadrant, and turn the horizon glass on its axis, by means
of its adjusting lever, till you have made them perfectly
coincide. This adjustment ought to be examined before
every important observation.

8. To adjust the Horizon Glass perpendicular to the Plane
of the Quadrant—Incline the quadrant on one side as much
as possible, provided the distant object continues to be seen
in both parts of the glass at the same time. If, when the
instrument is thus inclined, the object continues to form an
unbroken line, the quadrant is perfectly adjusted ; but if the
reflected object be separated from that seen by direct vision,
the glass is not perpendicular to the plane of the quadrant ;
and if the observer is inclined to the right, with the face of
the quadrant upward, and the reflected object appears higher
than the real object, you must slacken the screw before the
horizon glass, and tighten that which is behind it ; but if the
reflected object appears lower, the contrary must be per-
formed. Care must be taken in these adjustments to loosen
one screw before the other is screwed up, and to leave the
adjusting screws tight, or so as to draw with a moderate
force against each other.

Price $14.00 to $18.00.

Seztant.—(Fig. 96, page 70.)—The annexed figure re-
presents a sextant of Troughton’s construction, having a
double frame, A A, connected by pillars, @ a, &c., thus
uniting strength with lightness. The are, B C, is generally
graduated to 10" of a degree, commencing near the end, C,
and it is numbered towards B. The divisions are also con-
tinued on the other side of zero, towards C, forming what
is called the arc of excess, which is useful in determining
the index error of the instrument, as will be explained here-
after. The limb is subdivided by the vernier, E, into 10",
the half of which (or 5”) can be easily estimated: this
small quantity is easily distinguishable by the aid of micro-
scope, H, and its reflector, b, which are connected by an arm
with the index, I E, at the point, ¢, round which it turns as
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Fig. 96.

a centre, affording the means of examining the whole ver-
nier, the connecting arm being long enough to allow the
microscope to pass over the whole length of it.

To the index is attached a clamp to fasten it to the limb,
and a tangent-screw, J (in the plate, the clamp is concealed
from view), by which the index may be mcved any small
quantity after it is clamped, to render the contact of the
objects observed more perfect than can be done by moving
it with the hand alone. The upper end, I, terminates in a
circle, across which is fixed the silver-indexed glass, F, over
the centre of motion, and perpendicular to the plane of the
instrument. To the frame at G is attached a second glass,
called the horizon-glass, the lower half of which only is
silvered : this must likewise be perpendicular to the plane
of the instrument, and in such a position that its plane shall
be parallel to the plane of the index-glass, F, when the
vernier is set to 0° (or zero) on the limb, BC. A devia-
tion from this position constitutes the index error before
spoken of. .
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The telescope is carried by a ring, L, attached to a stem,
¢, called the up-and-down piece, which can be raised or
lowered by turning the milled screw, M: its use is to place
the telescope so that the field of view may be bisected by
the line on the horizon-glass that separates the silvered from
the unsilvered part. This is important, as it renders the
object seen by reflection, and that by direct vision, equally
bright ; two telescopes and a plain tube, all adapted to the
ring, L, are packed with the sextant, one showing the objects
erect, and the other inverting them ; the last has a greater
magnifying power, showing the contact of the images much
better. The adjustment for distinct vision is obtained by
sliding the tube at the eye-end of the telescope in the inside
of the other; this also Is the means of adapting the focus
to suit different eyes. In the inverting telescope are placed
two wires, parallel to each other, and in the mi,gldl{’of the
space between them the observations are to be:made, the
wires being first brought parallel to the plane 6f-the sextant,
which may be judged of with suflicient exéggs‘ness Dby the
eye. When observing with this telescope, it must bé>born
in mind, that the instrument must be moved in a contrary
direction to that which the object appears to take, in order
to keep it in the field of view. S

Y}/

N o d .
Four dark glasses, of different depths of shade and ¢olor,

are placed at K, between the index and horizon glasses ;
also three more at N, any one or more of which can be
turned down to moderate the intensity of the light, before
reaching the eye, when a very luminous object (as the sun)
is observed. The same purpose is effected by fixing a dark
glass to the eye-end of the telescope: one or more dark
glasses for this purpose generally accompany the instrument.
They, however, are chiefly used when the sun’s altitude is
observed with an artificial horizon, or for ascertaining the
index error, as employing the shades attached to the instru-
ment for such purposes, would involve in the result any
error which they might possess. The handle, which is shown
at O, is fixed at the back of the instrument. The hole in
the middle is for fixing it to a stand, which is useful when
an observer is desirous of great steadiness.

Of the adjustments.—The requisite adjustments are the
following : the index and horizon-glasses must be perpen-
dicular to the plane of the instrument, and their planes
parallel to each other when the index division of the vernier
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is at 0° on the arc, and the optical axis of the telescope must
be parallel to the plane of the instrument. We shall speak
separately of each of these adjustments.

To examine the adjustment of the Index-glass—Move the
index forward to about the middle of the limb, then, hold-
ing the instrument horizontally with the divided limb from
the observer, and the index-glass to the eye, look obliquely
down the glass, so as to see the circular arc, by direct view
and by reflection, in the glass at the same time ; and if they
appear as one continued arc of a circle, the index-glass 1s
in adjustment. If it requires correcting, the arc will appear
broken where the reflected and direct parts of the limb
meet. This, in a well-made instrument, is seldom the case,
unless the sextant has been exposed to rough treatment.
As the glass is in the first instance set right by the maker,
and firmly fixed in its place, its position is not liable to alter,
therefore no direct means are supplied for its adjustment.

To examine the Horizon-glass, and set it perpendicular to
the Plane of the Sextant.—The position of this glass is
known to be right, when by a sweep with the index, the
reflected image of any object passes exactly over or covers
its image, as seen directly; and any error is easily rectified
by turning the small screw, 7, at the lower end of the frame
of the glass.

To examine the Parallelism of the Planes of the two
Glasses, when the Indexis set to Zero.—This is easily ascer-
tained ; for, after setting the zero on the index to zero on
the limb, if you direct your view to some object, the sun
for instance, you will see that the two images (one seen by
direct vision through the unsilvered part of the horizon-
glass, and the other reflected from the silvered part) coin-
cide or appear as one, if the glassesare correctly parallel to
each other; but if the two images do not coincide, the
quantity of their deviation constitutes what is called the
index error. The effect of this error on an angle measured
by the instrument is exactly equal to the error itself; there-
fore, in modern instruments, there are seldom any means
applied for its correction, it being considered preferable to
determine its amount previous to observing, or immediately
ofter, and apply it with its proper sign to each observation.
The amount of the index error may be found in the follow-
ing manner: clamp the index at about 30 minutes to the
lett of zero, and looking towards the sun, the two images
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will appear either nearly in contact, or overlapping each
other; then perfect the contact, by moving the tangent-screw,
and call the minutes and seconds denoted by the vernier, the
reading on the arc. Next, place the index about the same
quantity to the right of zero, or on the arc of excess, and
make the contact of the two images perfect as before, and
call the minutes and seconds on the arc of excess the read-
ing off the arc; and half the difference of these numbers is
the index error; additive when the reading on the arc of
excess is greater than that on the limb, and subtractive
when the contrary is the case.

EXAMPLE. P
Reading on the arc - - - 81 56

“  off the arc - - 31 22
Difference - - - - 0.34 ,
Index error - - =— 0 17

In this case, the reading on the arc being greater than
that on the arc of excess, the index error, = 17 seconds,
must be subtracted from all observations taken with the
instrument, until it be found, by a similar process, that the
index error has altered. One observation on each side of
zero is seldom considered enough to give the index error
with sufficient exactness for particular purposes : it is usual
to take several measures each way; ‘and half the differ-
ence of their means will give a result more to be depended
on than one deduced from a single observation only on each
side of zero.”

To make the Line of Collimation of the Telescope parallel
to the Plane of the Sextant—This is known to be correct,
when the sun and moon, having a distance of 90 degrees or
more, are brought into contact just at the wire of the tele-
scope which is nearest the plane of the sextant, fixing the
index, and altering the position of the instrument to make
the objects appear on the other wire; if the contact still
remains perfect, the axis of the telescope is in proper ad-
justment ; if not, it must be altered by moving the two
screws which fasten, to the up-and-down piece, the collar
into which the telescope screws. This adjustment is not
very liable to be deranged. :

Of the sextant, it has been said, that it is in itself a port-

7
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able observatory ; and it is doubtless one of the most gene-
rally useful instruments that has ever been contrived, being
capable of furnishing data to a considerable degree of ac-
curacy for the solution of & numerous class of the most use-
ful astronomical problems ; affording the means of deter-
mining the time, the latitude and longitude of a place, &e.,
for which and many other purposes, it is invaluable to the
land-surveyor as well as the navigator.

Price, $100 to $120.
«  Single Framed, 50 to  80.
«  Ebony 35.

Fig. 97.

{ _BENJNPIKE, NV,
B
294 BROADWAY,

. Pocket Sextant.—(Fig. 97.)—This useful little instrument
is represented in the above figure. The principle of its
construction and adjustment is precisely the same as the
sextant before described ; a minute description, therefore,
would be little more than a recapitulation of what has
alr'eady been advanced. A is the index, which, instead of
bem_g mo_ved along the divided limb, e £, by the hand, has a
motion given to it by a rack and pinion, concealed within
the box, and turned by the milled head, B, which acts as the
tangent-screw does to the index of the large sextant. The
glasses (shown at C and D) are within the box, by which
they are protected from injury, and their adjustments, when
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once perfected, kept secure : so much so, that it would re-
quire considerable violence to derange them. The horizon-
glass, D, alone has a contrivance for adjustment at ¢ and
d, both to set it perpendicular to the plane of the instru-
ment, and to correct or reduce the index error, which, in
this instrument, had better be kept correct, as it is not so
likely to get out of order as in the large sextant, which, as
we have before observed, seldom admits of its index error
being rectified. The key, ¢, is formed to fit both squares at
a and d, to make the adjustments, and it is generally tapt
into some square place in the instrument, as at ¢, that it
may be always safe and at hand.

It is supplied with a telescope, E, which serews into a
shoulder-piece, F, and can be attached to the box by the
screw G : this can be applied or not, at the pleasure of the
observer, as there is a contrivance at H to enable him to
observe without the telescope, if he prefers plain sights.
Two dark glasses are placed within the box, and there is
also one adapted to the eye-end of the telescope.

The angle is read off by the help of the glass, I, which
being mounted with a joint, can be moved over the vernier
on any part of the limb. The instrument is divided to 30
minutes of a degree, and by the vernier is subdivided to
single minutes, one half of which, or 30 seconds, can be ob-
tained by estimation.

The divided limb is numbered both to the right and left,
commencing at 0° to 120°.

The lid of the box is contrived to screw on the bottom (as
is shown in the plate), where it makes a convenient handle
for holding the instrument. Price $35.00 to $40.00.

LReflecting Circle—(Fig. 98, next page.)—This instrument,
in principle and use, is the same as the sextant. It has
three vernier readings, A B C, moving round the same cen-
tre as the index-glass, E, which is upon the opposite face
of the instrument. One of the verniers, B, carries the
clamp and tangent-screw. D represents the microscope for
reading the verniers ; it is similar to the one used in reading
the sextant, and is adapted to each index-bar, by slipping 1t
on a pin placed for that purpose, as shown in the figure.
The horizon-glass is shown at ¥. The barrel, G, contains
the screws for giving the up-and-down motion to the.tele-
scope ; it is put in action by turning the milled head under
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the barrel. H is the telescope; adapted to the instrument
in 2 manner similar to that of the sextant. I and J are two
handles fixed parallel to the plane of the circle, and a third
handle, K, is screwed on at right angles to that plane, and
can be transferred to the opposite face of the instrument
by screwing it into the handle, I; the use of this extra
handle is for convenience in reading and in holding the in-
strument, when observing angles that are nearly horizontal ;
it can be shifted, according as the face of the instrument is
held upwards or downwards. The requisite dark glasses
are attached to the frame-work of the circle, to be used in
the same manner and for the same purposes as those of the
sextant. With respect to the adjustments and application
of this instrument, we cannot do better than use the words
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of the inventor, Mr. Troughton, contained in a paper which
he calls

Directions for observing with the Reflecting Circle.—~Pre-
pare the instrument for observation by screwing the tele-
scope into its place, adjusting the drawer to focus, and the
wires paralle] to the plane, exactly as you do with a sex-
tant ; also set the index forwards to the rough distance of
the sun and moon, or moon and star; and holding the
circle by the short handle, direct the telescope to the fainter
objects, and make the contact in the usual way. Now
read off the degree, minute, and second, by that branch
of the index to which the tangent-screw is attached ; also,
the minute and second shown by the other two branches ;
these give the distance taken on three different sextants ;
but as yet, it is only to be considered as half an observa-
tion : what remains to be done, is to complete the whole
circle, by measuring that angle on the other three sextants.
Therefore set the index backwards nearly to the same dis-
tance, and reverse the plane of the instrument, by holding
it by the opposite handle, and make the contact as above,
and read off as before what is shown on the three several
branches of the index. The mean of all six is the true
apparent distance, corresponding to the mean of the two
times at which the cbservations were made.

When the objects are seen very distinctly, so that no
doubt whatever remains about the contact in both sights
being perfect, the above may safely be relicd on as a com-
plete set ; but if, from the haziness of the air, too much
motion, or any other cause, the observations have been
rendered doubtful, it will be advisable to make moré; and
if, at such times, so many readings should be deemed trou-
blesome, six observations and six readings may be con-
ducted in the manner following: Take three successive
sights forwards, exactly as is done with a sextant; only
take care to read them off on different branches of the
index : also make three observations backwards, using the
same caution ; a mean of these will be the distance required.
When the number of sights taken forwards and backwards
is unequal, a mean between the means of those taken back-
wards and those taken forwards will be the true angle.

It need hardly be mentioned, that the shades, or dark-
glasses, apply like those of a sextant, for making the objects
nearly of the same brightness ; but it must be insisted on,

N
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that the telescope should, on every occasion, be raised or
lowered, by its proper screw, for making them perfectly so.

The foregoing instructions for taking distances, apply
cqually for taking altitudes by the sea, or artificial horizon,
they being no more than distances taken in a vertical plane.
Meridian altitudes cannot, however, be taken both back-
wards and forwards the same day, because there is not
time: all therefore that can be done, is, to observe the
altitude one way, and use the index-error; but even here,
you have a mean of that altitude, and this error, taken on
three different sextants. Both at sea and land, where the
observer is stationary, the meridian altitude should be
observed forwards one day, and backwards the next, and so
on alternately from day to day; the mean of latitudes,
deduced severally from such observations, will be the true
latitude ; but in these there should be no application of
index-error, for that being constant, the result would in
some measure be vitiated thereby.

When both the reflected and direct images require to be
darkened, as is the case when the sun’s diameter is measur-
ed and when his altitude is taken with an artificial horizon,
the attached dark glasses ought not to be used ; instead of
them, those which apply to the eye-end of the telescope
will answer much better; the former having their errors
magnified by the power of the telescope, will, in proportion
to this power, and those errors, be less distinct than the
latter.

In taking distances, when the position does not vary from
the vertical above thirty or forty degrees, the handles which
are attached to the circle are generally most conveniently
used ; but in those which incline more to the horizontal,
that handle which screws into a cock on one side, and into
the crooked handle on the other, will be found more appli-
cable.

When the crooked handle happens to be in the way of
reading one of the branches of the index, it must be remov-
ed, for the time, by taking out the finger-screw, which
fastens it to the body of the circle.

If it should happen that two of the readings agree with
each other very well, and the third differs from them, the
discordant one must not on any account be omitted, but a
fair mean must always be taken.

It should be stated, that when the angle is about thirty



SURVEYING INSTRUMENTS, 79

degrees, ncither the distance of the sun and moon, nor an
altitude of the sun, with the sea horizon, can be taken back-
wards ; because the dark glasses at that angle prevent the
reflected rays of light from falling on the index-glass;
whence it becomes necessary, when the angle to be taken is
quite unknown, to observe forwards first, where the whole
range is without interruption; whereas, in that backwards,
you will lose sight of the reflected image about that angle.
But in such distances, where the sun is out of the question,
and when his altitude is taken with an artificial horizon (the
shade being applied to the end of the telescope), that angle
may be measured nearly as well as any other ; for the rays
incident on the index-glass will pass through the transparent
half of the horizon-glass, without much diminution of their
brightness.

The advantages of this instrument, when compared with
the sextant, are chiefly these: the observations for finding
the index-error are rendered useless, all knowledge of that
being put out of the question, by observing both forwards
and backwards, By the same means the errors of the dark
glasses are also corrected ; for, if they increase the angle
one way, they must diminish it the other way by the same
quantity. This also perfectly corrects the errors of the
horizon-glass, and those of the index-glass very nearly.
But what is of still more consequence, the error of the cen-
tre is perfectly corrected, by reading the three branches of
the index; while this property, combined with that of ob-
serving both ways, probably reduces the errors of dividing
to one-sixth part of their simple value. Morcover, angles
may be measured as far as one hundred and fifty degrees,
consequently the sun’s double altitude may be observed
when his distance from the zenith is not less than fifteen
degrees ; at which altitude, the head of the observer begins
to intercept the rays of light incident on the artificial horizon ;
and, of course, if a greater angle could be measured, it
would be of no use in this respect.

This instrument, in common with the sextant, requires
three adjustments. First, the index-glass perpendicular to
the plane of the circle. This being done by the maker, and
not liable to alter, has no direct means applied to the pur-
pose ; it is known to be right, when, by looking into the
index-glass, you see that part of the limb which is next to
you, reflected in contact with the opposite side of the limb,
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as one continued arc of a circle ; on the contrary, when the
arc appears broken, where the reflected and direct parts of
the limb meet, it is a proof that it wants to be rectified.
The second is, to make the horizon-glass perpendicular.
This is performed by a capstan-screw, at the lower end of
the frame of that glass; and is known to be right, when,
by a sweep of the index, the reflected image of any object
will pass exactly over, or cover the image of that object
seen directly. The third adjustment is, for making the line
of collimation parallel to the plane of the circle. This is
performed by two small secrews, which also fasten the collar
mto which the telescope screws to the upright stem on which
it is mounted : this is known to be right, when the sun and
moon, having a distance of one hund.ed and thirty degrees,
or more, their limbs are brought in contact, just at the out-
side of that wire which is next to the circle; and then,
examining if it be the same, just at the outside of the other
wire : its being so is the proof of adjust:acent.
Price $150 to $200.

Theodolite—(Fig. 99, next page.)—As an angular instru-
ment, the theodolite has from time to time received such
improvements that it may now be considered as the most
valuable instrument employed in surveying. Instruments
of this kind, of the best construction, may to a certain ex-
tent be used as altitude and azimuth instruments; and seve-
ral astronomical operations, such as those required for de-
termining the time, the latitude of place, d&c., may be per-
formed by them, and to a degree of accuracy suflicient for
most of the purposes that occur in the ordinary practice of
a surveyor.

There are various modes of constructing theodolites to
suit the convenience or the views of purchasers; but we
shall confine ourselves to a description of one of the most
perfect, as a person acquainted with the details of its adjust-
ments and use, will find no difficulty in comprehending those
of others.

Description of the Theodolite.— This instrument consists of
two circular plates, A and B, called the horizontal limb, the
upper or vernier plate, A, turning freely upon the lower, and
both have a horizontal motion by means of the vertical axis,
C; this axis consists of two parts, external and internal, the
former secured to the graduated limb, B, and the latter to
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the edge of the upper plate, or 180° apart, a short space, a,
is also chamfered, forming with the edge of the lower plate
a continued inclined plane ; these spaces are likewise covered
with silver, and form the verniers. The lower limb is usu-
ally graduated to thirty minutes of a degree, and it is sub-
divided by the vernier to single minutes, which being read
off by the microscope, E, half or even quarter minutes can
easily be estimated.

The parallel plates, F and G, are held together by a ball
and socket at D, and are set firm and parallel to each other,
by four milled bhead-screws, three of which, b 4 b, are shown
in the figure: these turn in sockets fixed to the lower plate,
while their heads press against the under side of the upper
plate, and being set in pairs, opposite each other, they act
in contrary directions; the instrument by this means is set
up level for observation.

Beneath the parallel plates is a female screw adapted to
the staff head, which is connected by brass joints to three
mahogany legs, so constructed that when shut up they form
one round staff, secured in that form for carriage by rings
put on them ; and when opened out they make a very firm
stand, be the ground ever so uneven.

The lower horizontal limb can be fixed in any position, by
tightening the clamping serew, H, which causes the collar ¢
to embrace the axis, C, and prevents its moving ; but it be-
ing requisite that it should be fixed in some precise position
more exactly than can be done by the hand alone, the whole
instrument, when thus clamped, can be moved any small
quantity by means of the slow-motion screw, I, which is
attached to the upper parallel plate. In like manner the
upper or vernier plate can be fixed to the lower, in any posi-
tion, by a clamp (in the plate this clamp is concealed from
view), which is also furnished with a slow motion, the screw
of which is generally called the tangent-screw. The motion
of this limb and of the vertical arc, hereafter to be described,
is sometimes effected by a rack and pinion; but this is
greatly inferior, where delicacy is required, to the slow
motion produced by the clamp and tangent-screw.

Upon the plane of the vernier plate, two spirit-levels, d,
d, are placed at right angles to each other, with their proper
adjusting screws ; their use is to determine when the hori-
zontal limb is set level ; a compass also is placed at J.

The frames K and L support the pivots of the horizontal

[y
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axis of the vertical arc, or semicircle, M, on which the te]e-
scope is placed. The arm which bears the microscope, N
for reading the altitudes or depressions, measured by the
sem1c1rcle, and denoted by the vernier, ¢, has a motion of
several degrees between the bars of the frame, K, and can
be moved before the face of the vernier for reading it off.
Another arm clamps the opposite end of the horizontal axis
by turning the screw, O, and has a tangent-screw of slow
motion at P, by which the vertical arc and telescope are
moved very small quantities up or down, to perfect the con-
tact when an observation is made.

One side of the vertical arc is inlaid with silver, and
divided to single minutes by the help of its vernier ; and
the other side shows the difference between the hypothenuse
and base of a right-angled triangle, or the number of links
to be deducted from each chain’s length, in measuring up
or down an inclined plane, to reduce it to the horizontal
measure. The level, which is shown under and parallel to
the telescope, is attached to it at one end by a joint, and at
the other by a capstan-headed screw, f, which, being raised
or lowered, will set the level parallel to the optical axis of
the telescope or line of collimation ; the screw, g, at the
opposite end, is to adjust it laterally, for true parallehbm in
this respect. The telescope has two collars, or nngs, of
bell metal, ground truly cylindrical, on which it rests in its
supports, % %, called Y's, from their resemblance to that
letter; and it is confined in its place by the clips, ¢ ¢, which
may be opened by removing the pins, j j, for the purpose
of reversing the telescope, or allowing it a circular motion
round its axis, during the adjustment.

In the focus of the eye-glass are placed three lines,
formed of spider’s web, one horizontal, and two crossing it,
so as to include a small angle between them ; a method of
fixing the wires which is better than having one perpendi-
cular wire, because an object at a distance can be made to
bisect the said small angle with more certainty than it can
be bisected by a vertical wire. The screws adjusting the
cross wires are shown at m : there are four of these screws,
two of which are placed opposite each other, and at right
angles to the other two, so that by easing one and tlghten-
ing the opposite one of each pair, the Tntersection of the
crass wires may be placed in adjustment.

The object-glass is thrust outwards by turning the milled
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head, Q, on the side of the telescope, that beiny the means
of adyusting it to show an object distinctly.

A brass plummet and line are packed in the box with the
theodolite, to suspend from a hook under its centre, by
which it can be placed exactly over the station from whence
the observations are to be taken ; likewise, if required, two
extra eye-pieces for the telescope, to be used for astrono-
mical observations; the one inverts the object, and has a
greater magnifying power, but having fewer glasses pos-
sesses more light; the otheris a diagonal eye-piece, which
will be found extremely convenient when observing an
object that has a considerable altitude ; the observer avoid-
ing the unpleasant and painful position he must assume in
order to look through the telescope when either of the
othe: eye-pieces is applied. A small cap, containing a
dark-colored glass, is made to apply to the eye-end of the

telescope, to screen the eye of the observer from the inten-
sity of the sun’s rays, when that is the object under observ-
ation. A magnifying glass, mounted in a horn frame, a
screw-driver, and a pin to turn the capstan-screws for the
adjustmeins, are also furnished with the instrument.

The Verner.—This is a contrivance for measuring parts
of the space between the equidistant divisions of a graduat-
ed scale. luis a scale whose length is equal to a certain
number of parts of that to be subdivided, depending on
the degree of minuteness to which the subdivision is intend-
ed to be carried ; but it is divided into parts which in number
are one more or one less than those of the primary scale
taken for the length of the vernier: in modern practice, the
parts on the vernier are generally.one more than are con-
tained in the same space on the primary scale.

If it is required to measure to hundredths of an inch, the
parts of a scale which is graduated to 10ths, it may be done
by means of a scale whose length is nine tenths of an inch,
and divided into 10 equal parts; or by one whose length is
eleven tenths of an inch, and divided into 10 equal parts;
for in either case the difference between the divisions of the
scale so made and those on the primary scale is the hun-
dredth of an inch. Such a scale, made to move along the
edge of that to be subdivided, is called a vernier. By its
application, either to straight lines or arcs of circles, the
subdivisions of graduated instruments are read off.

The adjustments—The first adjustment is that of the line
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of collimation; that is, to make the intersection of the cross
wires coincide with the axis of the cylindrical rings on which
the telescope turns: it is known to be correct, when an eye
looking through a telescope observes their intersection con-
tinue on the same point of a distant object during an entire
revolution of the telescope. The usual method of making
this adjustment is as follows :

First, make the centre of the horizontal wire coincide
with some well-defined part of a distant object ; then turn
the telescope half round in its Y’s till the level lies above
it, and observe if the same point is again cut by the centre
of the wire; if not, move the wire one half the quantity of
deviation, by turning two of the screws at m (releasing one,
before tightening the other), and correct the other half by
elevatmy or depre:.smcr the telescope; now if the coinci-
dence of the wire and object remains perfect in both positions
of the telescope, the line of collimation in altitude or depres-
sion is correct, but if not, the operation must be repeated
carefully, until the adjustment is satisfactory. A similar
proceeding will also put the vertical line correct, or rather
the point of intersection, when there are two oblique lines
instead of a vertical one.

The second adjustment is that which puts the level at-
tached to the telescope parallel to the rectified line of colli-
mation. The clips, ¢¢, being open, and the vertical arc
clamped bring the air-bubble of the level to the centre of
its glass tube, by turnmg the tangent-screw, P ; which done,
reverse the telescope in its Y’s, that is, turn it end for end,
which must be done carefully, that it may not disturb the
vertical arc, and if the bubble resume its former situation in
the middle of the tube, all is right; but if it retires to one
end, bring it back one half, by the screw f, which elevates
or depresses that end of the level, and the other half by
the tangent-screw, P; this process must be repeated until
the adjustment is perfect; but to make it completely so, the
level should be adjusted laterally, that it may remain in the
middle of the tube when inclined a little on either side from
its usual position immediately under the telescope, which is
effected by giving the level such an inclination, and if neces-
sary turning the two lateral screws at g; if making the
latter adjustment derange the former, the whole operation
must be carefully repeated.
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The third adjustment is that which makes the azimuthal
axis, or axis of the horizontal limb, truly vertical.

Set the instrument as nearly level as can be done by the
eye, fasten the centre of the lower horizontal limb by the
staff-head clamp, H, leaving the upper limb at liberty, but
move it till the telescope is over two of the parallel plate-
screws; then bring the bubble of the level under the tele-
scope, to the middle of the tube, by the screw P ; now turn
the upper limb half round, that is 180°, from its former po-
sition ; then, if the bubble returns to the middle, the limb is
horizontal in that direction ; but if otherwise, half the differ-
ence must be corrected by the parallel plate-screws over
which the telescope lies, and half, by elevating or depress-
ing the telescope, by turning the tangent-screw of the ver-
tical arc; having done which, it only remains to turn the
upper limb forward or backward 90°, that the telescope
may lie over the other two parallel plate-screws, and by
their motion set it horizontal. Haying now levelled the
limb-plates by means of the telescope level, which is the
most sensible upon the instrument, the other air-bubbles
fixed upon the vernier-plate, may be brought to the middle
of their tubes, by merely giving motion to the serews which
fasten them in their places.

The vernier of the vertical arc may now be attended to ;
it is correet, if it points to zero when all the foregoing ad-
justments are perfect; and any deviation in it is easily rec-
tified, by releasing the screws by which it is held, and tight-
ening them again after having made the adjustment; or,
what is perhaps better, note the quantity of deviation as an
index error, and apply it, plus or minus, to each vertical
angle observed. 'This deviation is best determined by re-
peating the observation of an altitude or depression in the
reversed positions, both of the telescope and the vernier
plate: the two readings will have equal and opposite errors,
one half of their difference being the index error. Such a
method of observing angles is decidedly the best, since the
mean of any equal number of observations taken with the
telescope reversed in its Y’s, must be free from the effects
of any error that may exist in the adjustment of the vernier,
or zero of altitude.

The theodolite, as constructed in the manner we have
described, is not inconveniently heavy, as the diameter of
the horizontal limb scldom exceeds five inches; but when
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the diameter is increased, the other parts must be made
proportionably large and strong, and the instrument becomes
too weighty and cumbersome to be easily carried from station
to station. The object of increasing the dimensions, is to
enable the instrument to furnish more accurate results, by ap-
plying a telescope of greater power, and by a more minute
subdivision of the graduated ares. With the increase of
size, a small variation takes place in the construction, prin-
cipally consisting in the addition of a second telescope, and
in the manner of attaching the supports, K and L, to the
horizontal limb, to afford the means of adjusting the hori-
zontal axis, and of course, making the telescope and vertical
arc move in a vertical plane. In the smaller instruments
this is done by construction, but in the larger ones, the sup-
ports, K and L, are attached to a stout frame, which also
carries the compass-box, instead of being fixed, as repre-
sented in our figure, to the upper horizontal-plate. The
frame is attached to the limb by three capstan-headed
screws forming an equilateral triangle, two of them lying
parallel to the horizontal axis, and the third in the direction
of the telescope; the adjustment is made by means of these
screws. 'To prove its accuracy, set up the theodolite in such
a situation that some conspicuous point of an elevated
building may be seen through the telescope, both directly
and by reflection, from a basin of water, or, what is better,
of oil or quicksilver. Let the instrument be very correctly
levelled, and if, when a vertical motion is given to the tele-
scope, the cross-wires do not cut the object seen, both
directly and by reflection, it is a proof that the axis is not
horizontal ; and its correction is effected by giving motion to
the screws above spoken of, which are at right angles to the
telescope, or in the direction of the horizontal axis. The
third screw, or that which is under the telescope, serves for
adjusting the zero of altitude, or vernicr of the vertical arc.

A second telescope is sometimes attached to the instru-
ment beneath the horizontal limb ; it admits of being moved,
both in a vertical and horizontal plane, and has a tangent-
screw attached for slow motion ; its use is to detect any
accidental derangement that may occur to the instrument
whilst observing, which may be done by it in the following
manner. After levelling the instrument, bisect some very
remote object with the cross-wires of this second telescope,
and clamp it firm; if the instrument is steady, the bisection
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will remain permanent whilst any number of angles are
measured, and by examining the bisection from time to time,
during the operation at the place where the instrument is
set up, any error arising from this cause may be detected
and rectified.
Price, 5 inch, brass arches, $100.00 to $120.00

“ 5 ¢« silver ¢ $125.00

113 6 g o I3 315000

“ 7o “ ¢ $250.00 to $300.00.

The Spirit Level (Fig. 100) con-
sists of a glass tube, nearly filled
with a liquid, spirits of wine being
now used, on account of its mobility, and not being liable
to freeze, the bubble of which, when the tube is placed
horizontally, would rest indifferently in any part, if the tube
could be made mathematically straicht; but that being im-
possible_to execute, and every tube having some slight
curvature, if the convex side be placed upwards, the bubble
will occupy the higher part; such a tube firmly fastened on
a straight bar, and marked at two points distant by the
length of the bubble, if so placed that the bubble shall
occupy this interval, has one definite relation to the horizon ;
for were it ever so little moved one way or other, the bubble
would shift its place, and run towards the elevated side.

The accuracy of the indications of the level depends in a
considerable degree on the regularity of the interior surface
of the tube. They are commonly made of glass tubes, in
the same state as they are obtained from the glass-house;
but when very great accuracy is required, the inside is
ground; to give them a regular spherical curvature. The
larger the bubble, the more freely it moves. The spirit
level is extensively used in instruments for surveying, and
for astronomical and geological purposes; the glass tube
being inclosed in a brass case, which is cut out on the upper
side, so that the bubble may be secn.

The Pocket Spirit Level—(Fig. 101, next page.)—This cut
represents a brass pocket spirit level ; they are made from
three to twelve inches long, are mounted on a stout brass
plate, having the bottom ground true, and supported by a
small pillar at each end, on the upper part of which are
two nuts, between which the level is supported by projec-
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tions from the ends of the brass tube in which it is enclosed,
and thus affording facilities for accurate adjustment.

They are made sometimes with sights at each end, and
adapted to a staff, serving for conducting small parcels of
water, draining a field, &ec.

The adjustment of these levels is very easily proved, or
made, by bringing the bubble in the middle, upon
any table, or base; if upon reversion in the same
place precisely, the bubble keeps to the middle,
it is adjusted ; if not, turn one of the screws at
the end, till it be so raised or depressed as to
cause the bubble to stand the reversing, at the
same time altering the inclination of the plane on
which the level is tried. Price, $2 to $6.

Fig. 103.

The Masons’ or Carpenters’ Level —(Fig. 102.)
—This spirit level is mounted in a mahogany
stock, or frame, usually from Fig 101
one to two feet long, but some- gy
times as small as three inches;
the glass tube is sunk in the
wood, and cemented fast; a E
stout brass plate covering the |
wood around, leaving a long §
aperture through which to view
the bubble; occasionally the
ends of the wood are capped
with stout brass, to prevent
wear. =

They are made sometimes
with sights, for the purpose of
sighting through for levelling 7
long distances.

Price, 88cts. to $1.50,

The Level and Plumb.—(Fig.
108.)—This is made similar to
the last, with the addition of a |
cross level, for which the stock
is made a little wider ; the cross
level is enclosed in a tube and
accurately fixed in the stock,
having a large circular or semi-

8*
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circular hole for viewing the bubble ; when placed against
a wall, post, or the like, will indicate if it is plumb, or not.
This is a valuable instrument for masons, carpenters, mill-
wrights, &c., for setting their work perpendicular, with more
expedition than the plumb-bob and string.

Price, $2.00.

Common Surveying Level—The annexed cut (Fig. 104)
is a representation of a spirit level of a plainer construction
than those that we shall describe, and though not having
the accuracy of the Y levels that are used by engineers, yet
will answer an ordinary purpose in the construction of
ditches, mill-seats, &c. The telescope is from twelve to
fourteen inches long, having adjusting tubes, and cross
hairs within, and is attached to a strong brass bar by screws
that have adjusting nuts; the level is attached to the tele-
scope with the usual adjustments, and beneath the bar a
socket with a milled-head screw, for the purpose of firmly
mounting on the staff. Price, $12.00.

Fig. 104.

The Y Spirit Level —(Fig. 105,) on the following page,
represents this instrument; 1t has an achromatic telescope
mounted in Y’s like those of the theodolite, and is furnished
with a similar system of cross wires for determining the axis
of the tube, or line of collimation. By turning the milled-
headed screw, A, on the side of the telescope, the internal
tube, @, will be thrust outwards, which carrying the object-
glass, it is by this means adjusted to its focal distance, so
as to show a distant object distinctly.

The tube, ¢ ¢, carrying the spirit-bubble, is fixed to the
under side of the tclescope by a joint at one end, and a
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Fig. 103,

capstan-headed screw at the other, which sets it parallel to
the optical axis of the telescope; at the opposite end is
another screw, ¢, to make it parallel in the direction side-
ways. One of the Y’s is supported in a socket, and can be
raised or lowered by the screw B, to make the telescope
perpendicular to the vertical axis. Between the two sup-
ports is a compass-box, C, having a contrivance to throw
the magnetic needle off its centre when not in use; it is
convenient for taking bearings, and is not necessarily con-
nected with the operations of levelling, but extends the use
of the instrument, making it a circumferentor. The whole
is mounted on parallel plates and three legs, the same as
the theodolite.

It is cvident, from the nature of this instrument, that
three adjustments are necessary. First, to place the inter-
section of the wires in the telescope, so that it shall coincide
with the axis of the cylindrical rings on which the telescope
turns; secondly, to render the level parallel to this axis;
and lastly, to set the telescope perpendicular to the vertical
axis, that the level may preserve its position while the
instrument is turned quite round upon the staves.

To adjust the Line of Collimation.—The eye-piece being
drawn out to see the wires distinctly, direct the telescope to
any distant object, and by the screw, A, adjust to distinct
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vision ;* bring the intersection of the cross wires to coincide
with some well-defined part of the object, then turn the
telescope round on its axis as it lies in the Y’s, and observe
whether the coincidence remains perfect during its revolu-
tion ; if it does, the adjustment is correct; if not, the wires
must be moved one-half the quantity of error, by turning
the little screws near the eye-end of the telescope, one of
which must be loosened before the opposite one is tightened,
which, if correctly done, will perfect this adjustment.

To set the Level parallel to the Line of Collimation.—
Move the telescope till it lies in the direction of two of the
parallel plate-screws, the clips which confine the telescope
in the Y’s being laid open, and by giving motion to the
serews, bring the air-bubble to the middle of the tube,
shown by the two scratches on the glass. Now reverse the
telescope carefully in its Y’s, that is, turn it ead for end;
and should the bubble not return to the centre of the level
as befare, it shows that it is not parallel to the optical axis,
and requires correcting. The end to which the bubble
retires must be noticed, and the bubble made to return one-
half the distance by the parallel plate-screws, and the other
half by the capstan-headed screw at the end of the level,
when, if the halves have been correctly estimated, the air
bubble will settle in the middle in both positions of the tele-
scope. This and the adjustment for the collimation gene-
rally require repeated trials before they ave completed, on
account of the difficulty in estimating exuctly half the
quantity of deviation.

To set the Telescope perpendicular to the Vertical Axis.—
Place the telescope over two of the parallel plate-screws,
and move them, unscrewing one while screwing up the
other, until the air-bubble of the level settles in the middle
of its tube ; then turn the instrument half round uwpon the
vertical axis, so that the contrary ends of the telescope may
be over the same two screws, and if the bubble again settles
in the middle, all is right in that position; if not, half the

* The cye-piece must first be drawn out uutil the cross wires are
perfectly well defined, then the object-gluss moved till distinct
vision is obtained without parallax, which will be the case, if, on
looking through the telescope at some distant object, and moving the
eye sideways before the eye-glass, the object and the wires remamn
steadily in contact; bat if the wires have any parallax, the object
will appear flitting to and from them,
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error must be corrected by turning the screw, B, and the
other half by the two parallel plate-screws over which the
telescope is placed. Next turn the telescope a quarter
round, that it may lie over the other two screws, and make
it level by moving them, and the adjustment will be
complete.

Before making observations with this instrument, the
adjustments should be carefully examined and rectified,
after which the screw, B, should never be touched; the
parallel plate-screws alone must be used for setting the
instrument level at each station, and this is done by placing
the telescope over each pair alternately, and moving them
until the air-bubble settles in the middle. This must be
repeated till the telescope can be moved quite round upon
the staff-head, without any material change taking place in
the bubble.

A short tube, adapted to the object-end of the telescope,
will occasionally be found useful in protecting the glass
from the intensity of the sun’s rays, and from damp in wet
weather. Price, $80 and $100.

Troughton’s Level —(Fig. 106.)—The telescope, A B,
rests upon the horizontal bar, @b, which turns upon the
staff-head (similar to the one employed in the Y level and
the theodolite). On the top of the telescope, and partly
imbedded within its tube, is the spirit-level, ¢ d, over which
is supported the compass-box, C, by four small pillars ; thus
admitting the telescope to be placed so close to the horizon-
tal bar, @ b, that it is much more firm than in the former
instrument. The bubble of the level is sufficiently long for
its ends to appear on both sides of the compass-box; and
it is shown to be in the middle by its coinciding with scratches
made on the glass tube as usual.

The wire plate (or diaphragm) is generally furnished with
three threads, two of them vertical, between which thes
station-staff may be seen; and the third, by which the ob-
servation is made, is placed horizontally.

The telescope is generally constructed to show objects
inverted ; and as such a telescope requires fewer glasses than
one which shows objects erect, it has the advantage in point
»f brilliancy ; and when an observeris accustomed to it, the
apparent inversion will make no difference to him. A diago-
nal eye-picce, however, generally accompanies the instru-
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Fig. 106.

29L BROADWAY N Y.
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ment, and by it objects can be seen in their natural position.
A cap is adapted to the object-end of the telescope, to
screen the glass from the rays of the sun, or from the rain:
when the cap is used, it should be drawn forwards as much
as possible.

® The requisite adjustments for this instrument are the
same as those of the Y level ; viz. that the line of collima-
tion and the level be parallel to each other, and that the
telescope be exactly perpendicular to the vertical axis; or
in other words, that the spirit bubble preserve its position
while it is turned round horizontally on the staff-head. The
adjustment of the level is effected by correcting half the
observed error by the capstan-screws, e, £, which attach the
telescope to the horizontal bar, and the other half by the
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parallel plate-screws: the capstan-screws, e, f, have brass
covers to defend them from injury or accidental disturbance,
but admit their adjustment when necessary.

The spirit level itself has no adjustment, being firmly
fixed in its cell by the maker, and therefore the line of col-
limation must be adjusted to it, by means of two screws,
near the eye-end of the telescope ; the manner of doing this
is as follows :—Set up the instrument on some tolerably level
spot of ground, and, after levelling the telescope by the
parallel plate-screws, direct it to a staff held by an assistant
at some distance (from ten to twenty chains); direct him by
signals to raise or depress the vane, until 1ts wire coincides
with the horizontal wire of the telescope (or central division
of the micrometer scale): now measure the height of the
centre of the telescope above the ground, and also note the
height of the vane on the staff; let, for example, the former
be four feet and the latter six, their difference shows that
the ground over which the instrument stood is two feet
higher than where the staff is placed. Next make the
instrument and staff change places, and observe in the same
manner as before, and if it gives the same difference of level,
the instrument is correct; if otherwise, take half the differ-
ence between the results, and elevate or depress the vane
that quantity, according as the last observation gives a
greater or less difference than the first. Again, direct the
telescope to the staff, and make the coincidence of the hori-
zontal wire and that on the vane perfect, by turning the
collimation serews. Price, $100.

Levelling Staves.—(Fig. 107.)—A mahogany ~ Tig- 107,
rod, about 12 feet-long, and two inches wide, u
is divided into feet and hundredths. A target -
of brass, about 8 inches square, or round, -
slides on the rod, by means of a brass box, on
the back, having a spring to give ease and
regularity to the movement ; on the face of the
target is an aperture, over the divisions of the
rod, having a vernier, which reads to thousands
of a foot. The face is varnished in sectors of
different colors, as white and black, affording
a very distinct dividing line to the observer.
A stout cord is fastened to the upper part of '
this box, on one side, and is carried around the whole length

iy
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of the rod, passing through pulleys in the ends, and is at-
tached to the lower part of the box. By means of this cord
the target may be moved up or down, when out of the
reach of the vane man. Price, $5.00 to $8.00 each.

Portable Levelling Staves.—Two mahogany station-staves
generally accompany the spirit-level ; they consist of two
parts, capable of bemng drawn out when considerable length
is required. They are divided into feet and hundredths, or
feet, inches, and tenths, and have a sliding-vane, with a wire
placed across a square hole in the centre, as shown in
Fig. 107: this vane being raised or lowered by the as-
sistant, until the cross-wire corresponds with the horizontal
wire of the telescope, the height of the wire in the vane,
noted on the staff, is the height of the apparent level above
the ground at that place.

When both the staves are used, they should be set up at
equal distances on each side of the spirit level : the difference
of the heights of their vanes will be the absolute difference
of level between the two stations. But when one staff only
is employed, the difference between the height of the vane
and the height of the centre of the telescope of the instru-
ment, will be the apparent difference of level, which, if the
distance between the staff and instrument is great, requires
to be corrected for the curvature of the earth.

Price, $5.00 to $8.00 each.

Fig. 108, Angle Meter, or Level
Jor Slopes—(Fig.108.)—
This level, used for mea-
suring the angle of strata
in mines, geological form-
ations, and any inclination
orslope, consists of a stout
brass plate, about 6 inches
long, jointed at onme end
to another plate, having a
level at the side, and hav-
ing a graduated arc at-
tached to the lower plate,
and moving in a slide on the back of the level plate, and also
jointed for portability. In use the lower plate is placed on
the slope, and the jointed plate moved till the bubble of the
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level stands in the middle of the opening, the angle being
shown on the divided arc. ’
Price, $6.00 and £8.00.

Dipping Needle—The Fig. 109,
dipping needle (Fig. 109)

is usually a flat oblong
piece of steel, about 6 in.
long, accurately centred,
and balanced previous to
being magnetized, and
having a slender cylin-{
drical axis, fixed at right
angles through its centre,
and moving freely on its
supports. The mounting
consists of a brass plate,
supported by three screws.
In the centre of this brass
plate is another, concen-
tric with the former, and
movable round a centre-
pin, like the movable plate
of a theodolite. To this
plate are attached two levels, the one placed at right an-
gles to the other, and used to adjust the plate horizontally.
Four pieces of brass support the circular case of the dipping
needle, the two faces of which are of plate glass, within
which two straight bars of brass are firmly fixed across in a
horizontal direction; other two brass pieces are fixed by
screws to the centre of the bars, and carry two finely polished
planes of agate, on which the axis of tl}e 'needle rests, 'and
upon which it turns with very little friction. There is a
contrivance inside the box, connected with a small knob
outside, by which the observer can lift, by means of Y’s,
the needle from the agate plates, or lower it upon them at
pleasure ; the Y’s being carefully adjusted so as always to
leave the axis of the needle on the same part of the agate
planes, and in the centre of the graduated circle, and from
which graduated circle, the angle the needle makes with
the horizon is indicated ; this circle is usually divided to
half or quarter degrees, and there is sometimes a vernier
attached to the end of the needle, and also a reading micro-

9 -
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scope attached to the rim of the glass face, movable so as
to be easily placed on any part of it, for the purpose of
reading off the dip with greater accuracy.

To use the instrument, set the graduated rim in the plane
of the magnetic meridian by means of a common compass,
levelling it by means of the screws of the stand.

Price, $40.00 to $50.00.

Fig. 1o, The Goniometer—(Fig.
110.)—An instrument for
measuring angles, and more
particularly the angles form-
ed by the faces of crystals.
The common goniometer
consists of a pair of steel
blades moving on a centre,
as shown in the cut; the
edges, a a, are carefully ad-
justed to the faces of the

crystal, whose inclination to each other it is required to as-
certain; and then the instrument being applied to the
divided semicircle, the angle contained is at once read off.
An approximate measurement, within one or two degrees,
can be easily obtained by this instrument, provided the planes
of the crystal be tolerably perfect, and large enough for the
purpose. Price, $3.00 to $5.00.

Fig. 111. Wollastor’s Reflecting GQoniometer.—
(Fig. 111.)—The reflecting goniometer
is a very superior instrument, its indica-
tions being correct within the fraction of
a degree; it is applicable also to the
measurement of the angles of crystals
of very small size, the only conditions
required, being, that their planes be
smooth and brilliant. It consists of a
brass circle, 4, graduated on the edge,
and furnished with a vernier, &, by which
the divisions may be read accurately to minutes. The circle
moves in a vertical plane, and is supported on a stand. The
axis of the circle is a hollow tube, within which is a smaller
axis, fitting so tightly that when turned round it carries the
other axis, and consequently the wheel, along with it, unless
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the latter is purposely prevented from moving. The interior
axis is furnished with a milled-head, ¢, and the exterior with
a milled-head, B, also; so that when the head, ¢, is held
and the other turned, the circle may be moved independent-
ly of the smaller axis; and when the outer one, B, is held,
and the inner one, ¢, turned, the smaller axis may be turned
independently of the circle. Attached to the end of the
smaller axis is a sort of universal joint, o, capable of being
fixed in different positions. The crystal to be examined is
attached to the joint at ¥, by a little soft wax, and placed
so that its edge shall be parallel to the axis of motion ;
which adjustment is obtained by placing it so that the image
of some horizontal object, as the bar of a window, succes-
sively reflected from the two faces of the crystal, coincides
with another horizontal line seen by direct vision. When
this adjustment has been made, the instrument is turned till
the horizontal object is seen reflected from one of the faces.
The smaller axis is then held fast, and the other turned till
the index of the vernier points to the zero of the graduated
limb. The circle is then turned round, along with the
smaller axis, till the same object is seen in the same position,
by reflection from the other face of the crystal; when the
arc passed through by the circle is obviously the supplement
of the angle formed by the two faces of the crystal. In
order, however, to avoid calculation, the supplements of the
angles arc marked on the limb, so that the angle to be
measured is read off immediately. Price, $20.00.

The Artificial Horizon.—When the altitude of a celestial
object is to be taken at sea, the observer has the natural,
or sea horizon, as a line of departure; but on shore, he is
obliged to have recourse to an artificial one, to which his
observations may be referred : this consists of a reflecting
plane, parallel to the natural horizon, on which the rays of
the sun or other objects falling, are reflected back to an eye
placed in a proper position to receive them ; the angle
between the real object and its reflected image being then
measured with the sextant, is double the altitude of the
object above the horizontal plane.

Various natural, as well as artificial, reflecting surfaces
have been made by mechanical arrangements, to afford the
means of obtaining double angles; such as pouring water,
oil, treacle, or other fluid substances into a shallow vessel ;
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and to prevent the wind giving a tremulous motion to its
surface, a piece of thin gauze, tale, or plate-glass, whose
surfaces are perfectly plane and parallel, may be placed
over it, when used for observation. But the most accurate
kind of artificial horizon is that in which fluid quicksilver
forms the reflecting surface, the containing vessel being
placed on a solid basis, and protected from the influence of
the wind. The adjoining figure (No. 112) represents an
Fig. 112, instrument of this kind. The mercury
is contained in an oblong wooden trough,
placed under the roof A, in which are
fixed two plates of glass, whose surfaces
are plane and parallel to each other.
This roof effectually screens the surface
of the metal from being agitated by the wind, and when it
has its position reversed at a second observation, any error
occasioned by undue refraction at either plate of glass will
be corrected. Price, $20.00 and $25.00.

Fig. 113. Another and more portable contrivance
4 for an artificial horizon, is represented in
the annexed figures, which consists of a
circular plate of black glass, about two
inches diameter, mounted on a brass
2 stand, half an inch deep, with three foot
screws, a b ¢, to set the plane horizontal ;
the horizontality being determined thus
by the aid of a short spirit-level, d, hav-
ing under the tube a face ground plane,
on which it lies in contact with the re-
flecting surface; place the level on the
glass, in a direction parallel to the line
joining two of the three foot-screws, as
a and b, then move one of these screws
till the bubble remains in the middle of
the tube, in both the reversed positions
of the level, and the plate will be hori-
zontal in that direction; then place the
level at right angles to its former posi-
tion, and turn the third foot-screw back
or forwards till the bubble again settles
- in the middle of its tube, the former

ig. 114,
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GLOBES.

Eighteen inch Globes of the Society for the Diffusion of
Useful Knowledge.—(Fig. 115, next page.)—In these globes
an endeavor has been made to combine a degree of accu-
racy, such as is only possessed by the best modern maps,
with the Jowest price at which excellence can be attained.
The terrestrial globe has been compiled from the most recent
geographical surveys, with the aid of the accounts given by
the best travellers; and there is annexed on the 18-inch
globe a table of the population of the different countries in
the world, compiled from the latest official returns, and,
where these are wanting, the best authorities which could
be obtained by Mr. G. S. Brent, Fellow of the Statistical
Society of London.

The astronomical information which has been supplied
of late years upon the position and nomenclature of the
fixed stars, has rendered a perfectly new celestial globe a
most desirable acquisition to the. student of astronomy.
The labors of Piazzi, Bradley, Lacaille, Johnson, &c., in de-
termining the places of the stars, and those of Baily in the
correction of their nomenclature (in the new edition of the
“ British Catalogue”), have been carefully consulted in the
celestial globe which is now advertised. The stars in the
northern hemisphere are all which are given by Piazzi, with
the addition of such of Bradley’s (from the Tabule Regio-
montana) as arc not in Piazzi. The stars in the southern
hemisphere comprise all those given by Lacaille and Johnson.
The magnitude of each star is that by which it is designated
in the cata]ogue from which its place is taken: 'md the
several orders of magnitude are so distinguished from each
other as to be read, after a little practice, without the ne-
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edition of the ¢ British Catalogue;” which work has also
been followed in the omission of all letters except those
which are found in Bayer’s maps. All the positions have
been brought up to 1850.

The figures of the constellations are printed from different
plates and in a distinct color from that of the more import-
ant parts.

Price, on high mahogany frames, the pair, $78.00.
6 6 6 113 ¢ and com-
passes, the pair, - - - $85.00.

Thirteen-inch Globes.—The artificial globe is a round body
or sphere, having on its surface a map of the earth, or of
the celestial constellations, as delineated, with the principal
circles of the sphere. In the former case it is called the
terrestrial—in the latter, the celestial globe.—(See Figs. 116,
opposite page.)— Artificial globes are used for the purpose of
conveying to young persons the first ideas of the figure and
rotation of the earth, of latitude and longitude, and the
situation of places with respect to each other, and to the
sun at the different seasons of the year. It is usual to
employ them also for the purpose of solving mechanically a
few elementary problems of astronomy, relative to the dif-
ference of the hour ‘of the day at different places; the
times of the rising and setting of the sun; the limits of the
visibility of eclipses, ete.

The fundamental parts of these instruments which are
common to both, are, first, the two poles whereon the
globe is supported, representing those of the world; second,
the brazen meridian, which is divided into degrees, and
passes through the poles; third, the wooden horizon,
whose upper side represents the real horizon, and is divided
into several circles; fourth, a brass quadrant of altitude ;
fifth, two hour circles, one moving round each pole as a
centre, and divided into twice twelve hours, to indicate
those of the day and night. The best globes have also a
magnetic compass attached to the frame. Upon the surface
of the globes are depicted the lines of latitude and longi-
tude, the equator, ecliptic, tropics, and polar circles. On
one globe, in addition to these, are the various countries,
seas, etc., of the world; and on the other, the stars in their
relative positions.
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Figs 116.

Price, the pair, - - - - $25.00.
“ “  with high mahogany frames, $35.00.

13 (13 [ 13 < 13
and compasses, - $40.00.
“ o 10 inch, - - - $20.00.
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Fig. 117. Fig. 118,

Globes with Inclined Azis, on neat Mahogany Bases—(See
Fig. 117,-as above.)
9 in. globes, terrestrial and celestial, the pair, $15.00.
6 in. globes, terrestrial and celestial, the pair, § 7.50.
3 in. globes, terrestrial and celestial, the pair, $ 3.50.
5 in. globes, terrestrial and celestial, the pair, § 2.50.
5 in. terrestrial globe, - - - - ¢ 125,
3 in. terrestrial globe, - - - - 8 0.75.
5 in. terrestrial globe, with moon attached, - § 2.00.

Small @lobes, with Brass Meridian and Horizon.—(Fig.
118, as above.)

5 in. terrestrial globe, - - - - $ 1.50.

3 in. terrestrial globe, - e - - 8 1.00.

Altitude or Globe Quadrant (Fig. 119, as above,) consists
of a thin, flexible strip of brass, movable at one end, around
a joint in the lower part of a square head, which is furnished
with a tangent screw. Its use is, that when fastened on to
the brazen meridian of an artificial globe, it shall indicate
the relative position of places, and other purposes connected
with that part of geography commonly called the use of
the globes. The strip of brass is graduated from zero to
90°, and the size of the instrument must be accordant to the
size of the globe with which it is to be used.

Price, 12 in. or 13 in., $1.25.
“ 18in, - - §2.00.
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The Armillary Sphere~—(Figs. 120 and 121, page 109.)
—Of the instruments contrived to elucidate the elements of
astronomy, none imprint so clearly on the mind the nature
and use of those circles which astronomers have supposed
to be applied to the concave sphere of the heavens, as the
armillary sphere. .

If the circumference of a circle be turned about its diame-
ter as an axis, it will generate in its motion the surface of a
globe or sphere.

And the centre of the circle will be the centre of the globe.

All straight lines reaching from the centre of a globe to
its surface are equal.

Every straight line that goes through the centre of a
sphere, and is terminated at both ends by the surface, is a
diameter.

The diameter about which any sphere turns is its axis.

The extremities of such diameter or axis are its poles.

On the surface of a globe or sphere several circles may
be deseribed ; those circles, whose centre is the same with
the centre of the globe, are called by way of distinction
great circles ; these divide the sphere into two equal parts.
The angular distance of two points situated on the surface
of the sphere, is measured by the arc of a great circle
intercepted between them.

Lesser circles divide the sphere into two unequal parts.

The sphere before you, by its real circles, serves to re-
present, and will enable me to explain to you those imagina-
ry circles by which astronomers divide the heavens into the
same parts or portions as you see these circles divide the
sphere. If your eye could be placed in the centre of this
sphere, you would see its circles upon or against those very
points of the heavens where the imaginary circles of the
astronomers are supposed to be situate. It is called armil-
lary, because it consists of a number of rings of brass, called
by the Latins armille, from their resembling bracelets or
rings for the arms.

There are six great circles of the sphere: the horizon,
the meridian, the equator, the ecliptic, the equinoctial colure,
and the solstitial colure.

The sphere is sustained in a frame, on the top of which
is a broad circle representing the horizon, which represents
that imaginary circle which bounds or terminates the view
of the spectator, dividing the sphere into two equal parts;
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that which is above the horizon is called the upper or visible
hemisphere ; that which is below, the lower or invisible
hemisphere. When the sun, moon, or stars, descend below
this circle, we say they are set; on the contrary, when they
appear above it, we say they have risen.

On the broad circle, representing the horizon, are marked
the thirty-two points of the mariner’s compass; the east,
west, north, and south points, are principally to be regard-
ed ; these are called cardinal points.

On the inside of the horizon are two notches for receiving
a strong brass circle representing the meridian.

It is suspended on two pins, at two opposite points of
the meridian ; these pins are a continuation of the axis of
the sphere both ways, and as the sphere turns round upon
them, they are considered as poles, and are called, one the
north, the other the south pole.

The equator is that circle which goes round the sphere
exactly in the middle between the two poles.

The ecliptic is that circle which crosses the equator ob-
liquely ; it is divided into twelve parts, each of which consists
of thirty degrees.

The equinoctial colure is the great circle which passes
through those two points of the equator that are intersected
by the ecliptic.

The solstitial colure is the other great circle at right
angles to the equator.

There are four lesser circles of the sphere, two tropics,
and two polar circles; these four circles are all parallel to
the equator.

The tropic of Cancer is the parallel which is on the north
side of the equator, and 231 degrees distant therefrom.

The tropic of Capricorn is situate on the south side of the
equator, and also 231 degrees distant therefrom.

The two polar circles are at the same distance from the
two poles that the tropics are from the equator, that is,
twenty-three degrees and a half.

That towards the north pole is called the arectic circle,
that towards the south pole, the antaretic circle.

The point in the heavens which is directly over the head
of the spectator, is called the zenith. The point which is
directly under his feet, is called the nadir.

To rectify the Sphere, elevate the pole till the same rum-
ber of degrees is above the plane of the horizon, as the pole
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of the place you are considering is above the horizon, and
then the circles on the sphere will, with respect to the globe
within it, correspond with the imaginary circles of astrono-
mers in the heavens.

The Hour Circle is a small circle fixed about the north
pole, with a hand on the axis of the sphere, so that by turn-
ing the sphere on its axis the index will be carried round the
circle.

This circle is used to convert the degrees of the equator
into time ; it is divided into twenty-four equal parts, answer-
ing to twenty-four hours, or the time of an entire revolution
of the heavens. The index, by pointing successively to those
hours, shows in what space of time any part of that revolu-
tion is performed.

The Quadrant of Altitude—This is a long slip of brass
with a nut at top to fix it to the meridian; it is divided into
ninety degrees, and being fixed at the zenith it reaches to
the horizon ; it may be carried to any part of the sphere,
and thus will show the height or altitude of any point above
the horizon in any position of the sphere.

Price, best 18 inch diameter, $40.00.
«“  plain, $20.00 and $25.00.
“  common fig., 9 inch, § 4.00.
€ 6c 6 12 13 $ 5.00.

Planetarium.—(Fig. 122, next page.)—A planetarium
may be considered in some sort as a diametrical section of
our universe, in which the upper and lower hemispheres are
suppressed.

The upper plate is to answer for the ecliptic; on this are
placed, in two opposite but corresponding circles, the days
of the month, and the signs of the ecliptic, with their res-
pective characters ; by this plate you may set the planetary
balls so as to be in their respective places in the ecliptic, for
any day in the year.

Through the centre of this plate, you observe a strong
stem, on which is a brass ball to represent the sun; round
the stem are different sockets to carry the arms, by which
the several planets are supported. The planets are repre-
sented by white or gilt balls. 'We can with ease either take
off, or put on, any of the planets, as occasion may require.
About the primary planets are placed the secondary planets
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The motions are carried on by a train of wheel-work con-
cealed in the brass box, under the ecliptic.

In the centre of the system is the sun, placed in the
heavens by that Almighty Power, who said, “Let there be
light, and there was light,” to be the fountain of light and
heat to all the planets revolving round him.

The nearest planet to the sun is Mercury ; observe the
part of the ecliptic he is at, and also the place where the
earth is situate. I now turn the handle, Mercury is arrived
at the place from whence he set out, and our earth has gone
over 88 days of the ecliptic ; the velocity we here give the
planet is inconsiderable, but in his course in the heavens he
1s supposed to move with a velocity equal to 100,000 miles
in an hour.

Venus is the next planet in the system; in the heavens
she is distinguished by the superiority of her lustre, appear-
ing to us the brightest and largest of all the planets. By
observing her course through the ecliptic, and comparing it
with thedays passed over by the earth in the same time,
you will find, in the instrument, Venus revolving round the
sun in 225 days; in the heavens she moves at the rate of
80,955 miles in an hour. ’

The third planet in the solar system is the Earth ; dimi-
nutive as it appears before you in this instrument, its real
diameter is near 8000 miles ; it revolves round the sun in
the space of 865 days, into which number the brazen eclip-
tic is divided ; this revolution constitutes our year, while its
revolution round its axis forms day and night.

The little ball, close and annexed to the earth, represents
the Moon. ;

The planet Mars is the next in order, being the first
above the earth’s orbit ; he revolves round the sun in about
686 days; so that our earth, as you will observe by the
instrument, goes nearly twice round, while he is performing
his revolution ; he is supposed to move at the rate of 55,783
miles in an hour. To this planet our earth and moon will
appear like two moons, sometimes half or three quarters
illuminated, but never full,

Jupiter, the largest of all the planets, is next beyond
Mars; and our earth must have gone nearly twelve times
round the ecliptic for one revolution of Jupiter; yet so far
is its path removed from the sun, that to go round it in
this space of time, it moves at the rate of 80,193 miles an
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hour, It is attended by four satellites, represented by four
balls ; they are invisible to the naked eye, but appear beau-
tiful through a telescope.

Saturn, the next planet, is still higher in the system,
performing its circuit in about thirty years of our time; it
moves at the rate of 22,298 miles an hour; it is accompa-
nied by seven satellites, and a large luminous ring.

Georgium Sidus, or Herschel, is the seventh planet in our
system ; it is nearly twice the distance of Saturn from the
sun, round which it revolves in about 90 years ; its diame-
ter is 34,170 miles, and it is accompanied by six satellites.

Price, $50.

Fig. 123.

Improved Planetarium.—(Fig. 123, as above.)—This in-
strument has received the entire approbation of teachers,
and others, who have used it, and has been adopted in
most of our academies and schools. Itis substantially made,
the planets moving by a crank and wheel-work within the
box, on the top of which is an engraved plate representing
the signs of the zodiac, &c., and the whole as useful an
instrument as the more costly one preceding.

Price, with brass stand, $15.00.
“  with mahogany stand, $ 7.50.

The Common Orrery—(Fig. 124.)—The following shows
one of these instruments of a simple form :—1It consists of a
table, upon the top of which are delineated the signs of the
zodiac, points of the compass, days of the month, and
months of the year. In the centre is a strong wire or brass

10%
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rod, terminated by a brass ball to represent the sun. On
this rod are several rings, each bearing a long wire, turned
up near the end. These have balls of various sizes at their
points, representing the planets of our system, with such
moons as-naturally belong to them. The length of the
wires and size of the balls cannot be made accordant with
the real size of the planets and their orbits, on account of
the very great extent of space which would be required.
The planets are seen in their natural order of Mercury,
Venus, the Earth and moon, Mars, Jupiter and four moons,
and Saturn with seven moons. Herschel is for want of space
omitted. Price, $5.00.

The Tellurium.—The sun, the earth, and the moon, are
bodies, which, from our connexion with them, are so inter-
esting to us that the annexed instrument has been contrived
expressly for their elucidation. 'This instrument (Fig. 125)

Fig. 125,
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shows in an accurate and clear manner the phenomena
arising from the annual and diurnal motion of the earth; the
change of the seasons; the revolution of the moon round
the earth, moving in an orbit inclined to that of the ecliptic,
and illustrating the subject of eclipses. The gilt ball repre-
senting the sun can be taken off, and a lamp substituted in
its place, illuminating the earth in one hemisphere only, and
the moon differently in its various positions. There are
four distinct motions given to this instrument, three by
means of wheels with cords passing round them, and one
with toothed wheels, also a screw at the end to tighten the
cords when required ; the globe is three inches in diameter,
and all the continents, seas, etc., may be distinctly seen;
the equator, the ecliptic, tropics, and other circles, are very
visible, so that problems, relative to particular places, may
be satisfactorily solved ; the axis of the earth is inclined to
the ecliptic in an angle of 661 degrees, and preserves its
parallelism during the whole of its revolution ; when the
north pole is turned directly towards the sun, the globe is
in the position of the earth for the longest day in our
northern hemisphere, or the 21st of June; turn the handle
of the instrument till the earth and moon have revolved
half round the sun, and the north pole is directed from the
sun, and we have the shortest day, or the 21st of December;
there are two intermediate positions in the revolution of the
globe, answering to the positions on the 21st March and the
21st of September, when the two poles are equally exposed
to the sun, and when the days and nights are of a length
all over the earth. The phases of the moon are clearly ex-
hibited by this instrument. When the moon is between the
carth and the sun, we call it new moon, the enlightened
part being then turned from us; but when the earth is be-
tween the sun and moon, we call it full moon, the enlight-
ened part being then turned towards us; in the intermediate
positions we have the first and last quarter of the moon.
Price, on brass stand, $18.50.
“  on mahogany stand, $7.00.

Eclipse Instrument.—(Fig. 126, next page.)—This instru-
ment consists of a painted ball of four inches in diameter,
representing the sun, mounted on a mahogany base twenty
inches long; there is supported from each end a two inch
terrestrial globe ; to the axis of one of these is supported a
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ball, representmrr the moon, which i is movable nearly around
the globe ; brass wires proceed from the sun, representing
the rays of the sun’s light falling on the side of the earth
turned towards the sun. From this end of the instrument
various eclipses may be shown. From the other side of the
sun there is a ball representin«r the moon, by which the
earth is eclipsed, and wires representing rays from the sun,
for explaining the shadows called penumbra and umbra,
and is a valuable instrument in explaining both solar and
lunar eclipses. Price, $5.00.

The Tzde Dial. -—(FIO‘ 127, next page.)—This instrument
consists of a circular piece of wood, on which there is re-
presented a dial having the twenty-four hours of the day;
connected at the centre to an axis, is a movable disk repre-
senting the ocean, and bearing an arm having a ball attached
to the end, representing the moon; the water appearing at
high tide in that dlrectlon the outer disk rcprcsentmw the
earth On the back of the dial is a crank, giving motion to
the wheel-work, and causing the earth and moon to revolve ;
the earth revolving twenty nine times faster than the moon.

The tides are occasmned by the ebbing and flowing of the
sca, which are caused by the attraction of the sun and
moon, but chiefly by the latter.

The attraction causes the water to assume a spheroidal
figure, the longest axis being in the direction of the moon.

Thls oval of the waters keeps pace with the moon in its
monthly course round the earth; while the earth, by its
daily rotation on its axis, presents each part of its surface to
the direct action of the moon, twice every day, and thus
produces two flood and two ebb tides. But because the
moon is in the mean time passing from east to west in its
orbit, it comes to the meridian of any place later than it
did the preceding day; consequently the two floods and
ebbs require nearly twenty-five hours to complete them.

The tides are greatest at the new and full moons, and are






118 BENJ. PIKE’S, JR., DESCRIPTIVE CATALOGUE.

Fig. 129.
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The structure of the instrument is very simple : it consists
of two or more hoops of thin tin, or brass. These are
fastened below to a spindle, so that they must turn with it,
but move easily up and down that spindle when put in mo-
tion. The spindle has a pulley below, and is supported at
top by a cross arm. The pulley is turned by a string pass-
ing over a multiplying wheel. Upon turning this wheel, the
hoops being put in motion will endeavor to fly out by cen-
trifugal force, and assume the shape represented by the
dotted line ; that is, will become an oblate spheroid, or a
globular body flattened towards either pole.
Price, $4.50.

Fig. 129, as above, represents a cheaper construction of
this instrument, having a three inch globe in the centre.
The motion is given by turnmw it rapidly with the finger.

Price, $2 50.

Astronomic Telescope on Brass Stand.—No invention in
the mechanic arts has ever proved more useful and enter-
taining than the production of the telescope; its utility,
both by sea and land, is well known; in respect to the
heavenly bodies, much of our knowledge is due to the
invention of the telescope.
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the sliding pipe, which contains the two first glasses, and in
its place substitute the higher power, 2. Observe, the
highest power, 1, is screwed into the adjusting tube, C,
without the long eye-tube, and is preferred for astronomical
uses.

The legs of the brass stand are jointed and fold together,
and the whole instrument neatly packed in a mahogany
case. :

Price, the main tube 20 inches long, $42.00.

¢

“« “ 30 “«“ 60.00.
13 ¢« «“ 36 ¢« 90.00.
“ “ « 49 “ 150.00 and $200.

« 30 inch, without box and ast. eye-piece, 48.00.

Astronomical Telescope.—(Fig. 131, next page.)—Figure
1 in the plate represents the telescope, supported in the
centre of gravity, with its rack-work motions, and mounted
on its mahogany stand, the three legs of which are made fo
close up together by means of the brass frame, a ¢ @, which
is composed of three bars, connected together in the centre
piece by three joints, and also to the three legs of the
mahogany stand by three other joints, so that the three
bars of this frame may lie close against the insides of the
legs of the mahogany stand when they are pressed together
for convenience of carriage.

The brass pin, under the rack-work, is made to move
round in the brass socket, b, and may be tightened by
means of the finger-screw, d, when the telescope is directed
nearly to the object intended to be observed. This socket
turns on two centres, by which means it may be set perpen-
dicular to the horizon, or to any angle required in respect to
the horizon ; the angle may be ascertained by the divided
arc, and then made fast by the screw, e. If this socket be
set to the latitude of the place at which the telescope is
used, and the plane of this arc be turned on the top of the
mahogany stand, so as to be in the plane of the meridian,
the socket, b, being fixed to the inclination of the pole of
the earth, the telescope, when turned in this socket, will
have an equatorial motion, which is always very convenient
in making astronomical observations.

Figure 2 in the plate represents a stand to be used on a
table, which may be more convenient for many situations
than the large mahogany stand. The telescope, with its
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The tube 4 4 may be made either of brass or mahogany
of three and a half feet long. The achromatic object-glass
of three and a half feet focal distance has an aperture of
two inches and three quarters.

The larger size is with a tube five feet long, and has an
achromatic object-glass of three inches and one quarter
aperture.

The eye-tube, as represented by B, contains four eye-
glasses, to be used for day or any land objects. There are
three eye-tubes, as C, which have two glasses in each, to
be used for astronomical purposes. These eye-tubes all
screw into the short brass tube at D. By turning the
button or milled head at £ this tube is moved out of the
larger, so as to adjust the eye-glasses to the proper dis-
tance from the object-glass, to render the object distinct to
any sight with any of the different eye-tubes.

The magnifying power of the three and a half feet tele-
scope wit% the eye-tube for land " objects, is forty-five
times, and of the five feet, for land objects, sixty-five times.
With those for astronomical purposes, with the three and a
half feet, the magnifying powers are eighty, one hundred
and thirty, and one hundred and eighty; and for the five
feet, one hundred and ten, one hundred and ninety, and two
hundred and fifty times.

Stained glasses, as g, are applied to all the different eye-
tubes, to guard the eye in observing the spots on the sun.
These glasses are to be taken off when the eye-tubes are
used for other purposes.

The rack-work is intended to move the telescope in any
direction required, and is worked by means of the two
handles at &.  When the direction of the tube is required
to be considerably altered, the worm screws, which act
against the arc and the circle, must be discharged; then
the screw d being loosened, the pin of the rack-work will
move easily round in the socket, b.

For the more readily finding or directing the telescope to
any object, particularly astronomical objects, there is a
small tube or telescope, called the finder, fixed near the
eye-end of the large telescope. At the focus of the object-
glass of this finder there are two wires which intersect each
other in the axis of the tube, and as the magnifying power
is only about six times, the real field of view is very large;
therefore any object will be readily found within it, which
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being brought to the intersection of the wires, it will then
be within the field of the telescope.

In viewing astronomical objects (and particularly when
the greatest magnifying powers are applied) it is very
necessary to render the telescope as steady as possible; for
that purpose there are two sets of brass sliding rods, 7 ¢, as
represented in the plate. These rods connect the eye-end
of the telescope with two of the legs of the stand, by which
any vibrations of the tube, that might be occasioned by the
motion of the air or otherwise, will be prevented, and the
telescope rendered sufliciently steady for using the greatest
powers. These sliding rods move within one another with
so much ease as to admit of the rack-work being used in the
same manner as if they were not applied.

Improved Astronomical Telescopes.—This elegant instru-
ment, represented below, in Fig. 132, is one of the latest
and most approved construction; the stand is of polished
mahogany, the legs jointed and supporting the telescope

Fig. 132
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conveniently and steadily, having a brass pillar movable by
a tooth and wheel adjustment—by which it may be set at
any height required—with vertical brass joint and horizontal
motion, and rack and pinion motion to the tubes ; the length
of the tube is five feet, the aperture is three inches, having
terrestrial and celestial eye-pieces. The construction of the
various parts may be understood by reference to the one
previously described. Price, $150.00.

Fig. 133.

Another form of these splendid astronomical instruments
is represented in the above cut, Fig. 133, of a larger construc-
tion than the preceding ones, and is mounted on a stand of
a new and highly approved construction. It possesses the
advantage of supporting the telescope in two places, which
renders it extremely steady, a property of great importance
when viewing celestial objects with high magnifying powers.
It possesses, likewise, the advantage of enabling the observer
to ¢ontinue seated at the same height from the floor, although
the telescope be raised to any altitude, the elevation being
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entirely at the object end, although it be changed from the
horizon to the zenith.

In the other constructions, where the centre of motion is
nearly in the middle of the tube, it is at times inconvenient
to stoop to the eye-end of the telescope when the altitude.
of the object is considerable ; this new and improved con-
struction of a stand remedies this inconvenience, which,
together with its unusual steadiness, recommends it highly
to astronomical observers. The frame-work is composed of
bars of hard wood, firmly braced, and screwed together in
a very durable manner, and is mounted on three castors ;
these castors may, by the motion of a lever, be so arranged
that the stand may rest on the floor more steadily without
the rollers, when the proper position of the telescope has
been obtained. For the horizontal and vertical motion of
the telescope, the arrangements are very complete; the
former being a toothed wheel and arch ; the latter having
a small wheel moving a larger wheel, at the ends of the axis
of which there are cog wheels werking in links, forming an
endless chain, or band, for drawing up one part of the
frame, and elevating the telescope. The tubes are of brass,
five and a half feet in length, the aperture of the object
glass four inches, having two terrestrial and two celestial
eye-pieces. Price, $275.00 to $350.00.

The Transit Instrument—(Fig. 134, next page.)—The
transit is a meridional instrument, employed, in conjunction
with a clock or chronometer, for observing the passage of
celestial objects across the meridian, either for obtaining
correct time, or determining their difference of right ascen-
sion ; the latter of which, in the case of the moon and cer-
tain stars near her path, that differ but little from her in
right ascension, affords the best means of determining the
difference of longitude between any two places where cor-
responding observations may have been made. Such being
more especially the use of the portable transit instrument, it
forms a valuable accession to the apparatus of the scientific
traveller, who, remaining a short time at any station, is
enabled thereby to adjust his time-keepers both with ease
and accuracy, and to obtain the best data for finding his
longitude. It also may be employed very successfully in
determining the latitude.

The following *ﬁgure represents this instrument as con-

11
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Fig. 134

structed by Mr. Troughton, when the telescope does not
exceed twenty inches, or two feet focal length. The tele-
scope-tube, A A, is in two parts, and connected together by
a sphere, B, which also receives the larger ends of two cones,
C C, placed at right angles to the direction of the telescope,
and forming the horizontal axis. This axis terminates in two
cylindrical pivots, which rest in Y’s fixed at the upper end
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f the vertical standards, D D. One of the Y’s possesses a
small motion in azimuth, communicated by turning the
screw, @ ; in these Y’s the telescope turns upon its pivots.
But, that it may move in a vertical circle, the pivots must
be precisely on a level with each other, otherwise the tele-
scope will revolve in a plane oblique (instead of perpendicu-
lar) to the horizon. The levelling of the axis, as it is called,
is therefore one of the most important adjustments of the
instrument, and is effected by the aid of a spirit-level, E,
which is made for this purpose to stride across the telescope,
and rest on the two pivots.

The standards, D D, are fixed by screws upon a brass
circle, ¥, which rests on three screws, b ¢ d, forming the
feet of the instrument, by the motion of which the opera-
tion of levelling is performed. The two oblique braces,
G G, are for the purpose of steadying the supports, it being
essential for the telescope to have not only a free but a
steady motion. On the extremity of one of the pivots,
which extends beyond its Y, is fixed a circle, H, which
turns with the axis while the double vernier, ¢ e, remains
stationary in a horizontal position, and shows the altitude
to which the telescope is elevated. The vernicrs are set
horizontal by means of a spirit-level, £, which is attached
to them, and they are fixed in their position by an arm of
brass, g, clamped to the supports by a screw at A The
whole of this apparatus is movable with the telescope, and
when the axis is reversed, can be attached in the same man-
ner to the opposite standard.

Near the eye-end, and in the principal focus of the tele-
scope, is placed the diaphragm, or wire-plate, which, in the
theodolite or levelling telescope, need only carry two cross
wires, but in this instrument i1t has five vertical and two
horizontal wires. The centre vertical wire ought to be fixed
in the optical axis of the telescope, and perpendicular with
respect to the pivots of the axis. It will be evident, upon
consideration, that these wires are rendered visible in the
daytime by the rays of light passing down the telescope to
the eye ; but at night, when a very luminous object, as the
moon, is observed, they cannot be seen. Their illumination
is therefore effected by piercing one of the pivots, and ad-
mitting the light of a lamp fixed on the top of one of the
standards, as shown at I; which light is directed -to the
wires by a reflector placed diagonally in the sphere B ; the
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reflector having a large hole in its centre, does not interfere
with the rays passing down the telescope from the object,
and thus the observer sees distinctly both the wires and the
object at the same time ; when, however, the object is very
faint (as a small star), the light from the lamp would over-
power its feeble rays. To remedy this inconvenience, the
lamp is so constructed, that by turning a screw at its back,
or inclining the opening of the lantern, more or less light
may be admitted to the telescope, to suit the circumstances
of the case.

The telescope is furnished with a diagonal eye-piece, by
which stars near the zenith may be observed without incon-
venience.

Of the adjustments.—Upon setting the instrument up, it
should be so placed that the telescope, when turned down
to the horizon, should point north and south as near as can
possibly be ascertained. This of course can be but approx-
imate, as the correct determination of the meridian can only
be obtained by observation, after the other adjustments are
completed.

The first adjustment is that of the line of collimation.
Direct the telescope to some small distant well-defined ob-
ject (the more distant the better), and bisect it with the
middle of the central vertical wire ; then lift the telescope
very carefully out of its angular bearings, or Y’s, and re-
place it with the axis reversed ; point the telescope again to
the same object, and if it be still bisected, the collimation
adjustment is correct ; if not, move the wires one half the
error, by turning the small screws which hold the diaphragm
near the eye-end of the telescope, and the adjustment will
be accomplished ; but as half the deviation may not be cor-
rectly estimated in moving the wires, it becomes necessary
to verify the adjustment by moving the telescope the other
half, which is done by turning the screw a; this gives the
small azimuthal motion to the Y before spoken of, and con-
sequently to the pivot of the axis which it carries. Having
thus again bisected the object, reverse the axis as before,
and if half the error was correctly estimated, the object
will be bisected upon the telescope being directed to it ; if
not quite correct, the operation of reversing and correcting
half the error, in the same manner, must be gone through
again, until, by successive approximations, the object is found
to be bisected in both positions of the axis; the adjustment
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will then be perfect. The collimation adjustment may
likewise be examined from time to time, by observing the
transit of Polaris, or any other close circumpolar star, over
the first three wires, which gives the intervals in time from
the first to the second, and from the first to the third wire ;
and then reversing the axis, observe the same intervals in a
reverse order, as the wires which were the three first, in the
former position, will now be the three last : if the intervals
in the first observations are exactly the same as the intervals
in the second, the collimation adjustment is correct; but
should the corresponding intervals differ, such difference
points out the existence of an error, which must be removed
as before described, one half by the collimating screws, and
the other half by the azimuthal motion of the instrument.

It is desirable that the central, or middle wire (as it is
usually termed), should be truly vertical ; as we should then
have the power of observing the transit of a star on any
part of it, as well as the centre. It may be ascertained
whether it is so, by elevating and depressing the telescope :
when directed to a distant object, if 1t is bisected by every
part of the wire, the wire is vertical ; if otherwise, it should
be adjusted by turning the inner tube carrying the wire-
plate, until the above test of its verticality be obtained, or
else care must be taken that the observations are made near
the centre only; the other vertical wires are placed by the
maker equidistant from each other and parallel to the middle
one—therefore, when the middle one is adjusted, the others
are so too ; he also places the two transverse wires at right
angles to the vertical middle wire. These adjustments are
always performed by the maker, and but little liable to de-
rangement. When, however, they happen to get out of
order, and the observer wishes to correct them, it is done
by loosening the screws which hold the eye-end of the tele-
scope in its place, and turning the end round a small quantity
by the hand until the error is removed. But this operation
requires very delicate handling, as it is liable to remove the
wires from the focus of the object-glass.

The axis on which the telescope turns must next be set
horizontal. To do this, apply the level to the pivots, bring
the air-bubble to the centre of the glass tube, by turning
the foot-serew, b, which raises or lowers that end of the
axis, and consequently the level resting upon it; then re-
verse the level by turning it end for end, and if the air-
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bubble still remains central, the axis will be horizontal, but
if not, half the deviation must be corrected by the foot-
screw, b, and the other half by turning the small screw, 1,
at one end of the level, which raises or lowers the glass-
tube (containing the alr-bubble) with respect to its supports
which rest upon the plvots This, like most other 'Ldjust-
ments, frequently requires several repetitions before it is
accomplished, on account of the difficulty of estimating
exactly half the error.

Having set the axis on which the telescope turns, parallel
to the horizon, and proved the correct position of the cen-
tral wire or line of colhmatlon, making it describe a great
circle perpendu,ular to that axis, it remains finally to make
it move in that vertical circle whlch is the meridian.

The correction of this error may be effected by turning
the screw, a, if the angular value of one revolution be
known, unless the 1nstrument possesses an azimuth circle,
by which-the telescope may be set exactly that quantity
from its present position.

But if the quantity of motion to be given to the adjust-
ing-screw, @, is not a matter of certainty, the observer, after
ascertaining the difference of the intervals, must make the
adjustment which he considers sufficient, and again proceed
to verify it by observation, until, by continued approxima-
tion, he succeeds in fixing his instrument correctly in the
meridian. Price, accondmg to size, &ec., $150 to $300.

The Altitude and Azimuth Instrument. ——(Flg 135, next
page.)—To the centre of the tripod, A A, is fixed the verti-
cal axis of the instrument, of a length equal to about the
radius of the circle; it is concealed from view by the ex-
terior cone, B.  On the lower part of the axis, and in close
contact with the tripod, is centred the azimuth circle, C,
which admits of a horizontal circular motion of about three
degrees, for the purpose of bringing its zero exactly in the
meridian ; this is effected by a slow-moving screw, the
milled head of which is shown at D.  This motion should,
however, be omitted in instruments destined for exact work,
as the bringing the zero into the meridian is not requisite,
either in astronomy or surveying ; it is in fact purchasing a
convenience too dearly, by introducing a source of error not
always trivial. Above the azimuth circle, and concentrie
with it, is placed a strong circular plate, E, which carries
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lowered in their sockets by means of the milled-headed
screws, b b, for a purpose hereafter to be explained. The
wcight of the axis, with the load it carries, is prevented
from pressing too heavily on its bearings, by two friction
rollers on which it rests, one of which is shown ate. A
spiral spring, fixed in the body of each pillar, presses the
rollers upwards, with a force nearly a counterpoise to the
superincumbent weight ; the rollers on receiving the axis
yield to the pressure, and allow the pivots to find their
proper bearings in the Y’s, relieving them, however, from
a great portion of the weight.

The telescope, K, is connected with the horizontal axis,
in a manner similar to that of the portable transit instru-
ment. Upon the axis, as a centre, is fixed the double circle,
J J, each circle being close against the telescope, and on
each side of it. 'The circles are fastened together by small
brass pillars; by this circle the vertical angles are mea-
sured, and-the graduations are cut on a narrow ring of
silver, inlaid on one of the sides, which is usually termed
the face of the instrument ; a distinction essential in making
observations. The clamp for fixing, and the tangent-screw
for giving a slow motion to the vertical circle, are placed
beneath it, between the pillars, H H, and attached to them,
as shown at L. A similar contrivance for the azimuth cir-
cle is represented at M. The reading microscopes for the
vertical circle, are carried by two arms bent upwards near
their extremities, and attached towards the top of one of
the pillars. The projecting arms are shown at N, and the
microscopes above at O.

A diaphragm, or pierced plate, is' fixed in the principal
focus of the telescope, on which are stretched five vertical
and five horizontal wires: the intersection of the two centre
ones, denoting the optical axis of the telescope, is the point
with which the terrestrial object is bisected, when observing
angles for geodesical purposes. The vertical wires are used
for the same purpose as those in the transit telescope, and
the horizontal ones for taking altitudes of celestial objects.
A micrometer having a movable wire is sometimes attached
to the eye-end of the telescope, but it is not generally ap-
plied to instruments of portable dimensions. The illumina-
tion of the wires at night is by a lamp, supported near the
top of one of the pillars, as at d, and placed opposite the
end of one of the pivots of the axis, which, being perfo-
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rated, admits the rays of light to the centre of the tele-
scope-tube, where, falling on a diagonal reflector, they are
reflected to the eye, and illuminate the field of view ; the
whole of this contrivance is precisely similar to that de-
seribed as belonging to the transit instrument. .

The vertical circle is usually divided into four quadrants,
each numbered, 1°, 2°, 8°, &c., up to 90°, and following
one another in the same order of succession; consequently,
in one position of the instrument, altitudes are read off, and
with the face of the instrument reversed, zenith distances;
and an observation is not to be considered complete till the
object has been observed in both positions. The sum of the
two readings will always be 90°, if there be no error in the
adjustments, in the circle itself, or in the observations.

It is necessary that the microscopes, O O, and the centre
of the circle, should occupy the line of its horizontal diame-
ter; to effect which, the up-and-down motion (before spoken
of ) by means of the screws, b b, is given to the Y’s, to raise
or lower them, until this adjustment is accomplished. A
spirit-level, P, is suspended from the arms which carry the
microscopes : this shows when the vertical axis is set per-
pendicular to the horizon. A scale, usually showing seconds,
is placed along the glass-tube of the level, which exhibits
the amount, if any, of the inclination of the vertical axis.
"This should be noticed repeatedly whilst making a series of
observations, to ascertain if any change has taken place in
the position of the instrument after its adjustments have
been completed. One of the points of suspension of the
level is movable up or down, by means of the screw, f, for
the purpose of adjusting the bubble. A striding level simi-
lar to the one employed for the transit instrument, and used
for a like purpose, rests upon the pivots of the axis. It
must be carefully passed between the radial bars of the
vertical circle to set it up in its place, and must be removed
as soon as the operation of levelling the horizontal axis is
performed. The whole instrument stands upon three foot-
screws, placed at the extremities of the three branches which
form the tripod, and brass cups are placed under the spheri-
cal ends of the foot-screws. A stone pedestal, set perfectly
steady, is the best support for this as well as the portable
transit instrument.

Use of the Altitude and Azimuth Instrument.—This is the
most generally useful of all instruments for measuring an-

12
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gles, being applicable to geodesical as well as astronomical
purposes. In the hands of the surveyor, it becomes a the-
odolite of rather large dimensions, measuring with great
accuracy both vertical and horizontal angles. It does not
possess the power of repetition; but the effect of any error
of division on the azimuthal circle, may be reduced or de-
stroyed, by measuring the same angle upon different parts
of the arc; thus, after each observation, turn the whole in-
strument a small quantity on its stand, and adjusting it,
again measure the required angle. A fresh set of divisions
is thus brought into use at every observation, and the same
operation being repeated many times, where great accuracy
is required, the mean result may be considered as free from
any error that may exist in the graduation. A repeating
stand has, of late years, been frequently added to this in-
strument, and is a most powerful and convenient appendage,
when great accuracy is required in the measurement of
azimuthal angles. The two opposite micrometers being read
off at each observation, will always remove the effect of any
error in the centring. The vertical angles shoul” in all
cases, be taken twice, reversing the instrument before taking
the second observation, when, as before observed, one of the
readings will be an altitude, and the other a zenith distance ;
the sum of the two readings, therefore, if the observation be
made with accuracy, and no error exists in the adjustments
of the instrument, will be exactly 90°; and whatever the
sum differs from this quantity is double the error of the in-
strument in altitude, and half this double error is the correc-
tion to be applied 4 or — to either of the separate observa-
tions, to obtain the true altitude or zenith distance, 4 when
the sum of the two readings is less than 90°, and — when
greater.

In applying the instrument to astronomical purposes, it
was formerly the custom to clamp it in the direction of the
meridian, and after taking an observation, or series of ob-
servations, with the face of the instrument one way, to wait
till the next night, or till opportunity permitted, and then
take a corresponding series of observations of the same
objects, with the face of the instrument in a reversed posi-
tion. But this method being attended both with uncer-
tainty and inconvenience, it is now usual to complete at once
the set of observations, by taking the altitudes in both posi-
tions of the instrument as soon as possible after each other.
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When the meridian altitude is required, several observations
may be taken, a short time both before and after the meri-
dianal passage, with the face of the instrument in one
direction, and with it reversed, noting the time at each
observation ; and if we have the exact time of the object’s
transit, its hour angle in time, or its distance from the meri-
dian at the moment of each observation, may be deduced.
This, with the latitude of the place (approximately known)
and the declination of the object, affords data for computin

a quantity called the reduction to the meridian, which added
to the mean of the observed altitudes, when the object is
above the pole, and subtracted when the object is below the
pole, will give the meridional altitude of the object, and
vice versa, for zenith distances. The nearer the observa-
tions are taken to the meridian, the less will the results
depend upon an accurate noting or knowledge of the time.

Price, $500 and upwards.

Fig. 136.
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The Sun Dial (Fig. 136, as above) is an instrument for
showing the hour of the day by means of the sun’s shadow.
In constructing this instrument, the object is to find, by
means of his shadow, the sun’s distance at any time from
the meridian ; when this distance is known, the hour is also
known. Sun dials are usually constructed on a plane sur-
face of brass or other material, placed parallel to the horizon,
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having a style, or gnomon, which is usually the edge of a
plate of metal, or a cylindrical rod, fixed at an angle equal
to the latitude of the place where the dial is to be used.

The face of the dial is divided into hours, from 5 to 12
on one side of the gnomon, and from 12 to 7 on the other;
there are intermediate divisions for half, quarter hours, and
minutes ; also, the principal points of the compass are drawn
onit. Fig. 137 represents the face of the dial, and Fig.
138 the gnomon and side view.

Fig 138.

The time indicated by the sun dial, is solar or true time,
and agrees with mean time, or that shown by a clock, only
on four different days in the year. To find the mean time,
it is necessary to apply a correction, called the equation of
time.

Price, in brass, for any lat. required, 6 in. diam. $4.50.
(11 13

6
€ 6 113 €< i 7 € $550'
1 “« « “« 6« 8 ¢« 3 $7.50'
“ in ma‘rble, * “ “ 75:- “ “ $400.
113 € 113 “«© 13 11 « 13 $650.
€« 1 “ 6 €@ 13 ¢ 6 $8.00.
6 « “« ¢ ¢ 18 ¢ €« $18.00.

The Sun Dial with Lens and Cannon.—(Fig. 139, next
page.)—This instrument is so arranged, that, the heat of the
sun falling through a lens, and being concentrated on the
touch-hole of a loaded cannon, it will precisely at noon be
fired. It consists of a slab of marble, having a sun dial of
the usual construction on one portion, and on another part a
brass cannon, at the sides of which there are two quadrants
with movable arms, by which a lens of about two and a



ASTRONOMICAL INSTRUMENTS. 137

half to three inches in diame- Fig. 139.
ter set in brass mounting is
supported ; the focus of the
lens corresponding to the dis-
tance of the touch-hole of the
cannon. On one of the quad-
rants there is marked a scale,
showing the altitude the lens
is to be set for every day in
the year, and corresponding
to the declination of the sun.
In setting the dial it should
be as near horizontal as possible, and the 12 o’clock line
north and south; when it will be found, that at 12 o’clock
the sun will shine through the lens and fall exactly on the
priming of the cannon, and the explosion take place.
Price, 7% in. diam. $8.50; 91 in. diam. $12.50.

Fig. 140.

Universal Ring Dial.—The Universal or Astronomical
Ring Dial (Fig. 140, as above,) is an instrument which
serves to find the hour of the day in any part of the earth;
it consists of two rings or flat circles, from 4 to 6 inches in
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diameter, and their breadth, &e., proportionable. The out-
ward ring represents the meridian of any place you are at,
and contains two divisions of 90° each, diametrically oppo-
site to one another, serving the one from the equator to the
north, the other to the south pole. The inner ring repre-
sents the equator, and turns exactly within the outer, by
means of two pivots in each ring, at the hour XII. Across
the two circles goes a thin reglet or bridge, with a cursor,
that slides along the middle of the bridge. In the cursor is
a little hole for the sun to shine through. The middle of
this bridge is conceived as the axis of the world, and the
extremities as the poles; and on the one side are drawn the
signs of the zodiac, and on the other the days of the
month. On the edge of the meridian slides a piece, to which
is fitted a ring to suspend the instrument by. On the sur-
face of the inner ring the hours and parts are engraved.

To usk tur UxsiversaL Rixe Diav.—7T0o find the Sun’s
Declination-and his place in the Kcliptic—Set the slider on
the diameter or bridge, to the day of the month, and, answer-
ing to it on the other side, is the sun’s place and his declina-
tion, either north or south, as the letters so marked direct.

To find the Latitude of the Place—Find the sun’s decli-
nation for that day ; then, if it be north, set the slider or
hanging piece to so many degrees on the front of the dial
marked S; but if it be south declination, set the hanging
piece on that side of the graduated circle marked N. Put
a pin or wire in the small hole on the back side of the
instrument ; hold it up by the ring, the pin towards the
sun, so that the shadow thereof falls amongst the divisions
on the back of the dial; then watch for the greatest alti-
tude ; which, counted from the lowermost part of those
degrees, the shadow so cut will be the latitude required.

To find the Hour of the Day.—Set the slider on the me-
ridian to the latitude of the place, and the slider on the
bridge or axis to the day of the month ; then open the hour
circle (now holding the instrument by the little ring, that
it may hang freely), turn the bridge towards the sun, till
you can see a small speck of light come through the slider
of the bridge, and fall on the middle line of the hour circle ;
and that point in the middle line where the speck falls,
shows the hour of the day at that place. The instrument
hanging in this position, the meridian, equinoctial, poles,
axis, &c., are all of them correspondent to those supposed
in the heavens. Price, $6 to $20.
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Fig. 141

Universal Joint Dial and Compass.—(Fig. 141, as above.)
—VFirst set up the arc, which moves upon a joint, and con-
tains 90° of latitude ; then raise the plane of the dial that
has the hours engraved upon it, to the number of degrees
required for the latitude of your place.

Ezrample—For New York 40° 40" ; suffer the compass
needle to traverse freely upon its centre; then turn the
compass till the north pole of the needle (which is denoted
by a cross wire near the extremity) settles at the north point
on the face of the compass, then level the whole by means
of the three feet or adjusting screws, and the spirit levels
contained within the compass.

The pole, or gnomon, must be raised perpendicular to tke
plane of the dial, from the 10th of March to the 11th of
September, between which times your hour-shadow will fall
on the plane of the dial ; and from the 11th of September
to the 10th of March, the pole or gnomon must be reversed,
the shadow of which will then fall on the inside of the ring
which contains the corresponding hours with those on the
1lane.
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For the time in the forenoon, the shadow of that edge of
the gnomon next those hours, and parallel with the 6 o’clock
line, is that which is to be taken ; and for the afternoon, the
edge next its hours.

Note—When the shadow comes to the meridian, or 12
o’clock, the whole thickness of the gnomon falls within that
space numbered XII.

It is proper to know the variation of the compass at your
place, and the right allowance made.

A little study with the instrument in the sunshine, will
clearly illustrate the foregoing directions.

’ Price, $5.00 to $20.00.

The Time Glass.—An instrument serving to measure the
flux'of time, by the descent or running of sand from one
glass vessel into another. Small ones running from two to
five minutes are fréquently mounted in bronzed metallic
frames. (Fig. 142.) Price, 50c. and 63c.

B - Fig. 143.

Larger time glasses (Fig. 143, as above,) are mounted in
frames of wood, either plain or highly polished, and may be
had running quarter, half, one hour, or two hours, Hour
glasses are used at sea for reckoning; also, in academies
and schools where lessons are to be pursued for a given time.

Price, in plain frames, } hour, 88c.; } hour, $1.00;
1 hour, $1.25; 2 hours, $1.75.

« in polished rosewood frames, } hour, $1.88;

1 hour, $2.00; hour, $2.25; 2 hours, $3.



MOTION, MECHANICS,

ETC.

, Inertia Apparatus.—Inertia is that Fig- 144,
property of matter by which it resists
any change of state, whether of rest
or motion. R
This interesting piece of appara-_, <73
tus (Fig. 144) consists of a common /2
card and a brass ball of one inch or
more in diameter, supported on a
short, pillar with a suitable base. To
one side of the base there is fixed a
steel spring, and a lever for drawing it back: on drawing
the spring and suddenly relieving it, the card is struck and
driven from under the ball off the pillar, while the ball rests
on the pillar as firmly as though the card had not been
knocked from under it. Price, $1.50.

Fig. 145.

Adhesion Plates.——These consist of two plates of glass
(Fig. 145), with knobs for handles, the flat surfaces ground
perfectly true. On pressing these together, they can be
separated only by the exertion of considerable force, the
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power required being in proportion to. the area of the plates.
About 24 to 3 inches in diameter is the usual size.
Price, $1.50.

Bohnenberger’s Machine.—This apparatus (See Fig. 146,
below) consists of three movable rings, A B C, mounted on
a stout base. The two inner rings are mounted on pivots ;
those on the smallest ring at right angles to the middle one;
in the smallest ring is supported a metal ball, having a
roller on one of its pivots; around the roller a string may
be wound, and when pulled off a rapid rotary motion may
be given to the ball. This motion may be given with its
axis in any position required, and when communicated, the
ring supporting the ball will resist considerable effort to
alter its position, and whatever way the instrument may be
turned, its axis will continue to maintain the position it had
when set in motion, illustrating the inertia, or that property
of matter which resists any change of state, whether of rest
or motion. Price, $5.00.

Fig. 147,

Instrument  for illustrating Impenetrability—(Fig. 147,
as above.}—By impenetrability is meant the fact, that two
bodies cannot occupy the same space at the same time.
The instrument to illustrate this principle consists of a glass
jar, A, to which is fitted, air-tight, a large cork, through
which a funnel, B, with small neck, and bent glass tube, C,
are inserted ; one end of the latter is to be immersed in a
vessel of water, D. If, now, water is poured into the fun-
nel and enters the jar, it will be found that the same
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quantity of air will escape through the water, the water
displacing the air, not penetrating it. Price, $1.00.

Tubes for Capillary Attraction.—(Fig. 148, as below.)—
These consist of a number of small glass tubes of different
sized bore, attached to a picce of wood, which may be
placed in a glass vessel, allowing all the tubes to be immers-
ed at one end. The liquid will rise to different heights in
the several tubes, and highest in the tubes having’the small-
est bore. Price, $1.00.

Fig. 149.

Glass Plates for Capillary Attraction.—Fig. 149,  as
above, consists of two plates of glass about five inches
square, joined at two of their edges, and separated at the
other a small space, forming an angle of about two degrees.
When immersed about an inch in water, the water will rise
between the plates, and will rise higher as the space is
smaller, forming a curve called a hyperbole. The effect is
shown best if the liquid is colored.

Price, $1.00 and $2.00.
.. . Fig. 150,

Collision Balls for Action
and Reaction.—(Fig. 150).—
This apparatus consists of a
number of ivory balls, sus-
pended contiguous to each
other by strings of equal
length, sometimes mounted
on a frame, having a gradu-
ated arch over which the
balls may oscillate freely.
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Let two ivory halls of equal weight be suspended by
threads, as in the annexed figure; if the former be then
drawn aside and suffered to fall against the latter, it will
drive it to a distance equal to that through which the first
ball fell ; but it will itself rest, having given up all its own
moving power to the second ball.

If five ivory balls, of equal weight, be hung by threads
of the same length, and the ball A be drawn out from the
perpendicular, and then let fall against the second, that and
the other two will continue stationary; but the last ball,
B, will fly off the same distance as that through which the
first ball fell. For when the first ball strikes the second, it
receives a blow in return, which destroys its motion. The
second ball, although it does not appear to move, strikes
against the third, the reaction of which sets it at rest: the
action of the third ball is destroyed by the reaction of the
fourth, and so on, till motion is communicated to the last
ball, which, not being reacted upon, flies off. Therefore,
when one body strikes against another, the quantity of mo-
tion communicated to the second body is lost by the first,
but this loss proceeds—not from the blow given by the
striking body—but from the reaction of the body which it
struck.

Price, set of 5, 2 inch ivory balls, - $1.25.
173 11 5’ 1 € 4 ‘@ - 32.00_
< [ 5, 1% (13 ¢ [ - $3.00.
€ € 5, 11 ¢« ““ & - $4.50'

> 1y
“ mounted on mahogany frame '
with graduated arch, $7.00 to $12.00.
“ set of 5, 1L inch boxwood

! balls, on mahogan
frame, with arch, $3.50 to $7.00.
“ setof 5, 1% inch boxwood balls, $1.00.

Machine for showing the Composition of Forces.—Composi-
tion of forces is the finding the quantity and direction of a
single force, which is equivalent to two or more forces, act-
ing each differently, and of which the quantity and direction
are given. This machine (Fig. 151, next page) will prove
how two forces will conspire to produce one motion, and
that intermediate between them.

At bottom is a square frame or table ; at one corner rises
a slender rod, and on each side of it an upright wire, bear- -
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ing a ball, which by a hole
is made to slip easily up and
down. In the centre beneath
is a third ball, resting loosely
on the table. If the ball a
falls, it would strike the ball
¢, and drive it to o ; if Bfalls,
it would drive it to e, but if
both A and B are suffered to
fall at exactly the same time,
the ball ¢ would obey the
impulse of both at once, and
take an intermediate course ;
that is, be propelled across the board to . Price, $5.00.

Rocking Horse—(Fig. 152.)— Fig. 152.
This is an amusing figure, represent- :
ing a horse and rider, and sometimes
used to illustrate the effect of plac-
ing the centre of gravity very low.
The figure is a light toy in the form
of a horse, having a wire and heavy °
ball fastened to it, as represented
in the cut. If the hind feet of the
horse be placed on the table with-
out the ball being attached, the
centre of gravity will be beyond
the table, and the horse will of
course fall. But if the ball be at-
tached the centre of gravity will be below, and the line of
direction fall within the table; the horse will consequently
be supported, and may be vibrated in an amusing manner.

Price, 75cts.

Also a variety of blocks, wheels, and figures, illustrating
the centre of gravity. Price, 50cts. to $1.50.

The Mechanic Powers.—The following instruments are
included under a set of mechanic powers: 1. Several sys-
tems of various kinds of pulleys. 2. The various kinds of
levers. 8. Inclined plane and carriage. 4. Wheel and
axle. 5. Wedge. 6. Screw. Also a set of weights to
use with them. :

13
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Fig., 153.

The Pulleys—(Fig. 153, as above.)—The pulleys are
mounted on a neat polished mahogany base, 30 inches long
and 8 inches wide, with turned columns, 24 inches high, be-
hind which are fastened narrow scales, divided into inches
and parts thereof, the one scale numbering from the top,
and the other from the bottom, having a cord drawn across
the frame at each inch, dividing the whole into twenty-four
equal parts, for observing the distance each weight passes
through in use. The pulleys and their mountings are made
of brass, highly polished, having steel centres, connected
with which is a set of brass weights from 1 oz. to 16 ounces.
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In the best instruments there are seven systems of pulleys,
viz. 1. a fixed pulley with one wheel or sheave, turning on
pivots by a cord ; 2. one fixed and one movable pulley con-
nected ; 3. two fixed pulleys in one block, and two movable
pulleys in one block ; 4. two fixed pulleys in one block, the
one above the other, and two movable pulleys one above
the other; 5. three pulleys arranged as the last in both the
moving and fixed pulley; 6. a fixed pulley and four single
pulleys, having the cord supported from a fixed point; 7.
White’s pulley, which consists of a fixed pulley, having five
or more concentric grooves on the face of the wheel, with
diameters, as 1, 3, 5, and one movable pulley with another
such wheel, having corresponding grooves with diameters,
as 2, 4, 6, on the lower block; the cord being passed in suc-
cession over the grooves, as represented in the cut, it will be
thrown off by the action of the power in the same manner
as if every groove formed a separate and independently re-
volving wheel.

It is to be observed in using the pulleys, that the pulley
is to be balanced before the weights, representing the
power, are applied; for this purpose a cup with hooks is
supplied, into which shot is placed till the pulley is accu-
rately balanced.

Price, with levers, screw, inclined plane. wheel

and axis, and set of brass weights, - $35.00.

The Levers.—The principal lever (Fig. 153, opposite page)
is a bar of brass about twelve inches long, supported on a
steel pivot, called the fulcrum, at about four inches from
one end, which end is made thicker than the longer one,
that they may equally balance. On the under side of the
lever is a succession of hooks, at one inch from the fulcrum,
and from each other, for the whole length; and on the up-
per side of the lever a succession of hooks, on the longer
side only. The lever is attached by its fulerum to the upper
part of the frame supporting the pulleys. Over the lever
is a frame supported by two brass pillars, having a sliding
pulley, which may be placed in" such a manner as to carry
the cord from any of the hooks on the upper side of the
lever, as woeuld be required in using the lever in the second
and third order. On the top of the frame there is a series
of three levers, the shorter arm of the one acting on the
longer arm of the next, forming a compound lever. Also,
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a bent lever, having holes at the distance of one inch apart
in both arms, and supported on a brass pillar, near which is
placed another brass pillar, on the upper part of which
there is a frame with sliding pulley, that can be set at any
height required for supporting the cord from the arm of
the bent lever.

Fig. 154,

The Inclined Plane—(Fig. 154, as above.)—This con-
sists of two flat pieces of mahogany, about twelve inches
long and five inches wide, movable on a joint at one end,
and having a graduated semicircular arch divided into de-
grees, and numbered from 0° to 90° both ways, and having
a clamp, spring, and milled-head screw, to fasten it at any
angle desired ; at the other end of the plane is fixed a
pulley. A small carriage rolling on three wheels, and of a
size to move conveniently on the inclined plane, and weigh-
ing exactly four ounces, is used for showing the power gained,
being attached to a silk cord, which is passed over the
pulley, and the weight attached to the end; if the length
of the inclined plane be twice its elevation, two ounces will
balance the carriage weighing four ounces, and the smallest
weight added to it will draw it up.

The Wedge.—(Fig. 155.)
—This is usually formed
of two equally inclined
surfaces, hinged together
at the base, and when
open forming two inclined
planes, and when closed, a wedge; is usually made of
mahogany, about eight inches long. The principal use of
the wedge consists in its being urged by the stroke of a
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hammer, mallet, &c. A smart blow of a hammer of half a
pound weight, overcoming more resistance than the weight
of many pounds laid on the top of the wedge.

The Screw.—(Fig. 156, as below)—This piece of appa-
ratus consists of a screw, about 8 inches long, entering a
board supported on a base by two pillars; in the top of the
screw there is a hole for the introduction of a lever. Fixed
in the same frame there is usually a brass spiral in the form
of the thread of a screw, having a lever, or handle, project-
ing through the frame, by which it is turned, and is used in
explaining the screw as an inclined plane, used in connexion
with the lever.

Fig. 156.

The Wheel and Azis—(Fig. 157, as above,)—This ap-
paratus consists of a mahogany wheel, the diameter in the
groove being 5 inches, on the side of which is a smaller
wheel of 21 inches diameter; they are mounted on an axis,
the diameter of which near the wheel is one inch, and the
other end half an inch. Both of these have silk cords fixed
to them, for suspending the weights; the axis is supported
at the ends by small pivots, moving in a brass frame, which
is usually attached to the frame supporting the system of

lleys.
pulleys 13%
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Fig. 158.

e e
g

ROA

The above cut (Fig. 158) represents a set of mechanie
powers, in which arrangement a few of the articles are
modified, having the four most important systems of pulleys
arranged as those described, and having two straight levers
on the frame, and one bent lever, and a movable pulley at-
tached to a brass pillar with a nut on the bottom, by which
it can be shifted to different holes in the top of the frame,
for passing the cord over, in using the lever in the second
and third order, and also for the bent lever; the inclined
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plane, wheel and axis, wedge and screw, are the same as
described in the preceding set.
Price, complete with inclined plane, wedge,
screw, and brass weights, $16.00.

Fig. 159.

Improved Set of Mechanic Powers.—(See Fig. 159, as
above.)—In this elegant set of mechanic powers, there are
five arrangements, or systems of pulleys; others may be
made by altering the cords. On the top of the frame there
is mounted a wheel and axis, the axis being one inch in
diameter, and there being three different diameters fo the
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wheel, two, five, and ten inches, also having a number of
spokes, or handles, on the circumference.

The levers are conveniently arranged on a separate stand,
the principal one being arranged for explaining the balance.

The inclined plane and wedge are mounted also on a
separate stand.

The screw has a brass spiral, mounted in the same frame,
for conveniently explaining this power.

A set of brass weights accompany the set, from twenty
ounces down to one quarter of an ounce.

There is also added an apparatus for the showing the
composition and resolution of forces.

The frames are made uniform, and the three first instru-
ments are about three feet high, the brass work highly
finished, and the wood work well polished, forming an
imposing apparatus.

Price, for the whole, mounted on four frames, $60.00.

The Pulleys.—Two equal weights suspended to the ends
of a string that goes over a fixed pulley, will balance each
other, for they are equally stretched by the weights, and if
either of them be pulled down through any given space, the
other will rise through an equal space in the same time;
and, consequently, as the velocity and the weights are equal
they must balance.

Though this pulley gives no mechanical advantage, it is a
source of great convenience, as it takes off the necessity a
man would be otherwise under of ascending along with the
weight, and thus lessens his labor; besides having this
further convenience, that by means thereof the joint strength
of several persons may be made use of to raise the same
weight. Either of the two first pulleys, , in this set (Fig.
159) may be used to illustrate this arrangement, in which
case the movable pulley represented in the plate is discon-
nected. .

B. The Movable Pulley in this arrangement has a weight
hanging at the lower end, and one end of the cord going
round the pulley, is fastened to a hook in the lower part of
the fixed pulley above, while the other end goes over the
fixed pulley, and is sustained by the weight. The two cords
support the whole weight, each supporting one half ; what-
ever holds the upper end of either rope, sustains one half
the weight. If you take hold of the cord and pull upwards
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you will feel only half the weight, the cord attached to the
hook supporting the other half; if you put the cord over
the fixed pulley, this only changes the direction, and, there-
fore, in pulling the cord downwards, you only feel half the
weight ; one ounce suspended from the cord passing over
the fixed pulley, will balance two ounces from the movable
pulley, and you will be enabled to lift twice as much weight
by the assistance of a single movable pulley, as you could
raise by your own actual strength. The power moves twice
as fast as the pulley with the weight; therefore, the space
described by the power will be equal to twice the space
described by the weight, or the velocity of the weight is to
that of the power as one to two; and it will be observed
that when the weight has been raised two inches, the power
has descended four inches.

c. When the upper and fixed block contains two pulleys,
which only turn on their axis, and the lower movable block
contains also two, which not only turn on their axis, but
rise with the block and weight, the advantage gained is as
four to one.

p. When there are three pulleys in the fixed block, and
three in the movable one, o, and the number of cords six,
the power is as six to one; the advantage is the same whe-
ther the pulleys are placed parallel to or under each other.

£. In this arrangement the pulleys do not, as in the pre-
ceding systems, rise together in one block with the weight,
but act upon one another, so that each pulley doubles the
power. A power of one ounce will be in equilibrio with
two ounces at the first movable pulley, with four at the
second, with eight at the third; and the velocity of the
power will be eight times that of the weight.

White's pulley described in the first set of mechanic pow-
ers is sometimes added to this set.

The Wheel and Awis (Fig. 159, page 151) is a machine
much used, and which is applied ina variety of forms. The
power acts on the circumference of the wheel; the weight
is fastened to one end of a cord or rope, whose other end
winds round an axis that turns with the wheel. The axis,
F, and wheel, ¢, in Fig. 159, are fastened together so that
one cannot move without the other; when a weight, w, is
to be raised by this engine, it is fixed to the end that goes
round the axis, but the power, p, is applied to one of the
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several circumferences of the wheel. Pulling at the rope, r,
to turn the wheel once round, as much cord must be drawn
off as winds once about the circumference of the wheel, and
the cord to which the weight is suspended will wind once
around the axis, and the weight raised through as much
space as the circumference of the axis. If the diameter of
the whee! be ten inches, and the diameter of the axis be one
inch, then one ounce acting as a power, p, will balance ten
ounces as a weight, w; and a small additional weight will
cause it to descend, and turn the wheel and its axis, and so
raise the weight, w; and for every inch the weight rises, the
power, ?, will fall ten inches ; if the diameter of the wheel
be five inches, it will balance with two ounces applied as a
power, and descend five inches ; or, supposing one ounce to
be the power, it will balance a weight of five ounces at the
axis ; if the diameter be two inches, or of any other size, the
same proportions will be maintained. The wheel and axis
may be considered as a lever, whose fulcrum is a line passing
through the centre of the wheel and middle of the axis, and
whose long and short arms are the radii of the wheel and
axis that are parallel to the horizon, and from whose extre-
mities the chords hang perpendicularly. Suppose that the
power does not act by a rope winding round a wheel, but
that it is moved by a man’s strength applied immediately to
the spokes or handles, 1, 5, x; if the man first lay hold of
the handle, 1, and push it down to x, his hand passes through
the space, u k, and the handle will be brought down to x;
he then lays hold of 1, and pushes it to 1, and so on till he
has turned the wheel once round; and his hand, which is
now the power, will describe the whole circumference of a
circle, which is to be considered as the circumference of the
wheel. A wheel and axis may therefore be considered as a
kind of perpetual lever, on whose arms the power and
weight always act perpendicularly, though the lever turns
round its fulcrum ; and in like manner, when wheels and
axis move each other by means of teeth on their circumfer-
ence, such a machine may be considered as a perpetual
compound lever.

The Levers.—(Fig. 160, next page.)—In this arrangement
of levers, there is a brass beam or lever, 4, having arms of
equal length, supported on its fulerum at the side of the
pillar, which pillar is attached to a mahogany base; in each
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Fig. 160.

arm of the lever there are eight holes, one inch apart, for
the purpose of attaching weights, or the scale pans, when
used to illustrate the balance. By this arrangement the
levers of the three orders may be readily illustrated ; in the
second and third order the pulleys, B, supported by a pillar
which is placed on the top of the frame, are used for sup-
porting the cord over thelever; this pillar is movablein a
groove, and may be fixed in any position required, and fas-
tened by a thumb-serew projecting beneath the frame.

There are also two levers, ¢, b, of different lengths, that
at one end have a counterpoise consisting of a brass ball,
and which may be used as levers of the second and third
orders—the smaller one being represented in the cut as
arranged in the second order, having a weight of six ounces
supported at two inches from the axis, balanced by a weight
of two ounces supported at six inches from the axis, the
cord being supported by one of the movable pulleys, 5.

The Bent Lever is represented at &, supporting a weight
on the horizontal arm, of six ounces, at a distance of two
inches from the axis, and balanced by a weight of two ounces
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at a distance of six inches on the upright arm; the cord in
this case also passing over and being supported by one of
the movable pulleys, 8. Each of the levers on the upper
frame may be moved, or taken away, by loosening the thumb
screw attached, and the two levers may be arranged to illus-
trate a compound lever, and also may be arranged for this
purpose, connected with the lever a, attached to the pillar.

The Inclined Plane, represented in Fig. 171, consists of a
mahogany board, about 16 inches long and 3 or 4 inches
wide, hinged on the top of the frame and movable, having a
graduated arch, with screw to fasten it at any angle required.

Fig. 161,

There is a pulley at the end for supporting a cord from the
carriage, which carriage is on three wheels, and weighs ex-
actly four ounces. If the inclined plane be fixed at a height
equal to one-half the length of the plane and the carriage
placed thereon, having a cord passed over the pulley, and a
weight of two ounces attached thereto, it will be exactly
balanced ; or if the inclined plane be fixed at a height equal
to one-fourth the length of the plane, one ounce attached to
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the cord will balance the carriage, weighing four ounces,
and a small additional weight will draw it up.

The Wedge.—To the frame there are hinged two maho-
gany boards, which are drawn together by a brass frame-
work, to which cords are attached, which pass over and are
supported by pulleys, having weights at the lower ends of
the cords. Rollers are also fixed in this frame-work, against
which a wedge is introduced, having a cord and weight at-
tached, which weight, with that of the wedge, is to be con-
sidered as that of the impelling power. The weights at-
tached to the cords and supported over the pulleys, are to
be considered as the resistance of the wood acting equally
against the opposite sides of the wedge. If the back of the
wedge, b, is of the same length as each of the sides, the
wedge, with a weight sufficient to make it equal ten ounces,
will be in equilibrio against ten ounces, suspended from each
of the cords, Band c. If the back of the wedge, &, be equal to
one half the length of each of the sides, it will be in equilibrio
with twenty ounces from each of the cords, 3 and c, or the
power is to the weight as the back to the sum of the sides.

Fig. 162,

The Screw (Fig. 162, as above) consists of two parts, a
solid cylinder, around the surface of which passes what is
called the thread of the screw, and a corresponding cylin-
drical cavity.

One part is commonly fixed, whilst the other is turned
round ; and in each revolution the movable part is carried
in the direction of the cylinder, through a space equal in
length to the interval between two contiguous threads. A
screw is seldom used without the application of a lever to
assist in turning it ; consequently, as much as the circumfer-
ence of a circle, described by this handle or winch, is greater
than the intervals or distance between the spirals, so much

14
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is the force of the screw. Supposing the distance between
the spirals to be one quarter of an inch, and the length of
the winch to be six inches, the circle described by the
handle of the winch, where the power acts, is nearly 38
inches, or 152 quarter inches, and consequently 152 times
as great as the distance between the spirals ; and, therefore,
a power at the handle, where the power acts, of no more
than one pound, will balance 152 pounds acting against the
screw, and as much additional power as is sufficient to over-
come the friction, will raise the 152 pounds.

Apparatus for the Composition and Resolution of Forces.—
(Fig. 163.)—This consists of a round table, usually about
18 inches in diameter, to the edge of which may be fixed
any number of brass pulleys, varying their direction at

Fig. 163.

pleasure. To use, place a circular paper upon the round
table, so that its centre may coincide with that of the table.
Upon this paper a triangle A B ¢ is delineated, whose sides
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are to one another, as 2, 3, and 4. Draw c E parallel to
A B, and continue A ¢ towards p.

I take three strings, which are joined in one point by a
knot; and placing the point over ¢, stretch the strings over
¢ D, ¢ E, ¢ B, and place the pulleys, 1, T, T, to coincide with
the direction of the strings; then putting the strings over
their respective pulleys, at the end of the thread, ¢ b, sus-
pend a weight of four pounds, to ¢ E three pounds, and to
¢ B two pounds. These weights will remain in equilibrio
while the knot remains over ¢ ; but if it be removed out of
that point, they will not be at rest.

It is evident from this experiment, that power is always
lost in .the composition of forces; for here a weight of
three pounds, and another of two, only counterpoise a
weight of four.

Screw Press.—(Fig. 164.)—This represents a small model
of a screw, as mounted in a press, extensively used in the
arts, as for pressing cotton, for book-binders, etc.

Price, $2.25.

Fig. 165,

i

The Endless Serew—(Fig. 165.)—This consists of a
screw combined with a wheel and axle, in such a manner
that the threads of the screw work into the teeth fixed on
the periphery of the wheel. Suppose the power applied to
the handle of the screw, and the weight attached to the
axle of the wheel, then there will be equilibrium when the
power is to the weight as the distance between the threads
multiplied by the radius of the axle, is to the length of the
lever or handle, multiplied by the radius of the wheel.

Price, in brass, $8.00.
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The Capstan.—(Fig. 166.)—One of the most efficient
forms of the wheel and axle is the capstan, used on board
of ships and in dock-yards. It consists of a vertical spindle
fixed firmly as in the deck of the vessel, but turning on its
axis, and supporting a drum, or solid cylinder connected
with it, and having its periphery pierced with holes directed
towards its centre. It is then worked by long levers, in-
serted in the holes, by men who walk in succession round
the capstan, and thus make it revolve; a rope or cable
wound about the axle may act with force sufficient to weigh
a ponderous anchor, or warp a heavy laden vessel into
harbor.

Small models made in mahogany, 6 inches high, serve to
illustrate the use of this instrument. Price, $2.50.

Fig. 167.

Double Cone and Inclined Plane.—(Fig. 167.)—This is a
simple mechanical experiment, to show that although it is a
natural law that the centre of gravity of a body always
tends to, and endeavors to obtain the lowest station, yet
there may be cases in which it appears to roll upwards.

The double cone rests upon the two sides of a sloping
railway ; if the cone be placed at the narrow end of this, 1t
will roll towards the other, and as the other is the higher
end, the cone appears to roll upwards ; though upon observ-
ing the height of the apex at each end, at the beginning
and end of its course, it will be seen that in reality it rolls
downwards; the centre of gravity being situated in the axis.

. Price, $1.00 to $2.00.
“  with screws, £3.00.

The Whirling Table—A description of the whirling table,
or machine for exhibiting and demonstrating by experiments
the nature of central forces, or the principal laws of gravita-
tion of the planetary motions in their orbits:

The whirling-table may be considered by a lecturer as an
essential part of his mechanical apparatus.
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the small wheels, G and H, crossing between them and the
great wheel, D.  On the upper end of the axis of the wheel
G, above the frame, is fixed by a screw the bearer, M. On
the axis of the wheel, H, is fixed the bearer, N T Z: and it
is easy to see, that when the winch, B, is turned, the wheels
and bearers are put into a whirling motion.

Each bearer has a wire fixed and screwed tight into it by
nuts on the outside. And when these nuts are unscrewed,
the wires may be drawn out in order to change balls U
and V, which slide upon the wires, thus keeping the balls
up from touching the wood below them, A strong silk
line goes throurrh each ball, and is fixed to it at any lenoth
from the centre of the bearer to its end, as occasion requires,
by a nut-screw at the top of the ball; the shank of the
screw goes into the centre of the ball, and presses the line
against the under side of the hole thatit goes through. The
line goes from the ball, and under a small pulley fixed in
the middle of the bearer ; then up through a socket in the
round plate;see S and T, in the middle of each bearer; then
through a slit in the middle of the frame at the top, O and
P, of each tower, and going over a small pulley on the top,
comes down again the same way, and is at last fastened to
the upper end of the socket fixed in the middle of the above
mentioned round plate. These plates, S and T, slide up
and down upon the pillars supporting the tower. The balls
and plates being thus connected, each by its particular line,
it is plain, that if the balls be drawn outwards, or towards
the ends, M and N, of their respective bearers, the round
plates, S and T, will be drawn up to the top of their re-
spective towers, O and P.

There are several brass wughts some of two ounces,
some of three, and some of four, to be occasionally put
within the towers, O and P, upon the round plates, Sand T':
each weight having a round hole in the middle of it, for
going upon the sockets or axes of the plates, and is slit
from the edge to the hole, for allowing it to be slipt over
the aforesaid line, which comes from each ball to its Tespec-
tive plate.

The experiments to be made by this machine are as fol-
lows :—

1. The propensity of matter to keep the state it is in.—Take
away the bearer, M X, and fasten on the round hoard (Fig.
169, opposite page), and the ivory ball, a, to which the line

~
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or silk cord, b, is fast- Fig. 169.
ened at one end ; and =
having made a loop
on the other end of
the cord, put the loop
over a pin fixed in the
centre of the board,
d. Then turning the
winch, B, to give the board a whirling motion, you will see
that the ball does not immediately begin to move with the
board, but, on account of its inactivity, it endeavors to con-
tinue in the state of rest which it was in before. Continue
turning until the board communicates an equal degree of
motion with its own to the ball, and then turning on, you
will perceive that the ball will remain upon one part of the
board, keeping the same velocity with it, and having no re-
lative motion upon it, as is the case with everything that
lies loose upon the plane surface of the earth, which, having
the motion of the earth communicated to it, never endeavors
to remove from that place. But stop the board suddenly
by hand, and the ball will go on, and continue to revolve
upon the board until the friction thereof stops its motion;
which shows, that matter being once put in motion, will
continue to move for ever, if it meet with no resistance. In
like manner, if a person stands upright in a boat, before it
begins to move he can stand firm; but the moment the boat
sets off, he is in danger of falling towards that place which
the boat departs from : because, as matter, he has no natural
propensity to move. But when he acquires the motion of
the boat, let it be ever so swift, if it be smooth and uniform,
he will.stand as upright and as firm asif he were on the plane
shore; and if the boat strike against any obstacle, he will
fall towards that obstacle, on account of the propensity he
has, as matter, to keep the motion which the boat has put
him into. )

2. Take away this ball, and put a longer cord to it, which
may be put down through the hollow axis of the bearer,
M X, and wheel, G, and fix a weight to the end of the
cord below the machine; which weight, if left at liberty,
will draw the ball from the edge of the whirling board to
its centre. )

Bodies moving in orbils have a tendency to fly out of these
crbits.—Draw off the ball a little from the centre, and turn
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the winch; then the ball will go round and round with the
board, and will gradually fly off further and further from the
centre, and raise up the weight below the machine ; which
shows, that all bodies revolving in circles have a tendency
to fly off from these circles, and must have some power
acting upon them from the centre of motion, to keep them
from flying off. Stop the machine, and the ball will con-
tinue to revolve for some time upon the board ; but as the
friction gradually stops its motion, the weight acting upon
it will bring it nearer and nearer to the centre in every revo-
lution, until it brings it quite thither. This shows, that if
the planets met with any resistance in going round the sun,
its attractive power would bring them nearer and nearer to
it in every revolution, until they fell upon it.

3. DBodies move faster in small orbits than in large ones.—
Take hold of the cord below the machine with one hand,
and with the other throw the ball upon the round board as
it were at right angles to the cord, by which means it will
go round and round upon the board. Then observing with
what velocity it moves, pull the cord below the machine,
which will bring the ball nearer to the centre of the board,
and you will see, that the nearer the ball is drawn to the
centre, the faster it will revolve ; as those planets which are
nearer the 'sun revolve faster than those which are more re-
mote ; and not only go round sooner, because they describe
smaller circles, but even move faster in every part of their
respective circles.

4. Their centrifugal forces shown.—Take away this ball,
and apply the bearer, M X, whose centre of motion is in its
middle at w. "Then put two balls, V and U, of equal weights
upon their bearing wires, and bhaving fixed them at equal
distances from their respective centres of motion, w and z,
upon their silk cords, by the screw nuts, put equal weights
in the towers O and P. Lastly, put the catgut strings, E
and F, upon the grooves, G and H, of the small wheels,
which, being of equal diameters, will give equal velocities
to the bearers above, when the winch, B, is turned : and the
balls, U and V, will fly off towards M and N; and will
raise the weights in the towers at the same instant. This
shows, that when bodies of equal quantities of matter revolve
in equal circles with equal velocities, their centrifugal forces
are equal.

5. Take away these equal balls, and instead of them put
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a ball of six ounces into the bearer, M X, at a sixth part of
the distance, w #, from the centre, and put a ball of one
ounce into the opposite bearer, at the whole distance, z y,
which is equal to w 2, from the centre of the bearer; and
fix the balls at these distances on their cords, by the screw
nuts at top, and then the ball U, which is six times as heavy
as the ball V, will be only a sixth part of the distance from
its centre of motion; and, consequently, will revolve in a
circle of only a sixth part of the circumference of the circle
in which V revolves. Now, let any equal weights be put
into the towers, and the machine be turned by the winch,
which, as the catgut string is on equal wheels below, will
cause the balls to revolve in equal times, but V will move
six times as fast as U, because it revolves in a circle of six
times its radius; and both the weights in the towers will
rise at once. This shows that the centrifugal forces of re-
volving bodies, or their tendencies to fly off from the circles
they describe, are in direct proportion to their quantities of
matter multiplied into their respective velocities; or into
their distances from the centres of their respective circles.
For, suppose U, which weighs six ounces, to be two inches
from its centre of motion, w, the weight multiplied by the
distance, is 12 ; and supposing V, which weighs only one
ounce, to be 12 inches distant from the centre of motion, z,
the weight one ounce, multiplied by the distance, 12 inches,
is 12.  And as they revolve in equal times, their velocities
are as their distances from the centre, namely, as 1 to 6.

If these two balls be fixed at equal distances from their
respective centres of motion, they will move with equal
velocities ; and if the tower, O, have six times as much
weight put into it, as the tower, P, has, the balls will raise
their weight exactly at the same moment. This shows that
the ball U, being six times as heavy as the ball V, has six
times as much centrifugal force, in describing an equal circle
with an equal velocity.

6. A double velocity in the same circle is a balance to a
quadruple power of gravity.—If bodies of equal weights re-
volve in equal circles with unequal velocities, their centri-
fugal forces are as the squares of the velocities. To prove
this law by an experiment, let two balls, U and V, of
equal weights, be fixed on their cords at equal distances
from their respective centres of motions, w and #; and then
let the catgut string, E, be put round the wheel, K, whose
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circumference is only one-half of the circumference of the
wheel, H or G, and over the pulley, s, to keep it tight; and
let four times as much weight be put into the tower, P, as
into the tower, O. Then turn the winch, B, and the ball, V,
will revolve twice as fast as the ball U, in a circle of the same
diameter, because they are equidistant from the centres of
the circles in which they revolve; and the weights in the
towers will both rise at the same instant ; which shows, that
a double velocity in the same circle will exactly balance a
quadruple power of attraction in the centre of the circle.
For the weights in the towers may be considered as the at-
tractive forces in the centres, acting upon the revolving
balls; which, moving in equal circles, is the same thing as
if they moved in one and the same circle.

7. If bodies of unequal weights revolve in unequal circles,
in such a manner that the squares of the times of their
going round are as the cubes of their distances from the
centres of the circles they describe; their centrifugal forces
are inversely as the squares of their distances from those
centres. For, the catgut string remaining as in the last ex-
periment, let the distance of the ball, V, from the centre, z,
be made equal to two of the cross divisions on its bearer;
and the distance of the ball, U, from the centre, w, be
three and a sixth part; the balls themselves being of equal
weights, and V making two revolutions by turning the
winch, in the time that U makes one ; so that if we suppose
the ball, V, to revolve in one second, the ball, U, will re-
volve in two seconds, the squares of which are one and four,
for the square of 11is only 1, and the square of 2 is 4;
therefore the square of the period, or revolution of the ball,
V, is contained four times in the square of the period of the
ball, U. But the distance of V is 2, the cube of which is
8, and the distance of U is 31, the cube of which is 32, very
nearly, in which 8 is contained four times; and, therefore,
the squares of the periods of V and U are to one another
as the cubes of their distances, from 2 and w, which are the
centres of their respective circles. And if the weight in the
tower, O, be four ounces, equal to the square of 2, the dis-
tance of V from the centre, z ; and the weight in the tower,
P, be ten ounces, nearly equal to the square of 3}, the dis-
tance of U from w; it will be found, upon turning the
machine by the winch, that the balls, U and V, will raise
their respective weights at the same instant of time. Which
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confirms that famous proposition of Kepler, viz. That the
squares of the periodical times of the planets round the sun,
are in proportion to the cubes of their distances from him;
and that the sun’s attraction is inversely as the square of
the distance from his centre; that is, at twice the distance,
his attraction is four times less; and thrice the distance,
nine times less; at four times the distance, sixteen times
less ; and so on to the remotest part of the system.

8. Take off the catgut string, E, from the great wheel, D,
and the small wheel, H, and let the string, I, remain upon
the wheels D and G. Takeaway also the bearer, M X, from
the whirling-board, and instead thereof put the machine,
A B (Fig. 170) upon it, fixing this machine to the centre of
the board by its screw. In this
machine are two glass tubes,
and b, close stopped at both &
ends, and inclined to an angle f
of 30 or 40 degrees; and each
tube is about three quarters full
of water. In the tube, a, is a
little quicksilver, which naturally
falls down to the end «, in the water, because it is heavier
than its bulk of water ; and on the tube, b, is a small cork,
which floats on the top of the water at ¢, because it is lighter;
and it is small enough to have liberty to rise or fall in the
tube. While the wheel, with this machine upon it, continues
at rest, the quicksilver lies at the bottom of the tube a,
and the cork floats on the water near the top of the tube &.
But, upon turning the winch, and putting the machine in
motion, the contents of each tube will fly off towards
the uppermost ends, which are furthest from the centre of
motion, the heaviest with the greatest force. Therefore the
quicksilver in the tube, a, will fly off quite to the end £, and
occupy its bulk of space, there excluding the water from that
place, because it is lighter than quicksilver; but the water
in the tube, b, flying off to its higher end, ¢, will exclude the
cork from that place, and cause the cork to descend towards
the lowermost end of the tube, where it will remain upon
the lowest end of the water, near &; for the heavier body,
having the greater centrifugal force, will therefore possess
the uppermost part of the tube; and the lighter body will
keep between the heavier and the lowermost part.

9. If one body move round another, both of them must move

Fig. 170,
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round their common centre of gravity.—If a body be so placed
on the whirling-board of the machine, that the centre of
gravity of the body be directly over the centre of the board,
and the board be put into ever so rapid a motion by the
winch, B, the body will turn round with the board, but will
not remove from the middle of it; for, as all parts of the
body are in equilibrio round its centre of gravity, and the
centre of gravity is at rest in the centre of motion, the cen-
trifugal force of all parts of the body will be equal at equal
distances from its centre of motion, and therefore the body
will remain in its place. But, if the centre of gravity be
placed ever so little out of the centre of motion, and the
machine be turned swiftly round, the body will fly off to-
wards that side of the board on which its centre of gravity
lies. Thus, if the wire, C, with its little ball, B (Fig. 171),
be taken away from the demiglobe A, and the flat side, ¢ £,
of this demi-globe be laid upon the whirling-board of the
machine, so that their centres may coincide; if then the
board be turned ever so quick by the winch, the demi-globe

Fig. 171,

will remain where it was placed. But if the wire, C, be
screwed into the demi-globe at d, the whole becomes one
body, whose centre of gravity is now at or near d. Let the
pin, ¢, be fixed in the centre of the whirling-board, and the
deep groove, b, cut in the flat side of the demi-globe, be put
upon the pin, so that the pin may be in the centre of A,
and let the whirling-board be turned by the winch, which
will carry the little ball, B, with its wire, C, and the demi-
globe, A, all round the centre pin, ¢ ¢; and then, the centri-
fugal force of the little ball, B, which weighs only one ounce,
will be so great as to draw off the demi-globe, A, which
weighs two pounds, until the end of the groove, at e, strikes
against the pin, ¢, and so prevents the.demi-globe, A, from
going any further; otherwise, the centrifugal force of B
would have been great enough to have carried A quite off
the whirling-board ; which shows, that if the sun were
placed in the very centre of the orbits of the planets, it could
not possibly remain there; for the centrifugal forces of the
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planets would carry them quite off, and the sun with them ;
especially when several of them happened to be in any one
quarter of the heavens. For the sun and planets are as
much connected by the mutual attraction that subsists be-
tween them, as the bodies A and B are by the wire C, which
is fixed into them both. And even if there were but one
single planet in the whole heavens to go round ever so large
a sun in the centre of its orbit, its centrifugal force would
soon carry off both itself and the sun. For, the greatest
body placed in any part of free space might be easily moved ;
because, if there were no other body to attract it, it could
have no weight or gravity of itself; and consequently,
though it could have no tendency of itself to remove from
that part of space, yét it might be very easily moved by
any other substance.

10. As the centrifugal force of the light body, B, will
not allow the heavy body, A, to remain in the centre of
motion, even though it is twenty-four times as heavy as B;
let us now take the ball, A (Fig. 172), which weighs six
ounces, and connect it by the wire, Fig. 172.

C, with the ball, B, which weighs
only one ounce ; and let the fork, E, £\
be fixed in the centre of the whirl-
ing-board ; then hang the balls upon
the fork by the wire, C, in such
manner, that they may exactly ba-
lance each other; which will be
when the centre of gravity between
them, in the wire at d, is supported
by the fork. And this centre of
gravity is as much nearer to the
centre of the ball, A, than to the centre of the ball, B, as
A is heavier than B, allowing for the weight of the wire
on each side of the fork. This done, let the machine be
put into motion by the winch ; and the balls, A and B, will
go round their common centre of gravity, d, keeping their
balance, because either will not allow the other to fly off with
it. For, supposing the ball, B, to weigh only one ounce, and
the ball, A, to be six ounces; then, if the wire, C, were
equally heavy on each side of the fork, the centre of gravity,
d, would be six times as far from the centre of the ball, B,
as from that of the ball, A, and, consequently, B will revolve
with a velocity six times as great as A does; which will
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give B six times as much centrifugal force as any single
ounce of A has: but then, as B is only one ounce, and A
six ounces, the whole centrifugal force of A will exactly
balance the whole centrifugal force of B: and, therefore,
each body will detain the other so as to make it keep in its
circles. This shows, that the sun and the planets must all
move round the common centre of gravity of the whole
system, in order to preserve that just balance which takes
place among them. For, the planets being as inactive and
dead as the above balls, they could no more have put them-
selves into motion than these balls can; nor have kept in
their orbits without being balanced at first with the greatest
degree of exactness upon their common centre of gravity,
by the Almighty hand that made them and put them in
motion.

Perhaps it may be here asked, that since the centre of
gravity between these balls must be supported by the fork,
K, in this_experiment, what prop it is that supports the
centre of gravity of the solar system, and consequently
bears the weight of all the bodies in it ; and by what is the
prop itself supported? The answer is easy and plain; for
the centre of gravity of our balls must be supported, be-
cause they gravitate towards the earth, and would therefore
fall to it: but, as the sun and planets gravitate only towards
one another, they have nothing else to fall to; and therefore
have no occasion for anything to support their common
centre of gravity: and if they did not move round that cen-
tre, and consequently acquire a tendency to fly off from it
by their motions, their mutual attractions would soon bring
them together; and so the whole-would become one mass
in the sun : which would also be the case if their velocities
round the sun were not quick enough to create a centrifugal
force equal to the sun’s attraction.

Fig. 173.

11. Take away the fork and balls from the whirling-board,
and place the frame, A B (Fig. 173), thereon, fixing its
centre to the centre of the whirling-board by the screw. In
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this frame are two balls, D and E, of unequal weights, con-
nected by a tube, f, and made to slide easily upon the wire,
C, stretched from end to end of the frame, and made fast
by nut-serews on the outside of the ends. Let these balls
be so placed upon the wire, C, that their common centre of
gravity, g, may be directly over the centre of the whirling-
board. - Then turn the machine by the winch, ever so swiftly,
and the trough and balls will go round their centre of gravity,
so as neither of the balls will fly off ; because, on account of
the equilibrium, cach ball detains the other with an equal
force acting against it. But if the ball, E, be drawn a little
more towards the end of the frame at A, it will remove the
centre of gravity towards that end from the centre of mo-
tion; and then, upon turning the machine, the little ball, E,
will fly off, and strike with considerable force against the
end, A, and draw the great ball, B, into the middle of the
frame, or if the great ball, D, be drawn towards the end, B,
of the frame, so that the centre of gravity may be a little
towards that end from the centre of motion, and the
machine be turned by the winch, the great ball, D, will fly
off and strike violently against the end, B, of the frame, and
will bring the little ball, E, into the middle of it. If the
frame be not made very strong, the ball, D, will break
through it.

The earth’s motion demonstrated.—From the principles
thus established, it is evident, that the earth moves round
the sun, and not the sun round the earth; for the centri-
fugal law will never allow a great body to move round a
small one in any orb whatever ; especially when we find,
that if a small body moves round a great one, the great one
must also move round the common centre of gravity be-
tween them. And it is well known, that the quantity of
matter in the sun is 227,000 times as great as the quantity
of matter in the earth.

Now, as the sun’s distance from the earth is at least
81,000,000 of miles, if we divide that distance by 227,000,
we shall only have 357 for the number of miles that the
centre of gravity between the sun and earth is distant from
the sun’s centre. And as the sun’s semidiameter is one-
fourth of a degree, which, at so great a distance as that of
the sun, must be no less than 381,500 miles, if this be
divided by 857, the quotient will be 12682, which shows,
that the common centre of gravity between the sun and
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earth is within the body of the sun; and is only the 10682
part of his semidiameter from his centre towards his surface.
All globular bodies, whose parts can yield, and which do
not turn on their axes, must be perfect spheres, because all
parts of their surfaces are equally attracted towards their
centres. But all such globes which do turn on their axes
will be oblate spheroids; that is, their surfaces will be
higher, or further from the centre, in the equatorial than in
the polar regions. For, as the equatorial parts move
quickest, they must have the greatest centrifugal force ; and
will therefore recede furthest from the axis of motion. Thus
if two circular hoops, A B and C D
(Fig. 174), made thin and flexible,
and crossing one another at right
angles, be turned round their axis, E
F, by means of this machine, and the
axis be loose in the pole or intersec-
tion, ¢, the middle parts A, B, C, D,
will swell out, so that the whole will
appear of an oval figure, the equa-
torial diameter being considerably
longer than the polar. That our
earth is of this figure is demonstrable
from actual measurement of some
degrees on its surface, which are found to be longgr in the
frigid zones than in the torrid ; and the filfference is found
to be such as proves the earth’s equatorial diameter to be
thirty-six miles longer than its axis. Price, §75.00.

W hirling Table—A simpler construction of the whirling-
table is represented in the next page (Fig. 175), capable of
performing most of the preceding experiments in a satisfac-
tory manner. Having all the apparatus of the former, and
the bearers constructed in a simpler manner, not working so
elegantly, but being a less costly arrangement, the frame is
made three feet long and one foot wide. Price, $30.00.
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wheels, various weights, and a clock, the laws of motion
uniformly accelerated or retarded, as well as those of uni-
form motion, and that without employing a space for the
weights, of more than five and a half or six feet, which
causes it to be extremely convenient and demonstrative for
a course of lectures.

Mechanical experiments are of two kinds ; the one relating
to the quiescence of bodies, and the other to their motion.

Among the former are included those which demonstrate,
or rather make evident to the senses, the equilibrium of the
mechanic powers, and the corresponding proportions of the
weights sustained, to the forces which sustain them; the
properties of the centre of gravity, the composition and
resolution of forces, &ec.

By the latter, or those on motion, are shown the laws of
collision, of acceleration, and the various effects of forces
which communicate motion to bodies.

Of mechanical experiments it may be proper to observe
to you, that those wherein an equilibrium is formed, will
frequently appear coincident with the theory, although con-
siderable errors are committed in their construction. This
arises from the effects of friction, tenacity, and other causes.
The case is different in experiments concerning the motion
of bodies ; in which, whatever care be taken to render the
proportion of the forces, and the weights moved, such as is
required by the theory ; yet the interference of friction, which
renders the former apparently more perfect than they really
are, causes these to differ from the theory.

If the experiments are only designed to assist the ima-
gination, by substituting sensible objects instead of abstract
and ideal quantities, an apparent agreement between the
theory and experiment may be sufficient to answer this pur-
pose, although it may be produced from an erroneous
construction : such experiments cannot, however, impress
the mind with that satisfactory conviction that arises from
experiments accurately made.

Dr. Desaguliers tried the effect of falling bodies, by letting
a leaden ball fall from the inner cupola of St. Paul’s church,
whose altitude from the ground is 272 feet. The ball de-
scended through this space in four seconds and a half; in
which time, from theory, it should have descended through
325 feet, which makes a difference of about one-fifth of the
actual descent between the experiment and the theory. Dr.
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Desaguliers shows, in his fifth lecture, that this difference
aross principally from the resistance of the air. To remedy
the defects of these experiments, Mr. Atwood contrived his
apparatus.

Of the mass moved.—In order to obtain an adequate idea
of the laws that are observed in the communication of mo-
tion, and observe the effects of the moving force, the inter-
ference of all other force should be prevented. The bodies
impelled should be conceived to exist in free space, and be
void of gravity or weight; so that to a given substance va-
rious degrees of force may be applied. This indeed cannot
be effected in bodies falling freely near the earth’s surface ;
we cannot abstract the natural gravity or weight from any
substance whatsoever ; for the same substance is always im-
pelled by the same force of gravity, which admits not of
increase or diminution.

Yet, this difficulty may be obviated by balancing two
equal weights, joined by a flexible ling which goes over a
pulley. 'The axle of the pulley must rest on wheels con-
structed for the purpose of diminishing friction.

The motive force of gravity being destroyed by the con-
trary and equal action of the weights, they will remain
quiescent till some force is applied to them. When any im-
pulse is communicated to them in a vertical direction, they
will afterwards be observed to describe equal spaces in
equal times, or will move uniformly ; and the velocity com- -
municated will be precisely the same, as if the same impulse
had been impressed-on a quantity of matter equal to the
two bodies existing in free space without gravity, due allow-
ance being made for the inertia of the wheels.

Thus, in this instrument (Fig. 176, page 175), which is
constructed to illustrate this subject experimentally, there
are two equal weights, A, B, affixed to the extremity of a
very fine and flexible silk line. This line is stretched over a
brass wheel, @ b ¢ d, movable round a horizontal axis. The
two weights, A, B, being precisely equal, and acting against
each other, when the least weight is super-added to either,
it will preponderate.

When the weights, A, B, are set in motion by the action
of any weight. which Mr. Atwood called m, the sum of A
added to B, added to m, would constitute the whole mass
moved ; but then there is to be added the inertia of the
materials which must necessarily be used in the communica-
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tion of motion. These materials are: 1. The large wheel,
abcd; 2. The four brass friction-wheels, on which the
axle of the wheel, a b ¢ d, rests ; these wheels are used to
prevent the loss of motion, which would be occasioned by
the friction of the axle, if it revolved on an immovable sur-
face ; 8. The weight of the line; but this is too inconsider-
able to have any sensible effect.

Of the resistance from the inertia of the pulleys.—If the
whole mass of the wheels were accumulated in the circum-
ference of the wheel, @ b ¢ d, its inertia would be truly
estimated by the quantity of matter moved. If their figures
were regular, and the density distributed uniformly in each,
mathematicians would furnish us with rules for finding a
weight, which, being accumulaied uniformly in the circum-
ference, a b ¢ d, would exert an inertia equal to that of the
wheels. DBut as the figures are wholly irregular, recourse
must be had to experiment for the discovery of such a
weight.

For this purpose a weight of thirty grains was affixed to
a silk line which did not weigh one-quarter of a grain ; this
line being wound round the wheel, the weight of thirty
grains, by descending from rest, communicated motion to
the wheel, and, by many trials, was observed to describe a
space of thirty-eight and a half inches in three seconds.
From these data we find the mass equivalent to the inertia
to be two ounces and three quarters. This is a mass equi-
valent to the inertia of the wheel, @ b ¢ d, and the friction-
wheels together.*

The resistance to motion, therefore, arising from the
wheel’s inertion will be the same as if it were absolutely re-
moved, and a mass of 23 were accumulated in the circum-
ference of the wheel, @ b ¢ d.

This being premised, suspend the pieces, or brass boxes,
A, B, by a silk line passing over the wheel, @ b ¢ d, and
make them balance each other ; now, if I add any weight,

* Mr. Atwood proves in his work, t that the following furmula

will give the required mass Pd—p—x, where p signifies the

s
weight, 30 gr.; t the time, 3 seconds; d the space described by a
body in a second, 16 feet 1 inch, or 193 inches; s the space described
by the body, 38.5 inches ; and x the inertia sought.

That is in figures for the present case, 30x9x1930 equal to
1323 grains, or 2 3-4 oz. 335
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m, to A, so that it shall descend, the exact quantity of
matter moved will be ascertained, for it will be A added to
B, added to m, added to 23 oz.

In order to avoid troublesome computations in adjusting
the quantities of matter moved, and the moving force, one-
quarter of an ounce is assumed as a standard weight of
convenient magnitude, to which all others are referred ; this
weight is called m. Now the inertia of the wheel, being 23
oz., will be denoted by 11 m ; A and B, the pieces or boxes
to which the different weights are applied, are each, together
with the hooks by which they are suspended, equal 14 oz.
or 6 m. We have a variety of different weights, some of
which are equivalent to 4m, others to 2 m, some equal m,
and others to aliquot parts thereof.

If then we apply 19 m to each of the pieces, A B, these,
with those pieces, will each be equal 25 m, balancing them-
selves, and the whole mass will be 50 m, which being added
to 11 m, the inertia of the wheels, the whole mass will be
61 m ; now add m to both A and B, and the whole mass
will be 63 m, perfectly in equilibrio and movable by the least
weight, added to either, setting aside the effect of friction,
in the same manner precisely as if the same weight or force
were applied to communicate motion to the mass 63 m, ex-
isting in a free space and without gravity.

Of the moving force—As the natural weight,.or gravity,
of any given substance is constant, and the exact quantity
easily estimated, we shall apply a weight as a moving force ;
thus, when the system consists of a mass equal 63 m, I
apply a weight, m, to A, and it communicates motion to the
whole system ; the whole quantity of matter moved is 64
m ; the moving force m, this gives us the force which ac-
celerates the descent of A, being Fm, or 1 part of the
accelerated force, by which the bodies descend freely to the
earth.

You see by this example, that the moving force may be
altered without altering the mass moved; for, suppose the
three weights m, two of which are placed on A and one on
B, be removed, then A will balance B.

Now place the weights 3 m on A, and the moving force
will be 8 m, and the mass moved 64 as before, and the force

. 3
which accelerates the descent of A equal =

To make the moving force 2m, remove the three weights
m, A and B will balance one another, and the whole weight
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will be 61 m; add 1-2 m to A and 1-2 m to B, and the
mass moved will be 61 m r; now place 2 m on A, and the
mass moved is 64 as before, whercof the force of accelera-
tion is equal to 1-32 part of the acceleration of gravity.

Of the space described.—The body, A, descends, as you
perceive, in a vertical line, along the scale, C C, which is
about sixty-four inches long, and is graduated into inches
and tenths; the scale is so adjusted as to be vertical, and
so placed that the descending weight may fall in the middle
of the stage D, fixed to receive it at the end of the descent ;
the beginning of the descent is estimated from O, on the
scale, when the bottom of A is level or even with O ; the
descent of A is terminated, when the bottom strikes the
stage ; the situation or distance of the stage may be varied
at pleasure within the range of the sixty-four inches.

Of the time of Motion—The time of the motion is ob-
served by the beats of this pendulum, E, affixed to the
pillar, G, and which vibrates seconds. The number of
seconds is shown by the index and dial-plate above.

Many mechanical devices might be applied for letting the
weight, A, begin its descent at the instant of the beat of
the pendulum; but it is simpler, and Mr. Atwood thinks
better, to let the bottom of the piece, or box, A, when even
with O on the scale, rest on a flat rod held in the hand
horizontally, its extremity being coincident with O; by at-
tending to the beats of the pendulum, you may, with a little
practice, remove the rod which supports the box, at the
instant the pendulum beats, so that the descent of A shall
commence at the same instant.

Of the velocity acquired.—I have only now to show you
in what manner the velocity acquired by the descending
weight, A, at any given point of the space through which
it has descended, is made evident to the senses.

The velocity of A’s descent being continually accelerated,
will be the same in no two points of the space described;
this is occasioned by the constant action of the moving
force; and since the velocity of A, at any instant, is mea-
sured by the space which would be described by it moving
uniformly for a given time, with the velocity it had acquired
at that instant, this measure cannot be experimentally ob-
tained, but by removing the force which caused the accele-
ration of the descending body. )

To effect this, there are some weights or moving forces in
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form of bars or flat rods, m, to be laid on A ; there is also
a circular frame, H, to be fixed to the scale at any proper
height, in such manner that A will pass centrally through it
when A passes through this frame, it leaves the bar by
which it had been accelerated on the circular part of the
frame. After the moving force, m, has been intercepted at
the end of the given space or time, there will be no force
operating upon any part of the system to accelerate or re-
tard its motton, and consequently the instant m is removed,
A will proceed uniformly with the velocity it had acquired
that instant, and the velocity being uniform, will be mea-
sured by the space described in any convenient number of
seconds.

It may here be necessary to observe, that Mr. Atwood
has clearly shown, that the weight of the line can have no
sensible effect on the experiments, for the inequality of the
motion occasioned by it does not amount to more than
o531z of @ second, a quantity too small to be distinguished
by the senses.

The resistance of the air does not affect these experi-
ments; for, as the greatest velocity communicated in these
experiments does not exceed 26 inches in a second, and the
pieces A and B being only about 12 inch in diameter, the
resistance of the air can never increase the time of the de-
scent in so great a proportion as 240 to 241, and will be
therefore insensible in experiment.

The effects of friction are almost wholly removed by the
axis of the wheel, a b ¢ d, acting on the four friction wheels,
e, f, g9, b If the weights, A and B, be balanced in perfect
equilibrio, and the whole mass consist of 63 m, a weight of
two grains, added to A or B, will communicate motion to
the whole, which shows how inconsiderable the friction is ;
in some cases, however, particularly in experiments on re-
tarded motion, the effects of friction become sensible, but
may be very readily and exactly removed by adding rather
less than two grains to the descending weight ; the weight
should be always less than what is sufficient to put the
whole in motion.

The space which bodies describe in one second, by falling
freely from rest, is 193 inches; but in the ensuing experi-
ments, the space is taken at 192 inches, which will be pro-
ductive of no error, in order to avoid fractions, which would
render the use of the instrument less easy and intelligible.
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The pendulum of the clock, which is fixed to the pillar
of the instrument, vibrates seconds; it has only one wheel
which immediately acts on the pendulum : the small weight
which continues the pendulum’s motion, after it has been
wound up, is half an hour in descending to the ground.
The clock will be sufficiently exact if it keep time with a
common well regulated clock for this half hour.

When the axis of the wheel, @ b ¢ d, has been adjusted
horizontal, let two equal weights, A and B, be suspended
from the extremities of a silk line of proper length, the
thickness of which is no greater than is just sufficient to
sustain the weights. When these weights are perfectly
quiescent, a small impulse being applied to either, in a ver-
tical direction, will set the whole in motion ; which will be
continued uniform till one of the boxes arrives at the ex-
tremity of the scale. When the box, A, is at the bottom
of the scale and quiescent, it must be observed whether the
middle line on the scale be everywhere exactly opposite to
the line sustaining A ; or, in other words, whether the line
in the middle of the scale be in the same vertical plane with
the line which sustains A. If it be not, the lower extremity
of the scale must be moved along the arm of the base until
the adjustment is correct. It is also to be observed, whether
the line be everywhere at equal perpendicular distances from
the middle line on the scale: if it be not, the lower extremity
of the scale must be removed further from, or nearer to the
silk line, until the distances are everywhere equal. The
middle line on the scale will now be vertical, and the circular
frame must be so constructed, that the box, A, may pass
centrally through it, when the adjustments are correct.

In letting the box, A, begin to descend at any beat of the
pendulum, the observer must not wait until he hears the
beat, at which he intends A’s descent shall begin; for, in
this case, A’s descent will always commence too late; the
proper method is to attend to the beats of the pendulum,
until an exact idea of their succession is obtained : then the
extremity of the rod being withdrawn from the bottom of
the box, A, directly downwards at the instant of any beat,
the descent will commence at the same instant.

Having now sufficiently explained the instrument, we shall
proceed to the construction of some experiments with it.

Let two equal weights, A and B, be suspended by a line,
joining them, and going over a fixed pulley. If any weight

13
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be added to them, it will preponderate, und in its descent will
describe spaces which are as the squares of the times of falling
Jrom rest. !

The equal weights are, in the present case, each equal
26 m, and the additional weight applied as a force to com-
municate motion m. Then the mass moved is m + 52 m +
the inertia of the wheels 11 m, making in all 64 m. Now it
will be seen, that the preponderating weight descending
from quiescence during 1, 2, 3, seconds, describes in the first
second, 3 inches; in two seconds, 3 X 4 or 12 inches; in
three seconds 3 X 9 or 27 inches; the spaces being respec-
tively as the squares of the time of motion.

To prove this, fix the stage to 3 on the graduated scale,
bring the under surface of the piece, A, to coincide with o, on
the scale, and let it fall at a beat of the pendulum, and you
will find it strike the stage when the pendulum beats again ;
it has done so, having passed through three inches in one
second. _We shall now place the stage at 12 inches, and the
weight will strike it exactly at the second second; when
placed at 27, the stroke of the weight will coincide with the
third second.

We subjoin a table of some experiments of the same kind,
which will rivet the theory more perfectly on the mind, and
render it more easy of application to particular cases. Let
A hold 36.3-4m ; B, 36.1-4m. The spaces described, &e.
will be as in the following table.

A TABLE.

Moving | Mass | Accelerating | Times of motion|Spaces deseribed from rest
force. |moved.’ force. in seconds. estimated in inches.

96 m

)
=
of=
w9l

O =T O U A W LD =
[N}
[

If different forces be successively applied to accelerate
equal quantities of matter from quiescence, the spaces describ-
ed in any given time will be in the same proportion with the

Jorces.
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If any body, equal to 64 m, fall freely, or be acted upon
by its own natural weight, it will describe 192 inches in the
first second of its fall ; but if the same mass be impelled by
only 4 of its accelerating force, or 1 m, it will describe only
a 64th part of the former space; that is, only three inches,
a proportional effect.

To prove this, let A and B be each made equal to 25 m,
then will A and B be equal to 50 m ; to this add 11 for the
inertia of the wheels, and we have 61 m ; now put 2 m on
A, and 1 m on B, and the mass moved will be 64 m, and
the moving force 1 m.

Set the stage to three inches, and 1ét the weight descend
as before, and you will find it strike the stage at the first
szcond.

If the sume force impel different quantities of matter for any
gwen time, the spaces described from rest will be inversely as
. the quantities of matter moved.

Let the force be m, and the mass 64 m, then the space
described, during one second, will be three inches.

Let the force be 2, and the mass 32 m, then the space
described in the same time will be six inches. '

If the force be increased or diminished in the same propor-
tion with the mass moved, the spaces described from rest in the
same time, will be equal.

Let m, 2 m, and 4 m, be the moving forces which impel
the quantities of 32 m, 64 m, 128 m, respectively ; then m
will impel 82 m through six inches in a second, 2 m will im-
pel 64 m, and 4 m will impel 128 m through the same space
1 the same time. .

From hence you may infer, that when different quantities
of matter describe equal spaces in equal times, being accele-
rated from quiescence, the forces must be in the same pro-
portion with the quantity of matter moved.

If a body be moved from quiescence during any given time,
it will, at the end of that time, have acquired such a velocity,
as will, of continued uniform, carry it through double the space
which the body has olready described to acquire that velocity.

Let the mass moved be 64 m, the force, m, but let m,
which is applied to A, as the moving force, be one of the
flat rods, m, Fig. 176. Place the circular frame so that A
may, in descending, pass through it, and its height be such,
that the instant the lower surface of A arrives at 12 inches,
the rod, m, may be intercepted by the surface of the circular
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frame, and thereby be prevented from the further accelera-
tion of the system. Let the other stage be set at 36 inches,
that is, 24 from the circular frame.

Now, let the weight begin to descend from o, on the
scale at any beat of the pendulum ; at the end of the second
beat, you will hear the rod strike the circular frame, having
described twelve inches with a uniformly accelerated motion ;
and at the fourth beat of the pendulum, it will strike against
the square stage at 36, having described 24 inches with a
uniform motion.

If the same force act on the same mass for different times,
one second, two seconds, and three seconds, the velocities gene-
rated will then be six inches, 6 X2 inches, and 6X3 inches in a
second respectively, being in the same proportion with the times
wherein the given force acts.

Set the circular frame to three inches, and the stage to
nine inches, let the mass moved be 64 m, the moving foree, .
m ; the weight, A, beginning its descent at any beat of the

endulum, the rod will strike the circular frame at the next
beat : here the rod is removed, and A describes the next
six inches uniformly in one second, striking the stage at nine
at the sécond beat. By trying the apparatus in other in-
stances, you will constantly find the experiments coinciding
with theory.

These experiments show, that if the force by which bodies
are accelerated be the same, the velocities generated will
be in the same proportion as the times wherein the given
force acts.

If a body be moved from rest through the same space by
different forces, the velocities generated will be in a subdupli-
cate ratio of the forces.

Let the mass be 64 m, and the force m,—you will find
the velocity acquired in describing twelve inches in two
seconds, will, when the force is removed, carry it through
twelve inches in one second. Now, let the mass be 64 m,
and the force 4 m, and you will find that the body, in de-
seribing twelve inches, will acquire a velocity of twenty-four
inches, being in the ratio of 1 to 2 ; whereas the accelerating
forces are in the ratio of 1 to 4.

If different quantities of matter be impelled through the
same space, and acquire the same velocity, the moving forces
must be in the same ratio as the quantities of matter moved.

Let the quantities of matter be 64 m and 48 m, the space
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twelve inches,—the moving forces must be as 4 to 3. The
following experiments will illustrate this truth.

| I\Io\'ing‘JQuant-rﬁes of | Accelerating ! Spaces described in |Velocities acquired in

! forees. matter. forces. l inches. inches per second.
' m 64 m 75 12 12

3m

2 | 96m a5 12 12

3m

T 48 m | 31; 12 12

You may infer, from the two last sets of experiments,
that the moving forces, which impel bodies through the
same spaces, are in the joint ratios of the quantities of
matter moved, and the squares of the velocities generated.

If a given quantity of matter be impelled from rest through
different spaces by the action of the same force, the velocities
generated will be in a subduplicate ratio of the spaces described.

Let the quantity of matter be 64 m, the force m, the
spaces 3 inches and 27 inches,—the velocities will be in the
ratio of 1 to 3; for it will descend in the first experiment
through six inches in a second ; in the next you will find it
go through 18 inches in a second. Now the spaces are 3
and 27, or as 1 to 9; the velocities acquired as 6 to 18, or
as 1 to 3.

Ezxperiments on uanormly retarded Motion.—The laws
observed during the motion of uniformly accelerated bodies,
having been made evident to the senses by the preceding
experiments, I shall now proceed to illustrate the properties
of uniformly retarded motion.

When a body is thrown perpendicularly upwards from
the earth’s surface, it is continually -resisted by a force
which is equal to the body’s weight; and the weights of all
substances being proportional to the quantity of matter they
contain, it follows, that the force which retards the perpen-
dicular ascent of any body, being measured by its weight
divided by the ascending mass, is the same, being such as
destroys a velocity of 32‘ feet in each second of the body’s
motion. But in order to illustrate, by experiment, the
general laws according to which bodies are retarded by the
action of constant forces, such methods should be made use
of as will enable us to apply different resisting forces to the
same mass of matter, and the same resisting force to differ-
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ent masses of matter, both of which conditions will be satis-
fied by the instrument now before you.

A resisting force is to be understood as conveying pre-
cisely the same idea as the term moving force ; except so
far as regards the dircctions in which those forees act in re-
spect to the body’s motion, these directions being contrary
to each other. .

If equal quantities of matter be projected in free space,
with any given velocity, and be resisted by different but in-
variable forces, the spaces described before the whole mo-
tion is destroyed, will be inversely as the resisting forces.

Let the mass projected be 61 m, with a \e10c1ty of 18
inches in a second, and let it be resisted successively by the
forces m, 2 m, 3 m ; the spaces described before the motion
of the body is destroyed will be 2% 325 525 ; these spaces
being in the inverse proportion of the resisting forces.

Make A equal 24 m, B equal 25L m ; apply to the up-
per surface of A two rods, each equal to m ; then will the
weight,” A, preponderate and descend by the action of a
moving force equal m, the whole mass moved being equal
to 63 m. Set the circular frame to 26.44 ; then the we1rrht
A, by describing from rest the space 26.44 inches, Swill

acquire a velomty = v w) equal to 18 inches

in a second ; and at that instant the two rods, each equal to
m, being rcmoved the weight will eontinue to descend with
a umfmm]y retarded momon, which will be precisely the
same as if a mass of 61 m were projected with a velocity
of 18 inches in a second, in free space, and a force of resist-
ance equal to m were opposed to its motion; wherefore A,
with the other parts of the system, will lOSG its motion

gradually, and will describe a space equal to %‘rﬁ—‘—— 25.6

inches before its motion be entirely destroyed. You will,
therefore, have to descend as low as 52 inches, before it
begins to ascend by the superior weight of B.

If any body, moving in a Jree bpace uniformly, be resisted
by a constant JSorce, for any given time less than that in which
the whole motion would be destroyed, the space described will
be the difference between the space which measures the initial
velocity of motion, multiplied into a number expressing the
given time, and that space whick the body would describe, if
accelerated, during the given time, from quiescence, by a force
equal to that of resistance.
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Let a mass, 631 m, be projected with a velocity of 11.877
inches in a second ; if it be resisted by a force equal to L m,
it will describe 21.95 inches in three seconds. To this end,
make A equal 26 m, and B equal 26} m, and apply a flat
rod, 14 m, to the upper surface of A ; set the circular
frame to 11.877 on the scale, then will A descend, the
moving force being m, and the mass moved equal to 65 m.
When it has described 11.877 inches, it will have acquired
a velocity of 11.877 inches in a second ; and the rod being
at that time intercepted, A will begin to descend with a
uniformly retarded motion, and will strike the square stage
set at 33.83, at the fifth beat of the pendulum, and thus
describe 21.95 inches in three seconds.

For the account of various other useful and scientific ex-
periments, the reader had best consult the treatise of Mr.
Atwood.

This instrument has many other uses, which it is not
necessary to describe particularly here; such as, The ex-
perimental estimation of the velocities communicated by the
impact of bodies, elastic and non-elastic; The quantities of
resistance opposed by fluids, as well as for various other
purposes ; The motion of bodies, resisted by constant forces,
are reduced to experiment, by means of this instrument, with
as great ease and precision as the properties of bodies uni-
formly accelerated ; and, The verifying practically the pro-
perties of rotary motion. The two last are clearly shown
in Mr. Atwood’s work. This very useful and illustrative
instrument requires to be well made, and nicely adjusted.

The wheels and their mahogany bases can be separated
from their stand, and the various weights and other appa-
ratus, the scales, C, C: the ring, H; the stage, D; the
pillar, G ; and clock, E, are also made so as to be separated
and packed in a portable and convenient manner.

Price, with clock, $100.
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IMPROVED LEVER AIR PUMP.

Trrs elegant instrument (Fig.177, opposite page), mounted
on a strong and highly polished frame, or table, made of
mahogany or rosewood, consists of two rectangular boards
two inches thick, twenty-seven inches long, and seventeen
inches wide ; supported twenty-four inches apart by four
hollow pillars, and connected together by iron rods secured
in the legs beneath, and having brass knobs at the top of
the frame; thus binding the whole strongly together, and
affording facilities for separating the parts readily. The top
of the frame stands at thirty-nine inches from the floor,
which is the most convenient height for use. The cylinder,
or pump- barrel, is screwed to its cap and base by large po-
lished steel screws, and is of heavy and highly polished
brass, securely bolted to the bottom board of the table. The
piston rod is of steel, working through a packing box, air
tight, in the cap of the cylinder, projecting above the upper
board and moving in a socket attached to the frame, which
has a square opening for this and the parallel motion, which
is connected with the piston rod and end of the lever. The
lever is of wrought iron, polished or handsomely japanned,
is three feet long, and supported by a steel axle moving in
two stout brass sockets, firmly bolted to the table; at the
end of the lever is a turned handle. The receiver plate is
truly ground, and made of brass, or stout glass set in brass
mounting ; in the centre of the plate there is the usual
screw by which apparatus is connected ; beneath which a
brass connecting pipe having a stop-cock, passes to the
bottom board of the table, where it is terminated in a socket,
having a pipe running lengthwise with the bottom board of
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the table, and connecting with the base of the pump barrel,
which is perforated, and the channel terminated by a valve
opening upwards. The piston and cap of the pump barrel
also have valves opening upwards ; the one on the cap hav-
ing a bent pipe ground into the cover of the valve, for con-
veying the oil driven over by the action of the pump into an
oil box which is attached under the frame, and may be
slided out to empty of oil. On the connecting pipe between
the cylinder and socket, there is a projection, with aperture,
having a screw the same size as that of the receiver plate,
and having a large milled-head serew to close it, and where
occasionally connexion may be made with the gauge, appa-
ratus, &c. There is from the under part of the receiver
plate, and running lengthwise on the top of the frame nearly
to the end, a brass pipe terminating in a brass cap, with
screw, to which a large stop-cock is attached, supporting a
mercury gauge. The gauge consists of a glass tube bent in
an U form, hermetically sealed at one end, which tube, and
a small portion of the bottom of the other, is filled with
mercury ; the tube is attached to a silver scale, graduated
to inches, and tenths thereof, and is about eight or nine
inches long. The scale and tube are secured within a stout
glass shade, which is cemented by a brass cap fitting the
large stop-cock as above.

A long barometer gauge sometimes accompanies the pump,
consisting of a strong tube, 33 inches in length, open at both
ends, having a reservoir of mercury at the bottom, and at-
tached above to the under side of the cap supporting the
short gauge. The scale is divided into inches and tenths.
This gauge, owing to the great length of the tube, requires
great care in using, as, by an accident, the mercury may be
drawn into the pump, materially injuring it thereby. On
this account it is most usually dispensed with. The stop-
cock in the connecting pipe is to close the communication
between the receiver and pump-barrels, and that beneath
the gauge, to close the communication between the gauge and
the receiver. The length of the cylinder is nearly one foot,
the diameter 3} inches, the plate 10 inches. Oil should be
occasionally supplied by pouring that which is perfectly
clean into the aperture in the receiver-plate, and also into the
cup over the packing-box, through which the piston moves.
The plate and receivers are ground true, and require but a
little tallow or oil to prevent the scratching of the two sur-
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faces. In experiments requiring accurate exhaustion, care
should be taken that the receiver and various parts of the
pump be free from moisture, the vapor of which arising
would form an atmosphere, which would continue to rise as
long as any moisture remained. The operator should be pro-
vided with a number of receivers, of various kinds and sizes,
some open at top, having a brass plate with sliding rod ;
others with closed top, having a knob; alsoa few glass jars,
for supporting fruit, &e.

Price, $70, 875, and $85, according to style and finish.

French Table Air Pump.—(Fig. 178, as below.)—This
il
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instrument in its general arrangement is the same as the
usual table air pump, but made in a more elegant style,
being framed wholly of brass and highly finished. -Between
the pump barrels and the receiver plate, there is a large
stop-cock, which, when closed, prevents any leakage from
the various joints into the receiver. The mercurial gauge
has a metallic scale, and is placed within a glass shade, and
supported on a large stop-cock, by which communication or
not may be made with the receiver.
Price, largest size, $75.00.
“  smaller “ $50.00.

Large Double Barrel Air Pump.—(Fig. 179, as below),




AIR PUMPS AND APPARATUS. 193

represents the usual style of the large size, double barrel,
table air pump, and consists of two barrels of brass, accu-
rately bored, and finished of a uniform calibre. These, with
their bases, are firmly held in a perpendicular situation to
the square mahogany base, by the mahogany head of the
air pump, which 1s pressed upon them by screws at the top
of the two brass pillars, one of which is placed cach side
of the barrels. In the centre of the base there is a true
ground receiver plate, having in the centre a hole, with
screw, for the attaching of any apparatus, and a concealed
channel communicating with the point, where a screw is
fixed to let in air occasionally, From the above mentioned
channel there is a perforation at right angles to the former,
going to the centre of the basis of each barrel; at each of
these centres a valve is placed, opening upwards to admit
the air into the barrels; there is a piston so fitted to each
barrel, that the air cannot pass between it and the sides of
the barrel ; to each piston thereis a valve opening upwards,
through which the air in the lower part of the barrel may
escape into the common air ; the pistons are also connected
to arack, and are raised or depressed by a handle, the lower
part of which is fixed to the axis of a cog-wheel, whose
teeth take into the rack; one piston is raised, and the other
depressed by the same turn of the handle.

Two barrels are advantagcous, not only as performing the
work quickly, but also because the weight of the atmosphere,
pressing upon the rising piston, is counter-balanced by the
same weight pressing upon the other piston descending.

The operation of air depends on the elasticity thereof,
‘When either of the pistons is drawn upwards, a vacuum is
left behind it, and the pressure being thus removed from the
valve in the bottom of the barrels, this valve will be opened
by the elasticity of the air in the recciver; and the air,
rushing through it, will be uniformly diffused in the receiver,
the canal connecting this with the lower valve, and in the
barrel. But upon depressing the piston, the valve at the
bottom of the barrel will be closed, and the air therein
being condensed, will open the valve in the piston and escape;
thus the air contained in the barrel is discharged, and, by
every turn of the winch, a quantity of air equal to the con-
tents of the barrel, and equally dense with that in the re-
ceiver, is exhausted.

Behind the large receiver, there is a small plate for sus-
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taicing a small receiver, from the hole at the centre of this
plate there is a canal communicating with that which goes
from the large receiver to the barrels; under this receiver is
a small tube filled with mercury freed from air, this is called
the short barometer-gauge. As the air is taken out of the
small recciver at the same time that it is taken from the larger
one, the descent of the mercury in the tube will point out
the degree of rarefaction in the receivers; the mercury does
not begin to descend in this tube till near three-fourths of
the air have been extracted; and the air is said to be as
many times rarer than the atmosphere, as the column of
mercury sustained in this tube is less than that of the mer-
cury, at that time, in the common barometer.
Price, $40.00 and $45.00.

Double Barrel Air Pump.—(Fig. 180, as below.)-—This
cut is a representation of the usual style of the double barrel
air pump described, with the omission of the gauge, and
being made of a smaller size. Price, $22.50 and $25.00.

Fig. 180,

BEN.PIKEJR

2924
BROADWAY.N.Y.
v

\

Pike’s Improved Double Barrel Air Pump—(Fig. 181,
page 195.)—This instrument, in its general construction,
corresponds to the preceding one described (Fig. 179),
but of a larger and more elegant finish, the frame being sub-
stantially and elegantly finished, of rosewood or mahogany
highly polished, conveniently mounted from the floor on
four feet, and having the plate raised on a stage supported
on four pillars, beneath which the gauge is attached, which
is the same as described in the large lever pumps; the
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Fig. 181,
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pump is conveniently worked by a large double lever
handle ; the barrels of the pump are thirteen inches long,
two and a half inches internal diameter; the whole with
the receiver standing about four feet from the floor.
Price, with mahogany frame, $65.00.
“ “  rosewood «  $70.00.

Single Barrel Air Pump—(Fig. 182, next page.)—This
pump consists of a tube, or barrel of brass with equal bore,
having a piston moving by means of a rod and handle ; the
barrel is attached to its base by a screw, which is firmly
clamped to the square mahogany table supporting the
whole; in the centre of the table there is a receiver plate,
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Fig. 182. truly ground, having in the
centre a screw to fit the stop-
cocks of the usual apparatus
accompanying these instru-
ments, and beneath a pipe
connecting with the brass
base of the barrel of the
pump, having a valve open-
ing upwards, there being one
also in the piston opening
the same way ; the action is

2 the same as deseribed in the

large double barrel air pump.

Suppose the receiver to be

placed on the plate, care being taken that it is free from

dust and grit, and a small quantity of oil rubbed thercon,
draw the handle up, and a vacuum will be formed under-
neath the piston. The air then in the receiver will, by its
elasticity, force against the valve at the bottom of the barrel,
and rush up to fill the vacant space. When the piston is
forced down again, it compresses the air beneath it, which
closes the valve at bottom, and at the same time opens the
valve which is in the piston itself. and the compressed air
thereby escapes ; thus a quantity of air equal to the capacity

of the barrel is got rid of—a second lift will withdraw a

second portion, and so the operation may be continued at

pleasure. Price, small size, with receiver, $7.00.

«  medium size, & $9.00.

Fig. 183.

This cut (Fig.183)
represents a larger
size single barrel
air pump and re-
celver, having in
the drawing the
barrel ecut away,
to show the piston
and valves ; the
construction is the
same as the one
above described.

Price, with re-
ceiver, $12.

@ BPIKEJR.
294 ,BROADWAY.N.Y.
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Fig. 184,

| H”‘Hl-

Pike’s Improved Single Barrel Air Pump with raised
plate.—This powerful and simple arrangement of the large
single barrel air pump, is represented in Fig. 184, as above.
The barrel is of brass, fourteen inches long and two inches
diameter, having a broad brass base, firmly bolted to the
frame by screws beneath. The piston is worked by standing
with the feet on the frame and grasping the handle with
both hands, by which means a much larger piston may be
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worked than in the ordinary construction, and being also
less fatiguing to the operator. The pump plate is support-
ed by four mahogany pillars, on a table elevated about
twenty-eight inches. The connexion between the pump-
plate and the cylinder is by a brass pipe, having a stop-cock
for shutting off the communication when required. The
frame is of polished mahogany ; the base twenty-two inches
long and fourteen inches wide. Price, $20.00.

Condensing Apparatus—The condenser is a syringe by
which a large quantity of air may be forced into a given
space. 1t is constructed on the same principle as the air .
pump ; only the valves are disposed in the contrary order,
that is to open inward instead of outward.

Fig. 185 represents a syringe fur-
nished with a handle, moving a solid
piston air-tightly in a cylindrical
barrel, which barrelis furnished with
a valve at the foot, and either a
small hole near the top of the barrel,
or else the piston, instead of being
solid, is perforated, and has a valve
also opening downwards. It will be
evident, that working the handle up
and down will alternately fill the
barrel with air from the upper part,
and condense it into any vessel at-
tached to the screw at the foot.

The air vessel is a strong globular
shaped glass vessel, supported on a
foot, having a neck to which a brass
cap with stop-cock is fitted ; to the
stop-cock is fastened a pipe, reaching
nearly to the bottom of the vessel;
to the upper screw of the stop-cock
is attached a tube, and a variety of
jets; one a plain jet, one a globular
jet, pierced with many holes, another flat on top pierced
with a cross; also, there is usually accompanying them, a
revolving jet, as represented in the cut, which may be moved
either for air or water. To use, the vessel is about half
filled with water, and the condensing syringe being screwed
to the tube, and the stop-cock opened, air is to be forced
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into the bottle, which rising through the water, will by its
density press strongly on the surface of that liquid ; then
after turning the stop-cock the syringe is to be removed,
and a small jet-pipe being fitted to the tube, the stop-cock
is to be opened, and the elasticity of the condensed air in
the bottle, will drive up the liquid in a jet.
Price, $10.00.
“  revolving jet, $2.00.

Air Condensing Apparatus, with
Copper Chamber—(Fig. 186.)—
This condensing apparatus consists
of a brass condensing pump or
syringe, nine inches long, and one
and a half inch diameter. A cop-
per chamber or vessel for contain-
ing the air, having a stop-cock
with screws on the top, with a
tube descending nearly to the
bottom, and also a stop-cock on
the side near the top, there being
a tube connected with this aper-
ture descending nearly to the bot-
tom. To the stop-cocks are at-
tached several jets; a straight jet,
a compound jet, and a revolving
jet. To use this apparatus fill §
the chamber about half full of
water and screw on the stop-cock,
connect the condensing pump,
and condense the air therecin, then
turn the stop-cock to confine the
air, and removing the pump, screw on the straight jet; on
turning the cock, the pressure of the air within the chamber
will force the water out in a stream with great force. If
the compound jet be used, it will produce a great number
of streams, and pour out with great beauty. Also the re-
volving jet will form a pleasing circle in the air, as the water
is rapidly forced out. All these jets may also be used on
the stop-cock at the side of the chamber.

The long brass cylinder, or gun-barrel, represented in the
cut, and having a screw fitting the stop-cocks, is designed
to illustrate the air gun. To use, screw the barrel to the
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stop-cock attached to the side of the chamber, having pre-
viously condensed suflicient air therein, place a bullet, pea,
or cork ball within the barrel, and quickly open the stop-
cock ; the ball will be thrown violently out of the barrel.
Price, of the whole apparatus, $12.00.
« condenser only, £5.00.
“ smaller size, $4.00.

Lever Condenser on Frame.—
In this instrument (Fig.187),
the barrel of the condenser 1s
sunk into the air chamber,
wlich is supported on the un-
der side of the frame by four
stout rods passing through the
frame; and also a round board
at the bottom of the air cham-
Ler clamping them firmly to-
gether by means of screw
nuts. The piston is worked
by a lever and arm fastened to
the frame ; on one side of the
air chamber is a stop-cock.

Price, £20.00.

Swelled Receivers for the Air Pump.—(Fig. 188, as above.)
—The receivers of the air pump are large glass vessels
placed on the pump plate and over an orifice, in order to be
exhausted of air; beirg thus called from their being the re-
cipients of those things on which the experiments are made.
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In order that the contact with the plate of the pump may
be air tight, the bottoms of the receivers are ground perfectly
true. They are made of various shapes; straight sides and
swelled, open top and with knob.
Price, 4 in. $0.75; 5 in. $1.00; 6 in. $1.25.
“ 7 in. $1.50; 8in. $1.75; 9 in. $2.00.
“ 10 in. $2.50; 12 in. $4.00.

Low Receivers for the Air Pump— Fig. 189.
(Fig. 189.)—These receivers are used
where the articles placed under them do
not occupy much height, and consequent-
ly can be exhausted quicker than where
higher ones are used.
Price, 5 in. $0.75; 6 in. $1.00.
“  7in. $1.837; 8in. $1.75.

The Gallows Connector.—(Fig. 190.)—
This convenient apparatus is used in con-
nexion with the flexible tube, for con-
necting apparatus with the air pump that
otherwise could not so conveniently be at-
tached. The lower part of the ball has a
socket entering the gallows, which, by
loosening the screw over the ball, may be
readily disconnected. The connexions are
made with male screws; a double female
connector is sometimes attached, where a
female screw is required. Price, $1.50.

Hand Glass.—This cut (Fig. 191) re- Fig. 191.
presents a swelled glass receiver, about .
5 inches in diameter, open at both ends, <
and ground perfectly true and flat ; the
one end is about 4 inches in the aperture,
and the other two inches. Set the large
end on the plate of the air-pump, and
place the hand on the small end, so as to
cover the glass; then begin to exhaust,
and you will feel the pressure of the air; for the air being
taken from under your hand out of the glass, the external
air will press your hand to the glass, so that you can scarce
move it. Upon letting in the air it will be loosened again.
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The spring of the air in your flesh is also shown by this ex-
periment, the flesh of the inside of your hand swelling down-
wards within the exhausted glass. Price, 75 cents.

Fig. 192 The Bladder Glass.—Cover the large end
of the last described receiver (Fig. 192) with
2 a piece of wet bladder, and leave it to dry.
| After it is perfectly dry place the open end
on the pump-plate, and exhaust the interior
/ air till the weight of the air on the bladder
P=_. causes it to burst with a loud report. If,
DRSS {nstead of the bladder, a piece of sII;eet india
rubber is used, it will expand and fill the glass vessel.
Price, 75 cents.

Fig. 193. Bladder Glass with Cap and Stop-Cock.
/W —(Fig. 193.)—This arrangement of the
/7 g bladder glass when attached to a flexible
/ tube, and connected with the air pump,
admits of its being turned in any direction,
and may be seen by a large audience to
more advantage than when used on the
/iy pump plate. It may also be used to show
Ujlf the expansion of air, by closing the stop-
E= N cock, and placing under a receiver, when
\ — the bladder will be forced out, and if the
ety exhaustion be continued, it will be broken

by the expansive force of the air within the glass.

The experiment may be varied by using a piece of sheet-
india rubber, which will not be broken, but swell out, or
be drawn in, as the instrument may be used.

Price, $2.00,

Lagsgs. Apple Cutter—(Fig. 194.)—This consists of
‘ a metallic cylinder, or cone, open at each end,
having a base ground true, and fitting air tight
the pump plate, and at its upper end a sharp
edge. To use, place the cone on the air pump,
an apple on the top of the cone, and exhaust
the air; the pressure of the air on the outside
\\ of the apple will cause the apple to be cut, and
foreed through the opening.

Price, $1.50.
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Pressure Glass—(Fig. 195.)—This instrument ¥ig. 195
consists of a glass globe, about three and a half /7
inches in diameter, with a neck inverted in a glass
vessel of about the same size, which is to be
nearly filled with water, and placed under the re- /77
ceiver of the air pump. As the receiver is ex- |
hausted, bubbles of air pass out of the globe *
through the water and escape away, but as soon =
as the pressure is restored the water is forced out g7 02
of the lower vessel upwards into the globe. The
instrument may now be used to illustrate the expansion of
air, by again exhausting the receiver, when the small bubble
of air left at the top of the last experiment, will expand and
fill the whole globe. Price, 75cts, larger size, $1.00.

Bolt Head Experiment (Fig. 196) consists ~ Fig 19
of a glass globe of four or five inches in di- m
ameter, with neck about thirty inches long,
having cemented on the neck a plate fitting
the open top air pump receiver. To use, the
plate is set on the open top receiver with the
end of the neck immersed in a jar of water, ‘
which, to render the experiment more con-
spicuous, is usually colored red or blue; on
exhausting the air from the receiver, the air
in the globe is expanded and escapes from
the neck, and is seen bubbling through the
water. On returning the air to the receiver,
it cannot enter the globe, but pressing on the
water forces it up the neck into the globe,
occupying the place of the air that escaped
by its expansion, and showing the quantity.

Price, $1.00. Glass jar, 25¢. ©

Magdeburg Hemisphere.—(Fig. 197, next
page).—This instrument consists of two hol-
low hemispheres of brass, which are made to
fit upon each other by a ground joint, ren-
dered air tight by a little oil. Having screw-
ed off the handle, put both the hemispheres together, and
screw them into the pump-plate, and turn the cock so that
the pipe may be open all the way into the cavity of the
hemispheres; then exhaust the air out of them, and turn




204 BENJ. PIKE’S, JR., DESCRIPTIVE CATALOGUE.

Fig. 197 the cock; unscrew the hemispheres from the
pump, and having put on the handle, let two
strong men try to pull the hemispheres asunder
by the rings, which they will find it difficult to
do; for if the diameter of the hemispheres be
four inches, they will be pressed together by the
external air with a force equal to 190 pounds.
We have recently improved this article by
manufacturing them of iron, which is not so
liable as brass to be bent by an accidental
blow.
Piice, 81 in. brass, $4.00 ; 4L in. brass, $6.00.
“  3Liin.iron, $4.00; 4% in. iron, §5.00.

Lever and Stand for weighing o column of air—Yig. 198
consists of a strong base, having a short pillar serving as the
fulerum of a lever fixed therun on the short end of the
lever the handles of the hemlspheres are supported, the
stop-cock being serewed to the base. This arrangement is

Fig 198.

I AT RS

designed to prove the pressure of the air on the hemispheres
to be about fifteen pounds on every square inch. If the
diameter of the hemispheres be four inches, the area is
twelve and a half inches, which multiplied by fifteen gives
187 lbs. ; the power requisite 1o separate them when ex-
hausted, as shown by the lever. The exhausted hemispheres
will of themselves come asunder under an exhausted receiver.
. Price, $5.00.

Spouting Tube.—Yig. 199 consists of a long glass tube,
having a brass cup and stop-cock. To use, exhaust the air
by the air-pump, and turn the stop-cock ; then plunge the
end of the cock in water, and open the cock, when the water
will violently rush in, and nearly fill the tube.

Price, $2.50.
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Fig. 199.

Fig. 201

The Fountain in Vacuwo—(Fig. 200, as above.)—The
fountain consists of a tall receiver, of glass, about five inches
wide in the swell, but contracted at the top, and cemented
by a neck at the lower end to a brass cap, having within a .
jet pipe attached to a stop-cock, which screwsinto the cap;
the whole is mounted on a stand when not in use. To use,
the fountain is connected with the air pump by means of
the stop-cock and tube ; after the air is exhausted out of the
receiver, the cock is shut to prevent its return; then the
whole is unscrewed from the plate of the receiver, and the
lower end of the tube is immersed in a vessel of water; on
opening the stop-cock, the pressure of the atmosphere on
the surface of the water in the vessel having no counterpoise
from the interior of the cylinder, forces up the fluid through
the jet-pipe with considerable velocity, which forms a pleas-
ing jet-d’eau, or fountain in vacuo.

Price, $4.50; larger, £5.00.
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Expansion Founiain.—(Fig. 201, page 205.)—This appa-
ratus consists of a glass globe with feet, having a cap, stop-
cock, and jet, reaching down to the bottom, and an open
vessel with cap screwed to the upper end of the cock. To -
use, the lower vessel is nearly filled with water, and the
stop and jet screwed in and placed on the air pump under
a receiver ; as you exhaust the air from the receiver, the
air in the upper part of the globeis expanded, and the
liquid forced through the jet into the upper vessel : in return-
ing the air to the receiver, the water descends.

Price, $3.50.

Three Globe Fountain, by Elasticity—(Fig. 202, page 205.)
—This consists of a double globe on a foot, with open
end, having a jet pipe extending from the bottom of the
lower globe to the top of the second, and another globe
with a neck covering the jet pipe. To use, fill the lower
globe nearly full of water, or a colored liquid, screw in the
Jet pipe; and cover it with the upper globe ; place it on the:
air pump and cover with a receiver; exhaust the air, which
removes the pressure from the upper vessels and expands
the air in the lower globe, forcing the liquid up the pipe
into the upper vessel, and from thence falling into the second.
Return the air to the receiver, and the water is forced into
the upper vessel, and from thence again into the lower one.

Price, $2.50.

Fig. 203,

Lungs Glass—(Fig. 203.)—An iostru-
ment or apparatus used with the air pump,
intended to prove the elasticity of the air.
It consists of a glass globe of about four
inches diameter, with a foot to it, and also a
\'\ brass cap at the top ; within the glass is a
] small bladder, tied to a short tube, which
is attached to the cap, and projects an inch
or so within the glass. This tube passes
out at the top, and is terminated by a small
orifice. The lungs glass is placed under the
receiver of the air pump, and as the air is
exhausted the bladder collapses; being admitted it expands
again, showing ‘the exact action of the animal lungs in re-
spiration. Price, $2.00.
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Guinea and IFeather Experiment—(Fig. 204.)—This in-
strument consists of a tall glass receiver, open at the bottom,
and having the top closed, so as to be air-tight, by a brass
cap or cover, through which passes a wire, fitting close, but
capable of being turned without admitting the air. The
lower end of the wirc is made to support a small stage, the
two sides of which will fall and separate, when the wire is
turned in a transverse direction. Then, the stage being fixed,
a sovereign and a feather, or any two small bodies differing
greatly in their comparative weight, may be laid on the stage,
and the bell-glass, or, as it is called, receiver, being placed
on the plate of an air pump, must be
exhausted of the air it contained. This — Flz- 204 Fig. 205.
being done, if the two bodies are
made to fall by turning the wire, it 1
will be found that they will both strike
the plate of the air pump beneath 4L
them at the same point of time. |

Price, $10.00. i

Guinea and Feather Tube.—This f
piece of apparatus (Fig. 205) consists g\
of a strong glass tube, usually from 2 t
to 4 feet long, and 11 to 38 inches in ‘ f
diameter, closed at the upper end, and )
having a brass cap and stop-cock at
the lower end, with a screw plug, of
sufficient size for the introduction of a ‘1‘.

|

guinea and feather. To use, turn the
tube up, and it will be observed that
the feather is several seconds longer
in falling than the guinea; counnect
the stop-cock with the air pump, and exhaust the
tube, and it will now be found that the guinea
and feather fall at the same instant. Air may
also be condensed within the tube by a con-
densing pump, and a greater difference shown
than in the first experiment.

The apparatus described as the aurora tube is often used
for showing these experiments, though the ball and the
point, at times, interfere with the descent of the feather, and
piece of metal, which is not the case in the proper tube.

Price, $4 and &6.
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Fig. 205. Bladder and Weights.—A pneumatic in-
: strument (Fig. 206) to show the elasticity of
atmospheric air. It is formed of a circular
base, hollowed out in the middle into a cup
shape, having three stout brass wires connect-
ing with the top, and between these wires, a
movable box, the bottom of which is hol-
lowed out as the base. A small bladder, with
a small quantity of air in it, is placed in the
cavity below the box, and the box filled with
shot, or any heavy weight. The weights and
cup slide easily up and down between the wires. When
this instrument is put under the recciver of an air-pump,
and the air exhausted from around it, the elasticity of the
air within the bladder will expand it so much as to raise up
the heavy weights above it, and thus show its rarefaction.
Price, $1.75 and $2.

Weight Lifter by the Expansion of
Air.—Fig. 207 consists of a cylin-
der of brass, having a closed bottom,
attached to a small frame by a flange
at the top of the cylinder, within
which a solid piston moves freely, to
the rod of which there is a small
stage, on which weights may be
placed.  When the piston rod is
down, there is a space in the lower
part of the barrel containing air, the
expansion._of which, when placed
under a receiver and exhausted, will
raise a heavy weight.

Price, $5.00.

The Improved Weight Lifter, or Upward Pressure Appa-
ratus.—(Fig. 208, page 210.)—This apparatus consists of a
very stout brass cylinder, having a stout flange at the top,
set in a stand supported on three iron legs about thirty
inches in height. The piston is accurately fitted to the
bore of the tube, and a ring attached to the under side of
the piston, from which weights are attached by a stout leather
strap. The stop of the glass cylinder is ground perfectly
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flat, and has a brass plate also truly ground to cover it,
having a hole in the centre with screw, to which one end of
an elastic tube or hose is fixed ; the other end of the tube
being connected with the hole in the centre of the pump
plate. The air being then exhausted from the tube, the
piston with the weights will be raised the whole length of
the cylinder. The number of pounds that can be raised,
may be ascertained by multiplying the number of square
_inches contained in the area of the cylinder by fifteen. The
iron legs unscrew for convenient transportation.
Price, with 3 inch cylinder, $6.00.
I3 I 3% 13 3 $8.00.
“  Dest flexible tube with
screw connectors, $2.50 to $3.50.

Large Weight Lifter—(Fig. 209, page 210.)—The con-
struction of this instrument is nearly the same as the preced-
ing, but of a larger make; the cylinder is twelve inches
long and four inches wide, mounted on a strong mahogany
frame over five feet high. To the piston is attached by a
leather strap, a large platform, on which any convenient
weight may be placed. The instrument being capable of
raising over one hundred pounds.

Price, complete, with best English flexible
tube, 3 feet long, - - $15.00.

Brass Barrel Weight Lifter—(Fig. 210, page 210.)—This
consists of a brass cylinder, or barrel, about two and a half
inches in diameter, and eight inches long, open at the bottom,
and screwed to a mahogany frame by a flange around the
lower end of the cylinder, within which there is a solid
piston, having a stout rod which is bent in the form of a
hook at the end, to which a heavy weight may be attached ;
the upper end of the cylinder has a brass cap and stop-cock,
to which a flexible tube, proceeding from the air pump, may
be attached ; on exhausting the air, it will be found, that
the atmosphere pressing on the under side of the piston will
raise it, and a weight of about fifty pounds.

Price, $7.50.
18%
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Fig. 2'8. Fig. 210.
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The Air Shower.—(Fig. 211.)—This ap-
paratus consists of a block of wood, havi_ng
a long piece of wood, ¢, fixed lengthwise
through it, the under side of the block
being turned perfectly true, to fit the top
of areceiver, . To use, place it in the re-
ceiver, A, which is also used as a hand glass,
place a tumbler of water, B, under, so thal
the end of the wood is immersed in the
water ; place your thumb on the top of the
wood, and while the receiver is exhausting,
you will see the air pass out of the pores of the wood in*o
the water. Take off your thumb, and a vast stream of air
will flow through the wood. This experiment shows that
wood is pervious to air, and that the course of the air vessels
is lengthwise. Price, 75cts. ; receiver, 75cts.

Mercury Shower.—A pneumatic apparatus,
to show that, if the pressure of the atmo-
sphere be removed from an under surface, the
pressure still remaining on the surface above
has the effect of driving a fluid readily through
the pores of such substance as it would not
otherwise penetrate. A is a wooden cup.
B is a plug or nozzle of oak wood fastened
through the bottom of the cup and projecting
downwards two or three inches. C is a vessel
put beneath it when in use ; and D the open
topped receiver of an air pump. To use the
instrument, ‘put a little mercury into A, and exhaust the ai
from D, when the mercury will soon filter through the oak
and fallinto the cup C. .

Fig. 212, as above, consists of a mahogany cup, through
the bottom of which a solid piece of oak wood, about two
inches long, is fixed; the bottom of the cup is fitted
air tight on the top of the receiver. The receiver used
for the hand, called the hand glass, is used for this
experiment. When mercury is poured into the cup, and
the air exhausted out of the receiver, the pressure of the at-
mosphere on the surface of the mercury in the cup, will
force it through the pores of the solid piece of wood, and
it will fall like a silver shower to the bottom of the bottle,
and the mercury be collected in a glass vessel beneath. In
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this experiment, and in all others where mercury is used,
great care must be taken to prevent the introduction of any
mercury into the air pump, as it would cause considerable
njury. Price, $1.00; receiver, 75cts.

Shower of Mercury Tube.—(Fig. 213.)—This
consists of a glass tube, about one and a half inch
in diameter, and from twelve to twenty-four inches
long, with a cap and screw at one end, fitting the
air pump on the inside, having a small glass tube
with a hole at the side, for preventing the mer-
cury being drawn into the pump, and at the top
of the tube a hard wood cap, within which a
piece of oak wood is supported, having a funnel
or cap of hard wood screwing over it, into which
the mercury is placed; on exhausting the tube
by the air pump, the mercury will pass through
the pores of the wood, and descend into the tube
in a silver shower.

Price, $4.00 and $5.00.

Flask jfor Weighing Air.—
Fig. 214 consists of a glass
flask or globe, having a cap
and stop-cock fitting the air
pump, supported by a hook to
a scale beam. To use, first
weigh the flask of air, as re-
presented in the cut, by plac-
ing the requisite weights in the
scale pan; then exhaust the
fiask of air by the air pump, and weigh it again in the same
manner; the difference in the weights will give the weight
of air, or gas taken out.

Price, flask with stop-cock, - - $2.00.
«  mounted with steel beam and stand, $6.00.
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Balance Beam and Cork Ball.— Fig. 215.
(Fig. 215.)—This consists of a bal- i
ance, to one end of which is sus-
pended a piece of lead, in equilibrio
with a piece of cork, or other light
material, at the other end of the
beam. Place the beam and stand
under a receiver, and having ex-
hausted the air, the cork will pre-
ponderate ; for, as its bulk is greater (%
than that of the piece of lead, it
must be more sustained by the air;
re-admit the air, and the equilibrium
will be restored. Price, $3.50.

Sliding Rod Receiver—(Fig. 216.)—A
receiver for the air pump of any convenient
size or shape, having a brass cap cemented
to the neck, and a rod passing air tight
through a collar of leathers secured in a
cavity, and covered with a screw ; the rod
has a ring or handle at the top, and a hook
on the end within the receiver. One of the
many experiments for which this receiver is ||

ceiver from the hook of this, and exhaust it |
of air; now let down the small receiver in {il
contact with the plate. While the outer one
is fixed, the inner one may be easily moved, {|
but on letting in the air, the inner is fixed j
and the outer one loose ; observe in this ex- {i
periment the small receiver must not cover
the hole in the centre of the receiver plate,
but be placed at the side.
Price, with plain receiver, $3.50 and $4.00.
“ with swell  “  $4,00 and $4.50.

The Bell Glass Receiver with Sliding Rod.—This piece of
apparatus (Fig. 217, next page) consists of a swelled bell
glass receiver, usually about 10 inches in diameter, having
an opening in the top of 21 to 3 inches in diameter, accu-
rately ground to fit a brass plate of a little larger size, hav-
ing a screw in the centre, into which a packing-box, with
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Fig. 217. Fig. 219

Fig. 218.

rod movable, though perfectly air-tight, may be fixed ; on
the outer end of the rod there is a ring, serving as a handle
for depressing the rod, and within a hook for suspending
from. This, or a similar arrangement, is used with the
improved bell, flint and steel, &c., and parts of this may be
used for other experiments, the screws being made uniform
in their size. Price, complete, $5.00.

«  plate, with slide rod, $3.00.

Bell in Vacuo.—(Fig. 218, as above.)—This is an appara-
tus to show that sound is not propagated in vacuo, and
thereby to prove that sound is but the air in vibration. It
consists of a small bell mounted within a glass receiver, and
supported from the top by a wire attached to a plug moving
air tight in a socket, and having a handle above the cap, by
which the bell may be rung; when rung in a vacuum a
great diminution of the sound will take place, and were it
possible to produce a - perfect vacuum, and insulate the bell
from all sonorous bodies, no sound would be heard. Three
sizes. Price §2.25, $2.50 and $3.00.

Improved Bell in Vacuo.—This form of the bell in vacuo
Fig. 219, as above) has a spring-lever hammer, working
within the bell, and rung by depressing the rod having a
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cap on the top, by means of a sliding rod attached to the
receiver. The bell is mounted on a neat metal foot, and
placed on a round plece of wood, or leather, when used ;
to prevent, as far as possible, the transmission of the sound
Price, $3.00.

Float Wheel for showing the resistance
of the air—Fig. 220 consists of two light g
metal floats, or vanes, fixed to a centre and -
turning freely on a pin fixed in a handle.
These vanes may be so placed on the pin
that their whole surface may strike the air;
or, on the contrary way, that only the
edge of the vanes may strike the air. To
use, place the vanes on the pin so that the whole surf‘xce
strikes the air, and give it motion with the finger, and it will
soon stop, owing to the resistance of the air. Place it now
in the position in which the edge only strikes the air, and
give it motion, and it will be continued for several minutes.

Price, $0.75.

Torricellian Experiment.—(Fig. 221, next page.)—A stout
barometer tube of thirty-one inches in length, hermetically
sealed at the upper end; the lower end immersed in a cup
of mercury; the whole covered by a tall bell glass receiver.
On exhausting the air in the receiver, the air in the tube is
expanded, and escapes through the mercury; on returning
the air to the receiver, the mercury is supported in the tube
to a height proportioned to the degree of exhaustion obtained
therein. Price, with receiver, $5.00.

Torricellian Experiment with Sliding Tube—(Fig. 222,
next page.)—This drawing represents a more perfect arrange-
ment for the Torricellian expenment The tube is supported
in the neck of a swelled bell glass receiver, baving a brass
cap with packmg -box and screw, containing collars of leather
through which the tube slides readily. To use, the tube is
exhausted with the end out of the mercury, and then im-
mersed by sliding down the tube through the collar of
leathers; on returning the air to the receiver the mercury
rises in the tube, howmc the exact degree of exhaustion
obtained. Price, $3 50 and $4.00.
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Fig. 222,

Fig. 224.

Torricellian Experiment with Flexible Tube~(Fig. 223,
as above.)—This apparatus consists of a stout barometer -
tube of forty inches in length, bent at one end as represent-
ed in the drawing, and having a stop-cock with flexible tube
for connecting with the air pump. The barometer tube is
graduated to thirty-one inches, marked on the glass. To
use, the lower end of the tube is immersed in a cup of mer-
cury, and the stop-cock connected with the air pump by 2
flexible tube ; on exhausting the air the mercury will rise
in the tube in proportion to the degree of exhaustion.

Experiments in the condensation of air, may also be illus-
trated by this apparatus; close the stop-cock, pour mercury
in the long end of the tube, to the height of thirty inches
above the surface of the mercury in the shorter leg. It
will be found that the air in the shorter leg has been com-
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pressed into half its former bulk; being pressed by one
additional atmosphere.
Price, of the tube, graduated, with cap
and stop-cock, - - - $5.00.

Water Pump in Vacuo.—(Fig. 224, opposite page.)—This
represents an open top receiver with the common water
pump placed on the top ; the tubeof the pump being within
the receiver, and the end immersed in a vessel of water.
On working the piston the water will readily flow; but ex-
haust the air from the receiver, and when a good vacuum is
obtained the water cannot be raised by working the pump.
This shows that all the phenomena of suction and pumps
are not owing to the abhorrence of a vacuum in nature, but
to the pressure of the air. Price, $8.00.

Fig. 225. Freezing Apparatus.—Prof. Leslie’s
experiment of freezing water in vacuo,
by its own evaporation (Fig. 225) is
shown by a shallow glass vessel, as a
watch-glass, for containing the water
to be frozen, which is supported over
a wide glass basin, containing strong sulphuric acid, the
whole covered by a low receiver. When the air is exhaust-
ed from the receiver, the acid will absorb the vapor from
the water as rapidly as it is found, thereby abstracting the
sensible heat from the water, till congelation ensues.
Price, $1.50 and $2.00.

Fig. 226.

Freezing Apparatus with Thermo-
meter.—(¥ig. 226.)—The same appa-
ratus as the last described, used un-
der the receiver with sliding rod, in
place of the low receiver, and having
a delicate thermometer with exposed
bulb dipping into the water, indicating
the gradual reduction of temperature
during the process. N

Price, - - - $3.00. \\\\y

¢« with slide rod receiver,
$5.00 and $7.00.
thermometer only,  $1.00.
19
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Fig. 223.

Fig. 227.

Wollaston’s Chryophorus in Vacuo—The chryophorus
in this arrangement (Fig. 227, as above) has a circular piece
of brass, truly ground on the under side, and fitting the
open top receiver, and also having in the centre a block of
wood, well varnished, to render air-tight and surrounding
the tube of the chryophorous ; by this contrivance one of
the balls may be introduced within the receiver, and a va-
cuum obtained.

To use: cover the interior ball with a sponge, or cotton,
which may be tied on, and wet it well with ether; turn all
the water in the upper ball. On exhausting the receiver, the
vapor in the interior ball of the chryophorus will be con-
densed by the evaporation of the ether, which will produce
evaporation from the surface of the water in the upper ball,
which vapor continues to condense, producing continual
evaporation from the surface of the water in the upper ball,
till the water therein is frozen. To prevent injury to the
pump from ether entering therein, a cup is placed on the
plate to receive any drops from the sponge.

Price, $5.00.

The Flint and Steel in Vacuo—In the best construction
of this instrument (Fig. 228) a gun lock is supported ina
brass frame, and attached by a pillar to the centre of the
pump plate ; the lock has a brass arm terminated in a small
cup at one end, and at the other fixed to the lever of the
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cock ; the whole is covered with the receiver having a sliding
rod, and let off by depressing the rod on the cup. If the
receiver be exhausted, and the flint be made to strike the
steel, no sparks will appear; and if there were powder in
the pan it would be burned. The sparks produced by the
flint and steel, are owing to small portions of steel struck
off by the percussion, and burning in the air ; without the
air the combustion of the steel cannot take place.
Price, with brass frame, $5.00.
“  common construction, $3.00.

Apparatus to fire Gunpowder in
Vacuo.—(Fig. 229.)—This apparatus
consists of a bell glass, with brass
cap, having a large stop-cock and
funnel ; in the key of the stop-cock
there is a cavity, Into which a small
quantity of powder falls; on turning
the key a little, the aperture is en-
tirely closed, and when half round
the powder falls on a round piece of
iron, previously made red hot, and
supported on a stand within the bell

. glass receiver. The powder will
burn, but no explosion takes place ;
the smoke remaining at the bottom.

Caution is required in performing the experiment, and the

bell glass should be exhausted after each charge is burnt.

Price, $4.50.

Apparatus for showing the effects
of burnt air.—(Fig. 230.)—This ap-
paratus consists of a glass receiver,
with aperture in the top about
three inches in diameter, truly
ground, covered by a brass plate
with stop-cock, to which a bent
metallic tube is screwed. To use,
place a pan of lighted charcoal so
that the end of the tube may be in
the flame ; first having cxhausted the receiver, then open
the stop-cock, and the burnt air will pass through the tube
into the receiver, with which it may soon be filled. Take
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off the plate and pipe, and if any animal be let down into
the receiver it will immediately be killed. 1f a candle be
let down into the receiver when filled with the air, it will
go out, but will purify the air as far as it goes ; for you may
let it down the second time lower than the first, and so on
till the whole air is purified. The recciver and plate used
with the slide rod apparatus before described, answer for
this experiment by connecting the tube thereto.
Price of the whole apparatus, $6.00.
“  bent tube only, - 8l.s0.

Bursting Squares, or Crushed Bottle.—
—(Fig. 231.)—These are thin square glass
bottles, of about half a pint capacity. To
use, take one of the bottles and put in a
cork ; then seal it with wax so that no air
can escape ; then set it on the pump with
a receiver over it : and when you begin to
exhaust, the air within the bottle will ex-
pand itself so as to break it.

Or, cement on the neck of the bottle a
brass cap, with valve opening outwards;
place under the receiver and.exhaust the air, which will
escape from the bottle also; return the air to the receiver,
and the valve closes and prevents the air from entering the
bottle, which is broken; the square sides not being strong
enough to resist the pressure of the atmosphere. A wire
guard is sometimes used to cover the bottle, and prevent
the breaking of the receiver. When you have made this
experiment, wipe the pump plate so that none of the glass -
remain, as it may spoil another experiment.

Price, glass squares, each, $0.16.

«  cap with valve, each, $0.31.

“  guard of wire gauze, $0.75.

Transferer—(Fig. 232.)—
An instrument used with the
air pump, as a movable portion
or plate, for numerous purposes
of experiment. There are sin-
gle transferers and double trans-
ferers; the latter of which is
shown annexed. It consists of
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two plates, ground truly flat, and having pipes beneath,
communicating with each other by connecting tubes, and a
large pipe and cock below, which fits on to the table of the
air pump. If a glass receiver be placed over each trans-
ferer plate, they may be exhausted of air, and the lower
cock being turned, they may be removed from the air pump,
and set aside, that the continued result of the experiment,
whatever it may be, may be noted afterwards, and the air
pump in the interim used for other purposes.

Price, large size, with two gallon receivers, $15.00.

“ “ half ~ « “ $12.00.
« “ “ quart « $10.00.
I3 113 13 p]nt 113 $8.00.
“  single transferer plate, with stop-cock

and stand, - - $3.50 to $6.00

Fountain by Klasticity of Air—(Fig. 233.)—
A pneumatic apparatus, showing the elasticity
» of the air. It is a glass vessel with a brass top,
i ’i and a tube within it, extending to near the

| bottom of the glass. When this glass is partly
filled with water, and placed under a tall re-
ceiver of the air pump, the air being exhausted
by the action of the pump, the elasticity of that
air which remains within the vessel, drives the water through
the tube, and makes it play into the receiver like a fountain.
This action continues either until almost all the water is
driven out, or else until the air has become so rarefied that
it no longer has sufficient force to overcome the resistance.

This apparatus should only be used with a transferer, as
the water is liable to be drawn into the air pump, and the
pump injured thereby. Price, $2.00.

Water Hammer with Stop-cock.—This apparatus (Fig. 234,
next page) consists of a glass tube about 2 feet long, closed
at one end, and the other having a brass cap and stop-cock,
to which may be connected a hose or flexible tube, commu-
nicating with the air pump. To use, the tube is half filled
with water and exhausted, when bubbles of air will be seen
to rise with great rapidity; when completely exhausted
turn the cock and unscrew the hose. Now turn up and
down the tube, and the water will be found to descend with
a force like the stroke of a hammer. Price, $2.50.

19*
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Fig. 236.

Fig. 235,

The Water Hammer.—(Fig. 285.)—This consists of a
glass tube usually about twelve inches long and one inch
n diameter, having three or four inches of water included
in it, above which a vacuum has been formed, and then her-
metically sealed. On shaking such a tube vertically, the
water, rising a few inches and sinking suddenly to the bottom
of the tube, produces a sound like that arising from the
stroke of a small hammer on a hard body, whence the name
of this instrument, the action of which depends entirely on
the exclusion of the air, so that the water moves in a dense
mass. Price, 12 inch, $0.75 and $1.00.

“ 24 $1.50.

Pressure Gauge~—(Fig. 236.)—The pressure gauge is an
instrument to determine the pressure exerted in hydrostatic
or pneumatic machines, as the hydrostatic press, the air
pump, steam engine, etc. When the pressure is very great,
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n is usual to measure it by the compression of a certain
quantity of air contained in a tube of sufficient strength. Tt
consists of a stout glass tube, the bore about one tenth of
an inch in diameter, closed at one end, and bent up at the
other, having a ball about twice the capacity of the tube,
with a small hole on the side or top, and which is half filled
with mercury ; the tube is attached to a silvered plate,
graduated to the various pressures, which are represented
in pounds to the square inch; the scale and tube are in-
closed in a stout glass shade, two inches in diameter, and
about ten inches long, cemented to a brass cap, and screw-
ing on a large stop-cock, having a stout flange at its side,
with holes for screws for supporting the whole from the
wall, or posts, etc.; at the lower end of the stop-cock is a
coupling box, for connecting a pipe communicating with the
apparatus or engine, the stop-cock closes the communication
when required ; under the ordinary pressure of the air the
mercury will stand at O on the scale, near the bottom of
the tube; under a greater pressure the mercury will be
forced into the tube, and when occupying one half the
original space, will indicate the additional pressure of our
atmosphere, or fifteen pounds to the square inch; when
occupying one third, a pressure of thirty pounds; one fifth,
ninety pounds, etc. Price, $12.50.

Vacuum Gauge, or Indicator.—The arrangement of this
instrument is the same as represented in Fig. 2386, in regard
to the exterior mounting, but having the tube entirely filled
with mercury under the pressure of atmospherc, and on the
removal of the pressure the mercury falls, and the approach
to a vacuum is jpdicated by the scale, which is graduated to
correspond to the common barometer ; thirty inches being
assumed as a vacuum. Price, $12.00.
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Scales and Weights.—Small scales and weights (Fig. 237)
used for weighing in chemical expeumcntb packed in a
small case ; the wenrhts ranging from half a grain to a quarter
of an ounce. Price, - 781.25; fine quahty, $2.50.

¢ larger scales, with stand, on mahogany
box, with weights, &e. - $10.00

The Hydrometer—(Fig. 238, next page. )—Hydrometels
are instruments used by dealers in wines, spirits, acids,
alkalies, syrups, and all commercial liquids, for ascertaining
their comparative strength.

This instrument, as represented in the fignre, consists of a
hollow glass ball, B, with a smaller ball, C, appended to it,
and which, from its superior weight, serves to keep the in-
strument in a vertical position, to whatever depth it may be
immersed in a liquid. From thelarge ball rises a cylindrical
stem, @ d, on which are marked divisions into equal parts ;
and the depth to which the stem will sink in water, or any
other liquid fixed on as the standard of specific gravity, being
known, the depth to which it sinks in a liquid whose specific
gravity is required, will indicate, by the scale, how much
greater or less it is than that of the standard liquid.

Those most celebrated, are the scales of Baumé, Cartiér,
Twaddell, and Guy Lussac. Most of these scales are arbi-
trary, and formed after the ideas of their projectors, but hav-
ing no particular reference by which they may be understood.
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The centesimal hydrometer, by
Guy Lussac, is an exception, the
extreme points being water and
absolute alcohol ; this space is
divided into one hundred parts,
thus showing in alcoholic mix-
tures the percentage of alcohol
in the liquid. They are made of
glass, brass, and silver, usually
from six to ten inches long, of
the form represented in the cut
(Fig. 239), the graduations being
marked on the stem.
Price, Baumé’s and Car-
tiér’s, for spirits,
in glass,
‘ in brass,

¢ in silver,
[

£0.50,
$3.50.
$5.50.
$6.00.
£4.00,
$0.75.
§1.50.
$1.75.
$1.00.
$6.00.
$9.00.

g
€<
“acids,
“ ¢ inbrass,
In glass,
Twaddell’s,

Guy Lussac,
v “ in brass,
in silver,

€« “® €
““

g
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Fig. 239.
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Tuble showing the Comparative Scales of Guy Lussac and
Baumé, with the Specific Gravities and Proof, at the

Temperature of 60 Degrees.

Guy Lussac’s ScALE. BaumMe’s ScaLr. | SPECIFICc GRAVITY.] PROOF

100 45 796 100

- 95 40 815 2 o

£ 90 36 833 g2 ¥4

S 85 33 848 72 B &

= 80 31 863 62 S

™ 75 28 876 52 Lo

5 70 % 839 2 &85

& 65 24 91 32

S 60 23 912 22 4th proof.

& 55 21 923 12

S 50 19 933 0 Proof.

g 45 18 9i2 8

o 40 17 951 18 3%

53 16 958 29 FE

~ 39 15 964 3B DA
Pt 14 970 48




226 BENJ. PIKE’S, JR., DESCRIPTIVE CATALOGUE.

Explanation of Boumé's Scale—Manufacturers who em-
ploy Baume’s hydrometer, or have occasion to know the
value of the degrees on his scale, may find the following
formula useful.

Let B =— Baumé’s degree, and 100 = water. Then
. . 144
Specific gravity = -——
That is to say, 144 divided by the difference between 144
and the given degree of Baumé, is the specific gravity in
question, stated in reference to water assumed — 100.
Thus, suppose Baumé = 66°. Then,

Specific gravity — 1£6—6 or 174; = 1.846 =specific gravity.

Scale of Specific Gravities indicated by Twaddell’s Scale.
Twaddell. Sp. Gr. | Twaddell. Sp. Gr. | Twaddell. Sp. Gr.| Twaddell. Sp. Gr.
0 50 1250 160 150 1750

1060 1500
10 105) 60 1301 110 1550 160 1800
20 1100 70 1350 120 1600 170 1850
30 1150 8y 1400 130 1650 180 1900
40 1200 9) 1450 140 1700 190 1930
Fig. 240,

Hydrometer with Weights.
—(Fig. 240.) —There is
a varlety of kinds of hy-
drometers, with weights ;
the principal ones are

e e,
TR, PP e o ma
Z/—y

T T I T T T o7,

_,. O-E Dica’s and Sike’s, they
[ 2 % @ are used for ascertaining
(&4 o the strength of spirituous

Jiquors. One packed in a
case is here represented,
and is formed wholly of brass, and may be described
as consisting of three parts; the scale, the ball, and the
stem, which terminates in a small knob, intended to keep
the instrument upright when in use. Upon this being put
into a long glass, containing spirits of wine, etc., it will sink
to a certain depth. If the spirit be very weak, it may not
sink low enough to cover the ball, in which case one of the
weights is placed above the knob of the lower stem.  Aec-
cording to the weight used, and the degree to which the
instrument sinks, reference being had also to the tempera-
ture of the fluid, the degree of strength is ascertained.
Price, $12 to $25.
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Nicholson’s Portable Balance.— Tig-211.  Fig.242.
(Fig. 241.)—This consists of a hollow 3
cylinder of metal terminated at each
end by a cone; from the top of the
upper cone rises a small stem of brass,
terminated by a cup, a, which may be
slipped off ; from the end of the lower
cone is suspended a cup, e, that is
loaded with a weight, sufficient to sink
the instrument in water nearly to the
base of the upper cone; by placing
weights in the cup, a, at the top, it is
immersed to the mark on the stem;
if the weights be removed and a solid
body, whose weight is less than theirs,
placed in the cup, it may be immersed g
again to the same mark, by placing weights along
with the solid in the cup, and thus the weight of
the solid obtained ; now place the solid in the cup
attached to the weight and weigh it in water;
having now the weight of the body in air, and its
loss of weight in water, its specific gravity may be \
ascertained by dividing the weight in air by the
loss of weight in water, the quotient is the specific
gravity. Price, $3.50.

Nicholson’s Hydrostatic Balance—(Fig. 242, as above.)—
This instrument is made of brass, highly finished, and having
a cage over the counterpoise for confining any solid body
that is lighter than water. Price, $6.00.

Frye's Lactometer.—(Fig. 243, next page.)—For testing
the quality of milk;; made under the direction of the Board
of Agriculture of the American Institute, in the city of
New York, who have strongly recommended it to the
public patronage.

This instrument was invented for the purpose of ascer-
taining the density, and fixing the standard weight, of pure
unadulterated milk, as it is produced in the best grazin
districts in the country, and with a view of detecting the
frauds practised by adulterating milk with water, so often
complained of by the consumer, in large towns and cities
throughout the Union. ‘
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Fig. 243.
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Directions for using the In-
strument.—Vill the tin tube,
which accompanies the in-
strument, with the milk to
be tested at a temperature
of about 60 degrees, and sus-
pend the lactometer in the
milk, and if the milk is
proof, the instrument will
sink to the degree marked
100 on the scale, or P, show-
ing that the milk is at par;
but if the milk has been
adulterated with water, or
has been taken from cows
that have been fed on slops
from breweries, and kept
confined in stables ia warm
weather, the instrument
will, in all such cases, sink
below par, and show the
per centage of adulteration,
which, in some instances,
will be 25 per cent. below
par; but if the milk is supe-
rior, the instrument will
rise above P, and show the
per centage above par,
which, in some instances,
will be 10 per cent. Each
division on thescale is 5 per
cent.

Any person can test the
correctness of the lactometer
by mixing water with pure
milk, and note the per cent-
age of water which they
use, and suspend the instru-
ment in the mixtare, and it
will give the proportion of
water added.

To farmers the instrument
has proved to be very valu-
able, as a ready meaus of
testing the relative quality
of their cows, by inspecting
their milk, and also showing
the effects produced by a
change of the animals’ food,
us its quality will change
the density of the milk.

Price, $1.00.
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Fig. 244 The Oleometer.—(Fig. 244.)—The point indicating
pure sperm oil, is O and S on the top of the stem ;
- that of whale oil, 100 and W. The temperature is
graduated at 60 degrees, and for every five degrees
! colder you will deduct two marks; and for every five
| degrees warmer, add two marks. After you get the
1 correct graduation, then all variations will show you
the per centage of whale oil. Each mark on the
stem is two per cent. Price, $2.00.

The Urinometer.—(Fig. 244.)—This small instru-
ment is intended to ascertain the strength or acidity
of the urine, and thereby determine the comparative health
of the body, particularly with reference to the disorder called
diabetes, or the involuntary discharge of urine.

The graduated side of the scale is marked with degrees,
by which the comparison may be made on the reverse side;
at the upper part is marked the letter W, being the point at
which the instrument rests when immersed in pure water.
The next division, marked by the letter H, is the point at
which it rests when immersed in urine when the body is in
good health ; the letter S is marked to signify strong, but a
less degree of health ; and the last division, the point at
which the instrument rests when the disorder of diabetes
has taken place, and its progress, may be ascertained by the
surface of the fluid marking an increased degree on the
scale.

This instrument is accompanied with a small glass vessel
for containing the urine, one half ounce of which is sufficient
to float the instrument therein; the whole is packed in a
small round case about four inches long. Price, $2.00.

Urinary Cabinet—(Fig. 245, next page.)—The cabinet
consists of urinometer in case, graduated glass for containing
the urine, bottles for acids, spirit lamp, test tubes, watch
glasses, dropping tube, thermometer, test papers, d&c., com-
plete, as represented in the cut; forming a useful and im-
portant apparatus for the medical practitioner, and the
whole of a size that may be conveniently carried in the
pocket. Price, $8.00.

20
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Fig.216.  Tube to show the Relative Weight of Fluids.—
{1 {]Fig. 246 consists of a glass tube, bent and graduated
201+ as.represented in the margin; on pouring into the
|| upright branches, equal quantities by weight of the
- respective liquids, their relative weights would ap-
s || pear on inspection; being inversely as the heights to
L]~ H which they would rise in the branches of the tube.
It |] The accuracy and utility of such an instrument are
| augmented by filling the lower portion of the tube
with mercury, and the graduated branches being of
equal diameter, given weights of any liquids, which
would not act chemically on the mercury, will show, by
their respective heights on either side, how much greater
space an ounce, a dram, or any other quantity of one liquid
would take up than an equal quantity of the other; and
hence it would appear how far the specific gravity of the
latter exceeded that of the former.
Price, $0.75 and $1.50.

i
-]

Hydrostatic Figures.—(Fig. 247, opposite page.)—This
consists of a tall glass jar, supported on a foot, and nearly
filled with water, or alcohol and water, to prevent its freez-
ing in cold weather, into which small hollow glass figures,
as men, a balloon and car, ete., are floated ; they are made
of variously colored glass and curiously ornamented ; they
have a small hole in the lower part, through which they are
partly filled with water, till they will just float in the liquid,
and the addition of a little more weight would cause them
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to sink. The jar is covered at its mouth air-tight Fig. 247.
with a piece of gum elastic, over which is tied a 3
piece of fancy TJeather. If the leather be now
pressed inwards with the finger, the water being
almost incompressible, and the air highly so, that
contained in the little images will yield to the com- Jjii!
pressing force, and becoming contracted water, will I
enter, and the images thus becoming specifically \
heavier than they were at first, will descend to-
.wards the bottom of the jar on the pressure above
being removed, the air in each image recovering
its elastlc for(,e, will expel the water, and the
images will rise as before. .
Price, - - $2.50 and $4.00.
< Figures, only, $1.00 and $2.00.

The Siphon (Fig. 248) is an instrument used 4
to decant fluids, or convey them from one place,
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