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PREFACE TO THE EIGHTH EDITION.

AN attempt has been made in the following pages to

put within the reach of all a short and compendious

treatise upon some of the ingenious instruments by

which the scientific practitioner is aided in his obser

vations, and in the delineation of the results obtained

from them.

The instruments treated of have been divided into

five classes, to each of which a part of the work haa

been devoted. The first part treats of Mathematical

Drawing Instruments ; the second, of Optical Instru

ments ; the third, of Surveying Instruments ; the

fourth, of Astronomical Instruments, and the fifth, and

last, of Goniometrical Instruments, for measuring the

angles of crystals.

The greater part of the Wood Engravings, and some

parts of the Text, of " Simms's Mathematical Drawing

Instruments," have been pressed into the service of

the present work ; and the works of the best writers

upon the several parts of the subject have been con

sulted, and much valuable matter has been extracted

from them, particularly from Pearson's '^Astronomy."



IV PREFACE.

The limits of the bulk and cost of the work have

forbidden any extensive excursion into the sciences in

which the instruments are used ; but it is hoped that a

large mass of information has here been placed in a

small compass without sacrificing perspicuity to undue

•^impression.

An Appendix has been added, in wnich notices will

be found of the chief improvements that have been

recently effected in instruments of these classes.

J. F. H.
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A TREATISE

MATHEMATICAL INSTRUMENTS.

PABT I.—ON MATHEMATICAL DRAWING INSTRUMENTS.

Is this branch of the subject the limits of our little work will

not permit us to enter upon all the beautiful contrivances which

have been invented for facilitating the operations of the

draughtsman ; but we shall endeavour to describe the con

structions and applications of such as are in most general use,

and, as far as our space will allow, to exhibit the principles

upon which they are founded, so that the student may readily

extend his views, after having completely mastered the matter

here presented to him, to the principles of any other instru

ments, which may be useful to him in whatever particular

professional branch of practical mathematics he may wish to

employ himself. With this view we shall describe the instru

ments in the ordinary case of drawing instruments, as sold by

any mathematical instrument maker; viz.,

Compasses with moveable point, Drawing p?n and pricking

ink point, and pencil point. point.

Hair compasses. Plain scale.

Bow compasses. Sector.

And we shall also give some account of the following; vin.,

Whole and halves. Beam compasses.

Proportional compasses. Plotting scales.

Triangular compasses. The pantagraph.

Marquois's scales. Sliding Rule.

ON DRAWING COMPASSES.

This instrument consists of two legs moveable about a joint,

so that the points at the extremities of the legs may be set at

any required distance from one another ; it is used to transfer

and measure distances, and to describe arcs and circles.

The points of the compasses should be formed of well-tem

pered steel, that cannot be easily bent or blunted, the upper

part being formed of brass or silver. The joint is framed

of two substances; ono side being of the same material as

B



MATHEMATICAL INSTRUMENTS.

Fig- 3

the upper part of the compasses, either brass or silver, and

the other of steel. This arrangement diminishes the wear

of the parts, and promotes uniformity in their motion. If

this uniformity be wanting, it is extremely difficult to set the

compasses at any desired distance, for, being opened or closed

by the pressure of the finger, if the joint be not good, they will

move by fits and starts, and either stop short of, or go beyond

the distance required ; but, when they move evenly, the pressure

may be regulated so as to open the legs to the desired extent,

and the joint should be stiff enough to hold them in this posi

tion, and not to permit them to deviate from it in consequence

of the small amount of pressure which is inseparable from their

use. When greater accuracy in the set of the compasses is

required than can be effected by the joint alone, we have

recourse to the

Hair Compasses, in which the upper part of one of the steel

points is formed into a bent spring, which, being fastened at one

extremity to the leg of the

compasses almost close Fig- 1 Ftg. 2

up to the joint, is held at

the other end by a screw.

A groove is formed in

the shank, which receives

the spring when screwed

up tight; and, by turning

the screw backwards, the

steel point may be gradu

ally allowed to be pulled \ i

backwards by the spring, * ^

and may again be gradu

ally pulled forwards by

the screw being turned

forwards.

Fig. 1 represents

these compasses when

shut; fig. 2 represents

them open, with the

screw turned backwards,

and the steel point p, in consequence moved backwards by its

spring s, from the position represented by the dotted lines,

which it would have when screwed tight up.

Fig. 8 represents a key, of which the two points fit into the

two holes seen in the nut, n, of the joint ; and by turning this

nut the joint is made stifier or easier at pleasure.

 



COMPASSES.

To take a Distanct with the Hair Compasses.—Open Ihem

as nearly as you car. to the required distance, set the fixed leg

on the point from which the distance is to he taken, and make

the extremity of the other leg coincide accurately with the

end of the required distance, by turning the screw.

COMPASSES WITH MOVEABLE POINTS.

If an arc or circle is to he described faintly, merely as a

guide for the terminating points of other lines, the steel points

are generally sufficient for

the purpose, and are suscep

tible of adjustment with

greater accuracy than a pen

cil point; but, in order to draw

arcs or circles with ink or

black lead, compasses with a

moveable point are used. In

the best description of these

compasses the end of the

shank is formed into a strong

spring, which holds firmly

the moveable point, or a pen

cil or ink point, as may be

required. A lengthening bar

may also be attached be

tween the shank and the

moveable point, so as to

strike larger circles, and

measure greater distances.

The moveable point to be at

tached to the lengthening

bar, as also the pen point and

pencil point, are furnished

with a joint, that they may be

set nearly perpendicular to

the paper.

A, the compasses, with a moveable point at B.

o and D, the joints to set each point perpendicular to the

paper.

E, the pencil point.

F the pen point. (This is represented with a dotting

wheel, the pen point and the dotting point being similar in

6hape to each other.)

o, the lengthening bar
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MATHEMATICAL INSTRUMENTS.

 
To describe small arcs or

circles a small pair of com

passes, called boio compasses.

•with a permanent ink or

pencil point, are used. They

are formed with a round

head, which rolls with ease

between the fingers. The

adjoining figures represent

two varieties of bow pen,

fig. 1 being well adapted to

describe arcs of not more

than one inch radius, and

fig. 2 to describe arcs of

small radii with exactness by

means of the adjusting screw

c.

For copying and reducing

drawings, compasses of a pe

culiar construction are used ;

the simplest form of which

is that called wholes and

halves, because the longer

legs being twice the length

of the shorter, when the former are opened to any given line,

the shorter ones will be opened to the half of that line. By

their means, then, all the lines of a drawing may be reduced

to one-half, or enlarged to double their length. These com

passes are also useful for dividing lines by continual bisec

tions.

PROPORTIONAL COMPASSES.

By means of this ingenious instrument drawings may be

reduced or enlarged, so that all the lines of the copy, or the

areas or solids represented by its several parts, shall bear

any required proportion to the lines, areas, or solids of the

original drawing They will also serve to inscribe regular

polygons in circles, and to take the square roots and cube roots

of numbers. In the annexed figure the scale of lines is placed

on the leg A E, on the left-hand side of the groove, and the

scale of circles, on the same leg, on the right-hand side of the

groove. The scales of plans and -solids are on the other face

of the instrument.

To set the instrument it must first be accurately closed, so



COMPASSES.

that the two legs appear but as one ; the nut o

being then unscrewed, the slider may be moved,

until the line across it coincides with any required

division upon any one of the scales. Now tighten

the screw, and the compasses are set.

To reduce or enlarge the Lines of a Drawing.—

The line across the slider being set to one of the

divisions, 2, 3, 4, &c., on the scale of Hues, the

points A, B will open to double, triple, four times,

&c., the distances of the points D, E (Euc. vi.

prop. 4). If, then, the points A and B be opened

to the lengths of the lines upon a drawing, the

points D and E will prick off a copy with the lines

reduced in the proportions of £ to 1 , £ to 1 , £ to 1 ,

4c. ; but, if the points D and E be opened to the

lengths of the lines upon a drawing, the points

A and B will prick off a copy with the lines enlarged

in the proportions of 2 to 1, 3 to 1, 4 to 1, &c.

To inscribe in a Circle a regular Polygon of

any number of Sides from 6 to 20.—The line

across the slider being set to any number on the

scale of circles, and the points A and B being opened

to the length of any radius, the points D and E will

prick off a polygon of that number of sides, in

the circle described with this radius ; thus, if the line across

the slider be set to the division marked 12 on the scale of cir

cles, and a circle be described with the radius A B, D E wil!

be the chord of a T'jth part of the circumference, and will pricl

off a regular polygon of 12 sides in it.

To reduce or enlarge the Area of a Drawing.—The numbers

upon the scale of plans are the squares of the ratios of the

lengths of the opposite ends of the compasses, when the line

across the slider is set to those numbers ; and, the distances

between the points being in the same ratio as the lengths of

the corresponding ends (Euc. vi. prop. 4), the areas of the

drawings, and of the several parts of the drawings, pricked off

by these points, will have to one another the ratio of 1 to tho

number upon the scale of plans to which the instrument is

set (Euc. vi. props. 19, 20; and xii. prop. 2). Thus, if the

line across the slider be set to 4 on the scale of plans, the

distance between the points A and B will be twice as great aa

the distance between D and E ; and, if A and B be opened out

to the lengths of the several lines of a drawing, D and E will

prick off a copy occupying Jtb the area ; if the line across the
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slides be set to 5 on the same scale, the distances between

the points will be in the ratio of 1 to \/5, and the area of the

copy pricked off by the points D and E will be -ith of the area

of the drawing, of which the lines are taken off by A and B •

conversely, if the lines of the drawing be taken off by the

points D and E, the points A and B will prick off a copy, of

which the area will be 4 times or 5 times as great, according

as the line across the slider is set to the division marked 4 or

5 on the scale.

To take the Square Hoot of a Number.—The line across the

slider being set to the number upon the scale of plans, open

the points A and B to take the number from any scale of

equal parts (see page 9), then the points D and E applied to

the same scale of equal parts will take the square root of the

number. Thus, to take the square root of 3, set the line

across the slider to 3, open out tho compasses, till A and B

take off 3 from any scale of equal parts, and the points D and E

will take off 1.73, which is the square root of 3, from the same

scale of equal parts. A mean proportional between two num

bers, being the square root of their product, may be found by

multiplying the numbers together, and then taking the square

root of the product in the manner explained above.

The numbers of the scale of solids are the cubes of tho

ratios of the lengths of the opposite ends of the compasses,

when the line across the slider is set to those numbers ; so

that, when this line is set to the division marked 2 upon the

scale of solids, the distance between the points A and B will

give the side of a solid of double the content of that, of which

a like side is given by the distance of the points D and E when

the line is set to 3, the respective distances of the points will

give the like sides of solids, the contents of which will be in

the proportion of 3 to I ; and so on.

The Cube Boot of a given number may be found by setting

the line across the slider to the number upon the scale of

solids, and, opening the points A, B, to take off the number

upon any scale of equal parts, the points D, E, will then toko

off the required cube root from the same scale.

THE TRIANGULAR COMPASSES.

One of the best forms of these instruments is represented

in the annexed figure, a b c is a solid tripod, having at the

extremity of the three arms three limbs, d, e, and /, moving

freely upon centers by which they may be placed in any po-

\
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 sition with respect to the tripod and each

other. These limbs carry points at right

angles to the plane of the instrument,

which may be brought to coincide, in the

first instance, with any three points on

the original, and then transferred to the

copy. After this first step two of these

points must be set upon two points of

the drawing already copied, and the third made to coincide

with a new point of the drawing, that is, one not yet copied :

then, by placing the two first points on the corresponding

points in the copy, the third point of the compasses will

transfer the new point to the copy.

Another form of triangular compasses is represented in the

annexed figure.

 

THE DRAWING-PEN.

This

fig-

8

Fig. 2. Fig. 3.

instrument is used for drawing straight lines. It

consists of two blades with steel

points fixed to a handle; and

they are so bent, that a suffi

cient cavity is left between them

for the ink, when the ends of

the steel points meet close to

gether, or nearly so. The blades

are set with the points more or

less open by means of a mill-

headed screw, so as to draw lines

of any required fineness or thick

ness. One of the blades is framed

with a joint, so that by taking

out the screw the blades may be

completely opened, and the points

effectively cleaned after use. The

ink is to be put between the

blades by a common pen, and in

using the pen it should be slightly

inclined in the direction of the

line to be drawn, and care should

be taken that both points touch

the paper ; and the observations
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equally apply to the pen points of the compasses before

described. The drawing-pen should be kept close to the

straight edge (see STRAIGHT EDGE), and in the same direction

during the whole operation of drawing the line.

For drawing close parallel lines in mechanical and architec

tural drawings, or to represent canals or roads, a double pen

(fig. 2) is frequently used, with an adjusting screw to set the

pen to any required small distance. This is usually called

the road pen. The best pricking point is a fine needle held

in a pair of forceps (fig. 3). It is used to mark the intersec

tions of lines, or to set off divisions from the plotting scale

and protractor (p. 33). This point may also be used to prick

through a drawing upon an intended copy, or, the needle being

reversed, the eye end forms a good tracing point.

A STRAIGHT EDGE

As many instruments are required to have straight edges

for the purpose of measuring distances, and of drawing straight

lines, it may be considered important to test the accuracy of

such edges. This may be done by placing two such edges

in contact and sliding them along each other, while held up

between the eye and the light: if the edges fit close in some

parts, so as to exclude the light, but admit it to pass between

them at other parts, the edges are not true : if, however, the

edges appear, as far as the test has now proceeded, to be true,

still this may arise from a curvature in one edge fitting into an

opposite curvature in the other ; the final step then is to take a

third edge, and try it in the same manner with each of the other

two, and if in each case the contact be close throughout the

whole extent of the edges, then they are all three good*

" To draw a straight line between two points upon a plane, we lay a rale

so that the straight edge thereof may just pass by the two points ; then moving

a fine-pointed needle, or drawing-pen, along this edge, we draw a line from

one point to the other, which, for common purposes, is sufficiently exact ; but,

where great accuracy is required, it will be found extremely difficult to lay

the rule equally with respect to both the points, so as not to be nearer to one

point than the other. It is difficult also so to carry the needle, or pen, that

it shall neither incline more to one side than the other of the rule; and,

thirdly, it is very difficult to find a rule that shall be perfectly straight.

" If the two points be very far distant, it is almost impossible to draw the

line with accuracy and exactness; a circular line may be described more

easily, and more exactly, than a straight or any other line, though even then

many difficulties occur, when the circle is required to be of a large radius.

" And let no one consider these reflections as the effect of too scrupulous

exactness, or as an unnecessary aim at precision ; for, as the foundation ol

* Euc. bk. L de£ 10. Peacock's Algebra, 1st edition, art. 532. p. 420.
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Jl oar knowledge re geography, navigation, and astronomy, it built on obser

vations, and all observations are made with instruments, it follows that th«

truth of the observations, and the accuracy of the deductions therefrom, will

principally depend on the exactness with which the instruments are made

*nd divided, and that those sciences will advance in proportion as these arc

less difficult in their use, and more perfect in the performance of their respec

tive operations."*

ON SCALES.

Scales of equal parts are used for measuring straight lines,

and laying down distances, each part answering for one foot,

one yard, one chain, &c., as may be convenient, and the plan

will be larger or smaller as the scale contains a smaller or a

greater number of parts in an inch.

Scales ofequal parts may be divided into three kinds; simply-

divided scales, diagonal scales, and vernier

scales.

Simply-divided Scales.—Simply-divided

scales consist of any extent of equal divisions,

which are numbered 1, 2, 3, &c., beginning

from the second division on the left hand.

The first of these primary divisions is sub

divided into ten equal parts, and from these

last divisions the scale is named. Thus it

is called a scale of 30, when 30 of these

small parts are equal to one inch. If, then,

these subdivisions be taken as units, each tc

represent one mile, for instance, or one chain,

or one foot, &c., the primary divisions will be

so many tens of miles, or of chains, or of feet,

&c. ; if the subdivisions are taken as tens,

the primary divisions will be hundreds ;

and, if the primary divisions be units, the

subdivisions will be tenths

The accompanying drawing represents

six of the simply-divided scales, which are

generally placed upon the plain scale. To

adapt them to feet and inches, the first pri

mary division is divided duodecimally upon

an upper line. To lay down 360, or 36,

or 36, &c., from any one of these scales,

extend the compasses from the primary

division numbered 8 to the 6th lower sub

 

* Geometrical and Geographical Essays, by the late George Adams, editod

bj William Jones, F.Am.P.S.
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10 MATHEMATICAL INSTRUMENTS.

division, reckoning backwards, or towards the left hand. To

take off any number of feet and inches, 6 feet 7 inches for

instance, extend the compasses from the primary division

numbered 6, to the 7th upper subdivision, reckoning back

wards, as before.

Diagonal Scales.—In the simply-divided scales one of the

primary divisions is subdivided only into ten equal parts, and

the parts of any distance which are less than tenths of a pri

mary division cannot be accurately taken off from them ; but,

by means of a diagonal scale, the parts of any distance which

are the hundred! hs of the primary divisions are correctly in

dicated, as will easily be understood from its construction,

which we proceed to describe.

Draw eleven parallel equidistant lines ; ,0 jj „ „

divide the upper of these lines into equal

parts of the intended length of the primary

divisions ; and through each of these di

visions draw perpendicular lines, cutting all

the eleven parallels, and number these pri

mary divisions, 1, 2, 3, &c., beginning from

the second.

Subdivide the first of these primary di

visions into ten equal parts, both upon the

iighest and lowest of the eleven parallel

lines, and let these subdivisions be reckoned

In the opposite direction to the primary di

visions, as in the simply-divided scales.

Draw the diagonal lines from the tenth

subdivision below to the ninth above; from

the ninth below to the eighth above; and

so on ; till we come to a line from the first

below to the zero point above. Then, since

these diagonal lines are all parallel, and

consequently everywhere equidistant, the

distance between any two of them in suc

cession, measured upon any of the eleven

parallel lines which they intersect, is the

same as this distance measured upon the

highest or lowest of these lines, that

is, as one of the subdivisions before

mentioned : but the distance beween the

perpendicular, which passes through the

zero point, and the diagonal through the

same point, being nothing OP the highest line, and equal to
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one of the subdivisions on the lowest line, is equal (Euc

vi. prop 4) to one-tenth of a subdivision on the second line,

to two-tenths of a subdivision on the third, and so on ; so that

this, and consequently each of the other diagonal lines, as it

reaches each successive parallel, separates further from the

perpendicular through the zero point by one-tenth of tho ex

tent of a subdivision, or one-hundredth of the extent of a pri

mary division. Our figure represents the two diagonal scales

which are usually placed upon the plane scale of six inches iu

length. In one, the distances between the primary divisions

are each half an inch, and in the other a quarter of an inch.

The parallel next to the figures numbering these divisions

must be considered the highest or first parallel in each of

these scales to accord with the above description.

The primary divisions being taken for units, to set off the

numbers 5-74 by the diagonal scale. Set one foot of the

compasses on the point where the fifth parallel cuts the

eighth diagonal line, and extend the other foot to the point

where the same parallel cuts the sixth vertical line.

The primary divisions being reckoned as tens, to take off

the number 46-7. Extend the compasses from the point where

the eighth parallel cuts the seventh diagonal to the point

where it cuts the fifth vertical

The primary divisions being hundreds, to take off the

number 253. Extend the compasses from the point where

the fourth parallel cuts the sixth diagonal to the point where

it cuts the third vertical.

Now, since the first of the parallels, of the diagonals, and

of the verticals indicate the zero points for the third, second,

and first figures respectively, the second of each of them

stands for, and is marked, 1, the third, 2, and so on, and we

have the following

General Rule.—To take off any number to three places of

figures upon a diagonal scale. On the parallel indicated by

the third figure, measure from the diagonal indicated by the

second figure to the vertical indicated by the first.

Vernier Scales.—The nature of these scales will be under

stood from their construction. To construct a vernier scale,

which shall enable us to take off a number to three places of

figures: divide all the primary divisions into tenths, and

number these subdivisions, 1, 2, 3, &c., from the left hand

towards the right throughout the whole extent of the scale.

Take off now, with the compasses, eleven of these subdi

visions, set the extent off backwards from the end of the first
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primary division, and it will Teach beyond the beginning of

this division, or zero point, a distance equal to one of the sub

divisions. Now divide the extent thus set off into

ten equal parts, marking the divisions on the opposite

side of the divided line to the strokes marking the

primary divisions and the subdivisions, and number

them 1,2,3, &c., backwards from right to left. Then,

since the extent of eleven subdivisions has been di

vided into ten equal parts, so that these ten parts

exceed by one subdivision the extent of ten subdivi

sions, each one of these equal parts, or, as it may be

called, one division of the vernier scale, exceeds one

of the subdivisions by a tenth part of a subdivision,

or a hundredth part of a primary division. In our

figure the distances between the primary divisions are

each one inch, and, consequently, the distances be

tween the subdivisions are each one-tenth of an

jnch, and the distances between the divisions of the

vernier scale each one-tenth and one-hundredth of

an inch.

To take off the number 253 from this scale. In

crease the first figure 2 by 1, making it 3 ; because

the vernier scale commences at the end of the first

primary division, and the primary divisions are mea

sured from this point, and not from the zero point*.

The first thus increased with the second now represents

35 of the subdivisions from the zero point, from

which the third figure, 3, must be subtracted, leaving

32 ; since three divisions of the vernier scale will

contain three of these subdivisions, together with

three-tenths of a subdivision. Place, then, one point

of the compasses upon the third division of the vernier

scale, and extend the other point to the 32nd sub

division, or the second division beyond the 3rd pri

mary division, and laying down the distance be

tween the points of the compass, it will represent

253, or 25'3, or 2'53, according as the primary divi

sions are taken as hundreds, tens, or units

General Rule.—To take off any number to three

places of figures upon this vernier scale. Increase

the first figure by one ; subtract the third figure from the

second, borrowing one from the first increased figure, if ne

* If the vernier scale were placed to the left of the zero point,

IBEI than one primary division could not always be found upon
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eessary, and extend the Compasses from the division upon

the vernier scale, indicated by the third figure, to the subdivi

sion indicated by the number remaining after performing the

above subtraction.

Suppose it were required to take off the number 253'5. By

extending the compasses from the third division of the

vernier scale to the 32nd subdivision, the number 253 is taken

off, as we have seen. To take off, therefore, 253'5, the com

passes must be extended from one of these points to a short

distance beyond the other. Again, by extending the com

passes from the 4th division of the vernier scale to the 31st

subdivision, the number 254 would be taken off. To take off

253-5, then, the compasses must be extended from one of these

points to within a short distance of the other; and by setting

the compasses so that, when one point of the compasses is set

successively on the 3rd and 4th division of the vernier scale,

the other point reaches as far beyond the 32nd subdivision as

it falls short of the 31st, the number 253'5 is taken off. If

the excess in one case be twice as great as the defect in the

other, the distance represents the number 253}, or 263'66;

and if the excess be half the defect, the distance represents

253^, or 253-33. Thus distances may be set off with an

accurately- constructed scale of this kind to within the three-

hundredth part of a primary division, unless these divisions

be themselves very small.

We are not aware that a scale of this kind has been put

upon the plain scales sold by any of the instrument makers;

but, during the time occupied in plotting an extensive survey,

the paper which receives the work is affected by the changes

which take place in the hygrometrical state of the air, and the

parts laid down from the same scale, at different times, will

not exactly correspond, unless this scale has been first laid

down upon the paper itself, and all the divisions have been

taken from the scale so laid down, which is always in the same

state of expansion as the plot. For plotting, then, an extensive

survey, and accurately filling in the minutiae, a diagonal, or

vernier scale may advantageously be laid down upon the

paper upon which the plot is to be made. A vernier scale is

preferable to a diagonal scale, because in the latter it is ex

tremely difficult to draw the diagonals with accuracy, and we

have no check upon its errors ; while in the former the uniform

manner in which the strokes of one scale separate from those

of the other is some evidence of the truth of both*.

* In Mr. Bird's celebrated scale, by means of which he succeeded in di-
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ON THE PROTRACTING SCALES.

The nature of these scales will be understood from the

following construction (plate 1, fig. 1):

With centre o, and radius o A, describe the circle A B c D ;

and through the centre o draw the diameters A c, and B D, at

right angles to each other, which will divide the circle into

four quadrants, A B, B c, c D, and D A.

Divide the quadrant c D into nine equal parts, each of

which will contain ten degrees, and these parts may again be

subdivided into degrees, and, if the circle be sufficiently large,

into minutes.

Set one foot of the compasses upon c, and transfer the di

visions in the quadrant c D to the right line c D, and we shall

have a scale of chords*.

From the divisions in the quadrant c D, draw right lines

parallel to D o, to cut the radius o c, and, numbering the divi

sions from o, towards c, we shall have a scale of sines.

If the same divisions be numbered from c, and continued

to A, we shall have a scale of versed sines.

From the centre o, draw right lines through the divisions

of the quadrant c D, to meet the line c T, touching the circle

at c, and, numbering from c, towards T, we shall have a scale

pf tangents.

Set one foot of the compasses upon the center o, and transfer

the divisions in o T into the right line o s, and we shall have

a scale of secants.

Right lines, drawn from A to the several divisions in the

quadrant c D, will divide the radius o D into a line of semi

tangents, or tangents of naif the angles indicated by the

numbers ; and the scale may be continued by continuing the

divisions from the quadrant o D, through the quadrant D A,

viding, with greatly-improved accuracy, the circles of astronomical instru

ments, the inches are divided into tenths, as in the scale described in the

text, and 100 of these tenths are divided into 100 parts for the vernier

scale.

* We give the constructions in the text to show the nature of the scales ;

but in practice a scale of chords is most accurately constructed by values

computed from tabulated arithmetical values of sines, which computed

values are set off from a scale of equal parts ; and the circle is divided most

jccurately by means of such computed chords. The limits of our work

forbid our entering further upon this interesting subject. All the other

scales will also be most accurately constructed from computed arithmetical

values, taken off by means of the beam compasses hereafter described, and

corrected by the aid of a good Bird's vernier scale.
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and drawing right lines from A, through these divisions, to

meet the radius o D, produced.

Divide the quadrant A D into eight equal parts, subdivide

each of these into four equal parts, and, setting one foot of

the compasses upon A, transfer these divisions to the right

line A D, and we shall have a scale of rhumbs.

Divide the radius A o into 60 equal parts, and number them

from o towards A ; through these divisions draw right lines

parallel to the radius OB, to meet the quadrant A B; and, with

one foot of the compasses upon A, transfer these divisions from

the quadrant to the right line A B, and we shall have a scale

of longitudes.

Place the chord of 00°, or radius*, between the radii o o

and o B, meeting them at equal distances from the center; di

vide the quadrant c B into six equal parts, for intervals of

hours, subdividing each of these parts into 12 for intervals of

5 minutes, and further subdividing for single minutes if the

circle be large enough; and from the center o draw right

lines to the divisions and subdivisions of the quadrant, inter

secting the chord or radius placed in the quadrant, and we

shall have a scale of hours.

Prolong the touching line T c to L ; set off the scale of sines

jrom c to L; draw right lines from the center o to the divisions

upon c L, and from the intersections of these lines with the

quadrant c B draw right lines parallel to the radius o c, to

meet the radius o B, and we shall have a scale of latitudes f.

Corresponding lines of hours and latitudes may also be con

structed (as represented in our figure) more simply, and on a

scale twice as large as by the preceding method, as follows :—

With the chord of 45° set off from B to E, and again from

B to F, we obtain a quadrant E F bisected in B ; and, the

chord of 60° or radius being set off from A, c, F, and E, this

quadrant is divided into six equal parts. From the center o,

draw straight lines through these divisions to meet the line

touching the circle at B, and we shall have the line of hours.

From the point D, draw right lines through the divisions

ipon the line of sines o c, to meet the circumference BO, and

* Chord of 60° ia equal to radius. Euc. book iv. prop. 1 5, Cor.

f The line of latitudes is a line of sines, to radius equal the whole length

of the line of hours, of the angles, of which the tangents are equal to the

sines of the latitudes. The middle of the hour line being numbered for three

%'clock, the divisions for the other hours are found by setting off both way!

from the middle the tangents of n. 15°, n. being the number of hours from

three o'clock, that is, one for two o'clock and four o'clock, two for one o'clock

s:id five o'clock, and. three for twelve o'clock and six o'clock.
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transferring these divisions from B, as a center to the chord

B c, we shall have the corresponding line of latitudes.

It is not necessary that these scales should all be projected

to the same radius ; but those which are used together, as tho

rhumbs and chords, the chords and longitudes, the sines, tan

gents, secants, and semitangents, and, lastly, the hours and

latitudes, must be so constructed necessarily. In the accom

panying diagram (plate 1, fig 2) we have laid down the hours

and latitudes to a radius equal to the whole length of the scale,

the other lines being laid down to the radius used in the fore

going construction.

The Line of Chords is used to set off an angle, or to measure

an angle already laid down.

1st. To set off an angle,

which shall contain D° from

the point A, in the straight line

A B. Open the compasses to

the extent of 00° upon the

line of chords, which equals the

radius to which this line has

been laid down (Euc. iv. prop.

15, Cor.), and, setting one foot upon A, with this extent

describe an arc cutting A B in B ; then, taking the extent of D"

from the same line of chords, set it off from B to o ; and, join

ing A c, B A c is the angle required. Thus to set off an angla

of 41°, having described the arc B c, as directed, with one foot

of the compasses on B, and the extent of 41° on the line of

chords, intersect B c in c, and join A c.

2nd. To measure the angle contained by the straight lines

A B and A c already laid down. Open the compasses to the ex

tent of 60° on the line of chords, as before, and with this ra

dius describe the arc B c, cutting A B and A c, produced, if

fcessary, in the points B and c : then, extending the com

passes from B to c, place one point of the compasses on the

beginning, or zero point, of the line of chords, and the other

point will extend to the number upon this line, indicating the

degrees in the angle B A c. If, for instance, this point fall on

the 41st division, or the first division beyond that marked 40

in the figure (plate 1, fig, 2), the angle BAG will contain 41°.

The Line of Rhumbs is a scale of the chords of the afigles of

deviation from the meridian denoted by the several points

and quarter points of the compass, enabling the navigator,

without computation, to lay down or measure a ship's course

upon a chart Thus, supposing the ship's course to be
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N.N.E. J E. Through the point A, repre

senting the ship's place upon the chart,

draw the meridian A B, and with center A

and distance equal to the extent of 60° upon

the Hue of chords describe an arc cutting

A B in B ; then on the line of rhumbs take

the extent to the third subdivision beyond

the division marked 2, because N.N.E. is

the second point of the compass from the

north, and with one foot of the compasses

on B describe an arc intersecting B c in o :

join A c, and the angle B A c will represent

the" ship's course. On the other hand, if a

ship is to be sailed from the point A to a point on the lino

A c on a chart, draw the meridian A B, describe the arc B c with

radius equal to chord of 60°, as before, and the extent from B

to c, applied to the line of rhumbs, will give 2 pts. 3 qrs., de

noting that the ship must be sailed by the compass N.N.E. f E.

The Line of Longitudes shows the number of equatorial

miles in a degree of longitude on the parallels of latitude in

dicated by the degrees on the corresponding points of the

line of chords. Example.—A ship in latitude 60° N. sailing

E. 79 miles, required the difference of longitude between the

beginning and end of her course. Opposite 60 on the line of

chords stands 30 on the line of longitudes, which is, therefore,

the number of equatorial miles in a degree of longitude at

that latitude. Hence, as 30 : 79 : : 60 : 158 miles, the

required difference of longitude.

The Lines of Sines, Secants, Tangents, and Semitangents are

principally used for the several projections, or perspective

representations, of the circles of the sphere, by means of

which maps are constructed. Thus, the meridians and paral

lels of latitude being projected, the countries intended to be

represented are traced out according to their respective

situations and extent, the position of every point being deter

mined by the intersection of its given meridian and parallel of

latitude.

The plane upon which the circles are to he delineated is

called the primitive, and the circumference of a circle, de

scribed with a radius, representing, upon the reduced scale of

the drawing, the radius of the sphere, is called the circum

ference of the primitive. Lines, drawn from all the points of

the circles to the eye, by their intersection with the primitive

form the projection.
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When the eye is supposed to be infinitely distant, so that

the lines of vision are parallel to one another and perpendi

cular to the primitive, the projection is called orthographic.

When the primitive is a tangent plane to the sphere, and the

eye is supposed to be at the center of the sphere, the projec

tion is called gnoraonic. When the eye is supposed to be at

the surface of the sphere, and the primitive to pass through

the center, so as to have the eye in its pole, the projection is

called stereograpbic.

The projection is further termed equatorial, meridional, or

horizontal, according as the primitive coincides with, or is

parallel to, the equator, or the meridian or horizon of any

place.

To delineate the Orthographic Projection of the Circles of

the Terrestrial Sphere upon the Plane of the Meridian of any

place.—With a radius according to

the contemplated scale of the pro

jection, describe the circle w N E s

for the circumference of the pri

mitive, and draw the vertical and

horizontal diameters N s and w E,

which will be the projections of a

meridian perpendicular to the pri

mitive, and of the equator, respect

ively. Take out from the line of

sines the sines of the latitudes

through which the parallels are to

be drawn, and, reducing these sines to the radius of the pri

mitive*, set off these reduced distances both ways from the

center upon the line N s; and also both ways from the center

upon the line w E, for the sines of the angles which the

meridians, to be drawn at the same intervals as the parallels,

make with the meridian N s. Through the divisions thus set

off upon the line N 8 draw straight lines parallel to w E, and

such straight lines will be the projections of the several paral

lels of latitude, which are to be numbered 0 to 90, from the

equator to either pole for the latitudes. With distances from

the center to the divisions set off upon w E as semi-minor axes,

and the distance from o to N or s, equal to radius of primitive,

* If the proportional compasses be set in the proportion of the sine 90°

on the line of sines to the radius of the primitive, one pair of points will give,

reduced to this radius, the sines taken off by the other pair of points. The

manner of taking from the sector a slue to any radius will be hereafter points']

out.
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as a common major axis, describe semi-ellipses*, and they will

be the projections of the several meridians, which are to be

numbered either way from the first meridian for the longitudes.

In the figure the primitive coincides with the plane of the

meridian of a place in 30° west longitude, or 150° east longi

tude, the sum of these two being 180°, as must always be the

case.

To delineate the Gnomonic Projection of the Circles of the

Terrestrial Sphere upon a Plane parallel to the Equator.—In

this case the meridians

will all be projected

into straight lines,

making the same angles

one with another that

their originals do on

the surface of the

sphere; the projection

of the pole will be the

center of the primitive,

and the projections of

the parallels of lati

tude will be circles de

scribed from the pro

jection of the pole, as

center, with distances

equal to the tangents

of the respective co-

latitudes reduced to the radius of the primitive. The parallel

of 45° will, therefore, coincide with the circumference of the

primitive ; the parallels of latitudes greater than 45° will lie

within the primitive; and for latitudes less than 45° the paral

lels will fall without the primitive, the radii of their projec

tions increasing as the latitude decreases, until the radius for

projecting the equator becomes infinite Describe, then, a

 

* These semi-ellipses may be thus de

scribed. From any point p upon the

straight edge of a piece of paper set off p c

equal to the major axis, and p B equal to

the minor axis : then move the paper into

tarious positions, but so that the point c

may always be upon the line w B, and

the point B upon the line K 8, and the

point p will, in every such position, coin

cide with a point in the required ellipse.

W-
-&
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circle for the primitive ; draw straight lines radiating from its

center, and equally inclined one to another for the projections

of equidistant meridians ; and number them 0 to 180 both

ways from the first meridian for the longitudes. With the tan

gents of the colatitudes, taken at intervals equal to the angle

between two successive meridians, and reduced to the radius

of the primitive, as distances, describe from the center of the

primitive concentric circles ; and number them 90 to 45 from

the pole to the primitive for the latitudes, continuing the gra

duation beyond for the lower latitudes.

The gnomonic projection affords a good representation of

the polar regions, but all places in latitudes lower than 60°

appear greatly distorted. The gnomonic projection enlarges

the representations of places at a distance from the center of

projection beyond their proportionate true dimensions ; and

the orthographic, on the contrary, unduly contracts them ;

whilo both are adapted for representing best the countries at

only a moderate distance from the center of projection.

To delineate the Stereographic Projection of the Circles of the

Terrestrial Sphere upon the Horizon of anyplace.—With radius

determined upon describe a circle for the primitive, and draw

itfl vertical and horizontal diameters, N s and w E, which

will be the projections of the meridian of the place and of the

prime vertical respectively. From the center c set off upon

the radius c a, produced, if necessary, the distance c A, equal

to the tangent of the latitude of the place reduced to tho

radius of the primitive ; and with center A and distance A w

or A E describe the circle w N E, which will be the projec

tion of the meridian at right angles to N s, the meridian of

the place ; and, consequently, N will be the projection of the

pole. Through A draw the right line A B at right angles to

A c, and another line A D making any convenient angle with

A B, and, setting off A a equal to the radius of the primi

tive, and A D equal to the sine of the colatitude, taken from

the line of sines, join B D. Now take from the line of tan

gents the angles which the other meridians to be drawn are

to make with the meridian w N E, or the complements ot

the angles which they are to make with N a, and set them

off both ways from A upon the line A D ; through each of the

divisions L, thus found, draw L o, parallels to B D, and we

have at o the centers of the circles for describing the men

dians* With centers o and distances o N, describe the

* Toe distance AO— r where r represents the radius of the pri
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meridians, and

number them 0

to 180, both

wajs, from the

first meridian,

for the longi

tudes. For a

parallel through

any given lati

tude, take the

difference of the

complement of

the given lati

tude and of the

colatitudeof the

place from the

line of semi-

tangents, and,

having reduced

it to the radius

of the primitive,

set it off at r

from c towards

N for latitudes

 

greater than the

latitude of the

place, and from

c towards s for

latitudes less

than the lati

tude of the

place : — again,

take the sum of the complement of the given latitude and

of the colatitude of the place from the line of semitangents,

and set it off at s from c upon c N produced : then the circle

described upon r s* as diameter will be the parallel required.

Draw these parallels for intervals of latitude equal to the

angles made by two successive meridians, and number them

90 to 0 from the pole N for the north latitudes, and again in

creasing from 0 on the other side of the equator for the south

mitive, I the latitude of the place, and L the angle at which the meridian

is inclined to the meridian of the place.

* Diameter of parallel = r tan. J (c — 3) + r tan. 4 (' "t $) where c

•* colatitude of place, and 3 = colatitude of parallel.
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latitudes, if the place be in north latitude—or the converse, if

the place be in south latitude.

The practical application of the preceding methods of pro

jection is usually confined to the representation of an entire

hemisphere, or at least of a considerable portion of a sphere ;

but for laying down smaller portions of the sphere the method

of development may be advantageously adopted. In this me

thod the portion of the sphere to be represented is considered

as coincident with a portion of a cone, touching the sphere in

a circle which is the middle parallel of latitude of the country

to be represented, and this portion of the cone when developed

forms a portion of a sector of a circle.

To lay down the meridians and parallels of latitude for this

development. 1. Take a straight line, BOA, for the middle

meridian of the intended map, and divide it into equal parts,

to represent degrees and minutes of latitude according to the

scale determined upon for the map. 2. From one of these

divisions, A, which is conveniently situated to form the center

of the map, set off from A to c the cotangent of the middle

latitude, reduced to a radius equal to 57-3 of the divisions pre

viously marked off as degrees, or to 3438 of those marked off

as minutes. 3. With o as a center and radius o A, describe

the arc D A E for the middle parallel of latitude, and divide it

into equal parts to represent

degrees and minutes of longi

tude, the lengths of these

parts having, te the lengths

of the parts previously 'set

off on the meridian for

degrees and minutes of

latitude, the ratio cosine

of middle latitude : ra

dius. 4. With c as center,

describe concentric arcs,

through the divisions on

c E, for the parallels of lati

tude ; and draw straight lines, p

radiating from c, through the

divisions on D A E for the me

ridians.

In our figure the middle

latitude is 55°; A B is equal

to the length of 57-3°, or

the radius of the sphere.
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A f. K equal to the cotangent of 55, or the tangent of 35

reduced to this radius ; and c, consequently, is the center

for describing the parallels, and the radiating point for the

meridians.

In drawing a map of small extent, it is usual to make all

the meridians and parallels of latitude straight lines; and to

make the extreme parallels, and the meridian passing through

the center of the map, proportional to their real magnitude.

Another and more exact method is to make the meridian

passing through the center of the map, and all the parallels

of latitude, straight lines, as in the last method. Then all the

degrees on each of the parallels are made proportional to their

magnitude, and the lines passing through the corresponding

points of division on the parallels will represent the meri

dians. These will be curved lines, and not straight, as in the

last method. This is usually called Flamsteed's Projection,

as it was first used by that astronomer in constructing his

" Celestial Atlas;" and it is extremely useful in geographical

maps for countries lying on both sides of the equator.

A considerable improvement of this method, for countries

of large extent, is to represent all the parallels of latitude by

concentric circles, according to the principles of the conical

development ; and then to lay oft' the degrees on each parallel,

proportional to their magnitude *, and draw lines through

the corresponding divisions of these parallels to represent

the meridians. This delineation, perhaps, will give the dif

ferent parts of a map of some extent in as nearly their due

proportions as the

nature of the case

will admit.

We will now

briefly explain the

manner of con

structing some of

the simplest dials

by means of the

dialling scales.

To construct a

Horizontal Dial.—

Draw on your dial

plate two parallel

 

• That is, the degrees on each parallel must have to a degree of latitude

Uui ratio of radius : cosine of the latitude of the paranel.
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lines, a b, c d, as a double meridian line, at a distance apart

equal to the thickness of the intended style, or gnomon.

Intersect them at right angles by another line, ef, called the

six o'clock line. From the scale of latitudes take the latitude

of the place with the compasses, and set that extent from c to e

and from a to / on the six o'clock line, and then, taking the

whole of six hours between the parts of the compasses from

the scale, with this extent set one foot in the point e, and witb

the other intersect the meridian line c d at d. Do the same

from/ to b, and draw the right lines e d and/ b, which are of

the same lengths as the scale of hours. Place one foot of the

compasses on the beginning of the scale, and, extending the

other to any hour on the scale, lay these extents off from d to

e for the afternoon hours, and from b to f for the forenoon

In the same manner the quarters or minutes may he laid down,

if required. The edge of a ruler being now placed on the

point c, draw the first five afternoon hours from that point

through the marks on the line d e, and continue the lines of

4 and 5 through the center e to the other side of the dial for

the like hours of the morning. Lastly, lay a ruler on the

point a, and draw the last five forenoon hours through the

marks on the line/ b, continuing the hour lines of 7 and 8

through the center a to the other side of the dial, for

the evening hours, and figure the hours to the respective

lines.

To make the Gnomon.—From the line of chords, always

placed on the same dialling scale, take the extent of 60°, and

describe from the center a the arc

g n. Then with the extent of the

latitude of the place, suppose Lon

don, 51 1°, taken from the same line

of chords, set one foot in n, and cross

the arc with the other at g. From

the center at a draw the line a g

for the axis of the gnomon a g i,

and from g let fall the perpendi

cular g i upon the horizontal meri

dian line an, and there will be formed a triangle a g i. A

plate or triangular frame similar to this triangle, and of the

thickness of the interval of the parallel lines a c and b d,

being now made and set upright between them, touching at a

and b, its hypothenuse or axis a g will be parallel to the axis

of the earth when the dial is fixed truly, and will cast ita

shadow on the hour of the day.
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To make an erect

South Dial.—Take

the complement of

the latitude of the

place, which forLon-

donis 90° less 51i

= 391, from the

scale of latitudes,

and proceed in all

other respects for

the hour lines, as

above, for the hori

zontal dial ; only re

versing the hours,

and limiting them to the 7 ; and

for the gnomon making the angle

of the style's height equal to the

colatitude 38J.

To construct an East or West

Dial.—Draw the two meridian

lines as before, and intersect it at

right angles by another line, upon which set off, from the meri

dian lines, the tangents of 15°, 30°, 45°, &c., for every 15°, re

duced to a radius equal to the intended height of the style

The hour lines are to be drawn through the divisions thus

marked, parallel to the meridian lines, and the meridian lines

themselves are six o'clock hour lines. The gnomon is a plate

in the form of a parallelogram, the breadth of which forms the

height of the style or gnomon, and must be equal to the radius

to which the tangents have been set off on the dial plate. It

is set up between the meridian lines, perpendicular to the dial

plate ; and the dial is set up, so that the meridian lines, and

consequently the edge of the gnomon, may he parallel to the

earth's axis. As the sun only shines on the dial during half the

day, if the dial fronts the east, it points out the time from sun

rise to noon, or, if the dial fronts the west, from noon to night

OUNTER'S LINES.

These lines are graduated so as to form a scale of the loga

rithms of numbers, sines, and tangents ; to which are some

times added, for the use of the navigator, lines of the loga

rithms of the sine rhumbs and tangent rhumbs. They may

be constructed as follows :—

1. To construct the Line of Logarithmic Numbers maiktd N

o
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— Having fixed upon a convenient length for the entire gcalo,

which must be exactly equal to the length of twenty of the

primary divisions of the diagonal or vernier scale, or ot the

beam compasses (p. 48), by which it is to be divided, bisect it,

and figure it 1 at the commencement on the left hand, 1 again

in the middle, and 10 at the end. The half line, then, is taken

for unity, or the logarithm of 10, and, consequently, the

whole line represents 2, or the logarithm of 100. The

lengths corresponding to the three first figures of the loga

rithms of 2, 3, &c., up to 9, as found in the common table of

logs., may now be taken off from the diagonal scale, or the

length corresponding to four or even five figures may be esti

mated upon a vernier scale, or upon the beam compasses, if

the scale be not less than twenty inches in length. These

lengths are to be set off from the 1 at the commencement of

the line for the logarithms of 2, 3, &c., to 9, and again from

the 1 at the middle of the line for the logarithms of 20, 30,

&c., to 90 The divisions thus formed are to be subdivided

by setting off, in the same manner, the three, four, or five

first figures of the logarithms of 1-1, 1'2, 1-S. &c., to 1'9; of

2'1, 2'2, 2'3, &c., to 2'9, and so on, each of the primary divi«

sions being thus subdivided into ten ; and these again are to

be subdivided each into ten, or five, or two. as the length of

the secondary divisions may admit, by setting off the loga

rithms of 1-11, 1-12, 1-13, &c.; or of 1-12, 1-14, &c.; or of

1 15, T25, &c.; and the scale is completed.

 

9. To construct the Line of Logarithmic Sines marked S.—

The whole length of the scale is taken as the logarithm of

the radius, and, since this extent upon the line of numbers

represents 2, or the logarithm of 100, it follows that the lines

if sines, tangents, &c., are to be scales of the logarithms of

the sines, tangents, &c., to radius 100, of which the logarithm

is 2 . whereas the logarithmic tables of sines, tangents, &c.,

are set down to a radius, of which the logarithm is 10. By

taking 8, then, from each of the tabulated values of the loga

rithmic sines, tangents, &c., we should obtain the logarithmic

sines, tangents, &c., to radius 100, and the three, four, or five

first figures of these reduced values are to be set off, from the

lei't hand towards the right, by one of the scales, or by the
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beam compasses, as explained in the construction of the lino

of numbers; 1st, for every 10 degrees, then for every degree,

and then for every half degree, every 10 minutes, and every

5 minutes, as far as the length of the several primary divi

sions will admit. The Hue is then numbered 1, 3, 3, &c., at

every degree to 10, and afterwards 20, 30, 40, &c., at every

ten degrees to 90, which stands at the extreme right, since

sine 90° equals radius.

The tabulated logarithmic sine of 34' 23", being 8-0000669,

will coincide, or nearly so, with the zero point upon our scale,

and consequently angles smaller than this cannot be taken off

from the sines. This remark applies equally to the line of

tangents, the tabulated logarithmic tangent of 34' 23'' being

8-^000886.

By taking the extents backwards from right to left, and

reckoning them as forward distances, the line of sines be

comes a line of cosecants *, giving us, in fact, the excesses of

the logarithmic cosecants above the logarithmic radius ; and,

by taking the complements of the required angles, the line

of sines becomes a line of cosines when measured forwards

from left to right, and a line of secants when measured back

wards from right to left.

3. To construct the Line of Logarithmic Tangents marked T.

—8 being taken from each of the tabulated values of the

logarithmic tangents up to 45°, the extents corresponding to

these values are to be set off upon the scale, and numbered

from left to right, in a similar manner to that in which the

logarithmic sines were set off and numbered upon the line of

logarithmic sines. The logarithmic tangent of 45° extends to

the extreme right of the scale, coinciding in extent with the

sine of 90°, since tangent 45° equals radius, and the logarithmic

tangents of the angles from 45° to 90°are measured back

wards from the extreme right to the complement of the angle

required, these extents giving us, in fact, the excesses of the

logarithmic tangents sought above the logarithmic radius f

r2 r8

* Cosecant = -r— , and sec. = ;
sin. cos.

nnd, therefore, log. cosecant = 2 log. rad. — log. sine ;

or, log. cosecant — log. rad. = log. rad. — log. sine;

and log. secant = 2 log. rad. — log. cos. ;

or, log. secant — log. rad. = log. rad. — log. cos.

+ Tan. - = c 7.i
1 cotan. tan. ot compt.

.'. log. tail. •= 2 log. rad. — log. tan. of compt. ;

or, lug. tan. — log. rad. = log. rad. — log. tan. of compt.

c 2
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When, then, the angle is greater than 45°, the distance froir

radius to the angle, though measured backwards upon the

scale, must be reckoned a forward distance, and vice versa.

The lines of logarithmic sine rhumbs, marked S.R., and

tangent rhumbs, marked T.R., are formed in the same way as

the lines of logarithmic sines and tangents, but are set ofl

for the angles corresponding to the points and quarter points

of the compass, instead of for degrees and minutes.

We shall now proceed to explain the uses of Gunter's lines.

1. The Line of Logarithmic Numbers.—The primary divi

sions upon this line, as explained in its construction, repre

sent the logarithms of all the integers from 1 to 100, whilp

the extents to the first subdivisions will indicate tenths of an

unit from the beginning of the scale to 1 in the middle, and

units from 1 in the middle to 10 at the end, where the figures

2, 3, &c., stand for 20, 80, &c., as has been explained in the

construction. If any of the subdivisions be further subdivided

into ten parts, each of these last divisions will indicate hun-

dredths of an unit from 1 at the beginning to 1 in the middle,

and tenths of an unit from 1 in the middle to 10 at the end.

Upon pocket sectors (p. 34), however, upon which Gunter's

lines are now usually placed, affording a greater extent for the

purpose than the six-inch plain scale (p. 33), only the part

from 1 in the middle to 2 towards the right is a second time

divided, and that but into five parts instead of ten, every one

of which must he accounted as two-tenths. By this line the

multiplication and division of numbers of any denomination,

either whole or fractional may be readily accomplished, ques

tions in proportion solved, and all operations approximatively

performed with great rapidity, which can be performed by the

common table of logarithms; but the numbers sought must

always be supposed to be divided or multiplied by 10 as many

times as will reduce them to the numbers, the logarithms of

which are actually set off upon the line of numbers, and these

tens must be mentalty accounted for in the result.

Multiplication is performed by extending from 1 on the

left to the multiplier; and this extent wifl reach forwards

from the multiplicand to the product. Thus, if 125 were

given to be multiplied by 250, extend the compasses from 1

at the left hand to midway between the second and third sub

division, in the first primary division from 1 to 2, for the

125. This extent is really the logarithm of 1-25. Set off

this extent towards the right from the fifth subdivision after

the primary division marked 2, which is taken to represent
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the log. of 250, but is really the log. of 2'5, and the compasses

will reach to a quarter of the next subdivision beyond the first

subdivision after the primary division marked 3. The extent

to this point is really the logarithm of 3' 1 25; but in this cose

it represents the number 31250, because two powers of ten have

been cast out from both the multiplier and multiplicand, and

therefore the product must be multiplied by the product of four

tens, or ten thousand ; or, in other words, the first figure of the

product must be reckoned as so many tens of thousands.

Division, being the reverse of multiplication, is performed

by extending from 1 on the left to the divisor ; and this ex

tent will reach backwards from the dividend to the quotient.

Thus, if 31250 were to be divided by 250, extend the com

passes from 1 on the left to 2'5, and this extent will reach

backwards from 3'125 to 1'25. Then, since the divisor con

tained 2 powers of ten and the dividend 4, the quotient must

contain 2, and therefore the result is 135.

Proportion being performed by multiplication and division,

extend the compasses from the first term to the second, and

this extent will reach from the third to the fourth, taking

care to measure in the same direction, so that, if the first be

greater than the second, the third may be greater than the

fourth, and vice versa. Example.—If the diameter of a circle

be 7 inches, and the circumference 22, what is the circum

ference of another circle, the diameter of which is 10? Ex

tend the compasses from 7 to 10, and this extent will reach

from 22 to 31 '4, or nearly 31 1 inches, the circumference

required.

The same thing may also be performed by extending from

the first term to the third, and this extent will reach from

the third term to the fourth (Euc. v. prop. 16). Thus, the

extent from 7 to 22 will reach from 10 to 31-4, as before.

To measure a Superficies, extend from 1 to either the

breadth or length, both being reduced to the same denomina

tion, and this extent will reach forwards from the length or

breadth to the superficial content. Example.—Required the

superficial content of a plank 27 feet long by 15 inches broad

Extend from 1 to 1'25, for 15 inches equals 1-25 feet, and

this extent will reach from 27 feet to 33'76 feet, the super

ficial content required

Second Method.—Extend from 12 to the number of inches

in the breadth, and this extent will reach in the same direc

tion from the number of feet in the length to the number of

square feet in the superficial content Thus the extent for
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wards from 12 to 15 will reach forwards from 27 to 33'75, ea

before; while the extent backwards from 12 to 9 will reach

backwards from 27 to 20-25 or 20J, showing the superficial

content of a plank 27 feet long by 9 inches broad to be 20'25

or 20J feet.

To measure a Solid Content.—The breadth, depth, and length

being all reduced to the same denomination, extend from 1 to

either the breadth or depth, and this extent will reach from

the depth or breadth forwards to a fourth number, which will

represent the superficial content of the section at the place

measured: then, if the breadth and depth be the same

throughout the entire length, the extent from 1 to the super

ficial content thus found will reach forwards from the length

to the solid content. Example.—What is the solid content of

a pillar 1 foot 3 inches square, and 21 feet 9 inches long?

The extent from 1 to T25 reaches forward from 1'25 to 1'56,

the superficial content of a section of the pillar ; and the ex

tent from 1 to 1'56 reaches from 21'75 to 34, or more accu

rately to 33'93, the solid content in feet*

2. The Lines of Logarithmic Sines and Tangents.—These

lines are generally used, in connection with the line of num

bers, for solving all proportions in which any of the terms are

functions of angles, as sines, tangents, &c., and, in fact, all

questions in which such quantities appear as factors or divi-

sors. We will exemplify their use by giving the solution, by

their aid, of the several cases of right-angled trigonometry.

Case \\. The hypothenuse and angles being given, to find

the perpendicular and base.

* Our limits forbid us from entering further upon the uses of the line of

logarithmic numbers ; but the student will, we hope, from what he sees

here, be easily enabled to apply it to every case of mensuration, and, in

short, to almost every arithmetical operation. Additions and subtractions,

however, cannot be performed by it.

+ These cases are, in fact, the solutions, by the aid of Gunter's lines, (A

the following proportions, which will

be obvious to the student upon inspec

tion of the accompanying figure.

Bad. : sin. A : : AB : BO] r ,
Bad. : sin. B : : AB : AO/ Oase *'

Sin. B : rad. : : A o : AH I

Sin. B : sin. A : : AO : BO J- Case 2,

Bad : tan. A : : AO : BO

AB AO : : rad. : sin. B i ,-, „

Bad : sin. A : : AB : BO f

AC BO : : rad. : tan. A

BO AO : : rad. : tan. B \ Case 4.

Sin. A : rad. : : BO : AB
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Note.—One Rente angle of a right-angled

triangle being the complement of the other,

or the sum of the two acute angles being

equal to 90J, when one of the acute angles

U given, the other is also given.

Solution.—Extend the compass

from 90°, or radius, on the line of

sines to the number of degrees in

either of the acute angles, and that extent will reach back

wards, on the line of numbers, from the hypothenuso to tho

side opposite this angle. Example.—Given the hypothenuse

AB = 250, and the angle A = 35° 30'

90° 0

Extend from 90° to 35° 80' on the line of sines, and BAc = 35_30

this extent will reach from 250 to 145 on the line of A B 0 = 54 SO

numbers '. no - 145

Extend from 90° to 54° 30' on the line of sines, and this

extent will reach from 250 to 203'5 on the line of numbers .'. A0=203'5

Case 2. The angles, and one side being given, to find the

hypothenuse, and the other side.

Solution.—Extend from the angle opposite the given side

to 90°, or radius, on the line of sines, and this extent will reach

forwards from the given side to the hypothenuse on the line

of numbers. Again, extend from the angle opposite the given

side to the angle opposite the required side, and this extent

will reach in the same direction on the line of numbers, from

the given side to the required side. Or, extend from radius,

or 45°, on the line of tangents, to the angle opposite the re

quired side, and the extent will reach, in the same direction on

the line of numbers, from the given side to the required side;

recollecting that, when the angle is greater than 45°, the ex

tent is to be taken on the scale backwards from rad. or 45° to the

complement of the angle, but is to be reckoned a forward dis

tance, the logarithmic tangents of angles greater than 45° ex

ceeding the logarithmic tangents of 4 5°, or radius, by as much as

the logarithmic tangents of their complements fall short of it.

Example.—Given the angle A = 35° 30' and side AC = 203'5.

90° 0'

Ejtend from 54° 30' to 90°, or rad., upon the line of sines, BAc = 35 30

and this extent will reach forwards from 203'5 to 250 ABc=54 30

on the line of numbers •. AB = 250

Again, extend from 54° 30' backwards to 35° 30', on the

line of sines, and this extent will reach backwards from

2D3'5 to 145 on the line of numbers .'. nc=145

Or extend backwards from 45°, rad., to 35° 30' on the line of
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find this extent will reach backwards from 203'5 to 145 on the line of num

bers, as before*.

Case 3. The hypothenuse and one side being givun, to find

the angles and the other side.

Solution.—Extend from the hypothenuse to the given side

on the line of numbers, and this extent will reach from 90 or

rad. to the angle opposite the given side upon the line of

sines. The other angle is the complement of this. Extend

upon the line of sines from the rad. to the angle last found,

which is opposite the required side, and this extent will reach

from the hypothenuse to the required side. Example.—Given

the hypothenuse AB = 250, and the side AC=ii03'5.

Extend backwards from 250 to 203'5 on the line of num

bers, and this extent will reach from 90° to 54° 30' on 90" 0'

the line of sines -. A.uo = 54 30

Extend from 90 to 35° 30' on the line of sines, and this BAC=35 30

extent will reach backwards from 250 to 145 on the

line of numbers •. so=145

Case 4. The two sides being given, to find the angles and

the hypothenuse. •

Solution.—Extend from one side to the other upon the

line of numbers, and this extent will reach backwards upon

the line of tangents from rad. to the least angle, and to the

same point, considered as a forward distance, representing the

greatest angle, which is the complement of the least. Again,

extend on the line of sines from one of the angles just found

to rad., and this extent will reach from the side opposite the

angle taken to the hypothenuse. Example.—Given AC=S03'5

and BO = 145.

Extend backwards upon the line of numbers from 203'5

to 145, and this extent will reach backwards from 45°

to 35° 30' on the line of tangents, which is the angle 90° 0'

opposite the side 145 •. BAC=35 30

If we measure forwards from 145 to 203'5, then from rad.

to 35° 30' is to be considered a forward distance, and the

angle to be taken as the complement of 35° 30', that

is, 54° 30', which is the angle opposite the side

203-5 •. ABC = 54 30

Again, extend from 33° 38' to 90° on the line of sines,

and this extent will reach from 145 to 250 upon the

line of numbers •. A B = 250

* The property that tan. : rad. : : sine : cosine, may be made a test of

the accuracy of the scale, since the distance from 45 to any angle upon the

line of tangents ought to be the same as the distance from the angle to its

complement upon the line of sines.



THE SEUTGK.

THE PLAIN SCALE.

One of these instruments is represented in the annexed

figure, being such a one as is usually supplied with a pocket

case of instruments. It is made of ivory, six inches long, and

one inch and three quarters broad. On the face of the in

strument represented in the engraving, a protractor is formed

round three of its edges for readily setting off angles. In

 

using this protractor, the fourth edge, which is quite plain,

with the exception of a single stroke in the middle, is to bo

made to coincide with the line from which the angle is to be

set off, and the stroke in the middle with the point in this

line, at which the angle is to be set off ; a mark is then to be

made with the pricking point, at the point of the paper which

coincides with the stroke on the protractor, marked with tho

number of degrees in the angle required to be drawn ; and,

the protractor being now removed, a straight line is to be

drawn through the given point in the given line and tho

point thus pricked off. The instrument has on tho same face

the two diagonal scales already described (p. 10), and on the

opposite face scales of equal parts, and several of the protract

ing scales already described (pp. 14-16), according to the pur

poses to which the scale is to be applied : thus, for laying

down an ordinary survey, we merely require scales of equal

parts, and a line of chords, and these consequently are all the

lines placed on many of the instruments in the pocket cases ;

but for projecting maps, lines of sines, tangents and semitan-

gents are required ; for dialling, the dialling lines ; and for the

purposes of the navigator, the lines of rhumbs, and longitudes,

the whole of Gunter's lines already described, and two lines of

meridional, and equal parts to be used together in laying down

distances, &c., upon Mercator's charts. The plain scale is

sometimes fitted with rollers, as represented in our engraving,

making it at the same time a convenient small parallel rule.

THE SECTOR.

This valuable instrument may well be called an universal

c S
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scale. By its aid all questions in proportion may be solved ;

lines may be divided either equally or unequally into any

number of parts that may be desired ; the angular functions,

viz. .chords, sines, tangents, &c., maybe set off or measured to

any radius whatever ; plans and drawings may be reduced or

enlarged in any required proportion ; and, in short, every ope

ration in geometrical drawing may be performed by the aid of

this instrument and the compasses only.

The name sector is derived from the tenth definition of the

third Book of Euclid, in which this name is given to the

figure contained by two radii of a circle, and the circumference

between them. The instrument consists of two equal rulers,

called legs, which represent the two radii, moveable about

the center of a joint, which center represents the center of the

circle. The legs can consequently be opened so as to contain

any angle whatever, or completely opened out until their edges

come into the same straight line.

Sectors are made of different sizes, and their length ia

usually denominated from that of the legs when shut together.

Thus, a sector of six inches, such as is supplied in tho com

mon pocket cases of instruments, forms a rule

of twelve inches, when opened ; and this cir

cumstance is taken advantage of, by filling up

the spaces not occupied by the sectoral lines

with such lines as it is most important to lay

down upon a greater length than the six-inch

plain scale will admit. Among these the most

usual are (1 ) the lines of logarithmic numbers,

sines, and tangents already described (pp. 25-

28); (2) a scale of 12 inches, in which each

inch is divided into ten equal parts; and (3) a

foot divided into ten equal primary divisions,

each of which is subdivided into ten equal

parts, so that the whole is divided into 100

equal parts. The last-mentioned is called the

decimal scale, and is placed on the edge of the

instrument.

The sectoral lines proceed in pairs from the

center, one line of each pair on either leg, and

are, upon one face of the instrument, a pair of

scales of equal parts, called the line of lines,

tind marked L; a pair of lines of chords,

marked c ; a pair of lines of secants, marked

s ; a pair of lines of polygons, marked POL.
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Upon the other face, the sectoral lines are—a pair of lines of

sines, marked s; a pair of lines of tangents up to 45°, marked

T ; and a second line of tangents to a lesser radius, extending

from 45° to 75°

Each pair of sectoral lines, except the line of polygons,

should be so adjusted as to make equal angles at the center,

so that the distances from the center to the corresponding

divisions of any pair of lines, and the transverse distance

between these divisions, may always form similar triangles.

On many instruments, however, the pairs of lines of secants,

and of tangents from 45° to 75°, make angles at the center

equal to one another, but unequal to the angle made by all

the other pairs of lines.

The solution of questions on the sector is said to be simple,

when the work is begun and ended upon the same pair of lines;

compound, when the operation is begun upon one pair of lines

and finished upon another.

In a compound solution the two pairs of lines used must

make equal angles at the center, and, consequently, in the

exceptional case mentioned above, the lines of secants and of

tangents above 45° cannot be used in connection with the

other sectoral lines*

When a measure is taken on any of the sectoral lines be

ginning at the center, it is called a lateral distance ; but,

when a measure is taken from any point on one line to its

correspond ing point on the line of the same denomination on

the other leg, it is called a transverse or parallel distance.

The divisions of each sectoral line are

contained within three parallel lines,

the innermost being the line on which

the points of the compasses are to be

placed, because this is the only line of

the three which goes to the center, and

is therefore the sectoral line.

On the Principle of the Use of the

Sectoral Lines.—1st. In the case of a

Simple Solution.—Let the lines A B,

A c represent a pair of sectoral lines,

* Since, however, secant : rad. : : rad. : cosine ;

and tangent : rad. : : rad. : cotangent ;

the line of sines may be used with the other sectoral lines in place of the line

of secants, and the line of tangents less than 45° in place of the line of tan

gents greater than 45°, the complements of the angles b^ing taken upon thm

linca, in either case, instead of the angles themselves. See page 41.
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and B c, D E, any two transverse distances taken on this pail

of lines ; then, from the construction of the instrument, we

have A B equal to A c, and A D equal to A E, so that A B : A c : :

A D : A E, and the triangles ABC and A D E have the angle at

A common, and the sides about this common angle propor

tional (Euc. vi. prop. 6) ; they are, therefore, similar and—

AB:BC::AD:DE.

In the case of a compound solution, the angles at A are equal,

but not common, and the reasoning is, in all other respects,

exactly the same.

USES OF THE LINE OF LINES.

To find a Fourth Proportional to three given Lines.—Set

off from the center a lateral distance equal to the first term,

and open the sector till the transverse distance at the division

thus found, expressing the first term, is equal to the second

term ; again, extend to a point whose lateral distance from the

center is equal to the third term, and the transverse distance

at this point will be the fourth term required

If the legs of the sector will not open far enough to make

the lateral distance of the second term a transverse distance

at the division expressing the first term, take any aliquot part

of the second term, which can conveniently be made such

transverse distance, and the transverse distance at the third

term will be the same aliquot part of the fourth proportional

required.

A third proportional to two given lines is found by taking

a third line equal to the second, and finding the fourth pro

portional to the three lines.

Example.—To find a fourth proportional to the numbers 2,

5, and 10. Open the sector till the lateral distance of the

second term 5 becomes the transverse distance at 2, the first

term; then the transverse distance at 10 will extend, as a

lateral distance, from the center to 25, the fourth proportional

required.

To bisect a given Straight Line.—Take the extent of the

line in the compasses, and open the sector till this extent is a

transverse between 10 and 10 on the line of lines: then the

transverse distance from 5 to 5, on the same pair of sectoral

lines, gives the half of the line, and this extent set off from

either end will bisect it

To divide a Straight Line into any Number of equal Parts.—

I When the number of parts are a power of 2, the operatiojw
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are best performed by continual bisection. Thus, let it be

required to divide the line A B into sixteen equal parts.

1. Make A B a transverse distance between 10 and 10 on the

i A A A Ji A fc j . b A A A I* h L, A

line of lines ; then take off the transverse distance of 5 and 5,

and set it off from A or* B to 8, and A B will be divided

into two equal parts at the division 8. 2. Make' A 8 a

transverse distance at 10, and then the transverse distance at

5, set off from A or* 8 at 4, and from B or* 8 at 12, will

divide the line into four equal parts at the divisions 4, 8, and

12. 3. Make the extent A 4 a transverse distance at 10, and

the transverse distance at 5 will again bisect each of the parts

last set off, and divide the whole line into eight equal parts

at the divisions 2, 4, 6, 8, 10, 12, and 14. Each of these

may be again bisected by taking the transverse distance at 2J

or 2'5, that is, at the middle division between the 2 and the

3 upon the line of lines, and the line will be divided as

required.

When the divisions become smaller than can be conve

niently bisected by the method just explained, the operation

may still be continued to any required extent by taking the

extent of an odd number of the divisions already obtained as

the transverse distance of 10 and 10, and setting off the half

of this extent, or the transverse distance at 5, from the several

divisions already obtained. Thus, in the preceding example,

by making the extent of three of the divisions, or five, or seven,

a transverse distance at 10, the transverse distance at 5, set

off from the several divisions already obtained, will divide A B

into 32 equal parts.

2. When the number of parts is not a power of 2, the opera

tions cannot all be performed by bisections ; but still, by a

judicious selection of the parts into which the line is first

divided, many of the after operations may be performed by

bisections. Example.—Let it be required to divide the line

k—*- i A 4 4 b {.

A B into seven equal parts. 1. Make the whple extent, A B, a

transverse distance between 7 and 7 on the line of lines ; then

* Greater accuracy is obtained by setting off the distance from both

ends of the extent to be bisected, and then, in case the two points sc found

do not accurately coincide, taking the middle point between them, as neut

as the eye can judge, for the true point of bisection.
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take off the transverse distance of 4 and 4, and set it off from a

and B to 4 and 8 2. Make this extent from A to 4 a trans

verse distance at 10 ; then the transverse distance at 5 bisects

A 4 and 3 B in 2 and 6 ; set off from 3, gives 1, and from 4

gives 6 ; and thus the line A B is divided into seven equal

parts as required.

To open the Sector so that the Line of Lines may answerfor

any required Scale of equal Parts.—Take one inch in the com

passes, and open the sector, till this extent becomes a trans

verse distance at the division indicating the number of parts

in an inch of the required scale ; or, if there be not an inte

gral number of parts in one inch, it will be better to take

such a number of inches as will contain an integral number

of parts, and make the extent of this number of inches, if it

be not too great, a transverse distance at the division indi

cating the number of parts of the required scale in this extent

Example.—To adjust the Sector as a Scale of One Inch to

Four Chains.—Make one inch the transverse distance of 4

and 4 ; then the transverse distances of the other correspond

ing divisions and subdivisions will represent the number of

chains and links indicated by these divisions : thus, the trans

verse distance from 3 to 3 will represent three chains ; the

transverse distance at 4'7, or the seventh principal subdivi

sion after the primary division marked 4, will represent 4

chains 70 links, and so on.

To construct a Scale of Feet and Inches in such, a manner

that an extent of Three Inches shall represent Twenty Indies.—

1. Make three inches a transverse distance between 10 and

10, and the transverse distance of 8 and 8 will represent 16

inches. 2. Set off this extent from A to B, divide it by con

tinual bisection into 16 equal parts, and place permanent

strokes to mark the first 12 of these divisions, which will

represent inches. 3. Place the figure 1 at the twelfth stroke,

and set off again the extent of the whole 12 parts, from I to

2, 2 to 3, &c., to represent the feet.

As an Example of the Use of the Line of Lines in reducing

Lines, let it be required to reduce a drawing in the Proportion

of 5 to 8.—Take in the compasses the distance between two

points of the drawing, and make it a transverse distance at

8 and 8 ; then the transverse distance of 5 and 5 will be the

distance between the two corresponding points of the copy

2. These two points having been laid down, make the dis

tance between one of them and a third point a transverse dis

tance at 8, and with the transveise distance at 5 descril-e, from
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that point as center, a small arc. 3. Repeat the operation

with the other point, and the intersection of the two

small arcs will give the required position' of the third

point in the copy. In the same manner all the other

points of the reduced copy may be set off, each one from

two points previously laid down.

LINE OF CHORDS

The double scales of chords upon the sector are more

generally useful than the single line of chords described

on the plain scale ; for, on the sector, the radius with

which the arc is to he described may be of any length

between the transverse distance of 60 and 6(1 when the

legs are close, and that of the transverse of 60 and 60

when the legs are opened as far as the instrument will

admit of: but, with the chords on the plain scale, the

arc described must be always of the same radius.

To protract or lay down a right-lined Angle B A c,

which shall contain a given number of Degrees, suppose

46°.—Case 1. When the angle contains less than 60°,

make the transverse distance of 60 and 60 equal to the

length of the radius of the circle, and with that opening

describe the arc B c. (Fig. at page 40.) Take the

transverse distance of the given degrees 46, and lay

this distance on the arc from the point B to c. From

the center A of the arc draw two lines A c, A B, each

passing through one extremity of the distance B c laid

on the arc ; and these two lines will contain the angle

required. Case 2. When the angle contains more than

60°. Suppose, for example, we wish to form an angle

containing 148°. Describe the arc BCD, and make

the transverse distance of 60 and 60 equal the radius

as before. Take the transverse distance of | or £, &c.,

of the given number of degrees, and lay this distance

on the arc twice or thrice, as from B to a, a to b, and

from b to D. Draw two lines connecting B to A, and A

to D, and they will form the angle required.

When the required angle contains less than 5°, sup

pose 8|, it will be better to proceed thus. With the given

radius, and from the center A, describe the arc D G ; and from

some point, D, lay off the chord of 60°, which suppose to give

the point G, and also from the same point D lay off in the same

direction the cb-ird of 56|° (= 60° — 3^°), which would give

the point E T hen through these two points E and o, dra-u
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 lines to the point A, and they ^^

will represent the angle of 85°

as required.

From what has been said

about the protracting of an

angle to contain a given number

of degrees, it will easily be seen

how to find the degrees (or

measure) of an angle already

laid down.

LINE OF POLYGONS.

The line of polygons is chiefly useful for the ready division

of the circumference of a circle into any number of equal

parts from 4 to 12; that is, as a ready means to inscribe

regular polygons of any given number of sides, from 4 to 12,

within a given circle. To do which, set off the radius of the

given circle (which is always equal to the side of an inscribed

hexagon) as the transverse distance of 6 and 6, upon the line

of polygons. Then the transverse distance of 4 and 4 will be

the side of a square; the transverse distance between 5 and

6, the side of a pentagon ; between 7 and 7, the side of a

heptagon ; between 8 and 8, the side of an octagon : between

9 and 9, the side of a nonagou, &c., all of which is too plain

to require an example.

If it be required to form a polygon, upon a given right

line set off the extent of the given line, as a transverse dis

tance between the points upon the line of polygons, answering

to the number of sides of which the polygon is to consist ; as

for a pentagon between 5 and 5 ; or for an octagon between

8 and 8 : then the transverse distance between 6 and 6 will

be the radius of a circle whose circumference would be divided

by the given line into the number of sides required.

The line of polygons may likewise be used in describing,

upon a given line, an isosceles triangle, whose angles at the

base are each double that at the vertex. For, taking the

given line between the compasses, open the sector till that

extent becomes the transverse distance of 10 and 10, then

the transverse distance of 6 and 6 will be the length of each

of the two equal sides of the isosceles triangle.

All regular polygons, whose number of sides will exactly

divide 360 (the number of degrees into which all circles are

supposed to be divided) without a remainder, may likewise bo

bet off upon the circumference of a circle by the line of chords
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Thus, take the radius of the circle between the compasses, and

open the sector till that extent becomes the transverse distance

between 60 and 60 upon the line of chords ; then, having di

vided 360 by the required number of sides, the transverse

distance between the numbers of the quotient will be the side

of the polygon required. Thus for an octagon, take the dis

tance between 45 and 46 ; and for a polygon of 36 sides take

the distance between 10 and 10, &c.

LINES OF SINES, TANGENTS, AND SECANTS.

Given the Radius of a Circle (suppose equal to two inches);

required the Sine and Tangent of 28° 30' to that Radiw.—

Open the sector, so that the transverse distance of 90 and 90

on the sines, or of 45 and 45 on the tangents, may be equal

to the given radius, viz., two inches; then will the transverse

distance of 28° 30', taken from the sines, be the length of

that sine to the given radius, or, if taken from the tangents,

will be the length of that tangent to the given radius.

But, if the Secant of 28° 30' is required, make the given

radius of two inches a transverse distance of 0 and 0, at the

beginning of the line of secants, and then take the transverse

distance of the degrees wanted, viz., 28° 30'.

A Tangent greater than 45° (suppose 60°) is thus found:—

Make the given radius, suppose two inches, a transverse dis

tance to 45 and 45, at the beginning of the line of upper tan

gents, and then the required degrees (60) may be taken from

the scale.

The tangent, to a given radius, of any number of degrees

greater than 45° can also be taken from the line of lower tan

gents, if the radius can be made a transverse distance to the

complement of those degrees on this line (see note, page 35).

Example.—To find the tangent of 78° to a radius of two

inches. Make two inches a transverse distance at 12 on the

lower tangents, then the transverse distance of 45 will be the

tangent of 78°.

In like manner the secant of any number of degrees may

be taken from the sines, if the radius of the circle can

be made a transverse distance to the complement of those

degrees upon this line. Thus making two inches a transverse

distance to the sine of 12°, the transverse distance of 90 and

90 will be the secant of 78°.

To find, by means of the lower tangents and sines, the de

grees answering to a given line, greater than the radius which

expresses the length of a tangent or secant to a given radius.
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For a tangent, make the given line a transverse distance at

45 on the lower tangents ; then take the extent of the given

radius, and apply it to the lower tangents ; and the comple

ment of the degrees at which it becomes a transverse

distance will be the number of degrees required. For n

secant make the given line a transverse distance at 90 on

the sines ; then the extent of the radius will be a trans

verse distance at the complement of the number of degrees

required.

Given the Length of the Sine, Tangent, or Secant of any

Degrees, to find the Length of the Radius to tJiat Sine, Tangent,

or Secant.—Make the given length a transverse distance to its

given degrees on its respective scale. Then,

If a sine 1 ft .„_„ f90 and 90 on the sines "J will be

If a tangent under 45° ( ""^ ) 45 and 45 on the tangents f the ra-

If a tangent above 45° | ,„„ „;') 45 and 43 on the upper tangents ( dius
If a secant Jtanti °' (0 and 0 on the secants J sought.

To find the Length of a versed Sine, to a'given Number of

Degrees, and a given Radius.—1. Make the transverse dis

tance of 90 and 90 on the sines equal to the given radius.

2. Take the transverse distance of the sine of the com

plement of the given number of degrees. 3. If the given

number of degrees be less than 90, subtract the distance

just taken, viz., the sine of the complement, from the radius,

and the remainder will be the versed sine : but, if the

given number of degrees are more than 90, add the com

plement of the sine to the radius, and the sum will be the

versed sine.

To open the legs of a Sector, so that the corresponding

double Scales of Lines, Chords, Sines, and Tangents may make

each a right Angle.—On the line of lines make the lateral dis

tance 10, a transverse distance between 8 on one leg, and 6

on the other leg.

. On the line of sines make the lateral distance 90, a trans

verse distance from 45 to 45 ; or from 40 to 50 ; or from 30

to 60 ; or from the sine of any degree to their complement.

On the line of sines make the lateral distance of 45 a trans

verse distance between 30 and 30

MAHQUOIS'S SCALES. (Plate II. Fig. 3.)

These scales consist of a right-angled triangle, of which

the hypothenuso or longest side is three times the length of

the shortest, and two rectangular rules. Our figure, which is

drawn one-third the actual size of the instruments from which
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it w taken, represents the triangle and one of the rules, aa

being used to draw a series of parallel lines. Either rule is

one foot long, and has, parallel to each of its edges, two scales

one placed close to the edge and the other immediately within

this, the outer heing termed the artificial, and the inner, the

natural scale. The divisions upon the outer scale are three

times the length of those upon the inner scale, so as to bear

the same proportion to each other that the longest side of the

triangle bears to the shortest. Each inner, or natural scale,

is, in fact, a simply divided scale of equal parts (see p. 9),

having the primary divisions numbered from the left hand to

the right throughout the whole extent of the rule. The first

primary division on the left hand is subdivided into ten equal

parts, and the number of these subdivisions in an inch is

marked underneath the scale, and gives it its name. On

one of the pair of Marquois's scales now before us, we have,

on one face, scales of 30 and 60, on the obverse scales of

25 and 50, and on the other we have on one face scales of 35

and 45, and on the obverse scales of 20 and 40. In the arti

ficial scales the zero point is placed in the middle of the edge

of the rule, and the primary divisions are numbered both

ways from this point to the two ends of the rule, and are,

every one, subdivided into ten equal parts, each of which is,

consequently, three times the length of a subdivision of the

corresponding natural scale.

The triangle has a short line drawn perpendicular to the

hypothenuse near the middle of it, to serve as an index or

pointer ; and the longest of the other two sides has a sloped

edge.

To draw a Line parallel to a given Line, at a given Distance

from it.—1. Having applied the given distance to the one of

the natural scales which is found to measure it most con

veniently, place the triangle with its sloped edge coincident

with the given line, or rather at such small distance from it,

that the pen or pencil passes directly over it when drawn along

this edge. 2. Set the rule closely against the hypotheuuse,

making the zero point of the corresponding artificial scale

coincide with the index Upon the triangle. 3. Move the tri

angle along the rule, to the left or right, according as the re

quired line is to be above or below the given line, until the

index coincides with the division or subdivision corresponding

to the number of divisions or subdivisions of the natural

Bcalb, which measures the given distance ; and the line drawn
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along the sloped edge in its new position will be the line

required*.

Note.—The natural scale may be used advantageously in setting off the

distances in a drawing, and the corresponding artificial scale in drawing

parallels at required distances.

To draw a Lane perpendicular to a given Line from a given

Point in it.—1. Make the shortest side of the triangle coin

cide with the given line, and apply the rule closely against

the hypothenuse. 2. Slide the triangle along the rule until

a line drawn along the sloped edge passes through the given

point ; and tho line so drawn will be the line required.

The advantages of Marquois's scales are : 1st, that the sight

is greatly assisted by the divisions on the artificial scale

being so much larger than those of the natural scale to which

the drawing is constructed ; 2nd, that any error in the setting

of the index produces an error of but one-third the amount

in the drawing.

If the triangle be accurately constructed, these scales may

be advantageously used for dividing lines with accuracy and

despatch; our figure, as well as the sliding rule (fig. 4), was

drawn by the aid of Marquois's scales alone.

We proceed to explain a method which we have found to

answer well for dividing lines with accuracy and despatch,

and which is altogether independent of any error in the con

struction of the triangle.

Let a b represent the d

line to be^ divided into any

number, n,-of equal parts ;

select one of the natural

scales, of which n divisions ^.— \

or some multiple p n of -^—- J
» divisions, are nearly a ''

equal to a 6, but less than it ; then setting the sloped edge of

the triangle perpendicular to a b, so that a line drawn along

it passes through a, place the rule closely against the hypo-

ihenuse, making a division of the artificial scale, corresponding

* If A B o represent the triangle in its new position, and the dotted lines

represent its original position, we have,

by similar triangles, A B 0, A' A D,

AD:AA'::BO:BA

:: 1 :8;

and therefore A D contains as many

divisions of the natural as A A ' con

tains of the artificial scale.
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to the selected natural scale, coincide with the index upon

the triangle ; and, moving the triangle along to the rule to

the right, until the index coincides with the p nth division from

that to which it was set, draw a line along the sloped edge

intersecting a b in c. Upon a b as hypothenuse describe the

right-angled triangle a b d, having the side a d equal to a c,

and placing the sloped edge of the triangle perpendicular to

a d, so that a line drawn along it passes through a or d ; slide

the triangle along the rule to the right or left, and drawing a

line as the index comes into contact with every pth division of

the artificial scale, the line will be divided as required.

THE VERNIER. (Plate II. Figs. 1 and 2.)

The property of this ingenious little subsidiary instrument

will be readily comprehended from what has been already said

of the construction and use of a vernier scale (p. 11). It is

so constructed as to slide evenly along the graduated limb of

an instrument, and enables us to measure distances, or read

off observations, with remarkable nicety. In the vernier scale

before described, the divisions on the lower or subsidiary scale

were longer than those on the upper or primary scale ; but

in the vernier now to be described the divisions are usually

shorter than those upon the limb to which it is attached, the

length of the graduated scale of the vernier being exactly

equal to the length of a certain number (n — 1) of the divisions

upon the limb, and the number (n) of divisions upon the

vernier being one more than the number upon the same

length of the limb.

Let, then, L represent the length of a division upon the

limb, and v, the length of a division upon the vernier :

BO that (n — 1) L = n v ;

i i „ n — 11
and therefore L — v = L 1. = - L ;

n n

or the defect of a division upon the vernier from a division

upon the limb is equal to the ?ith part of a division upon the

limb, n being the number of divisions upon the vernier*

* If n divisions of the vernier were equal to (n + 1) divisions of the limb,

or (» + 1) i = n v,

n+l 1
then would v — L = L — L = —L;

» »

or the excess of a division upon the vernier above a division npon the limb

would be equal to the »th part of a division upon the limb. With this

arrangement, however, we should oave tho inconvenience of reading the

vernier backwards.
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In fig. 1, six divisions of the vernier are equal to five divi

sions of the limb, and, consequently, the above defect, or

L — v, is equal to a sixth part of a division upon the limb, or

to 20', since a division of the limb is equal to 2°.

In fig. 2, ten divisions of the vernier are equal to nine divi

sions of the limb, and, consequently, L — v is equal to a tenth

part of a division upon the limb, or to the hundredth part of

an inch, a division of the limb being equal to the tenth part

of an inch.

In reading off we must first look to the lozenge, as point

ing out the exact place upon the limb at which the required

measurement is indicated. If, then, the stroke upon the

vernier at the lozenge exactly coincides with a stroke upon

the limb, the reading at this stroke gives the measurement

required ; but, if the stroke at the lozenge be a distance

beyond a stroke upon the limb, then will this distance be

equal to once, or twice, or thrice, &c., the difference of a

division upon the limb and upon the vernier, according as the

stroke at the end of the first, or second, or third, &c., divi

sion upon the vernier coincides with a stroke upon the limb.

In fig. 1 the stroke upon the vernier at the lozenge falls

beyond the stroke indicating 22° upon the limb, and the

stroke at the end of the second division upon the vernier

coincides with a stroke upon the limb ; the reading therefore

is 22° 40'.

In fig. 2, the stroke upon the vernier at the lozenge falls

beyond the stroke indicating one inch and three-tenths

upon the limb, and the stroke at the end of the sixth division

upon the vernier coincides with a stroke upon the limb : the

reading, therefore, is 1-36 inches, or one inch three tenths

and six hundred ths.

The limbs of the best sextants are now divided at every 10

minutes, and 59 of these parts are made equal to 60 divisions

of their verniers. In this case

so that these instruments can be read off by the aid of their

verniers to an accuracy of 10 seconds. The verniers occupy

on the limbs spaces equal to 9° 50'*.

* That is, according to the graduation of the instrument; but, as the

nudes observed by a sextant are double the angles moved over by the ia-

rtex, the limb of the instrument is graduated, as though it were double the

fcize ; so that the verniers really occupy an arc of 4° 55' only.
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The limbs of small theodolites are generally divided at

every 30 minutes, and 29 of these parts are made equal to 30

divisions of their verniers, which therefore enables us to read

30'
off to an accuracy of —, or 1'.

ou

In the mountain barometer the scale being divided into

^Tjths of an inch, 9 of these parts are made equal to 10

divisions of the vernier, which therefore enables us to read

off to an accuracy of TT)s5Tjths of an inch.

In the above explanations we have only considered the

case of an exact coincidence between some one of the strokes

upon the vernier and a stroke upon the limb. Suppose now

that in fig. 1 the stroke at the end of the second division, in

stead of coinciding with a stroke upon the limb, fell a little

beycnd it, while the stroke at the end of the third division

fell a little short of a stroke upon the limb ; then the measure
ment indicated would be something between 22° 40' and 23D,

•which the observer, should there be no other mechanism at

tached to the vernier, must estimate by guess, according to

the best of his judgment. By the aid, however, of a piece of

mechanism, which is called a micrometer, and which we pro

ceed to describe, the excess of the angle indicated above

82° 40' might be exactly computed.

The instrument having been nearly set by the hand alone,

the vernier is fixed in this position by turning a screw, called

the clamping screw, which is shown on the top of the vernier

in fig. 2, but is not seen in fig. 1, being at the back of the

instrument. The instrument is then set more accurately by

the screw at the side of the vernier, shown in both figures,

which gives a slow motion to the vernier plate, and to the

limb or index bar attached to the vernier. This screw is

called a tangent or slow motion screw, and the micrometer

consists of a graduated cylindrical

head, BB, attached to this screw, and
an index, I, attached to the vernier. sf

Suppose, now, the tangent screw to

be of that fineness that, whilst it is

turned once round, by means of the milled head H, so that

the graduated head BB makes one complete revolution, the

vernier is advanced on the limb of the instrument, a distance
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equal to the difference of a division of the limb, and of th«

vernier: then, in fig. 1, one revolution of the screw advances

the vernier a distance equal to 20' ; and, if the cylindrical

head BB be divided into 60 equal parts, a revolution of the

screw through one of these parts would advance the vernier a

distance equal to 20".

Suppose, then, that in the illustration above given the screw

has to be turned back, so that 14 of these graduations pass

the index I, in order to bring the stroke at the end of the

second division upon the vernier into coincidence with a

stroke upon the limb ; then the corresponding space moved

through by the vernier would be equal to 20'* x 14, or 4' 40",

and the reading of the instrument would be 22° 44' 40".

Similarly, by means of a micrometer divided into ten equal

parts, a distance to the thousandth part of an inch may be

read off by the vernier in fig. 2. If the micrometer in this

case were divided into one hundred equal parts, a distance

might be read off to the ten-thousandth part of an inch ; or

the same effect may be produced by dividing the micrometer

into ten equal parts, and making the screw of such fineness

that ten complete revolutions move the vernier through a

distance equal to the difference of a division of the limb and

of the vernier, or the hundredth part of an inch.

THE BEAM COMPASSES.

 

The above engraving represents this instrument, which con

sists of a beam, AA, of any length required, generally made

of well-seasoned mahogany. Upon its face is inlaid through

out its whole length a slip of holly, or boxwood, aa, upon

which are engraved the divisions or scale, either feet and

decimals, or inches and decimals, or whatever particular scale

may be required. Those made for the use of the persons en

gaged on the Ordnance survey of Ireland were divided to a

Bcale of chains, 80 of which occupied a length equal to six

inches, which therefore, represented one mile, six inches to
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the mile being the scale to which that important survey is

plotted *. Two brass boxes, B and c, are adapted to the

beam ; of which the latter may be moved, by sliding, to any

part of its length, and fixed in position by tightening the

clamp screw E. Connected with the brass boxes are the two

points of the instrument, a and H, which may be made to have

any extent of opening by sliding the box c along the beam,

the other box, B, being firmly fixed at one extremity. The

object to be attained, in the use of this instrument, is the

nice adjustment of the points a, H, to any definite distance

apart. This is accomplished by two vernierf or reading

plates, b, c, each fixed at the side of an opening in the brass

boxes to which they are attached, and affording the means of

minutely subdividing the principal divisions, a a, on the

beam, which appear through those openings. D is a clamp

screw for a similar purpose to the screw E, namely, to fix the

box B, and prevent motion in the point it carries after ad

justment to position. F is a slow motion screw, by which the

point G may be moved any very minute quantity for perfecting

the setting of the instrument, after it has been otherwise set

as nearly as possible by the hand alone.

The method of setting the instrument for use may be un

derstood from the above description of its parts, and also by

the following explanation of the method of examining and

correcting the adjustment of the vernier, 6, which, like all

other mechanical adjustments, will occasionally get deranged.

This verification must be performed by means of a detached

scale. Thus, suppose, for example, that our beam compass is

divided to feet, inches, and tenths, and subdivided by the

vernier to hundredths, &c. First set the zero division of the

vernier to the zero of the principal divisions on the beam, by

means of the slow motion screw F. This must be done very

nicely. Then slide the box c, with its point a, till the zero

on the vernier c exactly coincides with any principal division

on the beam, as twelve inches, or six inches, &c. To enable

us to do this with extreme accuracy some superior kinds of

beam compasses have the box o also furnished with a tangent

or slow motion screw, by which the setting of the points or

divisions may be performed with the utmost precision. Lastly,

apply the points to a similar detached scale, and, if the

adjustment be perfect, the interval of the points GH will

* The survey of the metropolis is platted to a scale of 60 inches to the

jrile.

•)• For a description of the vernier, see preceding article.

D
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measure on it the distance to which they were set ou tha

beam. If they do not, by ever so small a quantity, the ad

justment should be corrected by turning the screw F till the

points do exactly measure that quantity on the detached scale ;

then, by loosening the little screws which hold the vernier b

in its place, the position of the vernier may be gradually

changed, till its zero coincides with the zero on the beam ;

and, then tightening the screws again, the adjustment will be

complete.

PLOTTING SCALES.

Plotting scales, also called feather-edged scales, are straight

rulers, usually about ten or twelve inches long. Each ruler

has scales of equal parts, decimally divided, placed upon its

edges, which are made sloping, so that the extremities of the

strokes marking the divisions lie close to the paper. The

primary divisions represent chains, and the subdivisions, con

sequently, ten links each, as there are 100 links on the sur

veying chain. Plotting scales may be procured in sets, each

with a different number of chains to the inch.

The advantages of this arrangement are, that the distances

required can be transferred with great expedition from the

scale to the paper by the aid of the pricking-point alone, and

the marks denoting the divisions are in no danger of be

coming defaced, as upon the plain scale, by the frequent

application of the compasses.

One of the best plotting scales consists of two feather-edged

rulers, one sliding along the other in a dovetailed groove, so

that the two are always at right angles to each other. We

shall describe this instrument more particularly when we

come to speak of plotting, after describing the instruments

used in surveying.

THE PANTAGBAPH.

The pantagraph consists of four rulers, AB, AC, DF, and

EF, made of stout brass. The two longer rulers, AB and AC,

are connected together by, and have a motion round a center

at A. The two shorter rulers are connected in like manner

with each other at F, and with the longer rulers at D and E,

and, being equal in length to the portions AD and AE of the

longer rulers, form with them an accurate parallelogram,

A D F E, in every position of the instrument. Several ivory

castors support the machine parallel to the paper, and allow

it to move freely over it in all directions The arms, A u tuul
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tF, are graduated and marked 4, J. ^c-> and have each a

sliding index, which can be fixed at any of the divisions by a

milled-headed clamping screw, seen in the engraving. The

sliding indices have each of them a tube, adapted either to

slide on a pin rising from a heavy circular weight called tho

fulcrum, or to receive a sliding holder with a pencil or pen,

fir a blunt tracing point, as may be required.

When the instrument is correctly set, the tracing point,

pencil, and fulcrum will be in one straight line, as shown by

the dotted line in the figure. The motions of the tracing

point and pencil are then each compounded of two circular

motions, one about the fulcrum, and the other about the joints

at the ends of the rulers upon which they are respectively

placed. The radii of these motions form sides about equal

angles of two similar triangles, of which the straight line B c,

passing through the tracing point, pencil, and fulcrum, forms

the third sides. The distances passed over by the tracing

point and pencil, in consequence of either of these motions,

have then the same ratio, and, therefore, the distances passed

over in consequence of the combination of the two motions

have also the same ratio which is that indicated by the set

ting of the instrument
 

Our engraving represents the pantagraph in the act of

reducing a plan to a scale of half the original For this pur

pose the sliding indices are first clamped at the divisions

upon the arms marked \ ; the tracing point is then fixed in £

u 2
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socket at c, over the original drawing; the pencil is next

placed in the tube of the sliding index upon the ruler D p,

over the paper to receive the copy ; and the fulcrum is fixed

to that at B, upon the ruler A B. The machine being now

ready for use, if the tracing point at c be passed delicately

tnd steadily over every line of the plan, a true copy, but of

one-half the scale of the original, will be marked by the pencil

on the paper beneath it. The fine thread represented as

passing from the pencil quite round the instrument to the

tracing point at c, enables the draughtsman at the tracing

point to raise the pencil from the paper, whilst he passes the

tracer from one part of the original to another, and thus to

prevent false lines from being made on the copy. The pencil

holder is surmounted by a cup, into which sand or shot may

be put, to press the pencil more heavily on the paper, when

found necessary

If the object were to enlarge the drawing to double ita

scale, then the tracer must be placed upon the arm D F, and

the pencil at c ; and, if a copy were required of the same scale

as the original, then, the sliding indices still remaining at the

same divisions upon D F and A B, the fulcrum must take the

middle station, and the pencil and tracing point those on the

exterior arms, A B and A o, of the instrument.

The successful use of the pantagraph in copying very

minute and complicated drawings can only be attained by

perseverance and experience, and we therefore proceed to

mention some of the other means employed for the attain

ment of the same object. In fact, while the pantagraph affords

the most rapid means of reducing a drawing, we cannot re

commend its use for enlarging a copy, or even for copying

upon the same scale.

To produce a Copy of the same Size as the Original. First

Method.—Lay the original drawing upon the sheet of paper

intended for the copy, and fix them together by means of

weights or drawing pins * . 2. With a fine needle f prick

through all the angles and principal points, making corre

sponding punctures in the paper beneath. 3. Draw upon

the copy such of the lines on the original as are straight, or

nearly so, by joining the points thus marked upon the paper

* The drawing pin consists of a brass head,

with a steel point at right angles to its plane. A

represents it as seen edgewise, and B as seen from

above.

t See pricking point, page 8.
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4 Set off such other points upon the copy, by means of the

compasses, as may be desirable, and draw the curved lines

upon tracing paper placed over the drawing. 6. Fill in the

lines indicated by the points set off by the compasses, and

transfer the curved lines from the tracing paper to the copy,

by rubbing the back of the tracing paper with powdered black

lead, placing it in its correct situation upon the copy, and

passing a blunt tracing point* over the lines drawn upon it.

Second Method.—A sheet of tracing paper having the under

side rubbed over with powdered black lead may be placed

upon the paper intended for the copy. The original being

then placed over this, the tracing point may be carefully and

steadily passed over all the lines of the drawing with a pres

sure proportioned to the thickness of the paper; and the

paper beneath will receive corresponding marks, forming an

exact copy, which is afterwards to be inked in.

Third Method.—The drawing is placed upon a large sheet

of plate glass called a copying glass, and the paper to receive

the copy placed over the drawing. The glass is then fixed in

such a position as to have a strong light fall upon it from be

hind, and shine through it. By this means the original

drawing becomes visible through the paper placed over it,

and a copy can be made with precision and ease, without any

risk of soiling or injuring the original.

To copy with nicety upon a reduced or enlarged Scale.—

For this purpose we may have recourse to the method of

squares, by which, with the aid of the proportional compasses,

the most minute detail may be copied with great accuracy

This may, perhaps, be best shown by an example.

Let figure 1 in the following engraving represent a plan of an

estate, which it is required to copy upon a reduced scale of one

half. The copy will therefore be half the length and half the

breadth, and, consequently, will occupy but one-fourth of the

space of the original. Our subject is a map of an estate, but

the process would be precisely the same if it were an archi

tectural, mechanical, or any other drawing.

1. Draw the lines FI and F G at right angles to each other,

ii. From the point F towards i and o, set off any number of

equal parts, as F a, a b, b c, &c., on the line FI, and F i, i k,

k I, &c., on the line F G. 3. From the points on the line F i

draw lines parallel to the other line FG, as a a, b b. c c, &c.,

* The eye end of the pricking needle, or the fine point of a porcupine's

quill, may be used for this purpose.
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Fig. 2.

 

d e f g h

and from the points on F a draw lines parallel to F I, as i i

k k,l I, &c., which being sufficiently extended towards G and i,

the whole of the original drawing will be covered with a reti

cule of small but equally-sized squares.

This done, draw upon the paper intended for the copy a

similar set of squares, but having each side only one-half the

length of the former, as is represented in figure 2. It will

now be evident that, if the lines of the plan A B, B c, c n,

&c., figure 1, be drawn in the corresponding squares of figure

ii, a correct copy of the original will be produced, and of half

the original scale. Commencing then at A, observe where, in

the original, the angle A falls, which is towards the bottom of

the square marked on the top d e. In the corresponding

square, therefore, of the copy, and in the same proportion to

wards the left-hand side of it, which should be determined by

the use of the proportional compasses, described at page 4,

place the same point in the copy. From thence, finding by

the proportional compasses the point on the bottom line of that

square, where the curved line A F crosses, which is about two-

fifths from the left-hand corner towards the right, cross it simi

larly in the copy. Again, as it crosses the right-hand bottom

corner of the second square below d e, describe it so in tho

copy ; and by means of the proportional compasses find the

points where it crosses the lines// and g g, above the line 1 1,

by taking the distances of such crossings from the nearest cor

ner of a square in the original, between the large points of the

proportional compasses, and with the small points at their op

posite end, setting off the required crossing on the correspond

ing lines on the copy. Lastly, determine the place of tht
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point B, in the third square below g h on the top line , and a

line drawn from A in the copy, through these several points

to B, will be a correct reduced copy of the original line. Pro

ceed in like manner with every other line on the plan, and

its various details, and you will have the plot or drawing, laid

down to a small scale, yet bearing all the proportions in itself

exactly as the original.

It may appear almost superfluous to remark, that the process

of enlarging drawings by means of squares is a similar opera

tion to the above, except that the points are to be determined

in the smaller squares of the original, and transferred to the

larger squares of the copy. The process of enlarging, under

any circumstances, does not, however, admit of the same ac

curacy as that of reducing.

Having now completed the description of those instruments,

applicable to the purposes of geometrical drawing, to the con

sideration of which we propose for the present to limit our

selves, in accordance with the plan of our little work, we now

propose to add thereto a description of Coggeshall's Sliding Rule,

and then to conclude this part of our subject with some practi

cal hints*, which we think may prove acceptable to the com

mencing student.

COGGESHALL'S SLIDING RULE.—(Plate II. Fig. 4.)

Coggeshall's, or the Carpenter's Sliding Rule, is the instru

ment most commonly used for taking the dimensions and

finding the contents of timber. It consists of a rule one foot

long, having on its face a groove throughout its entire length, in

which a second rule of the same length slides smoothly. On

the face of the rule are four logarithmic lines marked at one

end A, B, c, and D. The three lines A, B, c, are called double

lines, because the figures from 1 to 10 are contained twice in

the length of the rule, and are, in fact, repetitions of the loga

rithmic line of numbers already described (p. 25). The fourth

line, D, is a single line numbered from 4 to 40, and is called

the Girt Line, because the girt dimensions are estimated upon

it in computing the contents of trees and timber. The lengths

upon this line denote the logarithms of the squares of the

numbers, from 4 to 40, placed ugainst the several divisions ;

and enable us, as will be seen, to obtain approximately the

contents of a solid by a single operation.

* Extracted from a treatise on drawing instruments, by F. W.

Civil Engineer and Surveyor.



56 MATHEMATICAL INSTRUMENTS

The line c is used with the girt line D, and the two lines A and

B, enable us to perform more readily all such operations as have

been already described as being performed by the logarithmic

line of numbers with the aid of the compasses, the second line

B, upon the slider, supplying the place of the compasses.

On the girt line is a mark at the point 18'79, lettered o

(gallons), which is the imperial gauge point*, enabling us to

compute contents iu imperial gallons.

The back of the rule has a decimal scale of one foot divided

into one hundred equal parts, by which dimensions are taken

in decimals of a foot; and also a scale of inches, numbered

from 1 to 19, which scale is continued on the slider and num

bered from 12 to 24, so that, when the slider is pulled out, a

two feet rule is formed, divided into inches.—The vacant

spaces on the rule are filled up with various other scales and

tables, which may be selected to suit the purposes of tho

various purchasers

The method of notation on the rule, and the manner of es

timating any number upon it, are the same as have already

been fully explained, when treating of the line of logarithmic

numbers (p. 28).

Problem 1 . To multiply two Numbers together.—Set 1 on B

to the multiplier on A, and against the multiplicand on B will

be found the required product on A. Example.—To multiply

33 by 23. Set 1 on B to 2'3 on A, and against 3'3 on B will

be found 7 '5 9 on A, and 759 is therefore the product re

quired f-

Problem 2. To divide one Number by another.—Set 1 on B

to the divisor on A, and against the dividend on A will be found

the required quotient on B Example.—To divide 759 by 23.

Set 1 on B to 2-3 on A, and against 75 -9 on A will be found

83 on B, which is the quotient required.

Problem 3. To find a Fourth Proportional to three given

Numbers.—Set the first term on B to the second term on A,

and against the third term on B will be found the required

fourth term on A. Or, against the first term on A, set the se

cond term on B, and against the third term on A will be found

the required fourth term on B. Example.—To find a fourth

* 18'79 is the diameter of a cylindrical Teasel to contain one gallon

for each inch of depth. The gauge point for the old wine gallon was at

17-15, lettered W. G., and for the old ale gallon at 18'95. lettered A. Q.

These marks are consequently found upon rules constructed prior to

January, 1826.

I The tens must be supplied mentally, as explained at page 28.
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proportional to the three numbers 8j, 11, and 14. Set 3J,

or 3'5, on B to 11 on A, and against 14 on B will he found

on A, 44, the fourth proportional required.

Problem 4. To find a Third Proportional to two given

Numbers. —This is the same problem as the preceding, re

peating the second number for the third term of the proportion.

Example.—To find a third proportional to the two numbers

3| and 11 . This is to find a fourth proportional to the three

numbers 85, 11, and 11. Set therefore 35, or 3'5, on B to 11

on A, and against 11 on B will be found on A 34-6, the third

proportional required.

Problem 5. To square a given Number. First Method, by

means of the Lines A and B.—Set 1 on B to the given number

on A, and against the given number on B will be found its

square upon A. Example.—Required the square of 23. Set

J on B to 23 on A, and against 23 on B will be found its square

629 on A. Second Method, by means of the Lines c and D. —If

the number to be squared lie between 1 and 4, or 10 and 40,

or 100 and 400, &c., so that its first significant digit is less

than 4 ; set the 1 on c to 10 on D, and against the digits on

D. expressing the given number, will be found on c the digits

expressing the required square. Then, the square of 1 being

1, of 10, 100, of 100, 10,000, &c., and of -1 being -01, of -01

being -0001, &c., the digits upon c must be estimated at the

actual values represented by them as numbered upon the

scale, viz., 1, 2, &c., to 16, or at 100 times their values, from

100 up to 1600, oral 10,000 times their values from 10,000 up

to 160,000, &c., or, again, at the T£dth part of these values

from '01 up to '16, or at T3,7y(y$th part of these values from

•0001, up to -0016, &c., according as the highest denomination

in the number to be squared is units, or tens, or hundreds, &c.,

or, again, tenths, hundredths, &c. Example.—Required the

square of 23. The 10 on D being set against the I on c, against

23 on D will be found 5 -29 on c, and, the highest denomina

tions in 23 being tens, the square required is 529. Also the

squares of 2'3, 230, 2300, -23, -023, would be 5'29, 52,900,

5,290,000, -0529, -000529, respectively, the highest denomina

tions in the proposed numbers being respectively units, hun

dreds, thousands, tenths, and hundredths. Third Method, by

means of the Lines c and D.—If the number to be squared lie

between 4 and 10, or 40 and 100, or 400 and 1000, &c., so that

its first significant digit is not less than 4 ; set the 100 on o

against the 10 on D, and against the digits on D, expressing

B 8
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the given number, will be found on o the digits expressing

the required square. Example.— Required the square of 15

The 100 on c being set against the 10 on D, against 5'1 on D

will be found 26 on c, and, the highest denomination in 51

being tens, the square required is 2600 *.

Problem 6. To extract the Square Root of a given Number.

—This problem being the converse of the preceding, set the

rule in the same manner, with the 1 on c against the 10

on D, if the given square be between 1 and 16, or 100 and

1600, or 10,000 and 160,000, &c., or again between -01 and

•16, or -0001 and -0016, &c., and with the 1 00 on c against the

10 on D, if the given square be between 16 and 1 00, or 1 600 and

10,000 &c., or again between -16 and l,or -0010 and -01, &c. ;

and then against the given number on c will stand its square

root on D. Example 1.—Required the square root of 529

The given number being between 100 and 1600, set the 1 on

c against the 10 on D, and against 5'29 on c will be found

23 on D, the square root required. Example 2.—Required the

square root 2601. The given number being between 1600

and 10,000, set the 100 on c against the 10 on D, and

against 26 on c will be found 5'1 on D, and 51 is therefore

the root sought.

Problem 7. To find a wean Proportional between two given

Numbers.— Set one of the numbers upon c to the same number

on D, and against the other number on c will be found upon

D the mean proportional required f. Example.—Required a

mean proportional between 4 and 49. Set 4 on c to 4 on D,

and against 49 on o will be found on D 14, the mean propor

tional required.

If one number exceed the other so much that they cannot

both be taken off from the line c, the T^nth part of the larger

may be taken, and the mean proportional then found, multi

plied by 10, will give the mean proportional required. Also

if the second number on c be situated beyond the scale D, the

5 fjTjth part of such second number may be substituted for it,

and the result multiplied by 10 ; or 1 00 times such number may

* The accurate square is 2601, but the fourth figure cannot be esti

mated upon a foot rule, and the third figure only approximately. The

solution, in fact, may be considered as obtained to within the 200th part of

the whole, but, if greater accuracy is required, arithmetical methods must

be resorted to.

t If a : K : : « : b, then a : b : : a* : »' ; and, therefore,

tog. J — log. a = log. x2 — log. a? ; whence the rule given in the text.
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be taken, and the result divided by 10; or, again, such second

number may be multiplied or divided by 4, 9, or any square

number, and the result divided or multiplied by 2, 3, or the

square root of this number; or, again, the numbers may be both

multiplied and divided by any the same number, and the

result divided or multiplied also by the same number, and, in

each case, the required mean proportional will be correctly de

termined.

Problem 8. To find the Area of a Board or Plank. First

Method.—Set 12 on B to the mean breadth in inches on A,

and against the length in feet on B will be found upon A the

required area in feet and decimals of a foot. If the plank

taper regularly, the mean breadth is half the sum of the ex

treme breadths ; but, if the plank be irregular, several

breadths should be measured at equal distances from each

other, and their sum divided by their number may be taken

as the mean breadth. In the latter case, however, greater

accuracy would be obtained by finding separately the areas of

portions of the plank, and adding them together for the whole

area, or by the following. Second Method.—Take the measure

in inches of several breadths at equal distances from each

other, and add together half the two extreme breadths, and

the sum of all the intermediate breadths. Set 12 on B to the

sum thus found upon A, and against the distance in feet, at

which the breadths have been measured, upon B will be found

upon A the required area in feet and decimals of a foot. Ex

ample 1.—A board, 15 feet long, being 14 inches broad at one

end, and 8 inches broad at the other, required its area. The

mean breadth is 11 inches, half the sum of 8 and 14. Set,

then, 12 on B against 11 on A, and against 15 on B will be

found upon A 13-75 or 13| feet, the area required. Ex

ample 2.—An irregular board, 18 feet long, being 7 inches

broad at one extremity, 11 inches broad at the other, and the

intermediate breadths at each 3 feet of the length being 13

inches, 25 inches, 23 inches, 32 inches, and 22 inches, re

quired its area. By the first method, the sum of the seven

breadths divided by 7, gives 1 9 inches for the mean breadth ;

and, setting 12 on B against 19 on A, against 18 on B will be

found upon A 28-5 or 28J feet, the area required. By the

second method, half of the two extreme breadths added to

the intermediate breadths, gives the sum, 1 23 inches ; and

setting 12 on B against 123 upon A, against 3 on B will be

found upon A 30|, the area required, a more accurate result

than the preceding.
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Problem 9. To find the solid Content of squared or four-

sided Timber, of the same Size throughout its entire Length.

First Method.—Multiply the breadth by the thickness, and

their product again by the length (Problem 1), and the result

will be the content required. Second Method.—Set the length

on c against 12 on D, and against the quarter girt, measured

in inches, on D, will be found the approximate content on c

in cubic feet : or set the length on c against 10 on D, and

against the quarter girt, measured in tenths of feet, on D will

be found the approximate content on c. The approximate

content thus found is greater than the true content, and the

correction to be subtracted to leave the true content is given

in the following Table :—

TABLE I.

Fraction of

breadth equal

to excess of

breadth over

thickness.

Excess in

inches for each

12 inches of

breadth.

Fractional por

tion of approxi

mate content to

be subtracted.

Percentage of approxi

mate content to be sub

tracted.

4 breadth 6 inches t, app. cont. 11 per cent.

* » 4 i „ 4

i „ 3 A ,, 2

T
i » 2A A „ 1 J or 1-23

T
2 | or -83

B >» T31 »

tf or -59
4 » 1 » ib »

i » 14 jis »
g or -44

\
" i| SS9 »

| or -35

n u u io'l »
! or -28 „

A » Ifi 1
Til "

A or -23 „

V3 » 1 sis »
Jj or -19 „

The fractional portion of the approximate contents in column

8 may be found by dividing the approximate contents by the

denomination of the fractions. (Problem 2.)

If the excess of the breadth over the thickness be compared

with the quarter girt, the correction has to the approximate

content the duplicate ratio of half the excess to the quarter

girt, as shown in the following Table :—
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TABLE II.

Fraction of

quarter girt

Half the ex

cess of
Correction to be n.htn. tad.

equal to breadth over

fial f the ex - thickness

ceisof for each 12

breadth over

thickness.

inches of

quarter girt.
Fractional portion of

approximate content.

Percentage of approxi

mate content.

4 1r- Prt- 6 inches. •J approz. cont. 25 per cent.

6 „ i nearly or ^, ,, 17ior 17-86 „

1 •„ ^

s i : 6Jor 6-25 "„

i " 2-flj K »

2J or 2-78 „

4 .,

0 » 2

7 >t M A »
\* or 1-56 ,

2-04 ,

1 » li n »»

U rr »
lior 1-23 ,

To ,'»
ift Ti>5 »i

} or -83 ,

1

A ,, Til »

1 "

i f
ft or -69 ,

4 or -6 ,

r»4 »

ri »

f

4

ior -61,A » ^3 »

T5 » ft 535 »
j or -44 ,

The correction may also be found as follows:—Set the

length upon c against 12 upon D, and against half the excess

of the breadth over the thickness upon p will be found upon

o the required correction in cubic feet.

As the error of the result obtained with the rule may

amount to the -jjjjth part of the whole, the correction given

above may always be neglected, whenever the excess of the

breadth over the thickness does not exceed the Jth part of

the breadth, or lj inch for each 12 inches of breadth, and

the result may be depended upon to as great an accuracy as

can be obtained by the rule. When, however, the excess is

more than two inches for each 12 inches of breadth, either

the correction should be applied or the first method be used.

Example 1.—Required the content of a piece of timber 10

inches broad, 8 inches thick, and 18 feet long.

1 0 ft BO
Since — x — = ,—-> set 80 on B against 144 on A, and

12 12 144

against 18 on A will be found 10 on B, and the content re

quired is 10 cubic feet. Example 2.—Required the content

of a piece of timber 15 inches broad, 10 inches thick, and 24
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feet long. Set 24 on c against 12 on D, and against 12-5, 01

12|, the quarter girt on D, will be found on c 26-04, the ap

proximate content. The excess of 15 over 10 being Jrd of

15, Table I. shows the required correction to -jV^h of 26-04.

Set then 25 on B against 26'04 on A, and against 1 on B will

be found 1-04 on A, which subtracted from 26-04 cubic feet

leaves 25 cubic feet, the true content.

Problem 10. To find the Content of a Piece of Square

Timber, which tapers from end to end.—Set the length in feel

upon o against 12 upon D, and against half the sum in inches

of the quarter girts at the two ends upon D will be found a

content in cubic feet upon c. Again, set one-third of the

length in feet upon c against 12 upon D, and against half the

difference, in inches, of the quarter girts at the two ends upon

D will be found a second content in cubic feet upon c. Add

together the two contents thus found for the content required.

If the breadth exceed the thickness considerably, the same

part of the result must be subtracted, as in Problem 9.

Example.—The quarter girts at the ends of a piece of tim

ber 21 feet long, being 22 inches and 10 inches respectively,

and the breadth not much exceeding the thickness, required

the content. Set 21 upon c against 12 on D, and against 16

upon D will be found 37J or 37-3 upon c. Again, set 7 upon

« against 12 upon D, and against 6 upon D will be 1J or 1-75

upon c. The sum of 37^ cubic feet and If cubic foot is then

39T'7 or 39-1 cubic feet, the whole content required.

Problem 11. To find the Content of a Round Piece of

Timber of the same Size throughout its entire Length.—Set the

length in feet upon c against 10'63 * upon D, and against the

quarter girt in inches upon D will be found the content upon

c. Example.—Eequired the content of a round piece of tim

ber 32 feet long, the quarter girt being 11 inches. Set 32

upon c against 10'63 upon D, and against 11 upon D will be

found upon c 34-25 or 3'2j, the content required.

Problem 12. To find the Content of a Round Piece of

Timber, which tapersfrom end to end.—Set the length in feet

upon c against 10-63 upon D, and against half the sum in

inches of the quarter girts at the two ends upon D will be

found a content in cubic feet upon o. Again, set one third of

the length in feet upon c against 10-63 upon D, and against

half the difference in inches of the quarter girts at the two

• A mark is placed upon the rule at this point, 10-63 heing the quarter

girt in inches of the circle, whom area is a square loot.
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ends upon D will be found a second content in cubic feet upon

c. Add together the two contents thus found for the content

required.

Note.—In buying rough or unsquared timber, an allowance of about

]>2th should be made for the bark. A further allowance should also be

made for the loss in squaring down the tree to make useful shaped timber.

The whole amount of timber to be taken off to make a square piece from a

round piece of timber will be 36 per cent., cr more than a third of the wholfl.

The timber so taken off must not, however, be considered completely value

less. If the length upon o be set against 12 upon D, instead of upon 10'63

in the two preceding problems, this will be equivalent to an allowance of

about 21 Jj per cent., which may be considered a just allowance.

Example 1.—A piece of round tapering timber measures 23

feet in length, the quarter girt at the larger end is 23^ inches,

and at the smaller end the quarter girt is 15| inches. Re

quired the true content. Set 23 upon c against 10.63 upon

D, and against 19| or 19'5 upon D will be found 77'5 upon c.

Again, set 7| or 7-66 upon c against 10-63 upon D, and against

8 upon n will be found 4-3 upon c. Then the sum of 77'5

cubic feet and 4-3 cubic feet is 8T8 cubic feet, the content

required. Example 2.—Required the content of a piece of

unsquared timber of the same dimensions as in the preceding

example, making allowance of 21^ per cent, for loss in squaring

down into a useful shape. Set 23 upon o against 12 upon D,

and against 19g, or 19'5, upon D will be found 60-75 upon c.

Again, set 7f or 7'66 upon o against 12 upon D, and against

8 upon D will be found 3'4 upon c. Then the sum of 60-75

cubic feet and 3'4 cubic feet is 64'15 cubic feet, the content

required.

Problem 13. To find the Content of a Cylindrical Vessel

in Gallons.—Set the length of the cylinder in inches upon c

against the gauge mark at 18-79, marked o, upon D, and

against the diameter of the cylinder in inches upon D will be

found the required content in gallons upon c. If the number

of inches in the diameter lie beyond c, or if this number be

greater than 40, so as not to be contained upon D, the -jifith

part, or any part that may be convenient, of the number of

inches in the diameter may be taken, and the result thus ob

tained, multiplied by 100, or the square of the divisor made

use of, will give the content required. Example.—A circular

vat 5 feet in diameter being filled to the depth of four feet,

required the quantity of liquor in it. Set 48 upon c against

the gauge mark at 18-79 upon D, and against 6, the T]flth

part of the diameter in inches, upon D will be found upon

c 4-9; and consequently 4-9 x 100 or 490 gallons is the

quantity of liquor-in the vat.
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PRACTICAL HINTS, ETC.*

ON THE MANAGEMENT OF DRAWING PAPER

THE first thing to be done, preparatory to the commencement

of a drawing, is to stretch the paper evenly upon the smooth

and flat surface of a drawing board. The edges of the paper

should first be cut straight, and, as nearly as possible, at right

angles with each other; also the sheet should be so much

larger than the intended drawing and its margin, as to ad

mit of being afterwards cut from the board, leaving the

border by which it is attached thereto by glue or paste, as we

shall next explain.

The paper must first be thoroughly and equally damped

with a sponge and clean water, on the opposite side from that

on which the drawing is to be made. When the paper ab

sorbs the water, which may be seen by the wetted side be

coming dim, as its surface is viewed slantwise against the

light, it is to be laid on the drawing board with the wetted

side downwards, and placed so that its edges may be nearly

parallel with those of the board; otherwise, in using a T

square, an inconvenience may be experienced. This done, lay

a straight flat ruler on the paper, with its edge parallel to, and

about half an inch from, one of its edges. The ruler must

now be held firm, while the said projecting half inch of paper

is turned up along its edge ; then, a piece of solid glue (com

mon glue will answer the purpose), having its edge partially

dissolved by holding it in boiling water for a few seconds,

must be passed once or twice along the turned edge of the

paper, after which, this glued border must be again laid flat

by sliding the rule over it, and, the ruler being pressed down

upon it, the edge of the paper will adhere to the board. If

sufficient glue has been applied, the ruler may be removed

directly, and the edge finally rubbed down by an ivory book-

knife, or any clean polished substance at hand, which will then

firmly cement the paper to the board. Another but adjoining

edge of the paper must, next, be acted upon in like manner

and then the remaining edges in succession ; we say the ad

joining edges, because we have occasionally observed that,

when the opposite and parallel edges have been laid down

first, without continuing the process progressively round the

board, a greater degree of care is required to prevent undula

tions in the paper as it dries.

* Extracted from a Treatise on Drawing Instruments by F. W. Simms,

Civil Engineer and SuTTeyor.
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Sometimes strong paste is used instead of glue ; but, as this

takes a longer time to set, it is usual to wet the paper also on

the upper surface to within an inch of the paste mark, care

being taken not to rub or injure the surface in the process.

The wetting of the paper in either case is for the purpose

of expanding it; and the edges being fixed to the board

in its enlarged state, act as stretchers upon the paper, while

it contracts in drying, which it should be allowed to do gradu

ally. All creases or undulations by this means disappear

from the surface, and it forms a smooth plane to receive the

drawing.

TABLE OF DIMENSIONS OF DRAWING PAPER.

Demy . . 20 in. by 16J in. Columbier . . 36 in. by 23$ ia

Medium . . 22} n m t Atlas .... 84 n 26 n

Boyal . . ' 24 n 191 n Double Elephant 40 n 27 it

Super Royal 27i n I9J Antiquarian 63 u 81 u

Imperial 30 n 22 , Emperor . . 68 H
48 n

Elephant . 28 n 23 i

MOUNTING PAPER AND DRAWINGS, VARNISHING, ETC.

In mounting paper upon canvas, the latter should be well

stretched upon a smooth flat surface, being damped for that

purpose, and its edges glued down as was recommended in

stretching drawing paper. Then with a brush spread strong

paste upon the canvas, beating it in till the grain of the can

vas be all filled up; for this, when dry, will prevent the can

vas from shrinking when subsequently removed ; and, having

cut the edges of the paper straight, paste one side of every

sheet, and lay them upon the canvas, sheet by sheet, overlap

ping each other a small quantity. If the drawing paper is

strong, it is best to let every sheet lie five or six minutes after

the paste is put on it ; for, as the paste soaks in, the paper

will stretch, and may be better spread smooth upon the can

vas ; whereas, if it be laid on before the paste has moistened

the paper, it will stretch afterwards and rise in blisters when

laid upon the canvas. The paper should not be cut off from

its extended position till thoroughly dry; and the drying

should not be hastened, but gradually take place in a dry

room, if time permit; if not, the paper may be exposed to

the sun, unless in the winter season, when the help of a fire

is necessary, care being had that it is not placed too near a

scorching heat.

In joining two sheets of paper together by overlapping, it
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la necessary, in order to make a neat joint, to feather edge

each sheet ; this is done by carefully cutting with a knife half

way through the paper near the edges, and on the sides, which

are to overlap each other; then strip off a feather-edged slip

from each, which, being done dexterously, the edges will form

a very neat and efficient joint when put together.

The following method of mounting and varnishing drawings

or prints was communicated some years ago by Mr. Peacock,

an artist of Dublin. Stretch a piece of linen on a frame, to

which give a coat of isinglass or common size. Paste the

back of the drawing, leave it to soak, and then lay it on the

linen. When dry, give it at least four coats of well-made

isinglass size, allowing it to dry between each coat. Take

Canada balsam diluted with the best oil of turpentine, and

with a clean brush give it a full flowing coat

GENERAL RULES APPLICABLE IN ALL GEOMETRICAL

CONSTRUCTIONS.

In selecting black-lead pencils for use, it may he remarked

that they ought not to be very soft, nor so hard that their

traces cannot be easily erased by the India rubber. Great

care should be taken, in the pencilling, that an accurate out

line be drawn ; the pencil marks should be distinct yet not

heavy, and the use of the rubber should be avoided as much

as possible, for its frequent application ruffles the surface of

the paper, and will destroy the good effect of shading or

colouring, if any is afterwards to be applied.

The following seven useful rules are taken from Mr.

Thomas Bradley's valuable work on Practical Geometry:—

" 1. Arcs of circles, or right lines by which an important point is to be

found, should never intersect each other very obliquely, or at an angle oi

less than 15 or 20 degrees; and, if this cannot be avoided, some other pro

ceeding should be had recourse to, to define the point more precisely.

"2. When one arc of a circle is described, and a point in it is. to be deter

mined by the intersection of another arc, this latter need not be drawn at

all, but only the point marked off on the first, as it is always desirable to

avoid the drawing of unnecessary lines. The same observation applies to a

point to be determined on one straight line by the intersection of another.

"3. Whenever the compasses can be used in any part of a construction, oi

to construct the whole problem, they are to be preferred to the rule, unless

the process is much more circuitous, or unless the first rule (above) forbids.

" 4. A right line should never be obtained by the prolongation of a very

short one, unless some point in that prolongation is first found by some other

means, especially in any essential part of a problem.

" 5. The larger the scale on which any problem, or any part of one, is coiv

structed, the less liable is the result to error; hence all angles should be set

off on the largest circles which circumstances will admit of being describee,
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find the largest radius should be taken to describe the arcs by which a point

is to be found through which a right line is to be drawn ; and the greater

attention is to be paid to this rule, in proportion as that step of the problem

under consideration is conducive to the correctness of the final result.

" 6. All lines, perpendicular or parallel to another, should be drawn long

enough at once, to obviate the necessity of producing them.

" 7. Whenever a line is required to be drawn to a point, in order to insure

the coincidence of them, it is better to commence the line from the point ;

and if the line is to pass through two points, before drawing it the pencil

should be moved along the rule, so as to ascertain whether the line will,

when drawn, pass through them both. Thus, if several radii to a circle were

required to pass through any number of points respectively, the lines should

De begun from the center of the circle ; any error being more obvious wheu

several lines meet in a point.

PART II.—ON OPTICAL INSTRUMENTS.

UNDER this head our principal object will be to consider the

construction, and principles of action, of such instruments as

are indispensable to assist the vision in making observations

upon distant objects, whether upon terrestrial objects for the

purposes of the surveyor, or upon celestial objects for the pur

poses of astronomy and navigation. We propose, however, to

add a few words upon such other optical instruments, as by

their utility, or by the frequency with which they are brought

before us, appear to demand our attention.

We shall thus be led, in the first place, to review briefly

the properties of prisms, lenses, and plane and curvilinear

reflectors, and shall then proceed to give descriptions of the

following instruments, viz.,

Microscopes. "I Such as are adapted to surveying and astronomical

Telescopes. J instruments, rather fully.

The Camera Lucida. 1 „ , . ,,
The Camera Obscura. / Very bnefly-

THE PRISM.

A collection of straight lines, either conical or cylindrical,

representing rays of light, is called a pencil of light, and the

axis of the cylinder or cone is called the axis of the pencil.

The term medium is used in optics to signify any trans

parent substance, that is, any substance into which a portiou

of the light falling upon it can pass.

The term prism in optics is used to signify a portion of

any medium bounded by plane surfaces which are inclined to

one another. The bounding surfaces are called the faces of
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the prism ; the line in which the faces intersect is called the

edge of the prism ; and the angle at which the faces are in

clined is called the refracting angle.

The prism is to he placed so that the axis of the pencil, by

which an object is seen through it, be in a plane perpendicular

to the edge of the prism ; and the axis of the pencil during

and after its passage through the prism still remains in this

plane.

One effect of a prism of denser material than the surround

ing medium is to bend every ray of light passing through it,

and, consequently, the whole pencil, further from the edge of

the prism.

Another effect of such a prism is to decompose each single

ray of white light into several rays of different colours, which

rays are bent at different angles, so as to form a lengthened

image of different colours, of the point from which the ray

proceeds. This image is called the spectrum, and these

colours the colours of the spectrum.

When, then, any object is viewed through a prism, the two

following effects

are produced.

Istly. The ap

parent position of

the object is

changed, so that,

if the prism be

held with its edge

downwards, as in the accompanying figure, the object appears

"lower than it really is, while, if the prism were held with its

eilge upwards, the object would appear in a position higher

than its actual position. Sndly. The boundaries of the object

are indistinctly defined, and fringed with colours.

Our figure represents the section of the prism made by the

plane of incidence, that is, by the plane which is perpendicu

lar to the edge of the prism, and contains the incident ray of

light p Q, forming the axis of the pencil under consideration,

which proceeds from one point of an object p. AQ and AR

are sections of the faces of the prism ; A is a point in ito

edge ; and the angle QAB is its refracting angle. Now the

ray of light, PQ, proceeding from the object at p through the

medium of the atmosphere, is bent, upon entering the denser

medium of the prism, from the direction Q T into the direction

Q u, nearer to L Q K, the perpendicular, at the point of inci

dence q, to the face A Q of the prism , aud, upon emerging
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from the prism into the rarer medium of the atmosphere, is

again bent from the direction <j B into the direction BS, further

from M B N, the perpendicular to the face A B at the point of

emergence B. The eye, being placed at a, sees the point p,

therefore, by means of a pencil of light of which s B is the

axis, and p consequently appears at p' on the prolongation of

the line SB. A similar effect being produced upon every

other point, the entire object is apparently depressed, as re

presented in the figure

The angle TES, or PEP', between EBS, the direction of

emergence, and PET, the direction of incidence, is called the

angle of deviation *.

The consideration of the properties of the prism is of great

importance, as exhibiting in the simplest manner the princi

ples of the refraction and dispersion of light. The prism is

also used in optical instruments, to change the direction of

the pencils of light by which an object is observed, in order to

make the apparent place of this object, as viewed through the

prism, coincide with the actual place of other objects seen

directly, as in the prismatic compass f, or for the mere pur

pose of convenient observation, as in the Newtonian tele

scope f

* The amount of refraction when a ray of light passes from one medium

into another varies with the angle of incidence, so that the sine of the angle

of refraction bears a constant ratio to the sine of the angle of incidence.

This ratio varies for each different medium, and is called the refracting

power of the medium. The deviation of a ray in passing through a prism

varies also with the angle of incidence, and has a minimum value when

the angles of incidence and emergence are equal : and the refracting

power can be determined by finding practically this minimum deviation,

as follows :— Place the prism with its edge downwards, so as to receive a

small beam of solar light, admitted into a dark room through a hole in a

shutter, and let the beam of light, after refraction, be received upon a

screen behind the prism. The prism must then be turned round an axis

parallel to its edge, so as to vary the angle of incidence, and, consequently,

the position of the bright spot upon the screen ; and, in one particular

position, we shall find the bright spot to iemain stationary for an instant,

though the motion of the prism is continued. The deviation will then be

a minimum, and will be equal to the sum of the sun's altitude and the in

clination of the emergent beam to the horizon. Let s represent thic

minimum deviation, and A the refracting angle of the prism, rMid lit tUt-

. A + 8
81n-~2—

refracting power be represented by ft : then ft = .

t These instruments will be described hereafter.
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LENSES.

A portion of any medium bounded by two spherical sur

faces having a common axis, or by a spherical surface and a

plane one, is called a lens.

The effects produced by lenses upon pencils of light de

pend both upon the form of the lens itself, and upon the

direction in which the pencil is proceeding with respect to

the lens. Lenses consequently receive distinguishing names,

to mark either different forms, or different positions with

respect to the light falling upon them. These distinguishing

names are the following, and the forms and positions of the

corresponding lenses are represented in the accompanying

diagram, the light being considered to be proceeding from

left to right.

  

7 8

1. Convex meniscus. 3. Double convex. 5. Plano-convex.

2. Concave meniscus. 4. Double concave. 6. Convexo-plane.

7. Plano-concave. 9. Concavo-convex.

8. Concavo-plane. 10. Convexo-concave.

The rays forming any pencil of light must either be diver

gent, parallel, or convergent ; and when a pencil of light

passes through an essentially convex lens, that is, one which

is thicker in the middle than at the edges, as 1, 2, 3, 5, 6,

the rays are made more convergent, so 'that a pencil of con

verging rays becomes still more convergent, a pencil of paral -

lei rays becomes convergent, and a pencil of diverging rays

becomes either less divergent, parallel, or convergent: but

when a pencil of light passes through an essentially concave

lens, that is, one which is thinner in the middle than at the

edges, as 4, 7, 8, 9, 10, the rays are made more divergent, so

that a pencil of converging rays becomes either less conver

gent, parallel, or divergent, a pencil of parallel rays becomes

divergent, and a pencil of diverging rays becomes still more

divergent.

The sensation of vision is produced by pencils of rays pro

ceeding from every point of the visible object, and enteriujj
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the pupil of the eye ; and in order to produce distinct visiou

the rays of each such pencil must either be parallel or slightly

divergent. Thus the sun, moon, and planets are seen dis

tinctly, although so distant, by parallel rays ; and the least

distance from the eye at which an object can be seen distinctly

varies in different persons, according to the power of tha

natural lenses which, in fact, form the eye. 1. When any

object is brought nearer to the eye than this without the inter

vention of a lens, the visiou becomes confused. If, however,

the rays of light proceeding from the object were, by the

interposition of a convex lens, rendered less divergent or

parallel, the visiou would be again distinct. 2. It is further

necessary for distinct vision that the intensity of the light be

not less than a certain intensity, as may easily be exemplified

by gradually closing the shutters of a room, and thus dimi

nishing the intensity of the light proceeding from the objects

in the room, when they will grow more and more indistinct.

3. Lastly, it is also necessary, for distinct vision of any object,

that the axes of the pencils proceeding from its extreme parts

enter the eye under an angle not less than a certain angle, so

that, however strong a light be thrown upon an object, if this

object be very minute, or removed to a distance very great

with respect to its magnitude, it will not be seen by the

naked eye. If, however, by the assistance of a lens, or

combination of lenses, a sufficient number of rays to produce

the required intensity of light can be collected from each

point of an object, and passed through the pupil of the eye,

and if at the same time the axes of the extreme pencils are

bent by this lens, or combination of lenses, so as to enter the

eye under a sufficiently large angle, while the rays of each

pencil are made parallel, or but slightly divergent, then vision

will ensue, no matter how minute, how distant, or how im

perfectly illuminated the object may be.

When a pencil of rays proceeding from a point of an object

passes through a lens, the rays which pass through at different

distances from its center will diverge from or converge to dif

ferent points, so that the whole pencil will not any longer

diverge from or converge to a single point; and from this

cause the image of one point will overlap the image of an

other, and an indistinctness of the object will arise. This

source of indistinctness is called the aberration. A combina

tion of lenses may, however, be formed, so that the aberration

of one shall be corrected by the aberration of the othoru

Such a combination is said to be aplanatic
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Since rays of light proceed in every direction from the

points of visible objects, the pencils of light intercepted by a

lens for the first time are all centrical, that is, their axes all

pass through the center of the lens ; but the pencils, upon

emerging from this first lens are already determinate both in

extent and direction, and consequently will fall, some of them

at least, eccentrically upon a second lens, that is, their axes

will meet this lens at different distances from its center. The

axes of the most eccentrical pencils will then, after emer

gence, cross the axis of vision nearer to the lens than will

those of the more nearly central pencils ; and thus, while the

center of the object is seen distinctly, the parts at a distance

from the center will be distorted, or vice versa. This source

of error is called the spherical confusion. The spherical con

fusion is diminished by dividing the desired deviations, or

bendings of the axes, between two or more lenses ; and it is

found by opticians to be a good rule to divide the deviations

equally amongst the lenses employed.

The most important source of indistinctness, however, is the

dispersion of each ray into rays of different colours refracted

at different angles (p. 68) which is called the chromatic dis

persion. The effect of this dispersion upon a centrical pencil

is partly analogous to the spherical aberration, causing the

images of neighbouring points to be of finite extent and over

lap one another; and it, moreover, fringes the image with

colour. An eccentrical pencil is separated by this dispersion

into pencils of rays of different colours, the axes of which are

bent at different angles ; and the imperfection arising from this

cause is far greater than that from both the spherical aberra

tion and spherical confusion.

Before stating the manner in which the imperfections

arising from the chromatic dispersion are remedied, it will be

expedient to explain what is understood by the focal length of a

lens. Now a pencil of parallel rays, after passing through a

lens, becomes either convergent or divergent, as the lens is

convex or concave, and the distance from the point to which

the pencil converges, or from which it diverges, to the surface

of the lens, is called the focal length of the lens.

To find practically the Focal Length of a Convex Lena.—

Place a lighted candle at one extremity of a scale of inches

and parts, with which the lens has been connected in such a

manner as to slide along, and always have its axis parallel to

the scale. A flat piece of card is also to be made to slide

along, so as to be always in a line with the light and the lens,
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the lens being between the light and the card. The lens and

card are then to be moved along, backwards and forwards, till

the least distance between the card and light is discovered at

•which a clear image of the light is formed upon the card : and

this distance is four times the focal length.

The imperfection arising from the chromatic dispersion is

remedied,, for the centrical pencil, by making a compound lens

of two or more lenses of different substances, as flint glass and

crown glass, which are fitted close together, and are of such focal

lengths that the chromatic dispersion of one is counteracted

by the chromatic dispersion of the other. The effect of the

chromatic dispersion upon an eccentrical pencil is remedied

by setting two or more lenses at proper distances depending

upon their focal lengths. Such a combination of lenses is

called an achromatic eye-piece.

When an object is placed at a distance from a convex lens

greater than its focal length, the divergent pencils of rays,

proceeding from every point of the object, become, after pass

ing through the lens, convergent, and at a certain distance

from the lens *, having converged nearly to points again, form

there an inverted image of the object. The essential differ

ence between any point in this image, and the corresponding

point in the object itself, is, that the latter emits light in all

directions, while the light from the former is limited to the

pencil which has been transmitted through the lens, and is

consequently determinate both in magnitude and direction

If, however, a,screen be placed at the required * distance from

the lens, a picture of the object in an inverted position will

be formed upon this screen, and from each point of this

picture light will be emitted in all directions in the same

manner as from the points of the object itself. The single

pencil of light from any point of the object, transmitted

through the lens, supplies, however, in this case, the light for

all the pencils emitted from the corresponding point of the

image ; and a very strong light must therefore be thrown

upon the object to give a moderate brightness to the picture ;

more especially if the picture be of larger dimensions than the

* If v, be the distance from the lens at which the object is placed, /the

focal length of the lens, then v, the distance from the lens at which tl\o

im.-tvc is formed, is determined from the equation - = -•. . The Ki.nu-
e c / u

magnitude of the image is to that of the object as r to it.

E
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object A portion of the light is also absorbed by the leus

itself

REFLECTORS.

When a ray of light is reflected at a plane surface, the re

flection takes place in a plane perpendicular to the reflecting

surface, and the incident and reflected rays make equal angles

with this surface. Thus, if Q A represent

a ray of light incident upon a plane re

flector at the point A, and the plane of

the paper represent the plane which con

tains QA, and is perpendicular to the re

flecting surface, intersecting it in the line B A R', then making

the angle Q'AR' in the plane QAK' equal to the angle Q AB, AQ'

will represent the course of the reflected ray.

The effect of a plane reflector upon the pencils of light which

fall upon it is to change the direction of all the rays forming

each pencil without altering the angles at which the several

rays of the pencil are inclined to one an

other, so that the divergency or cou-

vergency of the pencils remains the same

after reflection as before, and the objects

from whichthey proceed appear to be at the

same distances behind the mirror as they

really are in front of it. Thus, a pencil of light diverging

from a point of an object at P, after reflection at the point B

of a plane mirror, appears to proceed from the point p' on the

line P M p', perpendicular to the mirror, at the distance M p'

behind the mirror, equal to the distance MP. The point p',

from which, after reflection, the pencil appears to have di

verged, is called a virtual focus; and the apparent image of the

object behind the mirror is called a virtual image.

The uses of a single plane reflector in mathematical instru

ments are nearly the same as the uses of a prism: viz., either

to alter the apparent position of an object, so as to make its

visual image coincide with the real image of some other ob

ject, as in the prismatic compass (described hereafter), or

merely to change the direction of the pencils for the purposes

of more convenient observation, as in the Newtonian telescope,

(see page 84), the diagonal eye-piece (see page 83). &c.

When a ray of light, proceeding in a plane at right angles

to each of two plane mirrors, which are inclined to each other

at any angle whatever, is successively reflected at the plane sur
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faces of each of the mirrors, the total deviation of the ray it

double the angle of inclination of the

mirrors. For let I i and H h represent

sections of the two mirrors made by

the plane of incidence at right angles

to each of them, and let s I represent

ihe course of the incident ray : then the

ray s i is reflected at I into the direction

IH, making with li the angle HI A,

equal to the angle s i i, and is again

reflected at H into the direction n E,

making, with vh, the angle EH A equal

to the angle i H h. Now the angle AH v,

heing equal to the exterior angle i H h,

is equal to the two angles HIA and

H A i ; and because the vertical angles

AVH and IVE are equal, and that the three angles of every

triangle are equal to two right angles, therefore the two angles

VIE and s E H are, together, equal to the two angles A H v and

HA i, and therefore to the angle HI A and twice the angle

H A I (since A H v has been proved equal to H i A and H A i) ;

but VIE, being equal to the vertical angle s i i, is equal to the

angle HIA: therefore, taking away these equals, the remainder,

the angle s E H, is equal to the remainder, twice the angle

HAI. Q.E.D.

This property of two plane reflectors enables us by their

aid to measure the angle subtended at the eye by any two ob

jects whatever, and is the foundation of the construction of

Hadley's Quadrant, and the improvements upon it: viz., Had-

.ey's Sextant, and Troughton's Reflecting Circle, hereafter to

be described.

Note.—Plane reflectors are usually made of glass silvered nt the back ;

8nd, as reflection takes place at each surface of the glass, there is formed a

secondary image, which must not be mistaken for the primary and distinct

image intended to be observed.

ON CURVILINEAR REFLECTORS.

Spherical reflectors, or specula, as they are called, produce

upon pencils of rays results precisely similar, with one ex

ception, to those produced by lenses. Thus, a concave reflector

makes the rays of the pencils incident upon it more con

vergent, and corresponds in its uses with a convex lens; while

a convex reflector makes the rays of the incident pencils more

divergent after reflection, and corresponds in its uses with s

S «
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concave lens. The exception to the similarity of the results

produced by lenses and reflectors is, that with the latter there

is no chromatic dispersion, and the only sources of error are

the aberration and spherical confusion, which are common

to both spherical reflectors and lenses. For astronomical

observations, however, in which case the rays incident upon

the object-speculum are parallel, these sources of error are

removeM by making this speculum of a parabolic form, and

another speculum, if it be used, of the form of the vertex of a

prolate spheroid. There is great difficulty in procuring flint

glass in pieces of large size without flaws, and we are con

sequently limited as to the size of the lenses of good quality

that can be formed with such glass ; and, without its use, we

have not hitherto been able to form available achromatic ob.

ject-glasses. Recourse is, therefore, had to parabolic or

spherical specula in the formation of telescopes of large power

for examining the heavens*. These specula are formed of

metal, and the chief objection to them is the impossibility of

producing an accurate surface. Even supposing its general

form to he correct, there are always minute inequalities arising

from the nature of the substance, which cause a waste or dis

persion of light. Great pains are, consequently, taken in

their construction to obtain the form and surface of the best

possible quality f.

MICROSCOPES.

The microscope is an instrument for magnifying minute,

but accessible objects. A convex lens is a microscope, but

the imperfections of such an instrument have been already

explained (p. 71), and the greater the power of the lens the

* Sir William Herschel's largest telescope was 40 feet long, and the

mirror 4 feet wide. Lord Eosse's largest telescope is 66 ieet long, and the

mirror 6 feet wide.

T The following description of the methods employed in forming and

polishing parabolic reflectors is extracted in an abridged form from an

account of Skerryvore Lighthouse, by Alan Stevenson, LL.B. F.R.S.E.

M.I.C.E., Engineer of the Northern Light Board.

" The reflector plate is formed of virgin silver and the purest copper,

from the ingot, in the proportion of 6 oz. silver to 16 oz. of copper. The

two metals are formed into pieces of Uie form of rectangular parallelepipeds

about 3 inches in length, and the same in breadth, and are then tied together

with wire, placed in the furnace, and united with a flux of burnt borax and

nitre, mixed to the consistence of cream. The metal thus united is re

peatedly passed through the rolling mill, and annealed in the furnace after

each time of passing through, until it comes out a plate 28 inches square.

It is then cut into a circular disc ready for hammering ; and great care must
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greater will be these imperfections. For small magnifying

powers, then, convex lenses may be used, as they are for spec-

be taken to keep the metal clean during the processes of hammering and

polishing now to be performed.

Fig. 1. Fig. 2.

•ft

0

Fig. 3.

 

' The hammering is

commenced by placing

the plate with the cop

per side upon a block

slightly concave, and

beating it on the inner

or silver side with a box

wood mallet, rounded

at each end, c and d

(fig. 1). The beating

is commenced on the edge and continued round and round till the center is

gradually reached. After the disc has been raised sufficiently by this means,

't is taken to a machine called the horse, and beaten with a wooden mallet

apon the copper side, its concave face being turned about upon a bright steel

head a (fig. 2), until it has nearly reached the proper height for the reflector,

which is ascertained by a mould m (fig. 3).

" After each course of raising with the wooden mallet the reflector is an

nealed, as follows : first damped with clean water, and dusted over with

powder, composed of one pint of powdered charcoal to one ounce of saltpetre ;

then put on a clear charcoal fire, till the powder flies off and shows when it

is duly heated. It is next plunged into a pickle, composed of one quart of

vitriol in five or six gallons of water; and, lastly, washed with clean water

and scoured with Calais sand.

" The next step is to put the reflector into an iron stool, and, having drilled

a small hole in its vertex, to describe a circle from this point with beam com

passes, and cut the paraboloid to the proposed size.

" The reflector is now hard-hammered with a planishing hammer, <*

planished, as it is called, on the bright steel head a; and then smoothed

with a lighter hammer muffled with parchment. Then comes the finishing,

called also, filling up to the mould, which is thus performed. It is con

stantly tried with the mould m, and those portions which do not meet it are

marked with fine slate pencil, and then gone over with the muffled hammer,

till every point touches the mould. Great care must be taken in this nro-

cess that no part of the surface be raised above the gauge, or the reflector

would have to be re-formed with the wooden mallet, and the whole process

repeated. The reflector is then tried with a lamp brought to its focus, and,

if the whole surface is luminous, it is fit for polishing; but, if not, it must

be again tested by the mould, and carefully filled up with the muffled ham

mer, till the result of the lamp test is perfectly satisfactory.

" The edge of the reflector is next turned over to stiffen it, and the bizzle

w (fig. 1), and back belt g (fig. 2), having been soldered on, the final

process of polishing may be proceeded with. This process is commenced

by scouring, first with a piece of pure charcoal of hard wood, and next with

a mixture of Florence oil and finely-washed rotten stone, applied by means

of a large ball of superfine cloth. The reflector is then cleansed with a

fine flannel dipped in Florence oil, and afterwards dusted over with powder

of well-washed whiting, and wiped out with a soft cotton cloth. Lastly,

it it carefully rubbed by the naked hand with finely-washed rouge and
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tacles ; but for obtaining good images with high, magnifying

powers a combination of lenses must be used.

Small glass spheres are used as microscopes of high powers ;

but a thin lens composed of any more highly refractive sub

stance is preferable ; because, the focal length of the sphere

measured from its center being but three semi-radii, the dis

tance of the object from the surface is only one semi-radius,

which prevents its being used in the examination of delicate

objects. The refracting sphere is much improved as a micro

scope by cutting a groove round it in a diametrical plane,

and filling it up with some black opaque substance. By

this contrivance the aperture is diminished, without con

tracting the field of view, and all the pencils are necessarily

centrical.

Microscopes have been made of diamond and sapphire, and

the aberration is much less than with glass. Dr. Brewster

 

clean water, and wiped with a smooth chamois skin. In all the polishing

and cleansing processes some skill is required in the manipulation, as the

hand must be moved in successive circles parallel to the lips of the reflector,

and having their centers on the axis of the generating curve."

Fig. 1. Fig. 2.

The speculum of Lord Kosse's great telescope is composed of 1264 parts

of copper and 589 of tin, fused together and cast in a mould, the bottom

of which is formed of hoop iron bound closely together with the edges up

permost. By this means the heat is conducted away through the bottom

so as to cool the metal towards the top, while the interstices between the

hoops, though small enough to prevent the metal from running out, are suf

ficiently open to allow the air to escape. After casting, the speculum is

annealed in a brick oven, which is heated almost to a red heat, and shut up

with the speculum in it, and allowed to cool gradually. The speculum is

then placed with its face upwards upon a turning apparatus, and the grind

ing and polishing performed entirely by the aid of mechanical contrivances,

so that the proper parabolic form is accurately given to it. To test the work,

the dial-plate of a watch is placed upon the top of a mast at 90 feet distance

from the speculum, and the imnge of this dial-plate formed by the speculum,

being viewed through an eye-glass properly placed the distinctness of this

image denotes the accuracy of the speculum.
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employed, as a microscope, a drop of Canada balsam or tur

pentine varnish upon a thin plate of glass, of which the

surfaces were exactly parallel. This is a very ready way of

forming a plano-convex lens, and if kept free from dust will

last some time.

The compound or achromatic microscope consists of four

lenses and a diaphragm, placed in the following order : the

object-lens ; the diaphragm ; the amplifying lens, so called be

cause it amplifies or enlarges the field of view ; the field-lens;

arid the eye-lens. The relations between the focal lengths

and intervals of the lenses, and the distance of the diaphragm

from the object-lens, are determined, so that the combination

may be achromatic, aplanatic, and free from spherical con

fusion. The field-lens and eye-lens form what is called the

eye-piece ; and the object-lens and amplifying lens form, or

tend to form, an enlarged image of the object, in the focus

of the eye-piece, which image is viewed through the eye

piece. When the focus of the eye-piece is beyond the field-

lens, so that the image is formed between the amplifying lens

and the field-lens, the eye-piece is called a, positive eye-piece;

but when the focus of the eye-piece is between the two lenses

of which it is composed, in which case its effect corresponds

with that of a concave lens, it is called a negative eye-piece.

With a negative eye-piece the pencils proceeding from the

amplifying lens are intercepted by the field-lens before form

ing an image, and the image is formed between the field-lens

and the eye-lens, in the focus of the latter.

The best microscopes are constructed with compound object

lenses, which are both achromatic and aplanatic ; and by this

means the aperture, and consequently the quantity of light, is

much increased. Good compound lenses possessing the re

quired properties have been formed of a concave lens of flint

glass, placed between two convex lenses, one of crown glass,

and the other of Dutch plate.

The magnifying power of any refracting microscope or tele

scope may be practically found, by pointing the object-end of

the instruments towards the light, and receiving the image of

the object-glass formed by the other lenses upon a screen

placed at the eye-end of the instrument, and at a proper dis

tance from it, which may be determined by trial. Then the

ratio of the diameter of the object-glass, or of the diaphragm,

in the case of the compound microscope, to the diameter of its

image upon the screen, gives the magnifying power of the

telescope or microscope In all microscopes it is necessary
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to illuminate the object strongly, in consequence both of the

diffusion of the small portion of light, received from the

object, over the magnified image, and of the absorption of the

light by the several lenses.

The Reflecting Microscope.—In this instrument a concave

speculum of short focal length is substituted for the object-

lens. The object is placed on one side of the axis of the

instrument, so that its perpendicular distance from the axis,

together with the distance from the speculum of the point

where this perpendicular meets the axis, may be a little

greater than the focal length of the speculum. A small plane

reflector is placed upon the axis of the instrument at the

point where the perpendicular from the object meets it. This

reflector is set at an angle of 45° to the axis, and having its

plane perpendicular to the plane through the object and the

axis. The object being strongly illuminated, the pencils of

rays proceeding from it, after reflection at the plane reflector

and concave speculum, tend to form a magnified image, but

are intercepted by the field-glass of the negative achromatic

eye-piece, called the Huyghenian eye-piece (p. 82) ; and the

image formed after the transmission of the rays through the

field-glass is viewed through the eye-glass.

In the examination of small objects with a high power, it is

necessary that the microscope should be perfectly free from

all tremor, the slightest motion being so magnified as to pre

vent a good view from being obtained. Regard must be had,

therefore, to solidity and accuracy in the fitting of all the

joints and screws : in the choice of an instrument, and for a

first-rate instrument, recourse should be had only to a maker

of well-known talent, as many so-called opticians are mere

sellers of articles of the qualities of which they are totally

ignorant. The adjustment of the eye-piece should be ob

tained through the medium of a clamp and slow motion screw

of the best kind *, in which the screw acts upon a spiral

spring, and by means of which the adjustment for a good focus

may be obtained with the greatest possible accuracy, and

without the slightest tremor If the workmanship and fittings

of the instrument appear to be satisfactory, a few test objects

should be examined with it, to try the quality of the com

bination of lenses. Two common test objects are the scales of

Podura plumbea, or Skiptail, a small wingless insect, the size

of a flea, found in damp cellars, and the Navicula pleuroigma,

* The best clamp, referred to in the teit, is Dollond's, or a modification

of Dolloud's clamp.
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a small shell found in fresh water pools. The scales of the

Podura plumbea should appear covered with a great number

of delicate marks, like notes of admiration. The Navicula

pleuroigma should appear completely chequered with a number

of longitudinal and transverse lines. Should the instrument

show these test objects well, it may at once be deemed a good

one.

TELESCOPES.

The Refracting Telescope consists of a convex object-glass,

which forms an image of a distant object, and an eye-piece of

one or more lenses, which per

forms the office of a microscope

for viewing this image. The

most simple form of the tele

scope is that called the astronomical telescope, and consists ot

two convex lenses, the object-glass o, of as great focal length,

and, consequently, low magnifying power, as the size of the

telescope will permit, and the eye-glass e, of small focal length,

and, consequently, high magnifying power. When arranged

for distinct vision of a distant object, the distance between

the two lenses is equal to the sum of their focal lengths : an

inverted image, i, of the object is, consequently, formed in

the common focus of the two lenses, and the pencils pro

ceeding from the image consist, after refraction at the eye

glass, of parallel rays, which are the most favourable for

distinct vision.

The magnifying power of this instrument is represented by

the ratio of the focal length of the object-glass to that of the

eye-glass, and may therefore be increased either by increasing

the focal length of the object-glass, or by diminishing that of

the eye-glass. The latter means, however, cannot be resorted

to without increasing both the chromatic dispersion and the

spherical aberration. Hence, before the means were dis

covered of forming achromatic and aplanatic object-glasses,

the only unobjectionable way of increasing the power of the

telescope was by increasing the focal length of the object-glass,

and astronomers used to attach the object-glass to the end of

a long pole. This contrivance was called an aerial telescope.

Huyghens used one of 123 feet in length, and Cassini one of

150 feet.

That the field of view should be as bright as possible, the

image of the object-glass formed by the eye-glass at the place

of the eye should not be larger than the pupil of the eye ; and

E 8
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the brightness will then vary directly as the square of the dia

meter of the object-glass, ani inversely as the square of the

magnifying power. The brightness is also diminished by

passing through the refracting media; and hence it is always

an object to employ as few lenses as possible, consistently with

the attainment of the other requisites of a good telescope

Refracting telescopes for astronomical observations are now

constructed with achromatic object-glasses, and eye-pieces of

two lenses, called celestial eye-pieces, which are of one or the

other of the two following constructions :

1. The Huyghenian Eye-piece consists of two convexo-plaue

lenses, with their plane sides, consequently, turned towards

the eye, their focal lengths and the interval between them

being as 3, 1, and S. The lens of greatest focal length, f, ia

next the object-glass, and is called the field-lens, because it

enlarges the field of view. When the telescope is arranged

for distinct vision of a distant object, the field-lens is placed

between the object-glass and its focus, at a distance from the

latter equal to half its own focal length. The pencils of rays

from the object-glass, tending to form an image at a distance

from the field-lens equal to three-fourths of the interval be

tween the two lenses of the eye-piece, are intercepted by the

field-lens and brought sooner to a focus so as to form the

image i, half way between the two lenses, and consequently

in the focus of the eye-lens e. In this eye-piece the refrac

tions of the axes of the pencils are equally divided between

the two lenses, by which the spherical confusion is much

diminished ; the forms of the lenses are also such as to dimi

nish the spherical aberration, and the relation between the

focal lengths of the lenses and the interval between them ia

such as to satisfy the conditions of achromatism. This eye

piece, called a negative eye-piece (p. 79), is always to be pre

ferred, when we are only seeking to obtain the best defined

and most distinct view of an object, and is the best eye-piece

for all reflecting telescopes ; but when it is necessary to place

cross-wires or spider-lines at the place of the image in the

field of view, for the purpose of accurately measuring the

position of an object, at the time of observation, or to apply an

apparatus, called a micrometer, for measuring the dimensions
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of an image, the Huyghenian eye-piece can no longer be em

ployed.

We have then recourse to Eainsdent Eye-piece, called a

Positive Eye-piece (p. 79). This consists of two lenses of equal

focal lengths, one plano-convex, and the other convexo-plane,

so that the convex sides are turned towards one another, the

interval between them being equal to two-thirds of the focal

length of either. When the telescope is arranged for distinct

vision of a distant object, the field-lens /, is placed at a dis

tance from the object-glass o, greater than the focal length of

this glass by one-fourth of its own focal length. The focus of

the object-glass is then also the focus of the entire eye-piece,

and the rays proceeding from the image at i, emerge from tha

eye-lens e, parallel, or in the condition best adapted for dis

tinct vision. This eye-piece is not achromatic, but the spherical

aberration is less with it than with the Huyghenian eye-piece.

Whether the eye-piece be positive or negative, a diaphragm is

placed at the place of the image so as to intercept all the ex

traneous light.

With the eye-pieces of which we have been speaking, the

object appears inverted, which is no inconvenience when this

object is one of the heavenly bodies. These eye-pieces are

consequently called celestial eye-pieces. For the convenient

observation of stars near the zenith, a plane reflector or prism

is placed in the eye-piece, by which the directions of the

pencils are turned, so that the axis of the eye-lens is at right

angles to the axis of the instrument. Such an eye-piece is

called a diagonal eye-piece.

When terrestrial objects are to be viewed, it is generally

necessary that they should appear erect, for which purpose

the inverted image formed by the object-glass must be again

inverted by the eye-piece. The terrestrial, or erect eye-piece,

used for this purpose, is coincident with the compound micro

scope already described (p. 79), consisting of an object-lens, a

diaphragm, amplifying lens, field-lens, and eye-lens, the two

ialter forming either a negative or positive eye-piece. In con

sequence of the loss of light consequent upon this construe

tion, portable telescopes with celestial eye-pieces are used by

navigators for descrying objects at night, and these telesccpea

are, consequently, called night-glasses
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By substituting for the convex eye-lens of the astionomical

telescope a concave eye-lens of the same focal length, a simple

telescope is formed with only two lensea, which shows objects

erect. This is called the Galilean

telescope, and is the construction

used for opera glasses. When

arranged for distinct vision of a

distant object, the object-glass and eye-lens are separated

by a distance equal to their focal lengths. The pencils

of light proceeding from the object, after refraction at the

object-glass o, tend to form an image of the object in the

common focus of the two lenses ; but, being intercepted by

the concave eye-lens e, their rays are rendered parallel, and,

consequently, adapted to produce distinct vision to an eye

placed behind this lens.

The magnifying power, as in the astronomical telescope, is

represented by the ratio of the focal length of the object-glass

to that of the eye-lens.

Reflecting Telescopes.—Since the discoveiy of the methods

of forming achromatic and aplanatic object-glasses, the magni

tude and available magnifying powers of refracting telescopes

are theoretically unlimited ; but the difficulty of procuring

flint glass of even texture and free from flaws, in pieces of

any considerable magnitude, has hitherto practically placed a

limit upon the magnitude and available power of refracting

telescopes. By the substitution, however, of reflectors, which

are always achromatic, for the object-glasses, telescopes of

colossal magnitude have been most successfully constructed.

Of reflecting telescopes there are four kinds—the Newtonian,

the Gregorian, the Cassegrainian, and the Herschelian.

The Newtonian tele

scope consists of a con

cave object-speculum, s,

a plane reflector m,

making an angle of 45°

with the axis of the

telescope, placed between the object-speculum and its focna,

and an eye-piece. The pencils of light proceeding from a

distant abject tend to form an image after reflection at the

object-speculum, but are bent by the plane reflector, so that

the image is formed at t, on the axis of the eye-piece, and in

the foous of the eye-lens.

The Gregorian telescope consists of a concave object-spe

culum, a, a small concave speculum, r, whose focal length is
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 short compared

with that of the

cbject - specu

lum, and an

eye-piece. The

small speculum is placed so that its focus is near the focus

of the object-speculum, but a little further from this speculum.

The pencils of light proceeding from a distant object, after

reflection at the object-speculum, form an inverted image, h,

of the object at the focus of this speculum, and after reflection

again at the small speculum form a second image, i, inverted

with respect to the former, and, consequently, erect with

respect to the object.

This telescope has, for terrestrial purposes, the advantage

over the Newtonian telescope, of showing objects erect, but

yields to it both in the brightness and perfection of the image,

because the second mirror increases the spherical aberration

produced by the first, and it is extremely difficult to give the

mirrors the proper curvature to remedy this evil.

The Cassegrainian telescope consists of two specula and an

eye-piece, like the Gregorian, but the second speculum is con

vex instead of concave, and is placed between the object

speculum and its principal focus, at a distance from this focus

somewhat less than its own focal length. The pencils of light

proceeding from a distant object, after reflection at the object-

speculum, tend to form an inverted image of the object, but

are intercepted, before doing so, by the convex speculum, and

made to form the image still inverted, in the focus of the eye-

lens. Objects, therefore, are still inverted ; but the spherical

aberration of the convex speculum being opposite to that of

the concave object-speculum, the whole spherical aberration is

diminished. This telescope is also shorter than the Gregorian.

It is, however, inferior to the Newtonian telescope for celestial

observations, and not well adapted for terrestrial purposes on

account of the inversion of the object.

When light is reflected at a mirror or speculum, there will

always be a waste and dispersion ; and in consequence of the

two reflections, and also of the light intercepted by the plane

mirror, or second speculum, the loss of light in all the re

flecting telescopes hitherto described is considerable. Sir W.

Herschel, by a very simple contrivance, obtained what is called

the front view ; but this construction is only applicable to in

struments of very large dimensions. In the Herschelian tele

scope the axis of the object-speculum, s, is slightly inclined to
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the axis of the tube, and the image i, being thus thrown to

one side of the tube, is there viewed by the eye-piece.

 

We shall now proceed to explain the best methods of

adjusting and testing telescopes, as given by Pearson in his

valuable work on Practical Astronomy.

Methods of Adjusting and Testing Refracting Telescopes.—Let us suppose

that we have a refracting telescope of 3^ feet focal length, and 3^ inches

aperture. Then, to test the object-glass, lay the tube of the telescope in a

horizontal position upon some fixed support about the height of the eye, and

place a printed card vertically, but for a celestial eye-piece in an inverted

position, against some wall or pillar at thirty or forty yards' distance, so as

to be exposed to a clear sky ; then, when the telescope is directed to this

object, and adjusted by the sliding tube for distinct vision, the letters on the

card should appear clearly and sharply denned, without any colouration or

mistiness ; and, if very small points appear well defined, the object-glass may

be deemed a pretty good one for viewing terrestrial objects. If the glass

be intended for astronomical observations, fix at the same distance a black

board, or one-half of a sheet of black paper, and a circular disc of white paper,

about a quarter of an inch or less in diameter, upon the center of the black

ground ; then having directed the telescope to this object, and adjusted for

distinct vision, mark with a black-lead pencil the sliding eye-tube, at the

end of the main tube, so that this position can always be known ; and if this

sliding tube be gradually drawn out, or pushed in, while the eye beholds the

disc, it will gradually enlarge and lose its colour, till its edges cease to be well

defined. Now, if the enlarged misty circle is observed to be concentric with

the disc itself, the object-glass is properly centered, as it has reference to the

tube; but, if the misty circle goes to one side of the disc, the cell of the

object-glass is not at right angles to the tube, and must have its screws re

moved, and its holes elongated by a rat-tailed file, small enough to enter the

holes. When this has been done, replace the cell, and examine the disc a

second time, and a slight stroke on the edge of the cell by a wooden mallet

will show, by the alteration made in the position of the misty portion of the

disc, how the adjustment is to be effected, which is known to be right when

a motion in the sliding tube will make the disc enlarge in a circle concentric

with the disc itself. When, then, the disc will enlarge so as to make a ring

of diluted white light round its circumference, as the sliding tube holding the

eye-piece is pushed in, or drawn out, the cell may be finally fixed by the

screws passing through its elongated holes. When the object-glass is thus

adjusted, we can proceed to ascertain whether the curves of the respective

lenses composing the object-glass are well formed and suitable for each other.
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If a small motion of the sliding tube of about one-tenth of an inch from the

point of distinct vision, in a 3.^-feet telescope, will dilute the light of the disc

and render the appearance confused, the figure of the object-glass is good ;

particularly if the same effect will take place at equal distances from the

point of good vision, when the tube is alternately drawn out and pushed in.

Such an object-glass is said to be aplanatic. A telescope that will admit of

much motion in the sliding tube without affecting sensibly the distinctness

of vision will not define an object well at any point of adjustment, and must

be considered as having an imperfect object-glass in which the spherical aber

ration is not duly corrected. The achromatism of the object-glass is to be

judged of by the absence of colouration round the enlarged disc. When an

object-glass is free from imperfection both in respect of its aplanatism and

achromatism, it may be considered a good glass for all terrestrial purposes.

How far an object-glass is good for astronomical observations can only be

determined by actual observation of a heavenly body. Whenagood telescope

is directed to the Moon, or to Jupiter, the achromatism may be judged of by

alternately pushing in, and drawing out, the eye-piece, from the place of dis

tinct vision ; in the former case a ring of purple will be formed round the

edge; and, in the latter, a ring of light green, which is the central colour of

the prismatic spectrum; for these appearances show that the extreme colours,

red and violet, are corrected. Again, if one part of a lens employed have a

different refractive power from another part of it, that is, if the glass, parti

cularly flint glass, be more dense in one part than another, a star of the first,

or even of the second magnitude will point out the natural defect by the

exhibition of an irradiation, or what opticians call a wing at one side, which

no perfection of figure or adjustment will banish; and, the greater the

aperture, the more liable is the evil to happen.

Another method of determining both the figure and quality of the object-

glass is by first covering its center by a circular piece of paper, as much as

one-half of its diameter, and adjusting it for distinct vision of a given object,

which may be the disc above mentioned, when the central rays are inter

cepted, and then trying if the focal length remains unaltered, when the paper

is taken away, and an aperture of the same size applied, so that the extreme

rays may in their turn be cut off. If the vision remains equally distinct in

both cases, without any new adjustment for focal distance, the figure is good,

and the spherical aberration cured ; and it may be seen, by viewing a star of

the first magnitude successively in both cases, whether the irradiation is pro

duced more by the extreme, or by the central parts of the glass ; or, in case

one-half of the glass be faulty and the other good, a semicircular aperture, by

being turned gradually round in trial, will detect what semicircle contains

the defective portion of the glass; and, if such portion should be covered, the

only inconvenience that would ensue would be the loss of so much light as is

thus excluded.

The smaller a large star appears in any telescope, the better is the figure

of the object-glass ; but, if the image of the star be free from wings, the size

of its disc is not an objection in practical observations, as it may be bisected

by the small line by which the measure is to be taken. When, however, an

object-glass produces radiations in a large star, it is unfit for the nicer pur

poses of astronomy. In testing .a telescope, if a glass globe be placed at 40

yards distance when the sun is shining, the 'speck of light reflected from this

globe forms a good substitute for a large star, as an object to be viewed.

Whenever an object-glass is under examination, it will be proper to have

the object examined by it in the center of the field of view; and, when an

object-glass is tested for astronomical purposes by the methods described
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above, it is necessarj to employ a good negative eye-piece, which generally

gives a better field of view than the positive.

If any fringes of red or yellow are observed on the edges of a whHe disc

placed on a black ground, when the telescope ia adjusted for distinct vision,

and the disc carried too near the edges of the field, this species of colouration

indicates that the eye-piece is not sufficiently free from spherical aberrations ;

and, if the curves of the lenses are suitable for each other, the cure is effected

by an alteration in the distance between them, which must be finally adjusted

by trial with a good object-glass.

Methods qf Adjasting and Testing Reflecting Telescopes.—To adjust

the specula of a Cassegrainian or Gregorian instrument procure a Ramsden's

eye-piece, which will render an object visible in the compound focus of the

two lenses of which it is composed ; then hold this eye-piece in front of the

Huyghenian eye-piece of the telescope, and, by varying the distance, find the

position in which the image of the large speculum is seen, well defined through

both eye-pieces, and, if the image of the small speculum is seen precisely on

the center of the large one, the metals may be considered as rightly placed ;

but, if not, the proper screws must be used in succession, till the required

position is determined. When the face of the large metal stands at right

aiigles to the length of the tube, the adjustment may generally be finished

without disturbing it ; and, when the bed that receives it has once been pro

perly finished, it will be advisable not to alter it, unless some accident should

render such alteration indispensable.

To try whether the figures of the metals are adapted for each other.—Let

the instrument be directed to some luminous point, as a white disc on a black

ground, or, what is better, to a star : then having adjusted for distinct vision,

firstly observe if the disc or star is well defined, and free from irradiations ;

secondly, carrying the small speculum short distances beyond, and short of,

the place for distinct vision, examine if the disc or star enlarges alike in

similar changes of position : if the result be satisfactory, the metals may be

considered as well placed, and well adapted for each other.

To try whether the large speculum partake of the parabolic form, let the

aperture be partially covered, first at the central part, and then round the

circumference by tin, pasteboard, or stiff paper ; and if on trial the same

adjustment for distinct vision be good in both these cases, and also when the

speculum is all exposed, the figure may be considered good. If these effects

be not produced, the instrument will be incompetent to perform several of the

nicer observations in astronomy. When a mistiness appears in the field, it

is a proof that the aberrations are not corrected, and that the figure of at

least one of the specula is not perfect.

If a telescope is not good with its full aperture, its effect may be greatly

improved, by putting a cover on the mouth, with a circular aperture, of

about one-half the diameter that the tube has, in such a way that the dimi

nished aperture may fall entirely at one side of the opening of the tube.

THE SOLAR MICROSCOPE.

In this instrument the object itself is not viewed through

R combination of lenses, as in the microscopes already de

scribed (pp. 76-81), but a magnified image of the object is

formed by a combination of lenses, and received upon a screen

The term solar is applied to the instrument, because the lighl

of the sun, concentrated by a lens, is made use of to i lluruinaw



CAMEEA OBSCURA. 89

the object to be observed, and the construction is in all other

respects identical with the common magic lantern, and the

oxy-hydrogen microscope. In the case of the microscope, how

ever, whether illuminated by the sun or the brilliant oxy-

hydrogen light, great regard must be had to the forms of the

lenses and the perfection of the setting ; while a comparatively

very rough instrument forms a very amusing toy as a magic

lantern, exhibiting grotesque figures and scenes, which are

painted in transparent colours upon glass slides.

The arrangement of the apparatus will be understood from

the annexed diagram ; r is a reflector for turning the sun's

rays in a direction parallel to the axis of the instrument: o

is the lens for concentrating these rays upon the object placed

at o, a little further from the first lens, p, of the magnifier,

than the focal length of this magnifier, which is one-fourth the

focal length of p ; then we have p and m, the two lenses form

ing the magnifier, which are of equal focal length, and sepa

rated by an interval equal to two-thirds of the common focal

length, as in Ramsden's positive eye-piece : lastly comes the

diaphragm, d, placed at a distance from m, the second lens

of the magnifier, equal to the focal length of this magnifier,

which is one-fourth the focal length of m or p.

The best forms of the two lenses are, for the first, a plano

convex, and, for the second, a convex meniscus, the radii of

whose surfaces are as 1 to 15 ; and the advantage aimed at

in this construction is to render the image flat, and conse

quently capable of coinciding with the plane screen upon which

it is to be received. A similar purpose is the object of the

construction of Ramsden's eye-piece, viz., to obtain, as it is

there called, a flat field.

The object being placed a little further from p than the

focal length of the magnifier, the pencils of rays from each

point of the object, after passing through the two lenses, be

come slightly convergent, and, at a distance from the diaphragm

depending upon the distance of the object from the lens p, the

magnified image is formed inverted with respect to the object

THE CAMERA OBSCURA.

This instrument consists of a plane reflector, upon which
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pencils of light from the various points of a landscape are re

ceived and reflected, so as to pass first through a, diaphragm,

and then through a plano-convex lens, after which the rays of

the pencils become convergent, and form an image upon a

screen in a darkened chamber placed to receive it. The dia

phragm and lens are placed in a tube, which is passed through

a hole in the chamber just large enough to receive it, so that

no extraneous light may be admitted. The distance of the

lens from the diaphragm is determined upon the condition

that the image shall be distinct. The form of the screen also,

that the image may be distinct, is a paraboloid of revolution,

or figure formed by the revolution round its axis of a para

bola, whose radius of curvature at the vertex is /*/, p. being the

refracting power of the medium of which the lens is formed,

and / the focal length of the lens. A curved surface of this

form is, therefore, made of plaster of Paris, and placed at a

distance from the lens rather greater than the focal length,

the exact distance depending upon the nearness or remote

ness of the landscape to be depicted, and being easily found

by trial. If the camera be set up in the neighbourhood of a

well-frequented thoroughfare, we have then an agreeable suc

cession of distinct and vividly-coloured pictures, differing from

finely-executed paintings only by exhibiting the actual motions

of the objects viewed, men walking, horses trotting, soldiers

marching, banners streaming, and foliage shaking in the

breeze.

THE CAMERA LCCIDA.

This ingenious instrument, the invention of Dr. Wollaston,

consists of a quadrilateral prism, of which A B c D represents a

section made by a plane at right angles

to each of its edges, mounted upon an

axle parallel to its edges. This axle

is attached to the end of a rod sliding

in a tube, which has at the other end

,i clamp for fixing ic to the edge of a

table, so that the distance of the prism

from the table can be shortened or

lengthened at pleasure. A B is equal

to B c, and A D to D c, and the angles of the prism are a right

angle at B, an angle of 135° at D, and angles each 67° 30'

at A and c. Over the face B A, and projecting beyond A, is a

plate of metal having in it a narrow longitudinal aperture,

which is just bisected by the edge A of the prism.
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The axis q B, of a Snail pencil of light from an object Q,

directly in front of the face B c, passes straight through this

face, and falls upon the face D c, making with it an angle of

2^° 30'. It is there reflected* into the direction R s, and falling

upon the face D A, at the same angle, is again reflected into

the direction s T, perpendicular to the face A B, and conse

quently passes straight through this face without refraction.

Looking down through the aperture in the metal plate, an image

of the object Q is seen at p, at a distance from A B equal to

the distance of the object itself from B c ; and if A B be placed,

by means of the sliding rod before mentioned, at a distance

from the table equal to the distance of the object from the

prism, and a sheet of paper be laid upou the table at p, the

apparent place of the object, as seen through the prism,

will coincide with the actual place of the paper, seen through

the projecting part of the aperture, and an accurate drawing

of the object may be traced upon the paper. If the object Q

be distant, its image may be brought nearer, and thus made

to coincide with the place of the paper, by placing a concave

lens before the face B o of the prism.

PART III.—SURVEYING INSTRUMENTS.

SURVEYING instruments may be divided into three classes :

1. Instruments for measuring distances. 2. Instruments for

measuring angles. 3. Instruments for laying down the survey

upon paper, or, as it is called, plotting the survey.

Under the first of these classes we propose to describe—

1. The chain.

2. The spirit level and levelling staves.

* When a ray of light passes from a denser into a rarer medium it is re

fracted farther from the perpendicular to the refracting surface, so that, if

$ he the angle which the ray in the denser medium makes with the perpen-

iicular to this surface, and p the angle which the ray in the rarer medium,

after refraction, makes with the same perpendicular, />, sin. if = sin. f, the

refracting power /* being greater than unity. If, then, the angle p be in

creased, the angle p is also increased, and becomes a right angle, when f

becomes equal to the angle whose sine is equal . The ray then is re

fracted directly along the surface, and neither emerges, nor is reflected ; but,

If f be still farther increased, the ray of light is reflected back into tha

denser medium, according to the ordinary law of reflection. With ordinary

crown glass, for which /* = $, this takes place when if exceeds 41" 49', 01

the ray makes with the surface an angle less than 48° 11'.
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Under the second we shall include— *

1. The prismatic compass. 3. The optical square.

2. The box sextant. 4. The theodolite.

And under the third, in addition to the instruments already described in

Part I. of this Work, we shall say something of—

1. The large circular protractor.

2. The T square and semicircular protractor.

3. The best form of plotting scale.

4. The station pointer.

THE LAND CHAIN.

Gunter's chain is the instrument used almost universally

for measuring the distances required in a survey. For exten

sive and important surveys, however, such as those carried on

under the Board of Ordnance, a base of about 5 or 6 miles

in length is first measured by some more accurate instru

ment, and all the principal lines, and the distances of the

extreme points, are calculated from triangles connecting them

with this base. An instrument which has been known to

answer well for this purpose is a steel chain 100 feet long,

constructed by Eamsden, jointed like a watch chain. This

chain is always stretched to the same tension, supported on

troughs laid horizontally, and allowances are made for changes

in its length made by temperature, at the rate of '0075 of an

inch for each degree of heat from 62° of Fahrenheit.

To return, however, to Gunter's chain ;—it is 66 feet, or four

poles in length, and is divided into 100 links, which are joined

together by rings. The length of each link, together with the

"...,,' . , 66 x 12
rings connecting it with the next, is consequently ...—

inches, or 7'92 inches. To every tenth link are attached

pieces of brass of different shapes for more readily counting

the links in distances less than a chain.

The following tables exhibit the number of chains and links

in the different units of lineal measure, and the number of

square chains and links in the different units of square mea

sure, made use of in this country :—

A TABLE OF LINEAR MEASURES.

Links. Feet. Yards. Poles.

25 • 16J Si 1

Chains.

100 66 22 4 1

Furlong;,!

1,000 660 220 40 10 1

8,000 5,280 1,760 820 80 8 1 1

Mile
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A TABLE OF SQUAEE MEASURES

Sq. Links.

625

Sq. Feet.

272^

Sq. Yards, l^p™^

30J 1

.

Sq. Ch.1

10,000 4,356 484 16 1

floods.

25,000 10,890 1,210 40 2j 1

Acres.

100,000 43,560 4,840 160 10 4 1

64,000,000 2,787,400 3,097,600 102,400 6,400 2,560 640 1

Sq.Mile.

1175

1175

5875

8225

12925

13-80625

4

As, then, an acre contains 100,000 square links, if the con

tent of a survey, cast up in square links, be divided by 100,000,

the quotient gives at once the content in acres, and decimals

of an acre. But the division by 100,000 is performed by

merely pointing off the five last figures towards the right

hand for the decimals of an acre, and the remaining figures

towards the left hand are the acres in the content required.

The decimals thus pointed off being then multiplied by 4,

and the five last figures pointed off as before, the

remaining figures are the roods ; and the five deci

mals cut off from this product, multiplied by 40,

give the poles, or perches, and decimals of a pole,

the same number, 5, of digits being again pointed

off, including the zero, which arises from the mul

tiplication by 40. Thus, if the side of a square

field measured 11 chains, 75 links, or 1175 links,

the area of the field would contain 1175 x 1175, or

1,380,625 square links, which is equivalent to

13-80625 acres. Then -80625 acres is equivalent

to -80625 x 4, or 3'22500 roods; and, again, -22500 900000

roods is equivalent to -22500 x 40, or 9-00000 poles. The

field consequently would measure 13 acres, 3 roods, 9 poles;

Ten arrows must be provided with the chain, about 12

inches long, pointed at one end, so as to be easily pressed

into the ground, and turned at the other end, so as to form a

ring to serve for a handle.

In using the chain marks are first to be set up at the ex

tremities of the line to be measured. Two persons are then

required to perform the measurement. The chain leader starts

with the ten arrows in his left hand, and one end of the chain

in his right, while the follower remains at the starting point,

and, looking at the mark, or staff, at the other extremity of

the line to be measured, directs the leader to extend the

3-22500

40
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chain hi the direction of this mark. The leader then puts

down one of his arrows, and proceeds a second chain's length

towards the end of the line, while the follower comes up to

the arrow first put down. A second arrow being now put

down by the leader, the first is taken up by the follower, and

the same operation is repeated till the leader has expended

all his arrows. Ten chains, or 1000 links, have now been

measured, and, this measurement having been noted in the

field book, the follower returns the ten arrows to the leader,

and the same operations are repeated. When the leader

arrives at the end of the line, the number of arrows in the fol

lower's hand shows the number of chains measured since the

last exchange of arrows, noted in the field book, and the

number of links extending from the last arrow to the mark, or

staff, at the end of the line being also added, gives the

entire measurement of the line. Thus, if the arrows 9000

have been exchanged 9 times, and if the follower have 52

4 arrows, and from the arrow last laid down to the end

of the line measure 63 links, the whole measurement 9463

will be 9463 links.

To assist in preserving the line straight, as well as to serve

for a check upon the number of chains measured, it is a good

method to set up a staff at each ten chains, when the arrows

are exchanged.

In using the chain care must be taken to stretch it always

with the same tension, and, as it will give when much used, it

must occasionally be examined, and shortened if necessary

When the ground over which the measurement is taken

rises or falls, or both alternately, the horizontal distances are

what we require for plotting the survey, and not the actual

distances measured along the line of the ground.

For many ordinary purposes the horizontal measurement

may be obtained by holding one end of the chain up, so as to

keep it, as nearly as can be judged, horizontal, the arrow being

placed vertically under the end so held up; but, when a more

accurate survey is required, the distances must be measured

along the line of ground, and, the angles of elevation and de

pression of the several inclined parts of the line being after

wards taken with the theodolite, or the vertical risings and

fallings being taken by the process of levelling with the spirit

level and staves, the correct horizontal distances must thence

be computed. The following table shows the number of links

to be subtracted from every chain, or 100 links, for the angles

there set down, being in fact the versed sines of those angles
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to a radius of 100. The correction for each 100 links, for any

angle whatever, may at once be taken from a table of natural

versed sines, by considering the first two figures as integers

The correction may also be taken from a table of natural co

sines, by subtracting each of the first four figures from 9, and

reckoning the first two figures as integers, and the last two as

decimals : thus, to find the correction for an inclination of 8° 19',

take the first four figures of the cosine of 8° 19', which will

be 9894, and, subtracting each of these four figures from 9,

we obtain 0105: then, considering the first two figures of this

result as integers, and the last two as decimals, we have 1-05

for the correction due to the inclination 8° 19' for every 100

links. If the last figure in the correction thus found be in

creased by 1, whenever the fifth figure of the cosine is less than

5, the result will be more accurate.

TABLE showing the Reduction in Links and Decimals of a Link upon 100

Links for every half Degree of Inclination from 3° to 20° 30'.

Angle. Reduction. Angle. Reduction. Angle. Reduction.

3° 0' 0-15 9° 0' 1-23 15° 0' 3-41

30 019 30 1-37 30 3-64

4 0 0-24 10 0 1-53 16 0 3-87

30 0-31 30 1-67 30 4-12

5 0 0-38 11 0 1-84 17 0 4-37

80 0-46 30 2-01 30 4-63

6 0 0.56 12 0 2-19 18 0 4-89

30 0-64 30 2-37 30 5-17

7 0 075 13 0 2-56 19 0 5-45

30 0.86 30 2-76 80 574

8 0 0-97 14 0 2-97 20 0 6-03

30 1-10 30 3-19 30 633

The advantage of Gunter's chain is its adaptation to the

superficial measure of land in acres, &c. ; hut, when a survey

is to be made for the purpose of linear measurements only, or

when it may be more convenient to compute the area in

square feet, a chain 100 feet long, divided into links of a foot

long, is to be preferred. Such a chain is best adapted to

military surveying.

Offsets, perpendicular to the main line, to hedges and re

markable objects on either side of it, are measured from the

chain as it lies stretched upon the ground, by means of an

offsetting staff. This staff should be 10 links in length, and
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divided into links. With Gunter's chain the staff, then, will

be 6-6 feet, or 6 feet 7'2 inches long, while with the 100 feet

chain it will be 10 feet in length.

THE SPIBIT LEVEL.

Certain parts of the principal instruments used in survey

ing, and in astronomical observations, require to be adjusted in

truly horizontal positions; and, to arrive at this adjustment,

one or more subsidiary instruments, called spirit levels, are

attached to such principal instruments. The spirit level attached

to a good telescope, furnished with a compass, and such means

of correct adjustment as we shall presently describe, becomes

also itself an important instrument, being used in that depart

ment of surveying termed levelling, which consists in mea

suring the vertical distances between various stations.

The spirit level consists of a glass tube, differing from the

cylindrical form by having its diameter largest in the middle,

and decreasing slightly and with great regularity from the

middle to the ends. The tube is nearly but not quite filled

with spirits of wine, thus leaving in it a bubble of air, b b, which

rises to the highest part of the tube, so as to have its two ends

equally distant from the middle, when the instrument is in

adjustment, as represented in the annexed figure.

The tube is generally fitted into another tube of g-H^fa^,

metal, and attached to a frame terminating in '""

angular bearings, by which the level can either be suspended

from, or else be supported on, cylindrical pivots. When, how

ever, the level forms a permanent part of any instrument,

the manner of attaching it is modified to suit the particular

form of the instrument to which it is attached. A small and

accurately-divided scale is attached to the best instruments,

or otherwise a scale is scratched upon the glass tube itself, as

represented in the figure given above.

The annexed figure

is a representation of

such a level as is used

for levelling the axis of

the best astronomical

instruments. It is pro

vided with a fixed scale,

seen in the figure, and ia suspended by means of accurately

constructed angular bearings.

The following criteria of a good level are extracted from
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Dr. Pearson's valuable work on Practical Astronomy, befuro

referred to

" Firrtly, the bubble must be long enough, compared with the whole tube

to admit of quick displacement, and yet not too long to admit of its propox

elongation by low temperature.

" Secondly, the curve must be such, that the sensibility and uniform run

of the bubble will indicate quantities sufficiently minute, while those quan

tities correspond exactly to the changes of inclination, as read on the graduated

limb of the instrument of which it forms a part.

"Thirdly, the bubble must keep its station when the angles are moved a

little round the pivots of suspension.

" Fourthly, the opposite ends of the bubble must vary alike in all changes

of temperature, or, in other words, the ends of the bubble must elongate or

contract alike in opposite directions, so that the middle point may always be

stationary.

" Fifthly, the angles of the metallic end-pieces must be so nicely adjusted

that reversion on horizontal pivots that are equal will not alter the place ol

the bubble.

" Sixthly, the distance between the two zeros of a fixed scale, when such

a graduated scale is used, should be equal to the length of the bubble at the

temperature of 60° of Fahrenheit's scale, and should be marked at equal dis

tances from the visible ends of the glass tube. Then, as the bubble

lengthens by cold, or shortens by heat, its extreme ends may always be

referred to these fixed marks, 0 0, on the scale, and will fall either with

in, upon, or beyond them, according to the existing temperature. The num

ber of subdivisions of the scale that each end of the bubble is standing at,

counted from the fixed zero marks, at the instant of finishing an observation,

must always be noted, that an allowance may be made for the value of the de

viation in seconds, or as the case may require.

" Seventhly, when the two ends of the bubble .ire not alike affected by a

change of temperature, the scale should be detachrtl, nnd adjustable to the

new zero points, by an inversion of the level.

" Eighthly, when the scale has only one zero at its center, which is a mode

of dividing the least liable to misapprehension, the positions must be reversed

at each observation, and both ends of the bubble read in each position ; for

in this case, if any change has taken place in the true position of this zero,

the resulting error will merge in the reduction of the observation. This mode

of graduating is generally practised on the continent."

We proceed now to the description of the most accurate in

struments for measuring the differences of level, or vertical dis

tances, between different stations.

Of spirit levels for this purpose there are now three in use,

namely, the Y level, Troughton's improved level, and Gravatt's

level.

TH«! T T.EVEL.

The following figure represents this instrument. A is nn

achromatic telescope, resting upon two supporters, which in

shape resemble the letter Y, and are consequently called the

Vu. The lower ends of these supporters are let porpendiuu
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larly into a strong bar, which carries a compass box c. This

compass box is convenient for taking bearings, and has

a contrivance for

throwing the

needle off its cen

ter, when not in

use. One of the

T supporters is

fitted into a

socket, and can be

raised or lowered

by tbje screw J>.

Beneath the

compass box,

which is gene

rally in one piece

with the bar, is a

conical axis pass

ing through the

upper of two pa

rallel plates, and

terminating in a

ball supported in a socket. Immediately above this upper

parallel plate is a collar, which can be made to embrace the

conical axis tightly by turning the clamping screw E, and

j slow horizontal motion may then be given to the instru

ment by means of the tangent screw D. The two parallel

plates are connected together by the ball and socket already

mentioned, and are set firm by four milled-headed screws,

which turn in sockets fixed to the lower plate, while their

heads press against the under side of the upper plate, and

thus serve the purpose of setting the instrument up truly

level.

Beneath the lower parallel plate is a female screw, adapted

to the staff-head, which is connected by brass joints with threw

mahogany legs, so constructed as, when shut together, to form

one round staff, a very convenient form for portability, and,

when opened out, to make a very firm stand, be the ground

ever so uneven.

The spirit level / I is fixed to the telescope by a joint at

one end, and a capstan-headed screw at the other, to raise or

depress it for adjustment.

In looking through a telescope a considerable field of view

is embraced ; but the measurements indicated by any instru
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moid, of which the telescope may form a part, will only have

reference to one particular point in this field of view, which

particular point is considered as the center of this field of

view. We must therefore place some fixed point in the field

of view, and in the focus of the eye-piece, and the point to

which the measurement will have reference will be that point

of the object viewed which appears to be coincident with this

fixed point, or which, as the technical phrase is, is bisected

by the fixed point.

The intersection of two fixed lines will furnish us with such

a fixed point, and consequently two lines of spider's thread

are fixed at right angles to each other in the focus of the

eye-piece. They are attached by a little gum to a brass ring

of smaller dimensions than the tube of .

the telescope, and which is fixed to the

tube by four small screws, a, b, c, d.

If the screw d be eased, while at the

same time c is tightened, the ring

will be moved to the right ; but if c

be eased and d tightened, the ring will

be moved to the left ; and in a like

manner it may be moved up or down

by means of the screws a and b.

When the instrument is in adjustment, the axis of the tub6

of the telescope is set truly horizontal by means of the level

beneath it, and the line of observation ought consequently to

be parallel to this axis. Let A represent the proper position

of the intersection of the cross

wires, and o A the direction aT~~

of the axis of a pencil of light -*[

passing through the object-

glass and coming to its focus at A. Then, the axis of the

tube of the telescope being set truly horizontal, the line A c

is also truly horizontal, and every point bisected by the inter

section of the cross wires will be situated on the prolongation

of the horizontal line A o.

Suppose now the position of the diaphragm carrying the

cross wires to have become deranged, so that the point of

intersection is moved to B, then every point bisected by the

intersection of the cross wires will be on the prolongation

of the line B o, and will consequently be below the true level

point on the line A o.

Let now the telescope be turned half round in the Ys, ami

 

r 2
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let the annexed figure represent it in its new position ; tlicr.

in this new position of the

telescope, the prolongation |

of the line B o will rise ahove jtfi —

the prolongation of the level

line A o, and, at the same distance from the telescope, the

point now bisected by the intersection of the cross wires will be

as much above the true level point on the line A o as the point

before bisected by them was below it. The true level point is

therefore midway between the two points observed in the two

positions of the telescope, and the diaphragm carrying the

cross wires is to be moved by means of the screws a, b, c, d,

till their point of intersection coincides with that true

level point. The telescope is then to be again turned round

upon the Ys, and, if the same point be still bisected by the

intersection of the cross wires, they are in their proper posi

tion ; but, if not, the same method of adjustment muatt-be re

peated till the same point is bisected by the iuterste^ipjj 01 the

cross wires in every position of tbo\tel*sctgeC *- /

This error of derangement haya>teclmical denomination.

The line o^, or o B, jfromo to the point of intersection of the

cross rarest is o&lle^ j:he line of collimation, and the error

arisingf ftjpm )therr derangement, which we have shown the

methodsjif-'detecting and correcting, is called the error of

collimation.

When the image of the object viewed, formed by the object-

glass, either falls short of, or beyond the place of the cross

wires, the error arising from this cause is called parallax.

The existence of parallax is determined by moving the eye

about when looking through the telescope, observing whether

the cross wires change their position, and are flittering and

undefined.

To correct this error, first adjust the eye-piece, by means of

the moveable eye-piece tube, till you can perceive the cross

wire clearly defined, and sharply marked against any white

object.

Then by moving the milled-headed screw A, at the side of the

telescope, the internal tube a is thrust outwards or drawn in

wards, until you obtain the properfocus, according to the distance

of the object, and you are enabled at once to see clearly the

object, and the intersection of the wires, clearly and sharply

defined, before it. The existence of parallax is very incon

venient, and, where disregarded, has frequently been productive

of serious error. It will not always be found sufficient to set
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the eye-glass first, and the object-glass afterwards. The set

ting of the object-glass, by introducing more distant rays of

light, will affect the focus of the eye-glass, and produce parallax

or indistinctness of the wires, when there was none before ;

the eye-piece must, in this case, be adjusted again.

Generally, when once set for the day, there is no occasion

for altering the eye-glass, but the object-glass will of course

have to be altered at every change of distance of the object.

In adjusting the instrument, the parallax should be first

corrected, and then the error of collimation. The line of colli-

matiou being thus brought to coincide with the axis of the tube of

the telescope, two further adjustments are necessary : the first to

adjust the bubble-tube, so that it may truly indicate when the

axis of the telescope is horizontal ; and the second to set the

axis of the telescope perpendicular to the vertical axis round

which the instrument turns.

To adjust the Buiible-Tube.—Move the telescope till it lies

in the: direction of two of the parallel plate screws, and by

giving motion to these screws bring the air bubble to the

center of its run. Now reverse the telescope carefully in the

Ys, that is, turn it end for end ; and, should the bubble not

settle at the same point of the tube as before, it shows that

the bubble-tube is out of adjustment, and requires correcting.

The end to which the bubble retires must then be noticed,

and the bubble made to return one-half the distance by turn

ing the parallel plate screws, and the other half by turning

the capstan-headed screw at the end of the bubble-tube. The

telescope must now again be reversed, and the operation be

repeated, until the bubble settles at the same point of the

tube, in the center of its run, in both positions of the instru

ment. The adjustment is then perfect, and the clips which

serve to confine the telescope in the Ys should be made fast

Lastly, to set the Axis of the Telescope perpendicular to tit*,

Vertical Axis round which the Instrument turns.—Place the

telescope over two of the parallel plate screws, and move them,

unscrewing one while screwing up the other, until the bubble

of the level settles in the center of its run ; then turn the

instrument half round upon the vertical axis, so that the con

trary ends of the telescope may be over the same two screws,

and, if the bubble does not again settle at the same point as

before, half the error must be corrected by turning the screw

B, and the other half by turning 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,
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and repeat the process to bring these tvo screws also into

adjustment; and when, after a few trials, the bubble main

tains exactly the same position in the center of its run, while

the telescope is turned all round upon the axis, this axis will

be truly vertical, and the axis of the telescope, being hori

zontal by reason of the previous adjustment of the bubble-

tube, will be perpendicular to that vertical axis, and remain

truly horizontal, while the telescope is turned completely round

upon the staves. The adjustment is therefore perfect

The object of the above adjustments is to make the line of

collimation move round in a horizontal plane, when the in

strument is turned round its vertical axis, and the methods

above explained suppose that the telescope itself is constructed

with the utmost perfection, so that the axis of the tube carry

ing the object-glass is always in the same straight line with

the axis of the main tube, which carries the diaphragm with the

cross wires. If this perfection in thr construction of the in

strument does not exist, the line of collimation will vary, as

the tube carrying the object-glass is thrust out, and drawn in,

to adjust the focus for objects of different distances. What is

really required, then, is that the cross wires be so adjusted

that the line of collimation may be in the same straight line

with the line in which the center of the object-glass is moved,

and that the bubble of the level be at the center of its run, when

this line of collimation is directed to view objects, at the same

level, or at the same distance from the center of the earth

We are indebted to Mr. Gravatt, of whose level we shall

hereafter speak, for a method of collimating, which satisfies

the above requirements, and removes any error arising from

imperfection in the slide of the telescope, while at the same

time the line of collimation is set with the end at the object-

glass, slightly depressed, instead of exactly horizontal, so as

to remove, or nearly so, the errors arising from the curvature

»f the earth, and the horizontal refraction.

To examine and correct (ke Collimation by Mr. Gravatfs Method.—" On

a tolerably level piece of ground drive in three stakes at intervals of abont

four or five chains, calling the first stake a, the second b, and the third c.

" Place the instrument half way between the stakes a and 6, and read the

staff A, placed on the stake a, and also the staffs, placed on the stake b ', call

the two readings, A' and B'; then, although the instrument be out ofadjustment %

* The axis of the instrument is to be set vertical by means of the parallel

plate screws, by placing the telescope over each pair alternately, and moving

them, until the air bubbli: remains in the same position, when the instru

ment is turned half rourd upon its axis.
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yet the points read off will be equidistant from the earth's center, and con

sequently level.

" Now remove the instrument to a point half way between b and f. Again

read off the staff B, and read also a staff placed on the stake c, which call

staff 0 (the one before called A being removed into that situation). Now, by

adding the difference of the readings on B (with its proper sign) to the read

ing on 0, we get three points, say A', B', and </, equidistant from the earth's

center, or in the same true level.

" Place the instrument at any short distance, say half a chain beyond it,

and, using the bubble merely to see that you do not disturb the instrument,

read all three staffs, or, to speak more correctly, get a reading from each of

the stakes, a,b,c; call these three readings A", B", o". Now, if the stake f

be half way between o and c*, then ought o"—o'— (A" — A') to be equal to

2 [B" — B'—(A" — A )] ; but if not, alter the screws which adjust the diaphragm,

and consequently the horizontal spider line, or wire, until such be the case ;

and then the instrument will be adjusted for collimation.

" To adjust the spirit bubble without removing the instrument, read the

staff A, say it reads A", then adding (A'"—A') with its proper sign to B' we

get a value, say B'".

"Adjust the instrument by means of the parallel plate screwst, to read

B'" on the staff B.

" Now, by the screws attached to the bubble-tube, bring the bubble into

the center of its run.

"The instrument will now be in complete practical adjustment for level,

curvature, and horizontal refraction, for any distance not exceeding ten

chains, the maximum error being only 1,|'11,,th of a foot."

Before making observations with this instrument, the ad

justments should be carefully examined and rectified, after

which the screw B should never be touched ; but at each station

the parallel plate sorews alone should be used for setting the

axis round which the instrument turns truly vertical, when,

in consequence of the adjustments previously made, the line

of collimation will be truly level. For this purpose the tele

scope must be placed over each pair of the parallel plate

screws alternately, and they must be moved till the air

bubble settles in the middle of the level, and the operation

being repeated till the telescope can be turned quite round

upon the staff-head, without any change taking place in the

position of the bubble, the instrument will be ready to read

off the graduations upon the levelling staves, which we pro

ceed to describe.

* Whatever be the distances between the stakes a, b, and c, the follow

ing proportions ought to hold, viz. : —

The distance from a : b : the distance a to c : : B"— B' — (A"— A') : o" — (/

-(A"-A-).

t If this adjustment be made by the screw B, instead of the parallel plate

Krews, the Hue of collimation will be brought into its proper position with

respect to the vertical axis
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The best constructed levelling staff* consists of three parts,

which pack together for carriage in a neat manner, and, when

opened out for use, form a staff seventeen feet long, jointed

together something after the manner of a fishing-rod. The

whole length is divided into hundredths of a foot, alternately

coloured black and white, and occupying half the breadth of

the staff; but for distinctness the lines denoting tenths of feet

are continued the whole breadth, every half foot or five-tenths

being distinguished by a conspicuous black dot on each side.

In all work where great accuracy is required, the Y level,

above described, is preferable to either of the others ; but both

Troughton's level and Gravatt's level are calculated, by their

lightness, and by their being less liable to derangement when

once properly adjusted, to get rapidly over the ground

TBODGHTON'S LEVEL.

 

In this level the telescope, T, rests close down upon the

horizontal bar, b b, the spirit level, 1 1, is permanently fixed to

the top of the telescope, and does not, therefore, admit of ad

justment, and the compass box, c, is supported over the level

by four small pillars attached to the horizontal bar. Thia

construction makes the instrument very firm and compact.

The staves, staff-head, and parallel plates by which the in

strument is supported, and the vertical axis upon which it

turns, are of exactly the same construction as has beeu

already described as used for supporting the Y level.

The diaphragm is furnished with three threads, two of

them vertical, between which the levelling staff may be seen,

and the third, horizontal, gives the reading of the staff by its

coincidence with one of the graduations marked upon it. Some

times a pearl micrometer-scale is fixed on the diaphragm, in

stead of the wires. The central division on the scale, then,

indicates the collimating point, and by its coincidence with a

division of the levelling staff gives the required reading j|

* This staff was first introduced into use by William Gravatt, Esq.
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this staff; and the scale serves the purpose of measuring dis

tances approximately, arid of determining stations nearly equi

distant from the instrument, since at such equal distances the

staff will subtend the same number of divisions upon the mi

crometer-scale.

In selecting a level of Troughton's construction, and also

in testing and adjusting the collimation subsequently, Mr.

Gravatt's method, already described, is the best to be used;

and, when the line of collimation is thus brought into adjust

ment, if the bubble be far from the center of its run, the fault

can only be remedied by the maker ; but, if the bubble settle

very nearly in the center of its run, the instrument may be

deemed a good one, and, the divisions on the glass tube which

coincide with the unds of the bubble being noted, the instru

ment must be set up for use with the bubble in this position.

The line of collimation is set perpendicular to the vertical

axis, in the same manner as in the Y level, by means of the

capstan screws, BB, the bubble being made to maintain the

requisite position, as above determined, while the instrument

is turned completely round on its axis.

MB. GBAVATT'S LEVEL.

This instrument is furnished with an object-glass of large

floerture and short focal length ; and, sufficient light being
 

thud obtained to admit of a higher magnifying power in the

eye-piece, the advantages of a much larger instrument are

obtained, without the inconvenience of its length. The dia

phragm is carried by the internal tube a a, which is nearly

equal in length to the external tube. The external tube T T is

sprung at its aperture, and gives a steady and even motion to

the internal tube a a, which is thrust out, and drawn in, to

adjust the focus for objects at different distances by means of

the inilled-headed screw A. The spirit level is placed above

the telescope, and attached to it by capstan-headed screws,

p 8
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one at either end, by means of which the bubble can be

brought to the center of its run, as in the case of the Y level,

when the line of collimation is brought to the proper level

by Mr. Gravatt's method of adjustment, already explained.

The telescope is attached to a horizontal bar, in a similar

manner to Troughton's level, but room is just left between

the telescope and the bar for the compass-box.

A cross level, k, is placed upon the telescope at right angles

to the principal level 1 1, by which we are enabled to set the

instrument up at once with the axis nearly vertical. A mirror,

m, mounted upon a hinge-joint, is placed at the end of the level

1 1, so that the observer, while reading the staff, can at the

same time see that the instrument retains its proper position

—a precaution by no means unnecessary in windy weather, or

on bad springy ground.

The telescope is attached to the horizontal bar by capstan-

headed screws, B B, as in Troughton's level, by which the line

of collimation is set perpendicular to the vertical axis ; and

the instrument is set up upon parallel plates, as before de

scribed, for the Y level.

The operation of determining the difference of level be

tween two stations by observations made at a single station is

called simple levelling, and is performed as follows :—

 

Let A and H be two points whose difference of level is re

quired. Plant the instrument at D, and adjust it to a hori

zontal position. Read off AC, the height of a staff held at A,

then turn the telescope round and read off E H, the height of

a similar staff, or of the same staff held at H. Then A c is the

height of K, the axis of the telescope above the point A, and

E H is the height of K above another point, H ; and it is

clear that EH — A c =: o H, the difference of level between A

and H.

In this operation the station A, at which the staff is first read

off, is called the back station, and the station H is called the

fore station ; and, if the reading of the staff at the back station

be greater than that at the fore station, the difference of level

is called a rise ; but, if the reading at the back station be less
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than that at the fore, as in the example just given, the differ

ence of level is called a fall.

When, from the nature of the ground, or the great distance

between the two points, they cannot both be observed from R

single spot, a series of simple levels must be taken, the fore

station at each operation being made the back station at

the next operation ; and from the combination of all the re

sults thus obtained the required difference of level is obtained.

In these operations care must be taken, in going over soft

ground, lest the staff at the fore station, when turned round

to be read as the staff at the back station in the next opera

tion, should sink further into ground; and, to prevent this,

the foot of the staff must be placed upon a flat, hard substance,

as a piece of slate or tile. There is a simple instrument called

a tripod, sold for this purpose by the instrument makers, being

simply a plate of iron with a small rounded projection in the

center, two small spikes at the side to fix it in its place, and

a short chain to lift it by, when the staff-holder wishes to re

move from his place.

In determining by this method the difference of level be

tween two distant points, it is immaterial by what route we

proceed from one to another, so that such spots may be selected

for the intermediate stations as are most convenient for the

purpose. The bearings of the stations from the instrument

are also matter of indifference ; but, the more nearly the in

strument is equidistant from the two stations observed at each

operation, the more correct will be the result obtained, the

errors in the back readings compensating, for the most part,

the errors in the fore readings, whether the errors arise from

refraction* and curvature f, or from the imperfect adjustment

of the instrument.

If, then, the object be only to obtain the difference of level

of two points, we have only to record in two separate columns

the readings of the staff at the back stations and fore stations

respectively, and the difference of the sums of these readings

* The error of refraction is that arising from the bending of the rayp o"

light during their passage through the atmosphere, and makes all objects

appear higher than they really are

f The object of levelling is to determine points upon a spherical surface

or equally distant from the earth's center, or to determine the differences of

the distances of a series of points from the earth's centre. The line of sight,

or prolongation of the line of collimation, however, is a tangent to the spheri

cal surface, and therefore the points observed upon this line are really abovs

the level of the point of observation. The correction for curvature i« there

fore additive, while that for refraction ia subtractive.
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will be the difference of level required.—Thus, if the differ

ence of level between two points A and B, be required, and if

the readings at A and B, and three intermediate stations © 1,

© 2, 0 3, be recorded as follows, viz. :—

Back 0 Fore 0

leading of staff at

 

14-87

Feet.

5-80 Reading of staff at 0 1

8-50 „ © 2

8-40 „ © 3

14-35 „ B

37-05

14-87

22-18

Then 22-18 feet is the fall from A to B, or A is 22-18 feet above B.

When, however, it is required not only to find the difference

of level between two distant points, but to make such obser

vations as shall enable us to draw a section exhibiting the un

dulations of the ground along some specified route from the

one point to the other, then the stations must be so chosen that

one of them shall be at the commencement of each change in

the inclination of the ground ; the distances between the sta

tions must also be carefully measured; and it is further advis

able to note the distances and bearings of the stations from

the instrument, which it will be more convenient now to place

on a point in the specified route between the stations.

In drawing the section, it is the horizontal distances be

tween the several stations that must be laid down. For

short distances, or over very irregular ground, such horizontal

measurements may be obtained by bidding an assistant hold

one end of a measuring tape close to the ground at the

highest end of the distance, and holding the other end above

the ground, stretching the tape in a horizontal line, a stone

let fall from this end then marking upon the ground the point

to which the measurement reaches. But, when the ground

rises and falls in long regular slopes, the measurements should

be taken along the slopes, and then be reduced to horizontal

distances by calculation. If the rise or fall is but slight, this

reduction may be altogether disregarded, the difference between

the horizontal and hypothennsal measurements not exceeding

the limits of error in the measure itself.

Care should be taken to record all the observations in a

clear and intelligible form, and for this purpose a field boot

may be prepared of the following form :—
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entered the bearings of the stations from the instrument. In

the fourth and fifth columns are entered the readings of the

staves ; and in the sixth column the heights ahove datum of

the several stations are computed by adding the back reading

to the height last found, and subtracting the fore reading from

the sum. The seventh and eighth columns are added for per

forming the reduction of the measured distances to horizontal

distances, when the slope is sufficient to render this reduction

necessary. In carrying forward the distances to the next

page of the book, the total reduced horizontal distance should

be carried to the top of the first and second columns instead

of the total measured distance along the slope ; but such sub

stitutions should not be made at any other part of the page,

as it would interfere with the proof of the distances by adding

up the second column, which ought to produce the last dis

tance entered in the first. The levels are proved by subtract

ing the sum of the numbers in the sixth column from the

sum of the numbers in the fifth, when the remainder should

be the height above datum of the last station recorded at the

bottom of the page.

To facilitate the reduction of the measured distances to the

corresponding horizontal distances, the following table show

ing the reduction upon each 100 feet for each foot difference

of level should be inserted in the field book :—

Difference of

Level for 100

feet distance.

Reduction

upon 100 feet

of distance.

Difference of

Level for ion

feet distance.

Reduction

upon loo feet

of distance.

Difference of

Level for 100

feet distance.

Reduction

upon 100 feet

of distance.

4 0-08 13 0-85 22 2-45

5 0-13 14 0-98 23 268

6 0-18 15 MS 24 2-92

7 025 16 1-29 25 3-18

8 0-32 17 1-46 26 3-44

9 0-41 18 1-63 27 3-71

10 0-50 19 1-R2 28 4-00

11 0-61 20 3, - 29 4-30

12 0-72 21 f> 30 4-61

When it is required to plot the section on a large scale,

and to show every undulation of the surface, it is not neces

sary to remove and re-set the instrument to obtain the height,

above datum of every point necessary to be known for this

purpose ; but, besides reading the staff at the back and fore

station, it may be read off from the same place of the instru

ment, at as many intermediate points as may be deemed
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desirable; and these readings, being entered both as back and

fore readings, will produce the same effect as back and fore

readings of the same points obtained in different positions of

the instrument. The distances from the instrument of these

points should be omitted from the second column ; but, the

distances between them being entered successively in the first

column, their respective distances from the instrument may at

any time be determined, if required. The height of the in

strument itself may be entered in this way as an intermediate

sight ; and, as the same height that is added as a back reading

is subtracted again as a fore reading, any error in this reading

will not at all affect the levels afterwards taken, and, provided

it be not greater than the limit within which distances can be

laid down and estimated upon the plot, is of no moment

Now, in taking the section of a line of any considerable extent,

the scale is seldom sufficiently large to admit of less than six

inches being laid down or estimated upon the plot, and conse

quently an error of two or three inches in the intermediate

sights would be immaterial. When observations are made out

of the line, to be levelled, in order, for instance, to obtain the

height of this line above neighbouring rivers, canals, roads,

&c., the readings are to be entered in the same manner as

for other intermediate sights ; and, the column of bearing and

distance being loft blank, no mistake can be made in drawing

the section. The bearing and distance of such points, if

desirable to be noted, must be entered in the space left for

remarks.

For the purpose of reference on any future occasion, in

order either to check the accuracy of the levels already ob

tained, or for the convenience of commencing a new series

in some other direction, marks should be left upon some con

venient fixed points upon which the staff has been held, and

the reading noted with the greatest possible care. These bench

marks, as they are called, should ordinarily be left at about

every half-mile of distance, and may be either on or off the

line. In the latter case the readings are to be recorded in

the manner already explained for points out of the line. The

hooks and tops of gates, copings, sills, or steps of doors, &c.,

are commonly used for bench marks, and the mark must be

made exactly on the point upon which the staff has been held.

A stout stake may be driven into the ground for a bench mark,

and is by many persons preferred to any other.

When a section of considerable length is to be plotted, the

horizontal distances cannot be laid down on as large a acale
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as is necessary for the vertical heights above datum, in order

that the section may be of any practical use, without making

the plot of most unwieldy dimensions. It is therefore usual

to make the vertical scale much larger than the horizontal

one : thus 4 inches to a mile for the horizontal distances,

with one inch to 100 feet for the vertical distances, is a usual

combination, lu the accompanying figure we have drawn the

portion of a section from the portion of the field book at page

109, making use of a scale of 1 inch to 800 feet for the hori

zontal distances, and of a scale of 1 inch to 200 feet for the

vertical distances

 

A G is ruled for the datum line ; on it are set off from A,

the horizontal distances at the pointsB, c, D, B, r, G, according

to the horizontal scale of 1 inch for eachSOO feet,and through

the points A, B, c, D, E, F, and G, are drawn lines AO, sb, &c.,

perpendicular to A G ; on these lines are set off the vertical

distances to the points a, b, c, &c., according to the vertical

scale of 1 inch for each 200 feet; and the liue ag, passing

through all the points a, b, c, &c., will represent the required

section. A line is drawn between the stations E, r, at the

proper distance from the datum line to represent the level of

the canal ; and proceeding in this manner, and making any

remarks that may beem desirable, opposite the corresponding

points of the section, the work will be completed.

Having now explained the construction and use of the most

accurate instruments for tracing the level of any portion of

country, we proceed to notice ihewater level, a very simple in

strument, adapted to give a rapid delineation of anyportion of

country, an object frequently of greater importance than ac

curacy. It can be made by any workman, will cost but a few

shillings, and requires no adjustment when using itu

"A B is a hollow tube of brass, about halfan inch in diameter,

\
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and about 3 feet long ; c and d are short pieces of brass tuba

of larger diameter, into which the long tube is soldered, and

are for the purpose ./f receiving the two small bottles, e and/,

the ends of which, after the bottoms have been cut off, by

tying a piece of string round them when heated, are fixed in

their positions by putty or white lead ; the projecting short

 

axis, g, works (in the instrument from which the sketch was

taken) in a hollow brass cylinder, h, which forms the top of a

stand used for observing with a repeating circle ; but it may

be made in a variety of ways, so as to revolve on any light

portable stand. The tube, when required for use, is filled with

water (coloured with lake or indigo), till it nearly reaches to

the necks of the bottles, which are then corked for the con

venience of carriage. On setting the stand tolerably level by

the eye, these corks are both withdrawn, which must be done

carefully, and when the tube is nearly level, or the water

will be ejected with violence ; and the surface of the water in

the bottles, being necessarily on the same level, gives a hori

zontal line in whatever direction the tube is turned, by which

the vane of a levelling staff is adjusted."

The instrument, however, with which observations upon

the level of a country may be most

expeditiously made, and generally with

greater correctness than with the watei

level, is the reflecting level. This in

strument consists merely of a piece of

common looking-glass, I I, one inch

square, set in a frame fixed against a

plate of metal weighing about a pound,

and suspended from a ring, r, by a

twisted wire, w, so that it may swing

freely, but not turn round on its axis

of suspension. A fine silk thread, 1 t,

is stretched across the center of the

mirror, and a small opening, o, at one

side of the mirror.
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The instrument is adjusted as follows It is suspended in

a frame, constructed to hold it, and bring it soon to rest, at

about 60 yards in front of a wall. The observer looks into

the mirror, and brings his eye into such a position that its

image is bisected by the silk thread, t t; and the point upon

the wall, seen through the opening, o, which coincides with

the silk thread, is marked upon the wall. The mirror is then

turned round, and the point is also marked upon the wall, the

reflection of which in the mirror now coincides with the silk

thread, when this thread again bisects the image of the ob

server's eye as before.

Lastly, the middle point, between the two thus found, is

marked upon the wall ; and by turning a screw, s, the

center of gravity of the instrument is altered, till the mirror

hangs so as to bring the reflection of this last mark upon the

thread, when the observer's eye is bisected by it. The in

strument will now be in perfect adjustment, and, when the

image of the eye is brought upon the thread, all points bi

sected by the thread, whether seen by reflection, or directly

through the opening, o, will be on the same level with the

eye of the observer. The observations may be made either

by holding the instrument at arm's length, or by suspending

it from the branch of a tree, or from any post or rail of a con

venient height. Greater accuracy is obtained by suspending

it by means of a frame fitting on a three-legged stand, such

as already described as used for supporting the more accurate

instruments ; but it must not be forgotten that this instru

ment is not to be at all compared with them for minute accu

racy ; but that its advantages are the great rapidity with which

it can be used, whether in a very confined space, or in an open

country. •

INSTRUMENTS FOB MEASURING ANGLES.

In every map and plan the distances and angles laid down

are not the actual distances and angles between the points of

which the relative positions are intended to be represented,

but they are the distances and angles between the projections*

of those points upon the same horizontal plane, and are cnlled

the horizontal angles and distances between the. points. Now,

if our surveying instruments were constructed to-measure the

actual angles subtended by different objects, the process of

calculating all the horizontal angles from these observed

angles would be very laborious ; but, by having such instru

* The projection of a point upon a horizontal plane is the point io

which a vertical line through that point meets the horizontal plane.'
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merits as will at once determine by observation the horizontal

angles, we are saved a vast amount of labour, and also from

any errors which might otherwise creep into the calculations.

THE PRISMATIC COMPASS.

With this instrument horizontal angles can be observed

with great rapidity, and, when used with a tripod stand, with

a considerable degree of accuracy. It is, consequently, a very

valuable instrument to the military surveyor, who can make

his observations with it, while holding it in his hand, with all

the accuracy necessary for a military sketch. It is also a

useful instrument for filling in the detail of an extensive sur

vey*, after the principal points have been laid down by means

of observations made with the theodolite, hereafter to be de

scribed, and for any purpose, in short, in which the portability

of the instrument and rapidity of execution are of more im

portance than extreme accuracy. y *

c is a compass

card divided usually

to every 20', or

third part of a

degree, and having

attached to its under

side a magnetic

needle, which turns

upon an agate

center, o, fixed in

the box B ; n is a

spring, which, being

touched by the

finger, acts upon

the card, and checks

its vibrations, so as to bring it sooner to rest, when making an

observation, s is the sight-vane, having a fine thread stretched

along its opening, by which the point to be observed with the

instrument is to be bisected. The sight-vane is mounted upon

a hinge-joint, so that it can be turned down flat in the box

when not in use. ': p is the prism attached to a plate sliding in

a socket, and thus admitting of being raised or lowered at

pleasure, and also supplied with a hinge-joint, so that it can

be turned down into the box when not in use. In the plate

to which the prism is attached, and which projects beyond the

* The prismatic compass wiu used for this purpose by the officers engageu

iu making the Ordnance Surveys of the United Kingdom.
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prism, is a narrow slit, forming the sight through which the

vision is directed when making an observation." On looking

through this slit, and raising or lowering the prism in its-

socket, distinct vision of the divisions OL. the compass card

immediately under the sight-vane is soon obtained, and these

divisions, seen through the prism, all appear, as each is suc

cessively brought into coincidence with the thread of the sight-

vane by turning the instrument round, as continuations of the

thread, which is seen directly through the part of the slit that

projects beyond the prism. ,^'

The method of using the instrument is as follows :—The

sight-vane a, and the prism p. being turned up upon their

hinge joints as represented in our figure, hold the instrument as

nearly in a horizontal position as you can judge, or, if it be used

with a tripod stand, set it as nearly as you can in a horizontal

position by moving the legs of the stand, so that the card may

play freely.> 'Raise the prism in its socket till the divisions

upon the card are seen distinctly through the prism, and, turn

ing the instrument round, until the object to be observed is

seen through the portion of the slit projecting beyond the

prism in exact coincidence with the thread of the sight-vane,

bring the card to rest by touching the spring n ; and then the

reading at the division upon the card, which appears in coin

cidence with the prolongation of the thread, gives the mag

netic azimuth of the object observed, or the angle which a

straight line, drawn from the eye to the object, makes with

the magnetic meridian*. '-. The magnetic azimuth of a second

object being obtained in the same manner, the difference be

tween these two azimuths is the angle subtended by the ob

jects at the place of the eye, and, which is an important point, is

independent of any error in the azimuths, arising from the slit

in the prism not being diametrically opposite to the thread of

the sight-vane. T.

For the purpose of taking the bearings of objects much

* The magnetic meridian now makes an angle of 24° with the true

meridian, at London, the north point of the compass being 24° vest

of the tme north point. This angle is called the variation of the com

pass, and is different at different places, and also at the same place at dif

ferent times. Since this variation will affect equally, or nearly so, all

azimuths observed within a limited extent and during a limited time, the

angles subtended by any two of the objects observed, being the difference

of their azimuths, will not be affected by the variation, and hence the map,

or plan, may be constructed with all the objects in their proper relative posi

tions ; but the true meridian must be laid down, if required, by observations

wade for the purpose.



THE BOX SEXTAN*. 117

olxjve or below the level of the obsencr, a mirror, n, is sup

plied with the instrument, which slides on and off the sight-

vane s, with sufficient friction to remain at any part of the

vane that may be desired. It can be put on with its face

either upwards or downwards, so as to reflect the images of

objects considerably either above or below the horizontal plane

to the eye of the observer ; and, if the instrument be used for

obtaining the magnetic azimuth of the sun, it must be sup

plied with dark glasses, D, to be interposed between the sun's

image and the eye. *f

There is a stop in the side of the box, not shown in our

figure, by touching which a little lever is raised and the card

thrown off its center ; as it always should be when not in use,

or the constant playing of the needle would wear the fine

agate point upon which it is balanced, and the sensibility of

the instrument would be thereby impaired. The sight-vane

and prism being turned down, a cover fits on to the box, which

is about three inches in diameter, and one inch deep ; and

the whole, being packed in a leather case, may be carried in

the pocket without inconvenience *. lu,

THE BOX SEXTANT.

This instrument, which is equally portable with the prismatic

compass, forming, when shut up, a box of about three inches in

diameter, and an inch and a half deep, will measure the actual

angle between any two objects to a single minute. It requires

no support but the hand, is easily adjusted, and, when once

adjusted, but seldom requires re-adjusting.

When the sex

tant is to be used,

the lid, E, of the

box is taken off

and screwed on

to the bottom,

where it makes

a convenient han

dle for holding

the instrument.

The telescope, T,

being then drawn

* For much valuable information respecting the use of the prismatic com

pass, especially in military surveying and sketching, we can refer oui

renders to a Treatise on Military Surveying, &c., by Lieutenant-Coloael

Baril Jackson, in which the subject it handled with great ability.
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out, the instrument appears as represented in our figure.

A is an index arm, having at its extremity a vernier,

of which 30 divisions coincide with 29 of the divisions

upon the graduated limb, 1 1 ; and the divided spaces upon

the limb denoting each 30 minutes, or half a degree, the

angles observed are read off by means of the vernier tc

a single minute. The index is moved by turning the milled

head, B, which acts upon a rack and pinion within the box.

To the index arm is attached a mirror, called the index

glass, which moves with the index arm, and is firmly fixed

upon it by the maker, so as to have its plane accurately

perpendicular to the plane in which the motion of the index

arm takes place, and which is called the plane of the in

strument. This plane is evidently the same as the plane

of the face of the instrument, or of the graduated limb, 1 1.

In the line of sight of the telescope is placed a second glass,

called the horizon glass, having only half its surface silvered,

and which must fee so adjusted that its plane may be perpen

dicular to the plane of the instrument, and parallel to the

plane of the index glass when the index is at zero. The in

strument is provided with two dark glasses, which can be

raised or lowered by means of the little levers seen at d, so

as to be interposed, when necessary, between the mirrors and

any object too bright to be otherwise conveniently observed, as

the sun. The eye-end of the telescope is also furnished with

a dark glass, to be used when necessary.

The principle upon which the sextant is constructed has

been proved at page 75 ; viz. that the total deviation of a ray of

light, after reflection successively at the index glass and hori

zon glass, is double the inclination of the two glasses. Now

the limb, II, being divided into spaces, each of 15' extent, and

these spaces being figured as 30' each, the reading of the

limb gives double the angle moved over by the index arm

from the position in which the reading is zero, or double the

angle of inclination of the two mirrors, if these mirrors be

parallel when the reading is zero If, then, the instrument

be in perfect adjustment, and any object be viewed by it after

reflection at both the mirrors, the reading of the instrument

gives the total deviation of the rays of light, by which the

vision is produced, or the angle between the bearing of the

object from the center of the index mirror, and the bearing of

the reflected image from the place of the eye, that is, between

lines drawn respectively from the object to the center of the

index glass, and from the reflected image in the horizon glass
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to the eye. This angle is very nearly equal to the angle

subtended by the object and its image at the place of the eye,

differing from it only by the small angle subtended at the

object by the place of the eye and the center of the index glass.

This small angle is called the parallax of the instrument, and

is scarcely perceptible at the distance of a quarter of a mile,

while for distances greater than that it ia so small that it

may be considered to vanish. It also varies with the amount

of deviation, and vanishes altogether whenever the center of

the index glass is in a direct line between the object and

the eye*.

To see if the instrument be in perfect adjustment, place

the dark glass before the eye-end of the telescope, and looking at

the sun, and moving the index backwards and forwards a little

distance on either side of zero, the sun's reflected image will

be seen to pass over the disc as seen directly through the

horizon glass, and if in its passage the reflected image com

pletely covers the direct image, so that but one perfect orb is

seen, the horizon glass is perpendicular to the plane of the

instrument ; but, if not, the screw at a must be turned by the

key, k, till such is the case. The key, k, fits the square heads

of both the screws seen at a and b, and fits into a spare part

of the face of the instrument, so as to be at hand when wanted

This adjustment being perfected, bring the reflected image of

the sun's lower limb in exact contact with the direct image of

his upper limb, and note the reading of the vernier; then

move the index back beyond the zero division of the limb, till

the reflected image of the sun's upper limb is in exact contact

with the direct image of his lower limb, and, if the zero of

the vernier be now exactly as far behind the zero of the limb

as it was at the former reading in front of it. so that the read

ing now on the part of the limb called the arc of excess, be

hind its zero division f, be the same as the former reading,

• We have seen a method given for what is called correcting the parallax,

when an observation is made at a short distance, by finding the deviation

at this distance, when the angle between the object and its image is equal to

zero ; this deviation being given by the reading of the instrument, when

the reflected image of the object observed exactly coincides with the object

itself, seen through the unsilvered part of the horizon glass. This deviation,

however, is not the parallax, even for a small angle between the object and

its image, and, if the angle be not very small, the error introduced by the

method will be greater than the parallax itself.

"T In reading an angle upon the arc of excess, the division to read on the

limb is that next in front of the zero of the vernier, or between the zero ol

the vernier and the zero of the limb, and the divisions of the vernier itself

ire to be read from the end division, marked 30, and not, as usually, from
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the instrument is in perfect adjustment; but, if not, half the

difference of the two readings is the amount of the error, and

is called the index error, being a constant error, for all angles

observed by the instrument, of excess, if the first reading be

the greatest, and of defect, if the second reading on the arc of

excess be the greatest.

In the former case, then, the true angle will be found by

subtracting the index error from, and in the latter by adding

it to, the reading of the instrument at every observation.

This method of correcting for the index error is to be used

with the larger instruments, hereafter to be described under

the head of Astronomical Instruments ; but in the box sex

tant this error should be removed by applying the key, k, to

the screw at b, and turning it gently till both readings are

alike, each being made equal to half the sum of the two read

ings first obtained. When this adjustment is perfected, if

the zeros of the vernier and limb are made exactly to coin

cide, the reflected and direct image of the sun will exactly

coincide, so as to form but one perfect orb, and the reflected

and direct image of any line, sufficiently distant not to be

affected by parallax, as the distant horizon, or the top or

end of a wall more than half a mile off, will coincide so a? to

form one unbroken line.

To obtain the angle subtended by two objects situated

nearly or quite in the same vertical plane, hold the instru

ment in the right hand, and bring down the reflected image

of the upper object by turning the milled head B, till it ex

actly coincides with the direct image of the lower object, and

the reading of the instrument will give the angle between the

two objects.

To obtain the angle subtended by two objects nearly in the

same horizontal plane, hold the sextant in the left hand, and

bring the reflected image of the right-hand object into coin

cidence with the direct image of the left-hand object.

It will be seldom that the surveyor need pay any attention

to the small error arising from parallax ; but, should great

accuracy be desirable, and one of the objects be distant while

the other is near, the parallax will be eliminated by observ

ing the distant object by reflection, and the near one by

the zero division : thus, if the zero division of the Ternier were a littl/-

further from the zero division of the limb, then the first division on tli

arc of excess ; and if the twenty-seventh division on the vernier, or the third

from the end division, marked 30, coincided with a division upon the limb,

thci- the reading would be 33'.

s.
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direct vision, holding the instrument for this purpose with its

face downwards if the distant object be on the left hand. If

both objects be near, the reflected image of a distant object, in

a direct line with one of the objects, must be brought iuto coin

cidence with tho direct image of the other object, and the

parallax will thus be eliminated.

For the purposes of surveying, the horizontal angles between

different objects are required, and the reduction of these angles

from the actual oblique angles subtended by the objects,

would be a troublesome and laborious process. If the anglf

subtended by two objects be large, and one be not muc'i

higher than the other, the actual angle observed will he, how

ever, a sufficient approximation to tho horizontal angle re

quired ; and, if the angle between the two objects be small,

the horizontal angle will be obtained with sufficient accuracy

by taking the difference of the angles observed between each of

the objects, and a third object at a considerable angular dis

tance from them With a little practice the eye will be able

tr select an object in the same direction as one of the objects,

and nearly on a level with the other object, and the angle be

tween this object and the object selected will be the horizontal

angle required.

At sea the altitude of an object may be determined by ob

serving the angle subtended by it and the verge of the horizon ;

but upon land a contrivance, called an artificial horizon, be

comes necessary for correctlv determining altitudes. The best

kind of artificial horizon

consists of an oblong

trough, t t, filled with

mercury, and protected

from the \\u;d by a roof,

r r, havingin eitherslope

a plate of glass with its

two surfaces ground into

perfectly parallel planes.

The angle s E s' between

the object and its re

flected image seen in the

mercury is double the

angle of elevation s E H,

and, the angle a E s'

being observed, its half

will consequently be the

angle of elevation re-
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quired. If the angle of elevation be greater than 60°, the

angle a E s' will be greater than 1 W, and cannot be observed

with the sextant we have been describing.

The pocket sextant is a most convenient instrument for

laying off offsets or perpendicular distances from a station

line; for by setting tbe index at 90°, and walking along the

station line, looking through the horizon glass directly at the

further station staff, or any other remarkable object upon the

station line, any object off the station line will be seen by re

flection when the observer arrives at the point where the per

pendicular from this object upon the station line fails, and

the distance from this point to the object being measured, is

its perpendicular distance from tbe station line.

E'or the mere purpose of measuring offsets an instrument

called an optical square is now very generally employed, which

consists of the two glasses of the sextant fixed permanently

at an angle of 45°, so that any two objects seen in it, the one

by direct vision, and the other by reilection, subtend at the

pLce of the observer an angle of 90°.

THE THEODOLITE.

The theodolite is the most important instrument used by

surveyors, and measures at the same time both the horizontal

angles subtended by each two of the points observed with it,

and the angles of elevation of these points from the point of

observation

This instrument may be considered as consisting of three

parts ; the parallel plates with adjusting screws fitting on to

the staff head, of exactly the same construction as already

described for supporting the Y, and other, levels ; the horizon

tal limb, for measuring the horizontal angles ; and the ver

tical limb, for measuring the vertical angles, or angles of

elevation.

Tho horizontal limb is composed of two circular plates, L

and v, which fit accurately one upon the other. The lower

plato projects beyond the other, and its projecting edge is

sloped off, or chamfered, as it is called, and graduated at

every half degree. The upper plate is called the vernier

plate, and has portions of its edge chamfered off, so as to

form with the chamfered edge of the lower plate continued

portions of the same conical surface. These chamfered por

tions of the upper plate are graduated to form the verniers,

by which the limb is subdivided to single minutes. The six-

inch theodolite represented in our figure has two suc.h ver
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niera, 180° apart. The lower plate of the horizontal limb is

attached to a conical axis passing through ,'ae upper parallel

 

A Six Inch

plate, and terminating in a ball fitting in a socket upon the

lower parallel plate, exactly as the vertical axis of the T level

already described. This axis is, however, hollowed to receive

a similar conical axis ground accurately to fit it, so that the

axes of the two cones may be exactly coincident, or parallel.*

To the internal axis the upper, or vernier, plate of the hori

zontal limb is attached, and thus, while the whole limb can

* Upon this depends, in a great measure, the perfection of the instru

ment, as far as the horizontal measurements are concerned ; and, when we

describe presently the adjustments of the instrument, we shall explain the

method of detecting an inacci racy in the grinding of the axes.
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be moved through any horizontal angle desired, the upper

plate only can also be moved through any desired angle, when

the lower plate is fixed by means of the clamping screw, c,

which tightens the collar, D. T is a slow-motion screw, which

moves the whole limb through a small space, to adjust it more

perfectly, after tightening the collar, D, by the clamping

screw, c. There is also a clamping screw, e, for fixing the

upper, or vernier, plate to the lower plate, and a tangent

screw, t, for giving the vernier plate a slow motion upon the

lower plate, when so clamped. Two spirits levels, B, n, are

placed upon the horizontal limb, at right angles to each other,

and a compass, o, is also placed upon it in the center, between

the supports, F, P, for the vertical limb.

The vertical limb, N N, is divided upon one side at every

30 minutes, each way from 0° to 90°, and subdivided by the

vernier, which is fixed to the compass box, to single minutes.

Upon the other side are marked the number of links to be

deducted from each chain, for various angles of inclination,

in order to reduce the distances, as measured along ground

rising or falling at these angles, to the corresponding hori

zontal distances. The axis of this limb must rest, in a

position truly parallel to the horizontal limb, upon the sup

ports, F r, so as to be horizontal when the horizontal limb is

set truly level, and the plane of the limb, IT N, should be

accurately perpendicular to its axis. To the top of the ver

tical limb, N N, is attached a bar which carries two Ys for

supporting the telescope, which is of the same construction

as that before described for the T spirit level, and under

neath the telescope is a spirit level, s s, attached to it at one

end by a joint, and at the other end by a capstan-headed

screw as in the Y level. The horizontal axis can be fixed

by a clamping screw, and the vertical limb can then be moved

through a small space by a slow-motion screw, i.

Before commencing observations with this instrument, the

following adjustments must be attended to :—

1 . Adjustments of the telescope : viz.,

the adjustment for parallax.for colliniation.

2. Adjustment of the horizontal limb : viz., to set the levels

on the horizontal limb to indicate the verticality of the

azimuthal asis.

3. Adjustment of the vertical limb : viz., to set the level
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beneath the telescope to indicate the horizontality of the

line of collimation.

1.—Parallax and Collimation.—These adjustments have

already been described (p. 100) under the head of the Y level.

2.—Adjustment of the Horizontal Limb.—Set the instrument

up as accurately as you can by the eye, by moving the legs of

the stand. Tighten the collar, u, by the clamping screw, c,

and, unclamping the vernier plate, turn it round till the tele

scope is over two of the parallel plate-screws. Bring the

bubble of the level, s 8, beneath the telescope to the center

of its run by turning the tangent screw, t. Turn the vernier

plate half round, bringing the telescope again over the same

pair of the parallel plate screws ; and, if the bubble of the

level be not still in the center of its run, bring it back to the

center, half way by turning the parallel plate screws over

which it is placed, and half way by turning the tangent screw,

t. Repeat this operation till the bubble remains accurately

in the center of its run in both positions of the telescope ;

and, then turning the vernier plate round till the telescope is

over the other pair of parallel plate screws, bring the bubble

again to the center of its run by turning these screws. The

bubble will now retain its position while the vernier plate i?

turned completely round, showing that the internal azimuthal

axis about which it turns is truly vertical. The bubbles of

the levels on the vernier plate, being now, therefore, brought

to the centers of their tubes, will he adjusted to show the

verticality of the internal azimuthal axis. Now, having

clamped the vernier plate, loosen the collar, D, by turning

back the screw, c, and move the whole instrument slowly

round upon the external azimuthal axis, and if the bubble of

the level s s, beneath the telescope, maintains its position

during a complete revolution, the external azimuthal axis is

truly parallel with the internal, and both are vertical at the

Bame time ; but, if the bubble does not maintain its position, it

shows that the two parts of the axis have been inaccurately

ground, and the fault can only be remedied by the instrument-

maker

3. Adjustment of the Vertical Limb.—The bubble of the

level, s s, being in the center of its run, reverse the telescope

end for end in the Ys, and, if the bubble does not remain in

the same position, correct for one-half the error by the capstan-

headed adjusting screw at one end of the level, and for the

other half by the vertical tangent screw, i. Repeat the opera
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tion till the result is perfectly satisfactory. Next turn the

telescope round a little both to the right and to the left, and,

if the bubble does not still remain in the center of its run,

the level, s a, must be adjusted laterally by means of the

screw at its other end. This adjustment will probably dis

turb the first, and the whole operation must then be carefully

repeated. By means of the small screw fastening the vernier

of the vertical limb to the vernier plate over the compass

box, the zero of this vernier may now be set to the zero of

the limb, and the vertical limb will be in perfect adjustment.

The second telescope, placed beneath the horizontal limb,

serves to detect any accidental derangement of the instrument

during an observation, by noting whether it is directed to

the same point of a distant object at the end of the ohserva-

tion to which it has been set at the commencement of the

observation. Also the vertical limb admits of an adjustment

to make it move accurately in a vertical plane, when the

horizontal limb has been first set in perfect adjustme it.

This adjustment is important, and should be examined with

great care ; and in the small theodolites, when the verti ;al

limb is permanently fixed to the horizontal limb by the

maker, an instrument which will not bear the test of the

examination which we proceed to describe must be co-i-

demned, till set in better adjustment by the maker. The

azimuthal axis having been set truly vertical, direct the tele

scope to some well-defined angle of a building, and making

the intersection of the wires exactly coincide with this angle

near the ground, elevate the telescope by giving motion to

the vertical limb, and, if the adjustment be perfect, the inter

section of the cross wires will move accurately along the angle

of the building, still continuing in coincidence with it. A

still more perfect test will be to make the intersection of the

cross wires coincide with the reflected image of a star in an

artificial horizon, and elevating the telescope, if the adjust

ment be perfect, the direct image of the star itself will again

be bisected by the cross wires.

In the conduct of an extensive survey, the two principal

desiderata are accuracy and despatch, neither of which should

be unduly sacrificed to the other. To obtain both these ends,

the principal points of the survey should be determined by a

system of triangles proceeding from an accurately-measured

base of considerable length. The angles of these triangles

should be observed with a large and perfect theodolite con
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structed for the purpose, or with an altitude and azimuth in

strument ; and numerous corrections should be applied for

the spherical form of the earth, the refraction of the atmo

sphere, tho errors due to the imperfect graduation of the in

strument, &c.

The boundaries of the entire country to he surveyed being

thus determined with the greatest possible accuracy, and a

series of stations laid down throughout, the spaces included

between these stations may be subdivided into spaces of

smaller extent, the boundaries of which may be surveyed with :

considerable despatch by means of the chain, and a portable

theodolite, such as we have been describing above, and lastly,

the details of the country within these spaces may be sketched

with still greater rapidity by means of the prismatic compass.

The boundaries of the spaces to be surveyed by the chain

and small theodolite should not exceed three or four miles in

extent, and the following is the manner of proceeding.

Let a, b, c, d, e,f, represent the boundary to be surveyed,

and let A, B, and c, be three stations which have been accu

rately laid down by the previous triangulation, of which both

B and c can be seen from A, and A can be seen from c. First

measure with the chain the lengths of the several lines a b,

b c, c d, Ac., taking offsets to all remarkable points on either

side of these lines in the usual manner, and driving pickets at

a, b, c, &c. Measure also the distance from A to a, and from

d to c. These measurements having been made, set up the

theodolite at A, level it, and clamp the vernier plate to the

lower plate of the horizontal limb at zero, or so that the read

ings of the two verniers maybe 360° and 180" respectively, this

adjustment being perfected by the slow-motion screw, t. Next

move the whole instrument round upon the azimuthal axis,

till the object B is accurately bisected by the cross wires

clamp it firmly in this position by the screw c, tightening the

collar D, and enter in the field book the reading of the com

pass. Now release the vernier plate, and turning it round,

bisect the object c, by the cross wires, and enter the readings

of both verniers in the field book. Observing, in like manner,

the bearings of any other remarkable objects, and, entering

the readings in the same way, direct the telescope lastly to a,

at whicL station an assistant must be placed, with a staff held

upon the picket there driven into the ground, and, entering the

reading of the vernier as before, clamp the vernier plate care

fully, and remove the instrument to a. Level the instrument

at a, UTiclamp the collar D, and, turning round the whole in
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strument upon the azimuthal axis, direct the telescope to the

last station A, tighten the collar D, and perfect the adjustment,

if necessary, by the slow-motion screw T. Now release the

vernier plate, and, bringing it back to zero, if the reading of

the compass be the same as the reading previously entered in

the field book, we assume our work, as far as it has gone, to

be correct ; but, if not, we must go back to A, and go over the

work again*. Next release the vernier plate, and enter the

readings, when the telescope is directed to the several remark

able points visible from a, and lastly direct the telescope to

the next forward

station 6, as be

fore. In the

same manner

proceed from b

to c, c to d, and

d to c; and, hav

ing directed the

telescope at c to

the last back sta

tion d, and re

leased the ver

nier plate, direct

the telescope to

A ; and, if all the

angles have been

correctly mea

sured up to this

time, the reading of the vernier will now be the same as

when the telescope was directed to c from the point A.

If then we have not been able to make ail the compass

readings agree at the previous stations, after going twice over

the work at such stations we may now consider that our work

was correct, and that the error in the compass reading arose

from some local attraction, or extraordinary variation of the

needle. This verification of the work at c is called closing tlie

work. We now come back again to d, and proceed from d to e,

and so on, as before, till we come to some other station, which

has been observed either from A or c, and which we again close

upon, and at last arriving at /, if the readings agree within a

minute or two with the readings for /, previously observed at

* If the same result is again arrived at, we may presume that the com

pass is acted on by some local attraction, and proceed w-th tn." work ; and

(he accuracy of this presumption will br further tested at wo go cm.
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«, the whole work may be considered to have been performed

with a sufficient degree of accuracy ; but, if the error amount

to more than a minute or two, we must proceed hack again

from/ to e, and so on till we find out the station at which the

error has occurred. If the ground along any of the lines a b,

b c, &c., rise or fall, suppose, for instance, along b c, then we

must direct the telescope from b, so as to make the cross wires

bisect upon the staff, held upon the picket at c, a point at the

same distance from the ground as the center of the telescope,

and then upon one side of the vertical limb is pointed out the

number of links to be deducted for each chain from the mea

sured distance b c, to reduce it to the required horizontal dis

tance. This reduction is then to be entered in the field book*

INSTRUMENTS FOR PLOTTING THE SURVEY.

In plotting the survey, as in taking it, due regard must be

had to both accuracy and despatch, and we should aim to lay

down the various points observed with an accuracy propor

tionate to the accuracy of the survey itself. To this end the

principal points should be laid down by setting off with the

beam compasses the computed sides of the triangles, the

angles of which have been accurately observed with the large

theodolite; and the direction of the meridian is to be laid

down from an observation of the angle which it makes, with a

side of one of these triangles, by means of the computed

chords f, which chord is also to be set off with the beam com

THE CIRCULAR PROTRACTOR.

The principal points having thus been laid down, the bound

aries observed by the small theodolite may be put in by first

laying down upon the paper a large circular protractor. This

protractor may be pricked off by means of the circular metallic

protractor represented in the accompanying figure, and the

lines can then be transferred to any part of the paper by

means of a large ruler and triangle, or by any parallel ruler.

The circular protractor is a complete circle, A A, connected

with its center by four radii, a a a a. The center is left open,

and surrounded by a concentric ring, or collar, 6, which carries

• The method of surveying with the chain and theodolite, explained

above, is called surveying by a traverse.

t If a table of chords be not at hand, take out the sine of half the angle

from a table of natural sines, and, reckoning the first figure as integral, this

will be the chord of the whole angle to radius 5, or, reckoning the first two

figures integral, it will be the chord to radius 60.

o 8
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two radial bars, c c. To the extremity of one bar is a pinion,

d, working in a toothed rack quite round the outer circumfer

ence of the protractor. To the opposite extremity of the

other bar, c, is fixed a vernier, which subdivides the primary

divisions on the protractor to single minutes, and by estima

tion to 30 seconds. This veniier, as may readily be under

stood from the engraving, is carried round the protractor by

turning the pinion d. Upon each radial bar, c c, is placed a

branch e e, carying at its extremity a fine steel pricker, whose

point is kept above the surface of the paper by a spring placed

 

under its support, which gives way when the branch is pressed

downwards, and allows the point to make the necessary punc

ture in the paper. The branches e e are attached to the bars

c c, with a joint which admits of their being folded backwards

over the instrument when not in use, and for packing in its

case. The center of the. instrument is represented by the in

tersection of two lines drawn at right angles to each other on

a piece of plate glass, which enables the person using it to

place it so that the center, or intersection of the cross lines,

may coincide with any given point on the plan If the instru

ment is in correct order, a line connecting the fine pricking

points with each other would pass through the center of the in

strument, as denoted by the before-mentioned intersection of

the cross-lines upon the glass, which, it may be observed, are

drawn so nearly level with the under surface of the instrument

as to do away with any serious amount of parallax, when set

ting the instrument over a point from which any angular lines

are intended to be drawn. In using this instrument tbe ver
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nier should first be set to zero (or the division marked 860)

on the divided limb, and then placed on the paper, so that the

two fine steel points may be on the given line (from whence

other and angular lines are to be drawn), and the center of the

instrument coincide with the given angular point on such line.

This done, press the protractor gently down, which will fix it

in position by means of very fine points on the under side.

It is now ready to lay off the given angle, or any number of

angles that may be required, which is done by turning the

pinion d till the opposite vernier reads the required angle.

Then press downwards the branches e e, which will cause the

points to make punctures in the paper at opposite sides of the

circle ; which being afterwards connected, the line will pass

through the given angular point, if the instrument was first

correctly set. In this manner, at one setting of the instru

ment, a great number of angles, or a complete circular protrac

tor, may be laid off from the same point.

THE T SQUARE AND SEMICIRCULAR PROTRACTOR.

We cannot speak too highly of a method by which a tra

verse can be most expeditiously as well as accurately plotted,
 

by means of the T square and semi-circular protractor, the

manner of using which is thus described by Mr, Hewlett,

chief draughtsman, Royal Ordnance Office, ir vol. i. of Papers
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on Subjects connected with the Duties of the Royal En

gineers :—

" As, when away from home, it seldom happens that the surveyor can

obtain a good drawing board, or even a table with a good straight edge, I

fix a flat ruler, A, to the table B B B, by means of a pair of clamps, o », and

•gainst this ruler I work the pattern square E, one side of which has the

stock flush with the blade; or, if a straight-edged board be at hand, then the

square may be turned over, and used against that edge instead of the ruler A.

Here, then, is the most perfect kind of parallel ruler that art can produc*

capable of carrying the protractor over the whole of a sheet of plotting paper

of any size, and may be used upon a fcible of any form. It is convenient to

suppose the north on the left hand, and the upper edge of the blade to repre

sent the meridian of the station.

" This protractor is held in the hand while the vernier is set, which is an

immense comfort to the sight ; and it will be seen that, as both sides of the

arm are parallel with the zero and center, the angle may be drawn on the

paper against either side, as the light or other circumstances may render

desirable."

From this description and a mere glance at the engraving, it

is clear that angles taken with the theodolite can be transferred

to the plot as accurately as the protractor can be set, namely,

to a single minute, and that, too, in a rapid and pleasant

manner.

Another most admirable and expeditious method of plotting,

especially useful when it is a principal point to obtain the

area of an estate or parish, &c., is to procure or form a table

of northings, southings, eastings, and westings *, for all

angles made with a meridian line, and for all distances

from 1 to 100. These distances may be either links, feet,

chains, or estimated in any denomination whatever, and

the corresponding northings, southings, eastings, and west

ings will be in the same denomination. This table is in fact

nothing more than the products of the sines and cosines

of the angles, made with the meridian line, multiplied

by the several distances, and the following is the method

of using it. Take out from this table the northings, south

ings, eastings, and westings made on each of the lines of the

survey, the line from which the angles have been measured

being for this purpose assumed as the meridian, no matter

in what direction it may lie, and place them in a table, which

we may call a traverse table, in four separate columns, being

the third, fourth, fifth, and sixth columns of the tablet, headed

* This table is the same as the table given in books on navigation, and

then called a table of latitude and departure.

1 The first and second columns of the traverse table contain th< courser
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N., 8., E., and W. respectively. Add up these several

columns, and, if the work is so far correct, the sum of the

northings will equal the sum of the southings, and the sum

of the eastings will equal the sum of the westings. Then

in two additional columns enter the whole quantities of north

ing and easting, made at the termination of each of the seve

ral bounding lines of the survey; which quantities will be

determined by putting zero for the greatest southing, and

adding or subtracting the northing or southing made on each

particular liue to or from the whole quantity of northing made

at the beginning of this line, or at the termination of the

preceding line ; and again, by putting zero for the greatest

westing, and adding or subtracting the easting or westing

made on each line to or from the whole quantity of easting

at the beginning of the line.

This preparatory table having been formed, the plot may bo

laid down with great ease and accuracy by means of a plotting

scale, formed of two ivory graduated rules, one of which, n n,

represents the assumed meridian along which the northings

are to be measured,

and the other, e e, re

presents the east and

west line, and serves

to set off the east

ings. The rule, n n,

is perforated through

out nearly its whole

length with a dove

tail groove, receiving

an accurately fitted

sliding piece, to which

the rule, e e, is fixed

by the screw », so as to slid* along, and always have its edges

at right angles to the edges of the rule n n. The rule, nn, is

to be placed on the paper with its zero division opposite that

point of the line assumed as a meridian, at which the plotting

is to be commenced, and with its edges parallel to this line,

Bad at such distance from it, that the zero division on the rule,

« «, may be upon the assumed meridian. The rule, n n, is then

to be fixed by placing weights upon its extremities, or by clamps.

The scale, e e, being now slid along till either of its edges coin

cides with the divisions upon the scale, n n, answering to the

whole quantities of northing at the termination of each line of

the survey, the divisions upon the scale, e e, answering to thr
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whole quantities of easting, will give the terminations of these

lines, which, being pricked off, have only afterwards to be

joined, and the plot will be completed.

To compute the A rea of the Plot.—Rule six additional col urn ns.

In the first of these, or ninth column of the traverse table,

set the sums of the total northings, and in the tenth, the sums

of the total eastings at the beginning and end of each line in

the survey, which sums will be found by adding together each

pair of succeeding numbers in the two preceding columns.

In the eleventh column set the products of the eastings made

on the respective lines of the survey, found in the fifth column,

multiplied by the corresponding sums of the total northings

in the ninth column ; and in the twelfth column set the pro

ducts of the westings found in the sixth column, and the cor

responding sums of the total northings in the ninth column.

Sum up the eleventh and twelfth columns, and the difference of

the totals thus found will be twice the area of the plot. Again

in the thirteenth and fourteenth columns set the products of

the northings and southings in the third and fourth columns,

multiplied by the corresponding sums of the total eastings in

the tenth column, and the difference of the sums of the thir

teenth and fourteenth columns will again be twice the area of

the plot, and, if agreeing nearly with the double area before

found, shows the calculations to have been correctly performed.

(We give an example in the opposite page.)

The near agreement of the sums of the third and fourth, and

of the fifth and sixth columns is a test of the accuracy of the

survey ; in columns 7 and 8 we have the distances to be set off

by the plotting scale ; in column 9 we have the multipliers by

which the east and west products in columns 1 1 and 1 2 are

found ; and in column 10 we have the multipliers for finding

the north and south products in columns 13 and 14. The

difference of the sums of the eleventh and twelfth columns

gives double the area, the difference of the sums of the

thirteenth and fourteenth gives again double the area, and,

taking the mean of these results, by adding them together

and dividing by 4, we obtain the area most probably to within

a quarter of a perch, since the two double areas differ by less

than a perch.

THE STATION POINTER

When the principal features of a country have been laid

down by the methods already pointed out, the details may be
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put in with great rapidity by means of the instrument which

we are now about to describe

A A, B B, c c, are three arms moveable about a common

center, o, and carrying three fine wires stretched quite tight,

the prolongation of which would pass exactly through the

center, o. The arms, BB, and c c, carry each a graduated

arc, b 4, and c c ; and the arm A A carries two verniers, a, a',

adapted to the graduated arcs, b b, and o c, respectively.

 

The angles L o M, and L o N, subtended, at one of the

points which we wish to put in, by L, M, and N, three of the

principal points of the survey already laid down, having been

observed by means of the prismatic compass, or pocket sex

tant, the arms of the station pointer are opened out till the

verniers point out these angles upon the graduated limbs, b b,

and c c, respectively. The station pointer being then placed

upon the paper, and moved about till the fine wires pass ex

actly over the stations L, M, N, as marked already upon the

plot, the center will be exactly over the point to be filled

in, and its place is to be marked by passing a pricking point

through a small opening, which is made at the center to

serve this purpose
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PART IV.—ON ASTRONOMICAL INSTRUMENTS,

space which we have occupied with the former parts ol

this work will compel us to be more hrief than we had con

templated in the description of the Astronomical Instruments,

We shall, therefore, confine our attention more particularly to

Hadley's Sextant ;

Troughton's Reflecting Circle ;

The Transit Instrument ;

The Collimator ;

Altitude and Azimuth Instruments ;

with some brief remarks upon other instruments, used fot

astronomical purposes.

HADLEY'S SEXTAKT.

This instrument differs from the pocket sextant, already

described, in its appearance, from the absence of the box in

which the pocket sextant is fixed ; in its size, varying usually

from 4 inches to 6 inches radius; and in its requiring and

admitting of more perfect and minute adjustment.

L is the graduated limb of the instrument, graduated from

0° to 140° at every 10' or 20', according to the size of the

instrument, and subdivided by the vernier, v, to 10" or 20",

 

thus enabling us to read off angles by estimation to 5". The

limb is also graduated through a small space, called the arc

of excess, on the other side of the zero point. T is the

tangent screw for giving a slow motion to the index bar after

it has been clamped by the screw c. x is a microscope,

attached to the index bar moveable by a screw, v, so as to

command a view of the vernier throughout its entire length.

i is the index glass, or first reflector, attached to and moving

with the index bar ; and H is the horizon glass, having its lower

half silvered to form the second reflector, and its upper half

transparent. Four dark glasses are placed at c, any one or

more of which can be turned down between the index glass.
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and horizon glass to moderate the intensity pf the light from

any very bright object viewed by reflection ; and at a are three

dark glasses, any one or more of which can be turned up to

moderate the intensity of the light from any bright object,

viewed directly through the transparent part of the horizon

glass. D is a ring for carrying the telescope, attached to a stem

s, called the up and down piece, which can be raised or

lowered by means of a milled-headed screw. The use of this

up and down piece is to raise or lower the telescope, till the

objects seen directly and by reflection appear of the same

brightness. K is the handle by which the instrument is held.

In selecting an instrument care must be taken that all the

joints of the frame are close, without the least opening or

looseness, and that all the screws act well, and remain steady,

while the instrument is shaken by being carried from place

to place. All the divisions on the limb and vernier, when

viewed through the microscope, must appear exceedingly fine

and distinct, and the inlaid plates, upon which the divisions

are marked, must be perfectly level with the surface of the

instrument. The index, or zero, of the vernier, should also

be brought into exact coincidence successively with each

division of the limb, till the last division upon the vernier

reaches the last division upon the limb ; and, if the last

division of the vernier do not in each case also exactly coin

cide with a division upon the limb, the instrument is badly

graduated, and should be rejected. All the glass used in the

instrument should be of the best quality, and the glasses of the

reflectors should each have their faces ground and polished

perfectly parallel to each other, to avoid refraction. Look,

therefore, into each reflector, separately, in a ve.ry oblique

direction, and observe the image of some distant object ; and

if the image appears clear and distinct in every part of the

reflector, the glass is of good quality ; but if the image ap

pears notched, or drawn with small lines, the glass is veiny,

and must be rejected. Again, if the image appears singly,

and well denned about the edges, the two surfaces of the glass

are truly parallel ; but if the edge of the image appears misty,

or separated like two images, the two surfaces are inclined to

one another. The examination will be more perfect if the

image be examined with a small telescope.

A plain tube and two telescopes, one showing objects in

verted, and the other erect, are usually supplied with the

sextant. The manner of testing the telescopes has already

been explained in the part of the work devoted to optical in
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struments. A dark glass is also supplied to fit on to the eye-

end of the telescope, and a key for turning the adjusting

screws.

To examine the Error arising from the Imperfection of the

Dark Glasses.—Fit the dark glass to the eye-end of the tele

scope, and, all the shades being removed, bring the reflected

image of the sun into contact with its image seen directly

through the unsilvered part of the horizon glass. Then re

move the dark glass from the eye-end of the telescope, and,

setting up first each shade separately, and then their various

combinations, if the two images do not in any case remain

in contact, the angle through which the index must be moved

to restore the contact, is the error of the dark glass, or com

bination of dark glasses, used in the observation, and which

error should be recorded for each glass and each combination

of the glasses.

The adjustments of the instrument consist in setting the

horizon glass perpendicular to the plane of the instrument,

and in setting the line of collimation of the telescope parallel

to the plane of the instrument.

To adjust the Horizon Glass.—While looking steadily at

any convenient object, sweep the index slowly along the limb,

and, if the reflected image do not pass exactly over the direct

image, but one projects laterally beyond the other, then the

reflectors are not both perpendicular to the face of the limb

Now the index glass is fixed in its place by the maker, and

generally remains perpendicular to the plane of the instru

ment, and, if it be correctly so, the horizon glass is adjusted by

turning a small screw at the bottom of the frame in which it is

Bet, till the reflected image passes exactly over the direct image

To examine if the Index Glass be perpendicular to the Plane

of the Instrument.—Bring the vernier to indicate about 45°,

and look obliquely into this mirror, so as to view the sharp

edge of the limb of the instrument by direct vision to the right

hand, and by reflection to the left. If, then, the edge and its

image appear as one continued arc of a circle, the index

glass is correctly perpendicular to the plane of the instrument;

but if the arc appears broken, the instrument must be sent to

the maker to have the index glass adjusted.

To adjust the Line of Collimation.— 1. Fix the telescope in

its place and turn the eye-tube round, that the wires in the

focus of the eye-glass may be parallel to the plane of the in

strument. 2. Move the index till two objects, as the sun and

moon, or the moon and a star, more than 90° distant from

each other, are brought into contact at the wire of the dia-.
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phragm, which is nearest the plane of the instrument. 8. Now

fix the index, and altering slightly the position of the instru

ment, cause the objects to appear on the other wire ; and, if

the contact still remain perfect, the line of collimation is iu

correct adjustment. If, however, the two objects appear to

separate at the wire that is further from the plane of the in

strument, the object-end of the telescope inclines towards the

plane of the instrument ; but, if they overlap, then the object-

end of the telescope declines from the plane of the instru

ment. In either case the correct adjustment is to be obtained

by means of the two screws, which fasten to the up and down

piece the collar holding the telescope, tightening one screw

and turning back the other, till, after a few trials, the contact

remains perfect at both wires.

The instrument having been found by the preceding me

thods to be in perfect adjustment, set the index to zero, and

if the direct and reflected images of any object do not perfectly

coincide, the arc, through which the index has to be moved to

bring them into perfect coincidence, constitutes what is called

the index error, which must be applied to all observed angles

as a constant correction.

To determine the Index Error.—The most approved method

is to measure the sun's diameter, both on the arc of the instru

ment, properly so called, to the left of the zero of the limb, and

on the arc of excess to the right of the zero of the limb. For

this purpose, firstly, clamp the index at about 30' to the left

of zero, and, looking at the sun, bring the reflected image of

his upper limb into contact with the direct image of his lower

limb, by turning the tangent screw, and set down the minutes

and seconds denoted by the vernier ; secondly, clamp the

index at about 30' to the right of zero, on the arc of excess,

and, looking at the sun, bring the reflected image of his lower

limb into contact with the direct image of his upper limb, by

turning the tangent screw, and set down the minutes and

seconds denoted by the vernier underneath the reading before

sot down. Then half the sum of these two readings will be

the correct diameter of the sun, and half their difference will

be the index error. When the reading on the arc of excess

is the greater of the two, the index error, thus found, must be

added to all the readings of the instrument ; and when the

reading on the arc of excess is the less, the index error must

be subtracted in all cases. To obtain the index error with

the greatest accuracy, it is best to repeat the above opeiation

several times, obtaining several readings on the arc of the

instrument, and the same number on the arc of excess ; and
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the difference of the sums of the readings in the two cases,

divided by the whole number of readings, will be the index

error; while the sum of all the readings, divided by their

number, will be the sun's diameter

EXAMPLE.

Readings on the Arc of Readings on the Arc of

Instrument. Excess.

35 29 25

35 5 29 85

35 10 29 20

105 15 88 20

88 20 105 15

No. of jeadings 6) 16 55 Difference. 6)193 35 Sum.

2 49 Index error. 32 15-8 Sun's diameter.

The readings on the arc of excess being less than those on

the arc of the instrument, the index error, 2' 49", is to be sub

tracted from all the readings of the instrument.

NOTB.—In taking off the readings on the arc of excess, the vernier must

be read backwards ; that is, the division read off on the limb, being the divi-

•ion next to the left of the zero of the vernier, the divisions of the vernier to

be added must be reckoned from the other end of the vernier to the division

coinciding with a division upon the limb ; or the reading of the vernier for

wards, according to the usual method, may be subtracted from 10', the limb

being divided to 10', and the remainder added to the reading of the division

upon the limb next to the left of the zero of the vernier, as before.

The manner of observing with the sextant has been already

explained, when treating of the pocket sextant (p. 120).

TROUGHTON'S REFLECTING CIRCLE.

In this instrument, which is the same in principle as the sex

tant, the limb is a complete circle, L L L. It has three verniers,

v v v, one of which is furnished with the clamp and tangent

screw, s s, for regulating the contacts ; and the verniers are

read by a magnifier, M, which may be applied successively to

all the verniers. In the middle of the frame, and attached to

it by a broad base or flanch, is a hollow center, upwards of two

inches long, in which an axis revolves. The triple vernier bar,

i 1 1, is attached at one end of the axis, and the index glass at

the other, so that both turn together, but on opposite sides of

the instrument. A secondary frame, B B, carries the telescope,

T, the horizon glass, and the dark glasses. H H are two

handles, one of them bent, and passing round to the center of the

instrument on the»oiher side; and there is a third handle,
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which cat be screwed on perpendicular to the plate of the in-

•trumeut, either into the handle at c, or upon the other aide

of the instrument, at its center. The adjustments and man

ner of observing with the instrument are explained by the

inventor, Mr. Troughton, as follows :—

 

Directiont for observing wiUt, Troughton't Reflecting Circle.—" Prepare

the instrument for observation by screwing the telescope into its place, adjust

ing the drawer to focus, and the wires parallel to the plane, exactly as you

do with a sextant: also set the index forwards to the rough distance of the

Bun and moon, or moon and star; and, holding the circle by the short handle,

direct the telescope to the fainter object, 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

ihown by the other two branches ; these give the distance taken on three

different sextants; but ::s 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 distance, and reverse iae plane of the instrument, by hold

ing it by the opposite handle, and nuke 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 observations were made.

" When the objects are seen very distinctly, so that ff> doubt whatever re

mains about the contact in both sights being perfect, the above may safely be

relied on as a complete set; but if, from the haziness of the air, too much

raoti'in, or any other causes, the observations have been iV-ndered doubtful,

it will be advisable to make more : and if, at such times, so many readings

•hnuld be deemed troublesome, six observations, and six readings, may l;e

conducted in the manner following:—Take three successive -iijit.s forwards,

exactly u is done with a sextant; only take care to read them oft' on differed!
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branches of the index. Also make three observations backwards, using the

fca.no. caution ; a mean of these will be the distance required. When the num

ber of sights taken forwards and backwards are unequal, a mean between the

moans of those taken backwards and those taken forwards, will be the true

angle.

" It njed 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, 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

equally 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 backwards

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 observa

tions, will be the true latitude ; but in these there should be

no application of index error, for that being constant, the re

sult 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 measured, and when his altitude is taken

with an artificial horizon, the attached dark glasses ought not to be used : in

stead 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 Jther, will be found more applicable.

" When the crooked handle happens to be in the way of reading one of the

branches of the index, it must be removed, 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 ac

count be omitted, but a fair mean must alwa}'S be taken.

" It should be stated, that when the angle is about thirty degrees, neither

the distance of the sun and moon, nor an altitude of the sun, with the sea

horizon, can be taken backwards ; 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 h.;
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altitude ii taken with an artificial horizon (the shade being applien to the

end of the telescope), that angle may be measured nearly as well as w.y

other ; for the rays incident on the index glass will pass through the trans

parent half of the hurizon 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 center is perfectly corrected

by reading the three branches of the index; while this property, combined

with that of observing both ways, probably reduces the errors of dividing to

one-sixth part of their simple value. Moreover, 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 tc

the purpose ; it is known to be right when, by looking into the index glass,

you see that part of the limb which is next you reflected in contact with the

opposite side of the limb 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

horizontal glass perpendicular. This is performed by a capstan screw, at the

bwer 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 ot 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 screws, which also fasten the collar into which the telescope screws

to the upright stem on which it is mounted ; this is known to he right when

the sun and moon, having a distance of one hundred and thirty degrees, or

more, their limbs are brought in contact, just at the outside of that wire which

is next to the circle, and then examining if it be just the same at the outside

of the other wire : its being so is the proof of adjustment."

Another instrument of Troughton's construction upon tha

principle of the sextant is the dip sector, for measuring the

dip of the horizon. Any person who is thoroughly acquainted

with the sextant will find no difficulty in using it, after a few

words of explanation from the maker.

THE TRANSIT INSTRUMENT.

The reflecting instruments, which we have just described,

from their portability and the promptitude and facility with

which they may be used in ail situations, and upon all occa

sions, are most useful instruments to the surveyor. The

sextant or reflecting circle, with an artificial horieon, and a
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good chronometer, forms, in fact, a complete observatory, with

which the latitudes and longitudes of places may be deter

mined to a great degree of accuracy ; while to the navigator

a reflecting instrument is indispensable ; all other instruments

requiring to be supported upon a stand perfectly at rest*,

while the sextant and similar instruments are held in the

hand, and perform their duty well on the deck of a rolling

ship. In permanent observations, however, th; capital an

gular instruments are placed permanently in the plane of the

meridian, and the measurements sought for by their aid are

the exact times at which the observed objects pass the meri

dian, and their angular altitudes or zenith distances, when

upon the meridian. The instrument with which the first of

these measurements are obtained is called a transit instru

ment, transit telescope, or merely a transit. Transits of port

able dimensions, besides their use in small or temporary ob

servatories, are also found serviceable to the surveyor, for

determining, with the greatest possible accuracy, the true

north point, and thence setting out a line in any required

direction ; and to the scientific traveller, for determining the

longitude of any place from astronomical observations, and for

adjusting his time-keepers with greater accuracy than can be

obtained by his sextant or reflecting circle. The annexed

figure represents a portable transit.

T T is a telescope formed of two parts, connected by a

spherical center-piece, into which are fitted the larger ends

of two cones, the common axis of which is placed at right

angles to the axis of the telescope, to serve as the horizontal

axis of the instrument. The two small ends of these cones

are ground into two perfectly equal cylinders, called pivots.

The pivots rest upon angular bearings or Ys. The Ys are sup

ported upon the standards E and w, of which E may be called

the eastern, and w the western standard ; and one of the Ys is

fixed in a horizontal groove, on the western standard, so that,

by means of the screw s, one end of the axis may be pushed a

little forwards or backwards, and a small motion in azimuth

be thus communicated to the telescope f. The standards, E

* In observatories the instruments are supported by stone walls, or pil

lars, A-hich pass below the floors, without touching them, or any part of the

building, and are consequently independent of any tremor, communicated to

the floor or walls of the buildings. It wns considered that the passage of a

railway through Greenwich Park would impair the observations at the Royal

Observatory, by communicating a tremor to the ground.

1- The large transits in permanent, observations have their Ys placed 111

wu dove-tailed grooves, one horizontal, and the other vertical. I!y muma

U
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and w, are fixed by screws upon a brass circle, o o, and steadied

by oblique braces, B B, which spring from the cross-piece, o.

On one end of the axis is fixed, so as to revolve with the

axis, a vertical circle, v v ; and a double index-bar, furnished

 

with a spirit level, 1 1, to set it horizontal, carries two ver

niers, n n, adapted to the vertical circle, and showing the

angle of elevation of the telescope. The index-bar is fixed in

its position by the clamping screw, c, and can be fixed upon

of the latter one end of the axis may be raised or depressed; but in

the portable transit the same object is attainod by turning one of the foot

•crew* upon which the entire instrument resta.
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cither the eastern or western standard, at pleasure, while thfi

telescope, with its attached circle, can also be lifted out of, and

have its position reversed in, the Ys. The pivot, which does

.jot carry the vertical circle, is pierced, and allows the light

from a lamp to fall upon a plane speculum, fixed, in the

spherical center piece, on the axis of the telescope, and in

clined to this axis at an angle of 45°. The light is thus

thrown directly down the telescope, and illuminates the wires

of the diaphragm, placed in the principal focus of the tele

scope. Of these wires, one is horizontal ; and a vertical wire,

intersecting it in the center of the field of view, gives, by its

intersection with it, the collitnating point. There are, then,

other vertical wires arranged in pairs equidistant from the

central vertical wire^s, so that we have either three, or five, or

seven vertical wires, the most common number Ibeing five

The lamp has a contrivance for regulating the quantity of

light thrown into the telescope, by turning a screw, so that

the light from a small star may not be overpowered by the

superior light of the lamp.

The requisites of a good instrument, are— Istly, that the

telescope be of the best quality, which is to be tested by the

methods already given (pp. 86-88); Sndly, that the feet

screws act well and remain steady ; 3rdly, that all the

screws, by which the instrument is put together, are turned

home, and remain so, after the instrument has been shaken

by carriage ; 4thly, that the length of the axis be just suffi

cient to reach from one Y to the other, without either friction

or liberty; 5thly, that the lamp be held so as not to require

adjustment for position ; 6thly, that the screws of adjustment

of the diaphragm, and Ys, be competent to give security of po

sition to the parts adjusted hy them ; 7thly, that the metal

lic parts be free from flaws in casting, and that the pivots bo

formed of hard bell metal and incapable of rusting.

The principal adjustments of the transit are three :—

1st. To make the axis on which the telescope moves horizontal.

2nd. To make the line of collimation move in a great vertical circle, by

setting it perpendicular to the horizontal axis.

3rd. To make it move in tnat vertical circle, which is the meridian.

To make the Axis Horizontal.—Apply to the pivots the

large level, L L, which is supplied with the instrument for this

purpose, and is either constructed to stand upon the pivots,

in which case it is called a striding level, or of the form

shown at page 96, in which case it is suspended from tho

pivots, and is called a hanging level. Bring the air bubble
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to the center of its run, by turning the foot screw, /. Turn

the level end for end, and, if the air bubble retains its posi

tion, the axis is horizontal, but, if not, it must be brought back

half by the foot screw,/, and the other half by turning the

small screw at one end of the level. Repeat the operation

till the bubble retains the same position in both positions of

the level, and the axis will be horizontal.

To adjust the Line of Collimation in Azimuth.—Direct the

telescope to some distant, small, and well-defined object, and

insect it by one extremity of the middle vertical wire, giving

the telescope the azimuthal motion necessary for this purpose

by turning the screw s. By elevating or depressing the tele

scope, examine whether the object is bisected by every part

of the middle vertical wire ; and if not, loosen the screws

which hold the eye-end of the telescope in its place, and turn

the end round very carefully till the error is moved. Lift

the transit off the Ys, and reverse it, so that the end of the

axis, which was upon the eastern Y, may now be upon the

western, and vice vend; and, if the object is still bisected bj

the central vertical wire, the Collimation in azimuth is per

fect; but, if not, move the center of the cross wires half

way towards the object by turning the small screws which

hold the diaphragm, and, if this half distance has been cor

rectly estimated, the adjustment will be accomplished. Again,

bisect the object by the center of the cross wires by turning the

azimuthal screw s, and repeat the operation, till the object is

bisected by the center of the cross wires in both positions

of the instrument, and the adjustment will be known to be

perfect *.

To adjust the Transit to the Meridian.—The line of collima-

tion by reason of the previous adjustment describes a vertical

circle, and, therefore, bisects the zenith, which is one point in

the meridian. If, then, we can make it also bisect another point

in the meridian, it will move entirely in the meridian. Com

pute from the tables in the Nautical Almanack, the time of

Polaris coming to the meridian, and at the computed time

bisect the star by the middle vertical wire, and the transit

will be very nearly adjusted to the meridian.

To make the great vertical circle described by the line of

Collimation more nearly coincident with the meridian, let the

intervals between the successive passages of Polaris across

* The horizontal motion given to the Y, by the azimuthal screw s, forma,

evidently, no part of the adjustment for Collimation, but only enables us tc

examine if the adjustment has been made with sufficient exactness.
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the meridian be observed, as indicated by the instrument.

Then, if the interval between the inferior and superior pas

sage be equal to the interval between the superior and info

rior, the adjustment to the meridian is perfect; but if the

interval between die inferior and superior passage be less than

the interval between the superior and inferior, the circle

described by the line of collimation deviates to the eastward of

the true meridian, from the zenith to the north point of the

horizon, and to the westward, from the zenith to the south

point of the horizon ; while if the interval between the infe

rior and superior passage be the greater, the deviation is in

the contrary directions. •

Let $ be the observed difference of the intervals from twelve

hours, or half the difference between the two intervals in

seconds, ir the polar distance of the star Polaris, and L tho

latitude of the place, then, z representing the deviation from

the meridian in time, the value of z will be given by thf

logarithmic formula,

log. z = log. -|- ]0g. sec. t 4. log. tan. r — 20.

*

EXAMPLE.

Place of observation, Cambridge, latitude 52° 12' 36". ,

Polar distance of Polaris, 1° 39' 25"'05. .

Difference of intervals from 12 hours 71" 22' =442".

2 = 221 ...log. = 2-3443923

i = 52° 12' 36" log. sec. = 10-2127030

<r= 1° 39' 25"-05...1og.tan. = 8-4513064

z = 10M95 log. = 21-0084017

To determine the value of a revolution of the azimuthal screw,

s, the time * of passage of an equatorial star across the middle

vertical wire must be noted one day ; and then, turning the

screw, s, once round, the time of passage* must be noted

again ; and the difference of these times will be the value in

time of a revolution of the screw. Suppose the difference

thus observed to amount to two seconds, then the value of

one complete revolution of the screw, s. is two seconds, and

the value of the motion of the adjusting screw being thus ob

tained, must be reduced to the horizon, by increasing.it in

the ratio of cosine of latitude to radius, and may then be ap

plied to correct the error of deviation as found above.

* The time here spoken of, and throughout the description of this instru

ment, unless otherwise expressly stated, is sidereal, and not mean time.
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A second method, founded on the same principles as the

preceding, consists in observing the pole star, and anothei

star, which crosses the meridian near the zenith of the place

of observation. The time of passage of such a star, Capella

for instance, when near its superior transit, across the middle

wire of the telescope, will differ but very little from the time

of passing the true meridian, if the deviation of the instru

ment from the meridian be but small. Assume the two

times to agree exactly, and the difference between the times

of superior transit of Capella and Polaris will be the differ

ence of the observed right ascensions of these two stars

From this difference subtract the difference of the computed,

or catalogued, right ascensions of the two stars, and call the

result D ; and the deviation will be given by the formula,

log. z = log. D + log. sin. TT + log. sec. (L + v) ;

v being the polar distance of Polaris, and L the latitude of

the place of observation. From Capella not having been

exactly on the meridian, when on the middle vertical wire,

the value of D, as above obtained, is only an approximation

to the error of the observed right ascension of Polaris, and

the deviation computed from it will be only approximately

correct; but, by repeating the operation, the adjustment may

be completely perfected.

D is actually the value of the sum of the errors of the ob

served right ascensions of Capella and Polaris, and hencs

the value of z will be correctly given, by so considering it,

instead of supposing as above, that this error for Capella ia

zero. The true deviation then is given by the formula,

log. z — log. D -J- log. sin. *+ log. sin. «•' + log. cosec. («•' — t\ 4- log. sr.c t, ;

IT' being the polar distance of Capella.

Using this last formula, the method may be applied to

Polaris, and any star distant from the pole, or to any two stars

differing from each other not less than -10° in declination. If,

however, the transit of one star is observed above, and of the

other, below the pole, the formula will be

log. z = log. D + log. sin. «• + log. sin. «•' + log. cosec. (J + «•) + log. »ec. t.

Considerable advantage may be obtained by selecting two

stars that differ but little in right ascension, as there is then

the less probability of error from a change in the rate of tho

clock, or in the position of the instrument, on which account

such methods are to be preferred in temporary observatories,

where the stability of the instrument is not to be depended

upon for any length of time.
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In all the preceding formula}, the deviation from the me

ridian is given in time; but, to convert it into angular measure,

if desirable, we have only to multiply by 15, and the seconds

of time will he converted into seconds of a degree.

When the instrument is by any of the methods explained

above brought into the meridian, a distant mark may be set

up in the plane of the meridian, hy which th« adjustment to

the meridian may afterwards be tested.

METHOD OF OBSERVING WITH THE TRANSIT.

The adjustments having been completed, in making obser

vations with the instrument, the instant of a star's passing

the middle vertical wire will be the time of the star's transit;

but the time of the star's passing all the five wires must be

noted, and the mean of the times, taken as the time of transit,

will be a more accurate result than the time observed at the

middle wire only.

When the sun is the object observed, the time of the center

of his disc passing the middle wire is the time of transit; but,

as it would be impossible to estimate the center with accu

racy, the time of both his limbs coming into contact with each

wire in succession is to be noted, and a mean of all these times

will be the time of transit required. This mean may be con

veniently taken, by writing the observed times of contact of the

first and second limbs underneath each other in the reverse

order, when the sums of each pair will be nearly equal *

EXAMPLE.

1826, Sept. 23 20-4 3*37

h in s

11 58 57-0 15-5 33-7 Q 1 Limb.

42-3 24-0 12 1 5-7 47-2 287 0 2 Limb.

2-7 2-7 24 0 27 2-7 2-4 The sum .-- 13'2

The time of either limb passing the center wire is recorded

in full, but for the other wires, the seconds only are recorded,

as the sums of the several pairs only differ by decimals of a

second. Half the sum of the times at the middle gives, then,

the correct time of transit as far as the seconds, and the deci

mals are found by removing the decimal point one place to

the left in the sum 13'2, which is equivalent to dividing by

10 Then the time of transit, or mean of observations in tha

above example, is 12h Om ls'32. This example is taken from

observations made with a large transit ; and, if with a smaller

* This is Dr. Pearson's method.
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instrument the sums of the several pairs of observations

should differ by more than a second, it will be necessary to

take the sums of both figures of the seconds, and the division

by 10, performed as above, will give the last figure of the se

conds, as well as the decimals.

In taking transits of the moon the luminous edge alone can

be observed, from which the time of transit of the center must

be deduced by the aid of Lunar tables.

In observing the larger planets, one limb may be observed

at the first, third, and fifth wires, and the other at the second

and fourth, and the mean of these observations will give the

transit of the planet's tenter.

It will sometimes happen that from the state of weather, or

from some other cause, a heavenly body may not have been

observed at all the wires; but, if the declination of the body

be known, an observation at any one of the wires may be re

duced to the central wire, so as to give the time of transit, as

deduced from this observation. If an observation be ob

tained at more than one wire, the mean of the times of pass

ing the center, as deduced from each wire observed, is to b-9

taken as the time of transit. The reduction to the center

wire is given by the formula,

B = v cosec. sr,

or log. B = log. v+log. cosec v;

in which R represents the reduction, ir the polar distance of

the body observed, and v the equatorial interval from the

wire, at which the observation has been made, to the centra!

wire. The equatorial intervals for each side wire must, there

fore, be carefully observed, and tabulated for the purpose of

this reduction. The formula R=V cosec. ir is only an approxi

mate value of the reduction, and with large instruments capable

of giving results within 0"'05, a further correction is necessary

for bodies within 10° of the pole. The whole reduction in

this case is given by the formula,

B' =— sin. ' (cosec. ir sin. 15 v).

It-

The time of any star's passage from one of the side wires to ^

the center wire being observed, the equatorial interval from '

that wire to the center is obtained by multiplying the ob

served interval by the sine of the star's polar distance ; and

the equatorial intervals being deduced in this manner from a

great many stars, the mean of the results may be considered

us very correct values of the equatorial intervals required.
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No star very near the pole should, however, be taken for this

purpose.

USE OF THE PORTABLE TRANSIT.

The large transits in permanent observatones are used to

obtain, with the greatest possible accuracy, the right ascen

sions of the heavenly bodies, from which, and the meridian

altitudes observed by a mural circle, an instrument consisting

of a telescope attached to a large circle, and placed in the

plane of the meridian, nearly all the data necessary for every

astronomical computation are obtained. For such purposes

the small portable transit is not adapted ; but it is competent

to determine the time to an accuracy of half a second, to

determine the longitude by observations of the moon and

moon culminating stars, and to determine the latitude by

placing it at right angles to the meridian, or in the plane of

the prime vertical*.

The transit of the sun's center gives the apparent noon at

the place of observation, and the mean time at apparent noon is

found by subtracting or adding the equation of time, as found

in the Nautical Almanack, to 24 hours f. The difference

between the mean time, thus found, and the time of the sun's

transit, as shown by a clock or chronometer, is the error of

the clock or chronometer for mean time at the place of obser

vation.

The time shown by a sidereal clock when any heavenly

body crosses the meridian should coincide with the right

ascension of that body, as given in the Nautical Almanack.

The difference between the time shown by the sidereal clock,

At the transit, and the right ascension of the body, taken

from the almanack, will, therefore, be the error of the clock,

+, or too fast, when the clock time is greater than the right

ascension, — , or too slow, when it is less.

THE PORTABLE ALTITUDE AND AZIMUTH INSTRUMENT.

The bending of an unbraced telescope renders it unfit for

the determination of altitudes ; but by placing the telescope

* The prime vertical is the great circle which passes through the zenith

and the east and west points of the horizon.

t The astronomical day commences at noon, and conta.ns 24 hours, the

hours after midnight being called 13, 14, &c., and the day ends at the next

noon. The equation of time is given in the Nautical Almanack for ap

parent noon at the meridian of Greenwich, and the correction to give the

equation of time at any other meridian will be found by multiplying the

difference for one hour, as given in the almanack, by the longitude of the

place, estimated in time.

H a
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between two circles braced together, an instrument may be

formed capable of observing both the meridian altitudes and

times of transit of the heavenly bodies. The increased weight

of the instrument, however, must now be prevented from pro

ducing flexure in the horizontal axis, and this has been very

ingeniously accomplished by Troughton. By mounting the

transit and altitude instrument, as Troughton's transit-circle

may be called, upon a horizontal plate or circle having an azi-

muthal motion round a vertical axis, an instrument is formed

by which observations may be made either in or out of the

meridian. When constructed of a portable size, the altitude

and azimuth instrument may also be used in important sur

veying operations ; for, in fact, it may be considered as a

rather large theodolite of superior construction.

The altitude and

azimuth instrument

may be considered as

consisting of three

parts: 1, the tripod

carrying the vertical

axis about which the

instrument turns ; 2,

the horizontal revolv

ing plate carrying the

vertical pillars, with

their appendages; and

8, the vertical circles

with the telescope.

The tripod, A A, is

supported by three

footscrews, by which

the vertical axis is

brought into adjust

ment, and carries tho

lower horizontal plate,

which is graduated to

show the azimuths or

horizontal angles. The

vertical axis is a solid

metallic cone rising

from the center of the

tripod to aheight about

equal to the radius of

the horizontal circle
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The upper horizontal plate, or horizontal revolving plate,

vv, carries an index, to point out the graduation, upon the

lower horizontal plate, or azimuth circle, which denotes nearly

the angle to be read off. The graduations upon the azimuth

circle, as well as upon the vertical circle, am subdivided by

reading microscopes, the construction and adjustments of

which we shall presently explain. The -reading microscopes

of the azimuth circle are attached to the revolving plate, v v,

which also carries two upright pillars. From the center

of the upper horizontal plate, v v, rises a hollow brass cone

which just fits over, and moves smoothly upon the solid

metallic vertical axis rising from the tripod stand. A hori

zontal brace connects the two upright pillars with one an

other and with the top of the hollow brass cone, and keeps

the pillars firm and parallel to one another. On the top of

each pillar a gibbet piece is fixed, projecting beyond the

pillars, and upon the extreme ends of these pieces are carried

the Ys for supporting the pivots of the horizontal, or transit

axis. The Ys are each capable of being raised or lowered by

turning a milled-headed screw. The top of one of the pillars

carries a cross-piece for supporting the two reading micro

scopes of the vertical circle ; and to this cross-piece is attached

the level, L L, by which the adjustment of the vertical axis is

denoted.

The third portion of the instrument consists of the vertical

circle and its telescope. This circle consists of t KO limbs

firmly braced together, and preventing any tendency to flexure

in the tube of the telescope, by affording it support at the op

posite ends of a diameter. One of the limbs only is gradu

ated, and the graduated side is called the face of the instru

ment, and the clamp and tangent screw, for giving a slow

motion to the vertical circle, act upon the ungraduated limb,

and are fixed to the vertical pillar on the side of that limb

The horizontal axis which supports the telescope and vertical

circle is constructed exactly as the axis of the transit instru

ment already described ; but, as it might press too heavily on

the Ys from the increased load of the vertical circle, a spiral

spring, fixed in the body of each pillar, presses up a friction

roller against the conical axis with a force which is nearly a

counterpoise to its weight. The adjustment of the horizontal

axis is denoted by a striding level, as in the portable transit

already described.
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ADJUSTMENTS.

Adjustments of the Vertical' Axis.—Turn the instrument

round till the level, LL, is over two of the foot-screws, and

adjust the level, so that its bubble may retain the same

position, when the instrument is turned half round, so that

the level is again over the same foot-screws, but in the re

verse position. The error at each trial is corrected, as nearly

as can be judged, half by the foot-screws, and half by the

adjusting screw of the level itself.

Next turn the instrument round 90° in azimuth, so that

the level, L i,, may be at right angles to its former positions,

and bring the bubble to the same position as before, by turn

ing the third foot-screw. Repeat the whole operation till the

result is satisfactory.

Adjustment of the Horizontal Axis.—This adjustment is

performed in the same manner, as already described for the

transit instrument (p. 147), with the single exception that one

end of the axis is to be raised or lowered, if necessary, by the

screw acting upon its Y, and not by moving a foot-screw,

which would derange the previous adjustment

Adjustment of the Circle to its Reading Microscopes.—This

is performed by raising or lowering both the Ys equally, so as

not to derange the previous adjustment, till the microscopes

are directed to opposite points in its horizontal diameter.

Adjustment of Collimation in Azimuth.—Instead of taking

the axis out of its bearings and turning it end for end, the

whole instrument is turned round in azimuth; but in all

other respects the method of performing this adjustment

is the same as that already described for the transit instru

ment (p. 148).

Adjustment of Collimation in Altitude.—Point the tele

scope to a very distant object, or star, and, bisecting it by the

cross wires, read off the angle upon the vertical circle denoted

by the reading microscopes. Turn the instrument half round

in azimuth, and, again bisecting the same object by the cross

wires, read off the angle. One of these readings will be

an altitude, and the other a zenith distance *, and their sum,

therefore, when there is no error of Collimation in altitude,

will be 90°. If the sum is not 90°, half its difference from 90°

* Both the horizontal and vertical circles are usually divided alike int'j

lour quadrants, and each quadrant graduated from 0° to 90°, proceeding in

the same direction all round the circles.
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will be the error of collimation in altitude, and this error

being added to, or subtracted from, the observed angles, ac

cording as the sum of the readings is less or greater than 90°,

will give the true zenith distance and altitude. The error of

collimation in altitude may then be corrected by adjusting

the microscopes to read the true zenith distance and altitude,

thus found, while the object is bisected by the cross wires of

the telescope. The error of collimation of this and other

astronomical instruments may also be found, or corrected, by

the collimator.

Use of the Altitude and Azimuth Instrument.—In using the

altitude and azimuth instrument, for astronomical purposes,

double observations should always be made, with the face first

to the east, and then to the west, or vice versa, or several ob

servations may be made with the face to the east, and as many

with the face to the west, and the mean of the results, reduced

to the meridian, taken as the true results. The place for a

meridian mark may be determined by the methods already ex

plained when describing the transit instrument, or by observing

the readings of the azimuthal circle, or noting the times, when

any celestial object has equal altitudes. Since the diaphragm

of the telescope is furnished not only with the central hori

zontal wire, but with other horizontal wires at equal distances

above and below it, so that there may be altogether either three,

or five, or seven horizontal wires, the azimuths and times may

be observed, when the object observed is bisected by each of

these wires. If a fixed star be the object observed, the mean

of the times will give the time of the star's passing the

meridian, and the mean of the azimuths will give the reading

of the azimuth circle when the star was on the meridian, or the

correction to be applied to the readings of the azimuth circle

to give the true azimuths. If the sun be the body observed,

a correction is necessary on account of the change of his de

clination, during the intervals between the observations

The correction for the time, as deduced from a pair of equal

altitudes of the sun, is given by the formula,

i

Correction =— v —i (tan. D X cos. 15°-.l-tan. L.)
720 X sin. 15°. f «

2

Jc which ? represents the variation in the sun's declination from the noon of

the day preceding the observations to the noon of the day suc

ceeding ;

t represents the interval between the observations expressed in

hours and decimals of .in hour
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D represents the sun's declination at noon on the day on which thtf

observations are made ;

L represents the latitude of the place.

I is to be reckoned positive when the sun's declination is increasing, and

negative when it is decreasing.

The correction for azimuth is given by the formula,

Correction = J (D' — D) sec. lat. cosec. — (l'— T).

2

in which D'— D represents tue change of the sun's declination, 1 between the

and T' — T represents the interval in time, /observations.

When the sun is advancing towards the North Pole, this

correction will cany the middle point towards the west of the

approximate south point; but when he is approaching the

South Pole, it will carry the same point towards the east, and

must be applied accordingly.

The altitude and azimuth instrument being adapted to ob

serve the heavenly bodies in any part of the visible expanse

of the heavens, its powers may be applied at any time to de

termine the data from which the time, the latitude of the

place of observation, or tht declination of the body observed,

may be at once determined. We subjoin some of the formulae,

adapted to logarithmic computation, connecting the parts of

what may be called the astronomical triangle, of which the

angular points are, the pole, p, the zenith, z, and the appa

rent place of the body observed, a.

Let PZ, the colatitude of the place, be represented by A.

PS, the polar distance of the body observed ir

zs, the zenith distance of the body observed z.

ZPB, the hour angle from the meridian /'-

PZS, the azimutnal angle a

 

Then we have the following formulae for determining the

time, tho latitude, and the declination of the body observed.
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THK BEADING MICROSCOPE.

The first of the annexed figures represents a longitudinal

section of this instrument, and the second represents the

 

 

field of view, showing the magnified divisions of the limb of

the instrument to which the microscope is applied, and the

diaphragm, d d, of the microscope, with

its comb, c c, and cross wires, w w

The diaphragm is contained in the box,

1 1, and consists of two parts moving

one over the other, the comb, c c,

which is moved by the screw, i, at the

bottom of the box. for the purpose of

adjustment, and the cross wires, w w,

and index, i, which are moved over the

comb and the magnified image of the

limb, by turning the milled head, h. The micrometer head,

m, is attached by friction to the screw turned by the milled

head, so that, by holding fast the milled head, the micrometer

oead can be turned round for adjustment.

e is the eye-piece, which slides with friction into the cell, c

so as to produce distinct vision of the spider's lines of the micro

meter. The object-glass, o, is held by a conical piece, d d, which

screws further into or out of the body of the instrument, so

as to produce distinct vision of the divided limb to be read by

the microscope, and, when adjusted, is held firmly in its place

by the nut, 6 6. The microscope screws into a collar, so as to

be capable of adjustment with respect to its distance from the

divided limb, and. when so adjusted, is held firmly in its place

by the nuts, n n, ri ri.
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Adjustments of the Reading Microscope.—Screw the object-

glass home. Insert the body of the microscope into the collar

destined to receive it, and screw home the nuts, nn and n' n'.

Make the diaphragm and spider's lines visible distinctly, by

putting the eye-piece, e, the proper depth into the cell, c.

Then make the graduated limb also distinctly visible without

parallax by turning the nuts, nn, and n'n', unscrewing one

and screwing up the other till the desired object is attained.

Now bring the point of intersection of the spider's lines

upon a stroke of the limb, and turn the micrometer head, in,

to zero ; then, turning the screw through five revolutions, if

the point of intersection of the spider's lines has not moved

over the whole of one of the divided spaces on the limb, the

object lens must be screwed up to diminish the power by turn

ing the cone, d d ; and if it has moved over more than one of

the divided spaces, it must be unscrewed to increase the

power, and then altering the position of the microscope, by

turning the nuts, nn and n'n', till distinct vision of the lirnb

is again obtained, the measure of the space, moved over by

five revolutions of the screw, must be repeated, as before

When, after repeated trials, the result is satisfactory, the

three nuts, n n, n' n', and b b, must be screwed tight home, to

render the adjustment permanent.

When the microscope has been thus adjusted for distance

the zero of the division on the limb must be brought to the

point of intersection of the spider's lines, and the divided

head, m, turned, till its zero is pointed to by its index, and

then, if the zero on the comb, c c, be not covered exactly by

the index, i, the comb must be moved by turning the screw, t,

which enters the bottom of the micrometer box, till its zero

is covered by the index pin. The adjustment of the reading

microscope will now be perfect ; and the graduated limb to be

read by it, being divided at every five minutes, the degree

and nearest five minutes of an observed angle will be shown

by the pointer or index to this graduated limb ; while the

number of complete revolutions, and the parts of a revolution,

of the screw, in the order of the numbers upon the micro

meter head, m, required to bring the point of intersection of

the spider's lines upon a division of the graduated limb, wi.l

be the number of minutes and seconds, respectively, to be

added to the degrees and minutes shown by the index of the

circle. The complete revolutions, or minutes, to be added,

are shown by the number of teeth the index, t, has passed

over from zero, and the parts of a revolution, or seconds and
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tenths to be added, are pointed out upon the micromotor

head m, by its index.

THE COLLIMA i on.

B B, is a rectangular mahogany box partly filled with mer

cury. F F, is a float of cast iron partly immersed in the mer

cury, b b, are two iron-bearing pieces, screwed to the bottom

of the box by short iron screws ; and each of these pieces has

two vertical plates turned up, the inner one of which has a

longitudinal slit in it, into which slits iron pivots, screwed

into the sides of the float, are admitted The use of these

parts is to keep the sides of the float parallel to the sides of

the box, and at an inch, or more, from contact with any part of

the box, that the mercury may assume a flat surface. H and

K are two holding pieces of metal cast along with the float, and

are perforated, to receive each a socket. The socket at H re

ceives an achromatic object-glass, and is adjustable by a screw

for its focal distance, and the socket at K holds two cross

wires ; while another socket, let into the end of the box at L,

carries a lens forming an

eye-piece ; so that the col

limator is in fact an astro

nomical telescope with a

system of cross wires in

the common focus of the

object-glass and eye-lens.

The inclination, as com

pared with the surface of the fluid, of the optical axis of this

telescope, or of the line joining the center of the object-glass

and the intersection of the cross wires, can be modified by the

addition of perforated pieces of iron, held steady by the

vertical pin, p, and by their weight depressing the end of the

float. The mercury must be as pure as can be obtained, and

particles of dust must be constantly excluded by a lid that

covers over the top of the box. At M is a circular hole, closed

when the instrument is not in use, through which the tele

scope, of which the error of collimation is sought, is to be

directed ; and a lamp is placed behind the eye-lens at L, to

illuminate the cross wires.

Use of the Collimator with an Altitude and Azimuth Instru

ment.— Place the collimator in the plane of the meridian on

the south side of the observatory, and direct it so that the

cross wires of the telescope of the altitude and azimuth instru
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ment may be seen through it, in the center of the field of

view ; then also will the cross wires of the collimator be seen

through the telescope in the center of its field of view. Read

off the altitude of the cross wires of the collimator, and then,

turning the instrument half round in azimuth, observe again

the cross wires of the collimator, and read off the angle upon

the vertical limb, which will now be a zenith distance. The

difference between the sum of these readings and 90°, is the

correction which is to be applied to the altitudes and zenith

distances observed with the instrument.

Example.-—The sun's meridian altitude had been observed

on the 20th December, 1826, and the following determination

of the error was made immediately after the observations

were finished ; viz :—

Before reversion the apparent altitude of the cross

wires was 0° 1' 2"'33

After reversion the apparent zenith distance of the cross

wires was 89 68 10 '38

Sum 89 59 12 -66

Defect from 90° ... 47 '33

Correction of errors of collimation, &c. . . 23 '66

r i/ O".OQ 1

Altitude of cross wires corrected = 1 -j- 23 -66 [ "" 1 26 '°°

Zenith distance . . • - { +° 68/ 2S-"e6 } - 89 58 34 -00

90 0 0-00

The collimator may also be used for a meridian mark with

the transit instrument. When used with a circle for measur

ing altitudes and zenith distances, which has no motion in

azimuth, the collimator must be moved from the north to the

south side of the observatory, and the mean of the observa

tions in each of these two positions will give the correction

for the errors of collimation, &c., as above.

PART V.—ON THE GONIOMETER.

THE last instrument to which we shall call attention in this

little work, is Wollaston's Goniometer, used for measuring

the angles of crystals. The following lucid description of the

construction and method of using this instrument is extracted

from the able article on Crystallography in the " Encyclo

pedia Metropolitans "
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Fig. 9.

when the image of an object

reflected from a horizontal

plane is observed, it appear!

so much below the reflecting

•iirface as the object itself is

above.

" If, therefore, the planes a

and b, fig. 8, are successively

brought into such positions as

will cause the reflection of the

line at m, from each plane, to

appear to coincide with an

other line at n, both planes

will be successively placed in

the relative positions of the

corresponding planes in figs.

6 and 7. To bring the planes of any crystal successively into these relative

positions, the following directions will be found useful.

" The instrument, as shown in the sketch,

fig. 9, should be first placed on a pyramidal

stand, and the stand on a small steady table,

about six or ten or twelve feet from a flat window.

The graduated circular plate should stand perpen

dicularly from the window, the pin x being hori

zontal, not in the direction of the axis, as it is

usually figured, but with the slit end nearest to

the eye.

" Place the crystal which is to be measured on

die table, resting on one of the two planes whose

inclination is required, and with the edge at which

those planes meet, nearest and parallel to the

window.

" Attach a portion of wax, about the size of

d, to one side of a small brass plate, «, fig. 10 ;

lay the plate on the table with the edge, /,

parallel to the window, the side to which the

wax is attached being uppermost, and press

the end of the wax against the crystal until it

adheres ; then lift the plate with its attached

crystal, and place it in the slit of the pin, x, with that side uppermost which

rested on the table.

" Bring the eye now so near the crystal, as. without perceiving the crystal

itself, to permit the images of objects reflected from its planes to be distinctly

observed, and raise or lower that end of the pin, x, which has the small

circular plate on it, until one of the horizontal upper bars of the window is

seen reflected from the upper or first plane of the crystal, corresponding with

the plane a, fig. 6, and until the image of the bar appears to touch some line

below the window, as the edge of the skirting-board where it joins the floor.

" Turn the pin, x, on its own axis also, if necessary, until the reflected

image of the bar of the window coincides accurately with the observed lint

below the window.

" Turn now the small circular handle, a, on its axis, until the same ba,-

of the window appears reflected from the second plane of the crystal corre-

(ponding with plane 6, figs. 6 Hud 7, and until it appears to touch the tin*

 

Fig. 10.
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below ; and liarir.g, in adjusting the /i?-s« plane, turned the pin, x, on its cucit,

to bring the reflected image of the bar of the window to coincide accurately

with the line below, now move the lower end of the pin laterally, either

towards or from the instrument, in order to make the image of the same bar,

reflected from the second plane, coincide with the same line below.

" Having ascertained by repeatedly looking at, and adjusting both planes,

that the image of the horizontal bar, reflected successively from each plane,

coincides with the observed lower line, the crystal may be considered ready

for measurement.

"Let the 180° on the graduated circle be now brought opposite the 0 of

the vernier at c, by turning the handle, ft ; and while the circle is retained

accurately in this position, bring the reflected image of the bar from the first

plane, to coincide with the line below, by turning the small circular handle, a.

Now turn the graduated circle, by means of the handle, 6, until the image of

the bar, reflected from the second plane, is also observed to coincide with the

same line below. In this state of the instrument the vernier at c will indi

cate the degree* and minutes at which the two planes are inclined to each

other.

" The accuracy of the measurements taken with this instrument will

depend upon the precision with which the image cf the bar, reflected suc

cessively from both planes, is made to appear to coincide with the same line

below ; and also upon the 0, or the 180°, on the graduated circle, being made

to stand precisely even with the lower line of the vernier, when the first

plane of the crystal is adjusted for measurement. A wire being placed hori

zontally between two upper bars of the window, and a black line of the same

thickness being drawn parallel to it below the window, will contribute to

the exactness of the measurement, by being used instead of the bar of the

window and any other line.

" Persons beginning to use this instrument are recommended to apply it

first to the measurement of fragments at least as large as that represented

in fig. 10, and of some substance whose planes are bright. Crystals of car

bonate of lime will supply good fragments for this purpose, if they are merely

broken by a slight blow of a small hammer.

" For accurate measurement, however, the fragments ought not, when the

planes are bright, to exceed the size of that shown in fig. 9, and they ought

to be so placed on the instrument, that a line passing through its axis should

also pass through the center of the small minute fragment which is to be

measured. This position on the instrument ought also to be attended to

when the fragments of crystal are large. In which case the common edge of

the two planes, whose inclination is required, should be brought very nearly

to coincide with the axis of the goniometer; and it is frequently useful to

blacken the whole of the planes to be measured, except a narrow attioe on

inch doge to the edpe over which the measurement is to be taken."
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SINCE this Treatise passed from under the hand of its author,

some improvements upon the construction and methods of

use of old instruments have been made, and various new

instruments and methods have been devised. It is proposed

in this Appendix (1864) to notice, with brevity, some of the

practically more important of these, rather in the way of au

index, whereby those who are interested, or engaged in the

actual use of mathematical instruments, may be enabled to

make further inquiry for themselves, as to those improve

ments that time has brought about, and to adopt such as they

may each deem advantageous.

Theodolite!.—Transit theodolites, in which the telescope can be

moved round the entire circle in the vertical plane, have to a great

extent superseded, and justly, the older forms having a limited ver

tical arc. They are more expensive, larger, and heavier than the older

form, but possess much greater capability and accuracy.

As commonly made, the aperture of the telescope is too small to

afford sufficient light, either for very u:staut stations, or for working

very early or very late. The enlargement of the telescope would be

a great improvement, as would also be the application of a Newtoniau

eye-piece to the instrument, by which observation at high angles with

the telescope would be rendered much more convenient.

The transit theodolite upon the usual London pattern is by no

means free from certain objections, as to the loss of adjustment and

accuracy due to wear of the vertical and horizontal centres, and to

flexure of the supports of the telescope. These evils have been

attempted to be got rid of, and at the same time some subordinate

advantages proposed being attained, by different makers. Amonsst

these partially novel forms, that of Pastorelli, London, in which the

horizontal axis of the telescope passes through a single ponderous

bent arm springing from the horizontal plates ; and that of Yeates, o',

Dublin, in which it h fixed between the jaws of a U-formed support
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of brass, cast in one piece, and with central bearing for the motion in

azimuth only—are the most noteworthy. The latter we ourselves

prefer.
 

ELLIOTT'S TBAHS1T THEODOLITE.

An entirely new form of theodolite Lu been designed by M.

D'Abbadie, and is made in Paris. Tho telescope is fixed with its

line of collimation parallel to the plane of the horizontal circles,

which are provided with crossed spirit-levels, and divided in the

usual way for the reading of horizontal angles by the aid of a second

telescope fixed to the lower plate. Vertical angles are read off by

turning the telescope npon its own line of collimation as an axis.

Tlie telescope is provided with a vertical circle, &c., whose plane Is

fixed truly at right angles to the line of collimation. To measure the

vertical angle subtended oytwo objects—one, suppose the lower one,

is observed as seen reflected in a totally reflecting prism in the tele-

.o tube, whose plant of reflection is parallel to the line of collima
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tion, and the vertical circle is then brought to zero and clamped to

the telescope. The latter, with the circle, are now moved or twisted

round on the line of collimation as an axis, until the higher of the two

objects is seen reflected in the same prism, the precise position being

fixed by cross wires in the field, &c., when the angle between the

two is at once read off upon the vertical circle, whose centre is in the

line of collimation. This instrument is very original in conception,

and is said to work well when with perfect accuracy. It presents the

advantages of not being easily thrown out of adjustment by carriage

or rough usage, is light even when strongly made, and not as costly

as the older forms.

Levelling Instruments—^, very excellent levelling telescope for

the pocket, to be used without a stand, and intended for ascertaining

approximate levels, equal to that of the observer's eye, is made by

Elliott, London. The bubble of the spirit-level is by reflection from

a diagonal prism seen in the field of the telescope.

A very beautiful little hand instrument, applicable to the same

purpose, and also to fixing three points in a right line, or offsets at

right angles to it, has been produced by Mr. Adie.

Sextants.—Both nautical and box sextants have been greatly im

proved in some of the details, andin accuracy, of late years. The patent

protracting sextant, which was some years since invented by the late

Sir Howard Douglas, and of which a considerable number were

constructed by Troughton and Simms, is an extremely convenient little

instrument for military sketch survey, or for any reconnaissance sur

veying, It admits of the observed angle being at once protracted

or ruled off upon the paper, without altering the instrument, and laid

down, if requisite, to scale, which is transferred from one divided edge

of the instrument. This form of pocket sextant is very little known,

and, probably from that reason only, has scarcely at all come into use.

German Instruments,—A very cheap form of instrument is much

employed in France and Germany for measuring both horizontal

and vertical angles, consisting of two cylinders or octagonal hollow

prisms of brass, the axes of which coincide. One of the prisms

rotates on its axis, the other being relatively fixed, and the conter

minous cylindric edges on the exterior of the two cylinders are divided.

Both cylinders have four long narrow slits with vertical wires at right

angles to each other, through which, without any telescope, objects may

be observed. The whole instrument is adapted to a ball and socket

joint, at the axis of the relatively fixed cylinder, so that the coincident

axes can be placed either vertically or horizontally, or at any inter

mediate angle. Some of these are provided with two spirit-levels.

Instruments for surveying and for levelling, of the character of

theodolites and levels, are made in Germany, of some ingenuity as to

simplicity, and at very low prices ; but they are worthy of little depen

dence, and in any but the most careful hands, soon go out of order,

from want of substantiality. A great number of forms of these were

shown in the foreign departments at the Exhibition of 1802.

The legs or other woodwork of German instruments are very coin.
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monly made of cherry-tree, or other light woods ; and fir timber lias

been recommended for the material of theodolite and dumpy level

legs, in English works on surveying of acknowledged authority. Tha

use of any light or flexible wood is, however, a great mistake. Hard

African mahogany, Sabicu, teak, or even well-seasoned Lancewood of

Green heart, are greatly preferable to those of even the light Honduras

mahogany commonly supplied. Upon a day with a moderate breeze,

ti will be found that in proportion as the legs of such instruments are

of light and flexible wood, or deficient in mass, a tremor is transmitted

from their vibration by the wind, to the telescope, that interferes with

accurate reading. A good instrument and a good surveyor deserve

to be provided with heavy, massive tripod legs, and with a labourer

or other attendant to carry them, without exhausting his own muscles

and attention by mere crude labour—a mistake too often made.

The Niveaa-Graphometre-Equerre, of MM. Dupuis and Le Royer,

is a new instrument applicable to geodetic operations not requiring

great accuracy, or not of great extent, and also with better effect

applicable to subterranean surveying, in mines or collieries. .

The instrument consists essentially of a graduated circle provided

with movable cross sights (i.e. pinhole and cross wire), and another

pair of cross sights fixed relatively to the circle. These are attached

at right angles to a bar provided with a suspending ring at the one,

or upper end, and a heavy plumb bob in rigid connection with it

oeneath, or at the other end. The instrument may be held in the

hand, or suspended from a support. It is capable of being employed

for the ascertainment of distances, heights, and generally of angular

measurements in any plane.

It is made of various sizes ; some of the very cheapest, for land-

stewards, &c., in part of hard wood, and it is sold in Paris at a very low

price. It has received a first-class medal, and has been reported on

very favourably by M. Hebert, who found it trustworthy within mode

rate limits of error for heights of about 100 metres, and distances

thrice that. With the addition of a magnetic compass it might ('11

the pocket size) be made an instrument of great value to the geolo

gical surveyor and mine inspector.

Adie's Telemeter.—This extremely elegant instrument has been

produced by Mr. Adie, of the Strand, London, within the last two

years. In principle it determines distances directly, by observing the

angle which is subtended by the length of the instrument itself, as a

constant base, at any given distant object.

It consists essentially of a square brass tube provided with a teles

cope at the bisecting point, whose line of collimation is at right angles

to the length of the tube. At each end of the tube, and equidistant

from this telescope, is a totally reflecting prism—one being fixed so

that a ray arriving at its anterior surface perpendicular to the tube,

and therefore parallel to the axis of the telescope, is transmitted after

reflection at right angles and in the line of the Me. The other end

prism is movable within limits about a vertical axis. The reflected

rays from both prisms are received by another pair reversed in position

i 2
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in the field of the telescope, which transmit the rays from either end

prisms, after this second reflection, in the line of vision. To use the

instrument, the image of the distant object is caught in one of the

prisms—the fixed one; and then the movable prisms are shifted by

the adjustment provided, until the image in the latter is seen coin

cident with the former. The angle through which, from zero, the

movable prism has been moved, when read off, enables the angles at

the base of the isosceles triangle (of which the instrument is the con

stant base) to be known, and hence the whole triangle. This instru

ment is, as yet, made only in two sizes—viz. about 18 inches, and

about 3 feet length of base ; and a table accompanies each, by which,

upon inspection, the distance is had, when the angles are observed.

ADIE'S TELEMETEB.

 

 

1EL

The following description of the instrument is that given by Mr.

Adie, in his Specification (No. 608, 1863), and sufficiently indicates

its principle and construction :—

"The improvements relate, secondly, to the arranging of the re

flectors in the second part of my invention, when the actual distance,

ot an object is measured by the angle formed by the cones of rays of

t he two telescopes, so as to get rid of parallax and bring the rays

from both object glasses parallel into one eye-piece. For this pur

pose I attach the object glass of the movable telescope and the

reflector behind it to the inner tube at the end farthest from thu

centre, the reflector behind the other object glass and the objec"

glass itself being made a fixture to the outer tube. The centre

round which the interior telescope turns I place near or in the middle

of the instrument. The rays from both object glasses, passed towards

the centre by the above reflectors, are then received by two half

reflectors, either one before the other or their ends opposite to one

another when used in a hollow centre. For facilitating the fixing

and adjustment of these prisms, I attach the front one to the outside

of the outer tube, or if both are used in a hollow centre I fix both

from the outside.

" Figs 3 and 4 represent a side view and plan in section of the
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second part of my improvements, and Fig. 5 shows the means T adopt

for fixing the front prism from the outside, both prisms being so

fixed when these are in a hollow centre.

" a, a, is the outside telescopetube ; a1, the object glass fixed to it ;

and p, the prism or other reflector to send the rajs to the middle of

the tube ; b, b, is the interior telescope tube ; bl, its object glass

fixed firmly to it ; p\ its prism to bend the rays, also fixed to b, //,

and both moving with it ; p3 receives the rays from pl, and sends

them into half the eye-piece a" ; />4 receives the rays from p, and sends

them into the other half of eye-pieces ; a and c} are the inner and

outer centres placed either near or in the middle between a' and A" ;

g and *, a scale and vernier, reading in degrees the angles of the

telescopes when directed at an object; T, the tangent screw for

setting. Thus by giving the greatest motion to the object glass A1

and its prism p1, and the least to the centre prism, I correct for

what was before a detrimental parallax in this part of my improve

ments, and by fixing ps, represented at Fig. 5, from the outside, I

greatly facilitate the construction."

As a stadium, or instrument for determining distances for gunnery

purposes, the Telemeter appears to be peculiarly valuable. The

inventor guarantees the accuracy in a practised hand of the larger

instrument, for distances not much exceeding a mile, within the limits

of a few feet.

The Telemeter, however, if found in practice as accurate as this, will

probably become a most valuable instrument for the construction of

rapid surveys, especially in new or rough country—for, fitted with a

magnetic compass on the upper side of the tube, by one otservalibtt

the distance and the bearing t& each object is determined, or so of any

number of objects, from any given station or stations, along a line of

country, and the position of each distant object can be at once plotted

with the utmost readiness and facility.

Porro's Suneying Instruments may here be noticed also ; but our

limits do not admit of any further description than to state that they

are intended to determine distances, or heights, or differences of level,

by direct observation, through telescopes provided with certain pecu

liar forms of micrometers, and that they will be found fully described,

and the extent of their exactness experimentally determined, in the

"Annales des Mines" (fifth series).

Telescopes.—Since the date of the first edition of this work great

advances have been- made in improving and cheapening these instrur

ments. Binocular telescopes for military and naval use, or opera

glasses, are now made of great excellence, and at very low prices.

An excellent opera glass, which shows objects, even at a mile or greater

distance, with perfect definition, and nearly perfect achromatism, can

be purchased in London for a guinea.

The value of the vast accession of light to the eye, afforded by

binocular telescopes, in enabling objects to be distinctly discerned ill

cloudy states of the air, or towards dawn or sunset, is not as well

known as it should be.

13
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A peculiarly small and light form of monocular telescope has been

devised for rifle shooters, aud sold at a very low price ; its small

aperture is, however, a great objection to it.

Passing from telescopes for ordinary use. Refracting telescopes for

astronomical purposes have almost become a manufacture in the

nands of Messrs. Cooke, of York, and of several others in Great Britain

and abroad. The result, as always is the case, has been perfection

of execution, combined with great reduction in cost.

Telescopes mounted equatorially, of focal apertures from 8 up to

8 or 10 inches, and with clock movements, may now be procured at

prices from sixty pounds, or thereabouts, up to a few hundreds,

which a lordly income could nok have 'procured fifty years ago.

The manufacture of glass for optical purposes has greatly improved

through the exertions of Messrs. Chance, in England, and of others

in Germany and France ; and machinery for grinding glasses into

every solid form demanded by its many optical uses, extending to the

catoptric apparatus for lighthouse illuminators, has been established

upon a vast scale.

We may expect to see refracting telescopes within a few years with

object glasses of a yard in diameter, in various observatories ; the glass

slab for half that diameter of object glass has been already exceeded.

The reflecting telescope, though brought by the liberality and

skill of Lord Rosse to so vast a size and great perfection, does not

appear to realise the advantages hoped for, chiefly owing to the

continual changes of form and surface of the mirrors, due to tempe

rature, to external forces called into action by their ponderous weight,

to chemical action on the surfaces, deranging the perfection of

image, and to the loss of light inevitable to their construction.

Machinery here also has been devised for grinding the mirrors, and

that which was once a mystery to a few, and even with these few a

matter of chance as to failure or success,has in the hands of Lord Hosse,

Lassells, and Nasmyth, become as simple and certain as the polishing

of a brass button. Great improvements in the mounting and con

struction generally of astronomical telescopes, in transits, equatorials,

zenith sectors, &c., have been made by the Astronomer Royal, as

evidenced in the newer instruments at Greenwich ; but into particulars

of these we have not space to enter.

Microscopes.—These instruments, which have within a quarter of a

century become, par excellence, the English fire-side philosophical

toy, as well as a great organ of research to the natural historian and

physiologist, have received in the hands of many celebrated artists

great improvements. Amongst these we can alone find space to

notice the binocular form, which possesses all the advantages

already noticed as referring to the corresponding form of telescope,

along with others applying to microscopes only.

Mr. Grubb's (of Dublin) microscope, with its peculiar form of

firm mounting and of prismatic illumination, and with its graduated

circles both of stage and illumination, presents great advantages to

the microscopic crystallographer.
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In the hands of Sorby and others, the microscope has been applied

with success to the development of the intimate structure and con

stituents of rocks, &c. For field use, either by the naturalist or

geologist, the best form of very portable microscope seems to be

that of West, London, consisting of three simple lenses in horn

frames and with diaphragms, all of which shut up for the pocket, but

which can all act together or in pairs, and be mounted on a wire

stand, which forms a sufficient and simple stage, based as a foot, oa

the little case which contains the whole.

Ooniometen.—That of Wollaston, as described in the text, is gene

rally used in this country. On the Continent the construction of

Mams is preferred by scientific crystallographers, and as appears

to us, justly. The Malus goniometer may be combined with the

microscope with much facility.

Hypsomeirical Instruments.—The portable or mouutain barometer

has been subjected to great structural improvements by Adie and

others. It is now produced in a form in which the mercury is

confined wholly by glass and iron, and can be brought absolutely free

from shake in the tube, so as to ensure safety in rough transit. The

total height of the mercurial column is read directly against the

light at both ends, and with no structural corrections for expansion

of instrument, except as between brass and glass, the coefficients of

both being well known. The construction known as Englefield's, in

which the mercury is confined partially by a leather bag or dia

phragm, should be wholly abandoned. It is unsafe ; and the writer

found that, in a dry and cold climate, the rigidity of the leather was

sufficient to produce a large amount of error, of which no cheek or

estimate of quantity was possible.

The Aneroid has been produced now as a pocket barometric instru

ment, and, when well made, appears to be trustworthy within moderate

limits; beyond 5,000 feet of altitude, however, the mercurial baro

meter should always be preferred where accuracy is aimed at.

Barometric Formula.—The hypsometric formula originally due to

Laplace, viz.—

has been simplified by M. Babinet thus :—

mr. B — 1, (. . T + t

I = 16000 5-+1V1 + 2TOOT

in which—

h = the height of the higher station above the lower, in metres.

B = the height of the barometer, reduced to zero, at the lower

station.

T = the temperature of the air at the lower station, Cent. Thermo,

b = the height of the barometer at the higher station.

f = the temperature of the air at the higher station.
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Neglecting the coefficient of temperature,

h = 16000 ^4
B + 6

And for inconsiderable heights (under 1,200 metres),

16000 -A f h

" ' * 16000 + Au = = V1 ~~ 8000

This simplification is extremely useful, as it enables hypsometrio

results to be calculated out at once, without the need of a table of

logarithms.

Lefroy has given a very good approximate formula, also free of

logarithms :—

Height in feet = 55000

Adding or subtracting yj^ to or from the result for each degrec>

Fahr. Thermo., mean temperature of the air above or below 55°.

The Thermometer is also employed, particularly in India, for hypsp-

metrical purposes ; and instruments for this special use are supplied in

a convenient form by Casella, London.

A convenient approximate rule has been given by Lefroy :—

Allow for each degree below 212° Fahr. that water boils in a metal

vessel, in mean state of barometer (i.e. little above or below 30 inches

in height)—

511 feet for first degree;

513 „ for second „

615 „ for third „ &c.

The errors of thermometric measurements of height are

large, except in the tropics.

Heights may sometimes be ascertained approximately by droppin

a stone.

In this case,

g = 32-1803 feet for lat. 45°; and = 32'19 feet for London.

Hence, \g = 16' 10 feet for lat. of London.

Mr. Gravatt, C.E., has lately printed, but we believe for private

circulation only, a very nice little " Companion to the Barometer,"

in which, by the aid of an approximate formula and a table, covering

only a few square inches, hypsometrical calculations may be made

without logarithms. His formula is, perhaps, rather less convenient

than M. Babinet's. The table was calculated and printed by Schentz's

calculating machine.

Chronoscopes, for the observations of t, or generally for that of any

minute portions of time.—The chronoscope of Bregnet, which is

made by .Robert, Hue de Coq, Paris, of pocket size, and at a moderate

price, is better employed than a stop-watch.

For very accurate purposes, the electro-chronoscope of Whcut-
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stone, or other constructions of the instrument, must he employed.

By their means ^ftoo of a second may be measured.

To those engaged with artillery, the electro-ballistic chronoscopcs

of Major Navez, and of Lieutenant Boulenge1, of the Belgian Artil

lery, demand notice as the best instruments at present known for

the determination of initial velocities, times of flight, &c.

Deep-Sea Thermometers.—Since the laying of ocean telegraphic

cables has come to be an established branch of engineering, ascer

taining of oceanic temperatures in relation to currents, &c., at great

depths, has become important to the engineer, as it has always been

to the navigator. A modification of registering spirit thermometer is

chiefly employed by the Admiralty, but has the serious disadvantage

that the record of the instrument is liable to be disturbed by rude

shakes in hauling up.

In every respect preference appears due to Johnson's Patent Deep-

sea Registering Metallic Thermometer, the action of which depends

upon the unequal expansion or contraction of two conjoined bars of

different metals. In principle it is identical with the thermostad of

the late Dr. Ure. The instrument is made by Mr. lloffmann, 32,

Wilmington Square, Clerkenwell.

Samples of Sea Bottom are often of greater importance to the tele

graphic engineer than temperature. The spring clutching hollow

pincers, which are released and close up on touching the bottom,

enclosing more or less of it if soft, and known as the bull-dog clams,

are chiefly used by the Admiralty. An extremely simple instrument,

however (due, it is believed, to Captain Spratt, R.N.), and equally

efficient, consists of about a foot long of brass tubing of 1 inch or

\\ inch diameter, secured, by lashing with copper wire, to one side of

a deep-sea lead, below which the lower and open end projects about

6 inches ; the upper end, also open, has a little leather or vulcanised

india-rubber flap (like a pump valve) opening upwards, tied or other

wise secured over it. The lower end ot the tube digs into the

bottom when reached by the lead, and seldom fails to bring up a good

plug of it to surface.

Levelling Staves.—Several novel forms for the graduation of these

have been devised, but we are not aware that any present much

advantage over those commonly in use. The principles on which all

such graduation had best proceed are very well given in Mr. Simni's

" Treatise on Levelling."

Scales, Graduated Instrument* of Measure, Gauges.—Scales in ivory,

which are triangular prisms in form, and graduated at the edges on

all the angles, have been produced by Pastorelli, London. Each scale

affords thus six edges (in place of two on the ordinary flat form) for

graduation, and the prismatic form enables a number of scales to fit

together and into a cylindrical case without looseness. These scales

look extremely elegant, and seem to have no disadvantage but one—

viz., when one side is laid flat on the paper, the sharp inclination of

the other two sides of the prism of smooth ivory, make it rather hard

to pick up by the fingers.

Beam callipers with Verniers and screw fine adjustments are now
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supplied by Troughton and Simms to the Government gun factories,

&c., which are admirable instruments in all respects. The writer has

employed jointed steel callipers with reversed or back lever ends,

carrying a graduated arc and Vernier, and multiplying the actual

chord of the callipers as 10 : 1, with satisfaction. These, as all steel

instruments of precision should be, were electro gilt.

Steel straight-edges, with rigidly parallel sides and edges, and either

graduated or not on the edges, as also sliding beam callipers of steel

for common use, as well as other steel instruments of measurement,

are made in great perfection by McFarland, of Birmingham. Gra

duated steel tape measures, up to 50 feet in length, may also be

procured now from makers at Sheffield, and for lengths not exceeding

25 feet are very useful and exact. When much longer they are liable,

being tempered, to kink and break. Steel gauges for various pur

poses, early brought into notice by Whitworth, are now so well

known as scarcely to require remark here.

Curvilinear Drawing Instruments.—Curves, both circular and of

other orders, have within a few years been introduced from France,

cut out of thin pear-tree, or other woods, and have added much to

the draughtsman's convenience. They are liable to get injured on the

edges or even split by violence, and in some parts of Germany curves

of all sorts can be procured cut out in sheet zinc, which are very

light, clean, and serviceable.

Beam compasses of great excellence and beauty, and extremely

light and yet rigid, are sold now in London by the dealers in Swiss

drawing instruments. These are, in truth, the very best of the Swiss

instruments. Their drawing instruments generally, though sold at

wonderfully low prices and beautifully executed, are not found free

from several serious practical defects in use.

A special instrument for drawing spirals, such as those of the Tonic

volute, has been invented by Mr. Johnson, the inventor also of the

deep-sea thermometer ; it is sold by Mr. Hamilton, Royal Exchange,

Cornhill, London. The price is high, but the instrument works

beautifully, and possesses a great range of variation in the curves it

can describe.

For the description on the ground of large circular curves, such as

those of railways, several methods of more or less novelty have been

proposed within the last fifteen years. Our limits will not admit of

2: ore than this reference to them.

For instrumentally taking the areas of curved (or other) figures,

Uvo or three different instruments have been produced. One of

these, the integrating totalizateur, is a very elegant instrument of

French origin. A much cheaper and simpler instrument is obtain

able iu London. None of these appear to have come into common

use, and their practical advantages are very doubtful.

Minor Instruments, for the draughtsman.—Amongst these may be

noticed the admirable pencils of Faber, made of the newly-discovered

Siberian plumbago. We have found no pencils equal to these for even

ness, firmness, and depth of line, or so free from grit.

Drawing pins for losing down paper have beea cheapened, tut
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have so deteriorated iu quality that a really good one is not to be had.

The steel puncturing point in all those now supplied is tapered in

the brass head, and riveted in. This involves making the brass head

BO clumsy and thick, and the edges so abrupt, that the T-square will

not lie evenly over them, and its edge is continually caught aud

injured by striking them.

'The puncturing pin should (as it always was thirty years ago) be

screwed through the brass head, and the latter should have a low and

very fiat circular segmental cross section, and be almost as thin aud

sharp at the edges as a table-knife.

Such pins are better worth 3*. per dozen, at which price they were

sold, than the existing run of rubbish called French pins, &c., is

worth 6<£

Photographic Instruments.—Photography has now fully taken its

place as an auxiliary to engineering operations. By its use the mecha

nical engineer is enabled to send forth and abroad correct representa

tions of his machinery, however complicated ; and works of civil

engineering have their monthly progress recorded, and the results

sent home, to give ocular proof of their truth, to chiefs and directors.

In addition to this, Sir H. James, R.E., and others, have made it

applicable to the copying, with reduction or enlargement, of geodetic

maps and plans, with immense economy of time and labour. A

practical knowledge of photographic processes has hence become

almost a necessary, certainly a most desirable, portion of every young

engineer's education. Several special manuals in English and French

are to be found. Of the apparatus itself it would quite pass our

limits to treat.

Two or three new forms of sketching instruments, i.e., instruments

(like Jones's, made by Gary, Strand, London) for guiding mechanically

the eye and hand in sketching solid objects, nave been devised.

None appear to answer better, if so well, as the Camera Lucida of

Wollaston, described in the text.

The title of this work is so extensive that we might without impro

priety have noticed under it a great number of other instruments or

methods ; for in reality mathematical instruments mean properly all

instruments relating to the objects of mathematical science, viz., the

determination of quantity in any of its relations to space or time.

As commonly used, however, the term means, instruments applicable

to geography or navigation, astronomy, geodesy, and draughtsmanship.

In such sense it was used by tl,e author, and in that sense we have

followed.

E. Id.
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DESCRIPTION OF THE IMPROVED Y LEVEL

Made by GEORGE DOLLOND, Optician by appointment to the

Queen, 59, St. Paul's Churchyard, London.

THE tripod A screws on the staff head, and the level is fixed upon it

by means of the three screws C C C, which are placed in the three

Y's, c c c. By turning the locking plate, the level is held fast in its

place, the spring being secured by slipping the bolt B, which effec

tually prevents any chance of displacement. D is the clamp screw

for fixing the instrument when approximately in position, and E the

 

tangent screw for finer adjustment. The bubble, which is fixed oa

the limb across the compass box, has two joints, H, h, by which it

can be adjusted at right angles with the centre by the larger key,

fitting to the square 1?. The same key also applies to the square I
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to adjust the telescope parallel to the bubble. The smaller key is

used to bring the webs into collimation, and applies to squares in the

collar M. K and L are rackwork adjustments, the former to bring

the webs, and the latter the object, into focus.

The Adjustments.—Afte* setting the instrument as nearly level as

the eye can detect, by shifting the three legs of the staif, so as to

save wearing out the screws as much as possible, proceed to test

the adjustments, and to put them right when necessary; for it must

be borne in mind that all portable instruments of any kind are liable

to derangement by carriage, and should therefore be examined care

fully before use, so as to escape error in observation. There are four

adjustments to attend to, first, the setting upright of the vertical

centre; second, adjusting the level horizontally to the centre, which

is done at the same time ; third, the collimation of the telescope ;

and fourth, adjusting the optical axis of the telescope parallel to the

level, and consequently at right angles to the vertical centre.

To adjust the Centre and Level.—Unclamp the screw D that

fixes the centre, and the instrument will move freely round, turn

it until the level is in a line with two of the screws of the

tripod C 0, and make the bubble of air in the level stand

central, by moving the screws in the tripod whichever way is

necessary. Then move the instrument half round on its centre, and

if the bubble of air remains central, the adjustments are correct, but

if it moves either way it must be brought back half way by the screw

in the tripod, and the other half by the screw in the level at F, to

which the larger key applies, but which is purposely kept separate

from the instrument to prevent any accidental interference during

observation Then turn the instrument a quarter round, or over the

third screw in the tripod, and by its means bring the bubble of air

again central, and if it remains so while the instrument is slowly

turned a complete circle all is well, but if not, the operation must be

repeated until the correction is complete.

To collimate the Telescope.—Direct the telescope to some distant

object, the edge of the levelling staff will answer the purpose very

well, and adjust the webs to focus by the milled head K, then adjust

the object to focus by the milled head L. Particular attention must

be given to this, so as to avoid parallax, the presence of which is

calculated to produce serious inconvenience. To ascertain if it exist,

move the eye slowly from side to side while looking through the

telescope, and if the webs and object wander, the adjustment is not

correct, and must be made so by turning the two milled heads K

and L until the webs and the object are distinct and stationary.

When this is accomplished, bring one of the cross webs to intersect

the edge of the staff, and clamp the centre by the screw D. Turn

the telescope half round in the Y's, and if it intersect the same

object the collimation is perfect, but if not, one half of the error

must be corrected by the smaller key, which moves the webs, and •

applies to squares in the collar M, and the other half by the t&ngr ut
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screw E. The other web is set right in the same way, and the

operation must be repeated until both webs intersect the same

object as the telescope is moved round.

To adjust the Optical Axis of the Telescope.—While the centre

is clamped for collirnation, turn the telescope round in the \'a

until one of the webs is horizontal and coincides with a division

on the staff. This may be easily done by one of the tripod screws,

as it is not necessary that the instrument should be levelled

during this operation. Then reverse the telescope in the Y's, un-

clanip the screw D, and turn the instrument half round, when the

same object will be brought into the field of view. If the same divi

sion does not coincide with the same web, half the error must be

corrected by the moveable Y, to which the larger key applies at I,

and the other half by means of the tripod screw. When this by

reversion is found to be correct, the instrument is ready to commence

operations.

It will be seen by the foregoing, that the advantages levels of this

description possess over others, are principally as follows. There is

not the slightest strain in any part of the instrument, therefore it is

not likely to change during observation. The adjustments being all

free, are much more agreeable to use, a greater saving of time is

obtained, and the annoyance of clamping and unclampin" the screws,

necessary when made with parallel plates, avoided. The bubble

being fixed upon the solid limb is less liable to derangement than

when on the telescope, and moreover, is always under observation in

whatever position the telescope may be. The spring adjustment to

the webs is quicker in operation, and infinitely more delicate, than

the counter-pulling screws, and the squares, which receive the key,

being below the surface, cannot be disturbed .by anything when the

key is removed. The rackwork adjustment ior bringing the webs

into focus is also an advantage over the sliding adjustment, which

frequently, from exposure, becomes so stiff in its motion as to make

it difficult to bring the webs into focus, besides the distortion to

drficate parts of the instrument sucn astrain is calculated to produce.
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Crystals measured, 165.

Cube root, extraction of, 6.

Curves, 178.

Curvilinear drawing instruments, 178.

Cylindrical vessel, ita content in gallons

measured, 63.

D'Al>badie's theodolite described, 169.

Development of a portion of a sphere, 22.

Diagonal scale, 10

Dial, horizontal, 23; erect south, 25; eust

and west, 25.

Dip sector, 144.

Division, arithmetical, 29, 56; of a line

into equal parts, 36,

Douglas' protracting sextant, 170.

Drawing, a, its linear dimensions reduced

or enlarged, 5,38,51,53; its area re

duced or enlarged, 5 ; its solid content

reduced or enlarged, 6.

Drawing-paper, management of, 64 ; di

mensions of, 65.

Drawing pen, 7.

Drawing instruments, cur?{linear, 173.

Drawing pins, defects of, 179.

Edge, straight, 8.

Electro-chronoscope, 176.

Elliott's levelling telescope, 170.

Equal parts, scales of, 9.

Eye-piece, celestial negative, 82 ; positive,

83; terrestrial, or erect, 83.

Flamstead's projection, 23.

Formula, barometric, 175.

Gauges, steel, 178.

Geometrical construction, general rules*

66.

ABERRATION and tiplanatism of lenses

explained, 71.

Achromatic eye-piece, 73.

Adie's telemeter, 171.

Aerial telescope, 81.

Altitude and azimuth instrument, de

scription of, 153; adjustments of, 156;

use of, 157.

Aneroid, 175.

Angles, method of setting off, 16, 39 ;

measuring, 16.

Area, of a drawing, reduced or enlarged»

52 ; of a board or plank found, 59 ; of a

survey computed, 1 :;,">.

Artificial horizon, 121.

Astronomical triangle, 158; table of for

mula connecting the parts of, 159.

Barometer, portable, improvements upon,

175.

Barometric formula, 175.

Bcura, callipers, 176; compasses, Swiss,

178.

Benchmarks, 111.

Bisection of a straight line. 36,

Boulenge's chronscopes, 176.

Bow compasses, 4.

Bow sextant, described, 117; its parallax

explained, I In: and eliminated, 121.

Bregent'a chronoacopea, 176.

Callipers beam, 176.

Camera obscura, 89 ; lucida, 90.

Cassini, his aerial telescope, 81*

Cassegrainian telescope, 84.

Chains, Gunter's and land, 92.

Chorda, line of, constructed, 14 ; uses of,

its.

Chromatic dispersion of light explained,

Chronoscopea, 176.

Clamping screw, 47.

Collimation, line of, 100.

Collimator, description of, 162; use of, 162.

Compasses, 1 ; beam, 48 ; bow, 4 ; hair,

2; with movable points, 2; propor

tional, 4 ; triangular, 6.

Compass, prismatic, 115.

Compasses, Swiss, beam, 178.

Content of a drawing reduced or enlarged

5 ; solid, measured, 30.

Copying drawings, 5-.

Course, method of &et.ing off a, 13.

German instruments, described, 170.

Gnomon, 24.

Gnomonic projection, 19.

Goniometer, common, 164; Wollaston'a

165.

Goniometers, Jtfalus', 175; Wollaston'a,

175.

Gravatt, his adjustment of the level, 103 ;

his level, 105.

Graduated steel tape measures, 178.

Gregorian telescope, 84.

Grubb's microscope, 174.

Gunter'a chain, 92 ; Gunter's lines theli

construction, 25; their me, 28.
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Hartley's sextant described, 137; its ad

justments, 139; its index error deter

mined, 140.

Herschel, his telescope, 84.

Horizon, artificial, 121.

Huyghens, his aerial telescope, 81 ; his

eye-piece. 82.

Hypeometncal instruments, improve

ments in, 175.

Jcinson's deep sea thermometer, 177.

Land chain, 92.

Lenses, various forms of, and effects pro

duced by them, 70 ; their focal lengths

defined,' 72 ; focal length of a convex

lens practically determined, 72 ; images

formed by lenses, 73.

Level, spirit, 96 ; the Y level, 97 ; its ad

justments, 101 ; Troughton's level, 104;

Gravatt's level, 105; water level, 112;

reflecting level, 113.

Levelling staff, 104.

Levelling, remarks on, 106 ; for sections,

10S ; field book, 109.

Levelling instruments, 170 ; staves, 177.

Light, pencils of, defined, 67 1 chromatic

dispersion of, 72.

Linear measures, table of, 92.

Mains' goniometer, 175.

Marquois's scales, 42.

Mean proportional found, 53.

Micrometer, 47.

Microscopes, refracting, described, 76;

their magnifying powers determined,

79 ; reflecting described. 80 ; the read

ing microscope described, 160 ; its ad

justments, 161 ; the solar microscope,

88.

Microscopes, improvements upon, 174.

Mirrors, telescopic, improvements in

polishing. 174.

Mirrors, glass, secondary imnges formed

in them, 75.

Mounting, varnishing, &e., paper ana

drawings, 65.

Jlultiplication, 28, 56.

riavez's chronoscopes, 177.

Newtonian telescope, 84.

Niveau-graphometer-equerre, 171,

Numbers, line of, 25.

Offsetting staff, 95.

Opera-glass, or Galilean telescope, 64.

Optical square, 12S

Orthographic projection, 18.

Pantagraph, 50.

Parallax, of a telescope, 100 ; of a sex

tant, 119.

Parallel lines drawn, 43.

Pen, drawing, 7 ; ro:id, 8.

1'erpendicalar lines drawn, 44.

photographic instruments, 179.

Plain scale, 33.

Plotting scales, 50, 133; sections, 111

a survey, 129.

Polygon, inscribed in a circle, 5. 40 i

formed upon a given line, 40.

Portable barometer, improvements UJKO

the, 175.

Pricking point, 8.

Prism, defined, 67 ; its effects upon light

explained, 63; its uses in optical in

struments, 69.

Prismatic compass, 115.

Proportion, 29, 36, 66.

Proportional compasses, 4.

Protracting scales, 14.

Protractors, upon plain scales, S3 ; circu

lar, 129 ; semicircular, 131.

Protracting sextant, 170.

Badius found, from the length of the sioo,

tangent, or secant, of an arc, 43.

Ramsden, his eye-piece, 83.

Reflectors, plane, their effects and uses in

optical instruments, 74 ; curvilinear re

flectors, 75 ; methods of forming and

polishing parabolic reflectors, 76, foot

note.

Reflecting circle, described, 141 ; direc

tions for observing with it, 142.

Bhumbs, line of, 16. 17 ; sine rhumbs, 23;

tangent rhumbs, 23.

Scales, of equal parts, simply divided, 9 ;

diagonal, 10; vernier, 11; formed by

sector, 38; of chords, sines, versed sines,

tangents, secants, and semitangents.

14 ; of rhumbs, chords, and longitudes,

15; of hour-lines and latitudes, lo;

logarithmic, see Gunter's lines; Mar

quois's, 42.

Scales, improved, 177.

Screw, clamping, 47 ; tangent, 47.

Sea bottoms, instruments for obtaining

samples of, 177.

Secant, to any desired radius, found, 41.

Sector, 33.

Sextant, box, 117; Hartley's, 137.

Sextants, patent protracting, 170.

Sines, scales of, 14 ; lo any desired ra

dius found, 41 ; logarithmic, see Guu-

ter's lines, 25 ; sine rhumbs, 28.

Sliding rule, 55.

Solid contents found, 30; of squared tim

ber, 60; of tapering timber, 59.

Sphere, its orthographic projection, 18;

gnomonic projection, 19 ; stereographic

project ion, 20 ; development of a portion,

22 ; Flamstead's projection, 23.

Spherical confusion of lenses explained, 73.

Spirit level, 96.

Square, of a number, found, 57 ; root, 6;

measures, table of, 93.

Station pointer, 135.

Steel gauges, 178; tape, graduated, 173.

Straight edges, steel, 178.

Superficies, or area, measured, 2S.

Surveying, remarks upon, 12ti.

T iio.uare, JJ1
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LAW, C.E.; Remarks on the Maintenance of Macadamised Roads, by

Field-Marshal Sir JOHN F. BURGOVNE, Bart., G.C.B., Royal Engineers,

&c., &c. Illustrated. is. 6d.

62. RAILWAY CONSTRUCTION, Elementary and Practical In

struction on the Science of. By Sir MACDONALD STEPHENSON, C.E.,

Managing Director of the East India Railway Company. New Edition,

revised and enlarged by EDWARD NUGENT^ C.E. Plates and numerous

Woodcuts. 3s.

62*. RAILWAYS; their Capital and Dividends. With Statistics of

their Working in Great Britain, &c., &c. By E. D. CHATTAWAY. is.

V 62 and 62*, fa One Vol., $s. 6d.

8o«. EMBANKING LANDS FROM THE SEA, the Practice of.

Treated as a Means of Profitable Employment for Capital. With Examples

and Particulars of actual Embankments, and also Practical Remarks on the

Repair of old Sea Walls. By JOHN WIGGINS, F.G.S. New Edition, with

Notes by ROBERT MALLET, F.R.S. as.

81. WATER WORKS, for the Supply of Cities and Towns. With

a Description of the Principal Geological Formations of England as in

fluencing Supplies of Water ; and Details of Engines and Pumping Machinery

for raising Water. By SAMUBL HUGHES, F.G.S., C.E. New Edition,

revised and enlarged, with numerous Illustrations. 4s.

82**. GAS WORKS, and the Practice of Manufacturing and Distributing

Coal Gas. By SAMUEL HUGHES, C.E. New Edition, revised by W.

RICHARDS, C.E. Illustrated. 3s.

117. SUBTERRANEOUS SURVEYING; an Elementary and Prac

tical Treatise on. By THOMAS FENWICK. Also the Method of Conducting

Subterraneous Surveys without the Use of the Magnetic Needle, and other

modern Improvements. By THOMAS BAKER, C.E. Illustrated. as. 6d.

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch

of. By DAVID STEVENSON, F.R.S.E., He. Plates and Diagrams. 3s.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.G.



4 WEALE S RUDIMENTARY SERIES.

Civil Engineering, etc., continued.

120. HYDRAULIC ENGINEERING, the Rudiments of. By G.

R. BURNELL, C.E., F.G.S. Illustrated. 3s.

121. RIVERS AND TORRENTS. With the Method of Regulating

their Courses and Channels. By Professor PAUL FRISI, F.R.S., of Milan.

To which is added, AN ESSAY ON NAVIGABLE CANALS. Translated

by Major-General JOHN GARSTIN, of the Bengal Engineers. Plates. as. 6d.

MECHANICAL ENGINEERING, ETC.

33. CRANES, the Construction of, and other Machinery for Raising

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By

JOSEPH GLYNN, F.R.S., &c. Illustrated. is. 6d.

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr.

LARDNER. Illustrated. is.

59. STEAM BOILERS: Their Construction and Management. By

R. ARMSTRONG, C.E. Illustrated. is. 6d.

63. AGRICULTURAL ENGINEERING : Farm Buildings, Motive

Power, Field Machines, Machinery, and Implements. By G. H. ANDREWS,

C.E. Illustrated. 3s.

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise

on. By Sir EDMUND BECKETT (late EDMUND BECKETT DENISON, LL.D., Q.C.)

%* A New, Revised, and considerably Enlarged Edition of ihe above Standard

Treatise, with very numerous Illustrations, is now ready, price 4s. fid. „

77*. THE ECONOMY OF FUEL, particularly with Reference to

Reverbatory Furnaces for the Manufacture of Iron, and to Steam Boilers.

By T. SYMES PRIDEAUX. is. 6d.

82. THE POWER OF WATER, as applied to drive Flour Mills,

and to give motion to Turbines and other Hydrostatic Engines. By JOSEPH

GLYNN, F.R.S., &c. New Edition, Illustrated. 2s.

98. PRACTICAL MECHANISM, the Elements of; and Machine

Tools. By T. BAKER, C.E. With Remarks on Tools and Machinery, by

J. NASMYTH, C.E. Plates. as. 6d.

114. MACHINERY, Elementary Principles of, in its Construction and

Working. Illustrated by numerous Examples of Modern Machinery for

different Branches of Manufacture. By C. D. ABEL, C.E. is. 6d.

115. ATLAS OF PLATES. Illustrating the above Treatise. By

C. D. ABEL, C.E. 7s. 6d.

125. THE COMBUSTION OF COAL AND THE PREVENTION

OF SMOKE, Chemically and Practically Considered. With an Appendix.

By C. WYE WILLIAMS, A.I.C.E. Plates. 3s.

1 39. THE STEAM ENGINE, a Treatise on the Mathematical Theory

of, with Rules at length, and Examples for the Use of Practical Men. By

T. BAKER, C.E. Illustrated. is.

162. THE BRASS FOUNDER'S MANUAL; Instructions for

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing,

Bronzing, &c. With copious Receipts, numerous Tables, and Notes on Prime

Costs and Estimates. By WALTER GRAHAM. Illustrated. as. 6d.

164. MODERN WORKSHOP PRACTICE, as applied to Marine,

Land, and Locomotive Engines, Floating Docks,. Dredging Machines,

Bridges, Cranes, Ship-building, &c., &c. By J. G. WINTON. Illustrated. 3s.

165. IRON AND HEAT, exhibiting the Principles concerned in the

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of

Heat in the Smelting Furnace. By J. ARMOUR, C.E. Numerous Woodcuts.

2s. 6d.

"" ' LONDON : LOCKWOOD AND CO.,



WEALE'S RUDIMENTARY SERIES.

Mechanical Engineering, etc., continued.

166. POWER IN MOTION: Horse-Power, Motion, Toothed-Wheel

Gearing, Long and Short Driving Bands, Angular Forces. By JAMES

ARMOUR, C.E. With 73 Diagrams. 2s. 6d.

167. THE APPLICATION OFIRON TO THE CONSTRUCTION

OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. Showing

the Principles upon which such Structures are designed, and their Practical

Application. By FRANCIS CAMPIN, C.E. Numerous Woodcuts. as.

171. THE WORKMAN'S MANUAL OF ENGINEERING

SHIPBUILDING, NAVIGATION, MARINE

ENGINEERING, ETC.

51. NAVAL ARCHITECTURE, the Rudiments of; or, an Exposi

tion of the Elementary Principles of the Science, and their Practical Appli

cation to Naval Construction. Compiled for the Use of Beginners. By

TAMES PEAKE, School of Naval Architecture, H.M. Dockyard, Portsmouth.

Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d.

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary

and Practical Principles of the Construction of. By HAKON A. SOMMER-

FELDT, Surveyor of the Royal Norwegian Navy. With an Appendix, is.

53**. ANATLAS OFENGRAVINGS to Illustrate the above. Twelve

large folding plates. Royal 4to, cloth. 7s. 6d.

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS,

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks; Chain,

"Wire, and Hemp Ropes, &c., relative to every class of vessels. Together

with an Appendix of Dimensions of Masts and Yards of the Royal Navy of

Great Britain and Ireland. By ROBERT KIPPING, N.A. Thirteenth Edition.

Illustrated. is. 6d.

54*. IRON SHIP-BUILDING. AVith Practical Examples and Details

for the Use of Ship Owners and Ship Builders. By JOHN GRANTHAM, Con

sulting Engineer and Naval Architect. Fifth Edition, with important Addi-

54**. AN ATLAS OF FORTY PLATES to Illustrate the above.

Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates

"Warrior," "Hercules, " Bellerophon ; " H.M. Troop Ship "Serapis,"

Iron Floating Dock, &c., &c. 4to, boards. 38s.

55. THE SAILOR'S SEA BOOK: A Rudimentary Treatise on

Navigation. I. How to Keep the Log and Work it off. II. On Finding the

Latitude and Longitude. By JAMES GREENWOOD, B.A., of Jesus College,

Cambridge. To which are added, Directions for Great Circle Sailing ; an

Essay on the Law of Storms and Variable Winds ; and Explanations of

Terms used in Ship-building. Ninth Edition, with several Engravings and

Coloured Illustrations of the Flags of Maritime Nations. as.

80. MARINE ENGINES, AND STEAM VESSELS, a. Treatise

on. Together with Practical Remarks on the Screw and Propelling Power,

as used in the Royal and Merchant Navy. By ROBERT MURRAY, C.E..

Engineer-Surveyor to the Board of Trade. With a Glossary of Technical

Terms, and their Equivalents in French, German, and Spanish. Fifth Edition,

revised and enlarged. Illustrated. 3s.

8$l>is. THE FORMS OF SHIPS AND BOATS; Hints, Experiment

ally Derived, on some of the Principles regulating Ship-building. By W.

BLAND. Sixth Edition, revised, with numerous Illustrations and Models. is.6d.

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory

and Practice. With Attempts to facilitate the Finding of the Time and the

Longitude at Sea. By J. R. YOUNG, formerly Professor of Mathematics in

Belfast College. Illustrated. as. 6d.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.G.



WEALE'S RUDIMENTARY SERIES.

Shipbuilding, Navigation, etc., continued.

100*. TABLES intended to facilitate the Operations of Navigation and

Nautical Astronomy, as an Accompaniment to the above Rook. By J. R.

YOUNG, is. 6d.

106. SHIPS' ANCHORS, a Treatise on. By GEORGE COTSEI.L,

N.A. Illustrated. is. 6d.

149. SAILS AND SAIL-MAKING, an Elementary Treatise on.

With Draughting, and the Centre of Effort of the Sails. Also, Weights

and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c., &c.

Ninth Edition, enlarged, with an Appendix. By ROBERT KIPPING, N.A.,

Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d.

155. THE ENGINEER'S GUIDE TO THE ROYAL AND

MERCANTILE NAVIES. By a PRACTICAL ENGINEER. Revised by D.

F. M'CARTHY, late of the Ordnance Survey Office, Southampton. 3s.

PHYSICAL SCIENCE, NATURAL PHILO

SOPHY, ETC.

1. CHEMISTRY, for the Use of Beginners. By Professor GEORGE

FOWNES, F.R.S. With an Appendix, on the Application of Chemistry to

Agriculture, is.

2. NATURAL PHILOSOPHY, Introduction to the Study of; for

the Use of Beginners. By C. TOMLINSON, Lecturer on Natural Science in

King's College School, London. Woodcuts, is. 6d.

4. MINERALOGY, Rudiments of; a concise View of the Properties

of Minerals. By A. RAMSEY, Jun. Woodcuts and Steel Plates. 3s.

i>. MECHANICS, Rudimentary Treatise on; Being a concise Ex

position of the General Principles of Mechanical Science, and their Applica

tions. By CHARLES TOMLINSON, Lecturer on Natural Science in King's

College School, London. Illustrated. is. 6d.

7. ELECTRICITY; showing the General Principles of Electrical

Science, and the purposes to which it has been applied. By Sir W. SNOW

HARRIS, F.R.S., &c. With considerable Additions by R. SABINE, C.E.,

F.S.A. Woodcuts. is. 6d.

7*. GALVANISM, Rudimentary Treatise on, and the General Prin

ciples of Animal and Voltaic Electricity. By Sir W. SNOW HARRIS. New

Edition, revised, with considerable Additions, by ROBERT SABINE, C.E.,

F.S.A. Woodcuts. is. (A. ,

8. MAGNETISM; being a concise Exposition of the General Prin

ciples of Magnetical Science, and the Purposes to which it has been applied.

By Sir W. SNOW HARRIS. New Edition, revised and, enlarged by H. M.

NQAD, Ph.D., Vice-President of the Chemical Society, Author of "A

Manual of Electricity," 8tc., &c. With 165 Wooocuts. js. 6d.

11. THE ELECTRIC TELEGRAPH; its History and Progress;

with Descriptions of some of the Apparatus. ByR. SABINH, C.E., F.S.A., &c.

Woodcuts. 3s.

12. PNEUMATICS, for the Use of Beginners. By CHARLES

TOMLINSON. Illustrated. is. 6d.

72. MANUAL OF THE MOLLUSCA ; a. Treatise on Recent and

Fossil Shells. By Dr. S. P. WOODWARD, A.L.S. With Appendix by

RALPH TATE, A.L.S. , F.G.S. With numerous Plates and 300 Woodcuts,

6s. 6d. Cloth boards, 7s. 6d.

79**. PHOTOGRAPHY, Popular Treatise on; with a Description of

the Stereoscope, &c. Translated from the French of D. VAN MONCKHOVBN,

by W. H. THORNTHWAITE, Ph.D. AVoodcuts. is. 6d.

96. ASTRONOMY. By the Rev. R. MAIN, M.A., F.R.S., &c.

New and enlarged Edition, with an Appendix on " Spectrum Analysis."

Woodcuts. is. 6d.

LONDON: LOCKWOOD AND co..



WEALE'S RUDIMENTARY SERIES.

Physical Science, Natural Philosophy, etc., continued.

97. STATICS AND DYNAMICS, the Principles and Practice of;

embracing also a clear development of Hydrostatics, Hydrodynamics, and

Central Forces. By T. BAKER, C.E. is. 6d.

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy,

Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ

ment in the Telegraph Service. By R. BOND. Fourth Edition, revised and

enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC

TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students,

by W. MCGREGOR, First Assistant Superintendent, Indian Gov. Telegraphs.

Woodcuts. 3s.

143. EXPERIMENTAL ESSAYS. By CHARLES TOMLINSON.

I. On the Motions of Camphor on Water. II. On the Motion of Camphor

towards the Light. III. Historyof theModernThcoryofDew. Woodcuts. is.

173. PHYSICAL GEOLOGY, partly based on Major-General PORT-

LOCK'S " Rudiments of Geology." By RALPH TATE, A.L.S., &c. Numerous

Woodcuts. 2s.

174. HISTORICAL GEOLOGY, partly based on Major-General

PORTLOCK'S "Rudiments." By RALPH TATE, A.L.S., &c. Woodcuts. as. 6d.

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and

& Historical. Partly based on Major-General PORTLOCK'S " Rudiments of

j-. Geology." By RALPH TATE, A.L.S., F.G.S., &c., 8ee. Numerous Illustra-

''* tions. In One Volume. 4s. 6(J.

183. ANIMAL PHYSICS, Handbook of. By DIONYSIUS LARDNER,

fa D.C.L., formerly Professor of Natural Philosophy and Astronomy in Uni

versity College, London. With 520 Illustrations. In One Volume, cloth

104. boards. 7s. 6d.

%* Sold also in Two Parts, as follows ;—

183. ANIMAL PHYSICS. By Dr. LARUNER. Part I., Chapter I—VII. 4s.

184. ANIMAL PHYSICS. By Dr. LARDNER. Part II. Chapter VIII—XvIII. 3s.

MINING, METALLURGY, ETC.

117. SUBTERRANEOUS SURVEYING, Elementary and Practical

Treatise on, with and without the Magnetic Needle. By THOMAS FENWICK,

Surveyor of Mines, and THOMAS BAKER, C.E. Illustrated. as. 6d.

133. METALLURGY OF COPPER ; an Introduction to the Methods

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys.

By ROBERT H. LAMBORN, Ph.D. Woodcuts. as.

134. METALLURGY OF SILVER AND LEAD. A Description

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr.

R. H. LAMBORN. Woodcuts. as.

135. ELECTRO-METALLURGY; Practically Treated. By ALEX

ANDER WATT, F.R.S.S.A. New Edition. Woodcuts. as.

172. MINING TOOLS, Manual of. For the Use of Mine Managers,

Agents, Students, &c. Comprising Observations on the Materials from, and

Processes by which, they are manufactured ; their Special Uses, Applica

tions, Qualities, and Efficiency. By WILLIAM MORGANS, Lecturer on Mining

at the Bristol School of Mines. as. 6d.

172*. MINING TOOLS, ATLAS of Engravings to Illustrate the

above, containing 235 Illustrations of Mining Tools, drawn to Scale. 4to.

4s. 6d.

176. METALLURGY OF IRON, a Treatise on the. Containing

Outlines of the History of Iron Manufacture, Methods of Assay, and Analyses

of Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H.

BAUERMAN, F.G.S., Associate of the Royal School of Mines. Fourth

Edition, revised and enlarged, with numerous Illustrations. 4s. 6d.

7, STATIONERS1 HALL COURT, LUDGATE HILL, E.G.
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Mining, Metallurgy, etc., continued.

180. COAL AND COAL MINING: A Rudimentary Treatise on.

By WARINGTON W. SMYTH, M.A., F.R.S., &c., Chief Inspector of the

Mines of the Crown and of the Duchy of Cornwall. Second Edition, revised

and corrected. With numerous Illustrations. 3s. 6d.

EMIGRATION.

154. GENERAL HINTS TO EMIGRANTS. Containing Notices

of the various Fields for Emigration. With Hints on Preparation for

Emigrating, Outfits, &c., &c. With Directions and Recipes useful to the

Emigrant. With a Map of the World. 2s.

157. THE EMIGRANTS GUIDE TO NATAL. By ROBERT

JAMES MANN, F.R.A.S., F.M.S. Second Edition, carefully corrected to

the present Date. Map. 2s.

159. THE EMIGRANT'S GUIDE TO AUSTRALIA, New South

Wales, Western Australia, South Australia, Victoria, and Queensland. By

the Rev. JAMES BAIRD, B.A. Map. 2s. 6d.

160. THE EMIGRANT'S GUIDE TO TASMANIA and NEW

ZEALAND. By the Rev. JAMES BAIRD, B.A. With a Map. 2s.

i59&7V£e EMIGRANT'S GUIDE TO AUSTRALASIA. By the

1 60. Rev. J. BAIRD, B.A. Comprising the above two volumes, I2mo, cloth boards.

With Maps of Australia and New Zealand. 5s.

AGRICULTURE.

29. THE DRAINAGE OF DISTRICTS AND LANDS. By

G. DRYSDALE DEMPSEY, C.E. Illustrated. is. 6d.

*•* With " Drainage of Towns and Buildings" in One Vol., 3$.

63. AGRICULTURAL ENGINEERING: Farm Buildings, Motive

Powers and Machinery of the Steading, Field Machines, and Implements.

By G. H. ANDREWS, C.E. Illustrated. 3s.

66. CLAY LANDS AND LOAMY SOILS. By Professor

DONALDSON, is.

131. MILLER'S, MERCHANT'S, AND FARMER'S READY

RECKONER, for ascertaining at sight the value of any quantity of Corn,

from One Bushel to One Hundred Quarters, at any given price, from £ i to

£5 per quarter. Together with the approximate values of Millstones and

140. SOILS, 'MANURES, AND CROPS (Vol. i. OUTLINES OF
MODERN FARMING.) By R. SCOTT BURN. Woodcuts. 2s.

141. FARMING AND FARMING ECONOMY, Notes, Historical

and Practical on. (Vol. 2. OUTLINES OF MODERN FARMING.) By R, SCOTT

BURN. Woodcuts. 3s,

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3.

OUTLINES OF MODERN FARMING.) By R. SCOTT BURN. Woodcuts. as. 6d.

145. DAIRY, PIGS, AND POULTRY, Management of the. By

R. SCOTT BURN. With Notes on the Diseases of Stock. (Vol. 4. OUTLINES

OF MODERN FARMING.) Woodcuts. 2s.

146. UTILIZATION OF SEWAGE, IRRIGATION, AND

RECLAMATION OF WASTE LAND. (Vol. 5. OUTLINES OF MODERN

FARMING.) By R. SCOTT BURN. Woodcuts. 2s. 6d.

*** Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled "OUTLINES Of

MODERN FARMING." By ROBERT SCOTT BURN. Price i2s.

177. FRUIT TREES; The Scientific and Profitable Culture of. From

the French of Du BREUIL, Revised by GEO. GI.ENNY. 187 Woodcuts. Js. 6d.

LONDON : LOCKWOOD AND CO.,
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FINE ARTS.

20. PERSPECTIVE FOR BEGINNERS. Adapted to Yocjg

Students and Amateurs in Architecture, Painting, &c. By GEORGE PYNE,

Artist. Woodcuts. as.

27. A GRAMMAR OF COLOURING, applicable to House Paint-

ing, Decorative Architecture, and the Arts, for the Use of Practical Painters

and Decorators. By GEORGE FIELD, Author of " Chromatics ; or, The An; -

logy, Harmony, and Philosophy of Colours/' &c. Enlarged by ELLIS A..

'DAVIDSON. Coloured Illustrations. as. 6d.

40. GLASS STAINING; or, Painting on Glass, The Art of. Com

prising Directions for Preparing the Pigments and Fluxes, laying them upon

the Glass, and Firing or Burning in the Colours. From the German of Dr.

GESSERT. To which is added, an Appendix on THE ART OF ENAMELLING,

41. PAINTING ON GLASS, The Art of. From the German of

EMANUEL OTTO FROMBERG. is.

69. MUSIC, A Rudimentary and Practical Treatise on. With

numerous Examples. By CHARLES CHILD SPEVCER. as.

71. PIANOFORTE, The Art of Playing the. With numerous Exer

cises and Lessons. "Written and Selected from the Best Masters, by CHARLES

181. PAINTING^POPULARLY EXPLAINED, including Fresco,

Oil, Mosaic, "Water Colour, Water-Glass, Tempera, Encaustic, Miniature,

Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. With Historical

Sketches of the Progress of the Art by THOMAS JOHN GULLICK, assisted by

JOHN TIMES, F.S.A. Third Edition, revised and enlarged, with Frontispiece

and Vignette. 5s.

ARITHMETIC, GEOMETRY, MATHEMATICS,

ETC,

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which

their Construction, and the Methods of Testing, Adjusting, and Using them

are concisely Explained. By J. F. HEATHER, M.A., of the Royal Military

Academy, Woolwich. Original Edition, in i vol., Illustrated. is. 6d.

%* In ordering the above, be careful to say, "Original Edition" or give the number

in the Series (32) to distinguish it from the Enlarged Edition in 3 vols.

(Nos. 168-9-70).

60. LAND AND ENGINEERING SURVEYING, a Treatise on;

with all the Modern Improvements. Arranged for the Use of Schools and

Private Students ; also for Practical Land Surveyors and Engineers. By

^T. BAKER, C.E. New Edition, revised by EDWARD NUGENT, C.E. Illustrated

with Plates and Diagrams. 2s.

61*. READY RECKONER FOR THE ADMEASUREMENT

,OF LAND. By ABRAHAM ARMAN, Schoolmaster, Thurleigh, Beds. To

.which is added a Table, showing the Price of Work, from as. 6d. to £i per

acre, and Tables for the Valuation of Land, from is. to j£i,ooo per acre, and

from one pole to two thousand acres in extent, &c., &c. is. 6d.

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on;

with a Theory of Shadows and of Perspective, extracted from the French of

G. MONGE. To which is added, a description of the Principles and Practice

, of Isometrical Projection ; the whole being intended as an introduction to the

Application of Descriptive Geometry to various branches of the Arts. By

J. F. HEATHER, M.A. Illustrated with 14 Plates. as.

178. PRACTICAL PLANE GEOMETRY: giving the Simplest

Modes of Constructing Figures contained in one Plane and Geometrical Con

struction of the Ground. By J. F. HEATHER, M.A. With 215 Woodcuts. as.

179. PROJECTION: Orthographic, Topographic, and Perspective:

fiving the various Modes of Delineating Solid Forms by Constructions on a

ingle Plane Surface. By J. F. HEATHER, M.A. [In preparation,

%* The above three volumes will form a COMPLETE ELEMENTARY COURSE OF

MATHEMATICAL DRAWING.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.G.



io WEALE'S RUDIMENTARY SERIES.

Arithmetic, Geometry, Mathematics, etc., continued.

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases

and Forms in English, French, Italian, and German. By JA.MES HADDON,

M.A., Arithmetical Master of King's College School, London, is.

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana

tions of its Theoretical Principles, and numerous Examplesfor Practice. For

the Use of Schools and for Self- Instruction. By J. R. YOUNG, late Professor

of Mathematics in Belfast College. New Edition, with Index, is. 6d.

84* A KEY to the above, containing Solutions in full to the Exercises, together

with Comments, Explanations, and Improved Processes, for the Use of

Teachers and Unassisted Learners. By J. R. YOUNG, is. 6d.

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest,

St*. Annuities, Life Assurance, and General Commerce ; with various Tables by

which all Calculations may be greatly facilitated. By W. HIPSLEY. In Two '

Parts, is. each ; or in One Vol. as.

86. ALGEBRA, the Elements of. By JAMES HADDON, M.A.,

Second Mathematical Master of King's College School. "With Appendix,

containing miscellaneous Investigations, and a Collection of Problems in

various parts of Algebra, as.

86* A KEY AND COMPANION to the above Book, forming an extensive repository of

Solved Examples and Problems in Illustration of the various Expedients

necessary in Algebraical Operations. Especially adapted for Self-Instruc

tion. By J. R. YOUNG, is. 6d.

88. EUCLID, THE ELEMENTS OF : with many additional Propositions

89, and Explanatory Notes : to which is prefixed, an Introductory Essay on

Logic. By HENRY LAW, C.E, as. 6d.

*** Sold also separately, viz. :—

88. ", EUCLID, The First Three Books. By HENRY LAW, C.E. is.

89. EUCLID, Books 4, 5, 6, n, 12. By HENRY LAW, C.E. is. 6d.

90. ANALYTICAL GEOMETRYAND CONICAL SECTIONS,

a Rudimentary Treatise on. By JAMES HANN, late Mathematical Master of

King's College School, London. A New Edition, re-written and enlarged i

by J. R. YOUNG, formerly Professor of Mathematics at Belfast College, zs.

91. PLANE TRIGONOMETRY, the Elements of. By JAMES

HANN, formerly Mathematical Master of King's College, London, is.

92. SPHERICAL TRIGONOMETRY, the Elements of. By JAMES

HANN. Revised by CHARLES H. DOWLING, C.E. is.

\* Or with " The Elements ofPlane Trigonometry" in One Volume, zs.

93. MENSURATION AND MEASURING, for Students and Prac

tical Use. With the Mensuration and Levelling of Land for the Purposes of

Modern Engineering. By T. BAKER, C.E. New Edition, with Corrections

and Additions by E. NUGENT, C.E. Illustrated. is. 6d.

94. LOGARITHMS, a Treatise on; with Mathematical Tables for

facilitating Astronomical, Nautical, Trigonometrical, and Logarithmic Calcu

lations ; Tables of Natural Sines and Tangents and Natural Cosines. By

HENRY LAW, C.E. Illustrated. as. 6d.

101*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA

TIONS, and an Analysis of the Christian, Hebrew, and Mahometan

Calendars. By W. S. B. WOOLHOUSE, F.R.A.S., &c. . is. 6d.

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By

HOMERSHAM Cox, B.A. Illustrated. is.

103. INTEGRAL CALCULUS, Examples on the. By JAMES HANN,

late of King's College, London. Illustrated. is.

101. DIFFERENTIAL CALCULUS, Examples of the. By W. S. B,

WOOLHOUSE, F.R.A.S., &c. is. 6d.

104. DIFFERENTIAL CALCULUS, Examples and Solutions of the.

By JAMES HADDON, M.A. is.

LONDON I LOCKWOOD AND CO.,
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Arithmetic, Geometry, Mathematics, etc., continued.

105. &INEMONICAL LESSONS. — GEOMETRY, ALGEBRA, AND

TRIGONOMETRY, in Easy Mnemonical Lessons. By the Rev. THOMAS

PENYNGTON KIRKMAN, M.A. is. 6d.

135. ARITHMETIC, Rudimentary, for the Use of Schools and Self-

Instruction. By JAMES HADDON, M.A. Revised by ABRAHAM ARMAN.'

is. 6d.

137. A KEY TO HADDON'S RUDIMENTARY ARITHMETIC. By A. ARMAS, is. Gd.

147. ARITHMETIC, STEPPING-STONE TO; Being a Complete Course

of Exercises in the First Four Rules (Simple and Compound), on an entirely

new principle. For the Use of Elementary Schools of every Grade. Intended

as an Introduction to the more extended works on Arithmetic. By ABRAHAM

ARMAN. is.

143. A KEY TO STEPPING-STONE TO ARITHMETIC. ByA( ARMAN. is.

158. THE SLIDE RULE, AND HOW TO USE IT; Containing

full, easy, and simple Instructions to perform all Business Calculations with

unexampled rapidity and accuracy. By CHARLES HO.VRB, C.E. With a

Slide Rule in tuck of cover. 3s.

168. DRAWING AND MEASURING INSTRUMENTS. Includ

ing—I. Instruments employed in Geometrical and Mechanical Drawing,

and in the Construction, Copying, and Measurement of Maps and PJans.

II. Instruments Used for the purposes of Accurate Measurement, and for

Arithmetical Computations. By J. F. HEATHER, M.A., late of the Royal

Military Academy. Woolwich, Author of " Descriptive Geometry," &c., &c.

Illustrated. is. 6d.

169. OPTICAL INSTRUMENTS. Including (more especially) Tele

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans

by Photography. By J. F. HEATHER, M.A. Illustrated. is. 6d.

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS.

Including—I. Instruments Used for Determining the Geometrical Features

of a portion of Ground. II. Instruments Kmployed in Astronomical Observa

tions. ByJ. F. HEATHER, M.A. Illustrated, is. 6d.

•t» The above three volumes form an enlargement of the Author's original work,

" MathematicalInstruments; their Construction, Adjustment, Te$ting,andU$e"

the Eleventh Edition of-which is on sale, price is. fid. (See No. 32 in the Series.)

^MATHEMATICAL INSTRUMENTS. By J. F. HEATHER,

169. F M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as

ijo.J above, in One thick Volume, With numerous Illustrations. Cloth boards. 5s.,

LEGAL TREATISES.

50. THE LAW OF CONTRACTS FOR WORKS AND SER

VICES. By DAVID GIBBONS. Third Edition, Enlarged. 3s.

107. COUNTY COURT GUIDE, Plain Guide for Suitors in the

County Court. By a BARRISTER, is. 6d.

108. THE METROPOLIS LOCAL MANAGEMENT ACT, i8lh

and igth Viet., c. 120; igth and aoth Viet., c. 112; zist and 22nd Viet.,

c. 104 ; 24th and 25th Viet., c. 61 ; also, the last Pauper Removal Act., and

the Parochial Assessment Act. is. 6d.

108*. THE METROPOLIS LOCAL MANAGEMENT AMEND

MENT ACT, 1862, 25th and 26th Viet., c. 120. Notes and an Index, is.

%° With the Local Management Act, in One Volume, 2s. 6d. *

I St. A HANDY BOOK ON THE LAW OF FRIENDLY, IN-

DUSTRIAL &• PROVIDENT BUILDING &- LOAN SOCIETIES.

With copious Notes. By NATHANIEL WHITE, of H.M. Civil Service, is.

163. THE LAW OF PATENTS FOR INVENTIONS; and on

the Protection of Designs and Trade Harks. By F. W. CAMPIN, Barrister-

at-Law. as.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C.
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MISCELLANEOUS VOLUMES.

36. A DICTIONARY OF TERMS used in ARCHITECTURE,

BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE

OLOGY, the FINE ARTS,b-c. With Explanatory Observations on various

Subjects connected with Applied Science and Art. By JOHN WEALE.

Fourth Edition, with numerous Additions. Edited by ROBERT HUNT, F.R.S.,

Keeper of Mining Records, Editor of Ure's " Dictionary of Arts, Manufac

tures, and Mines. ' Numerous Illustrations. 5s.

112. MANUAL OF DOMESTIC MEDICINE. Describing the

Symptoms, Causes, and Treatment of the most common Medical and Surgical

Affections. By R. GOODING, B.A., M.B.. The whole intended as a Family

Guide in all Cases of Accident and Emergency. as.

U2*. MANAGEMENT OF HEALTH. A Manual of Home and

Personal Hygiene. Bein£ Practical Hints on Air, Light, and Ventilation ;

Exercise, Diet, and Clothing ; Rest, Sleep, and Mental Discipline ; Bathing

and Therapeutics. By the Rev. JAMES BAIRD, B.A. is.

113. FIELD ARTILLERY ON SERVICE, on the Use of. With

especial Reference to that of an Army Corps. For Officers of all Arms.

By TAUBERT, Captain, Prussian Artillery. Translated from the German by

Lieut. -Col. HENRY HAMILTON MAXWELL, Bengal Artillery, is. 6d.

M3*. SWORDS, AND OTHER ARMS used for Cutting and Thrust

ing, Memoir on. By Colonel MARBV. Translated from the French, by

Colonel H. H. MAXWEI l. With Notes and Plates. is.

150. LOGIC, Pure and Applied. By S. H. EMMENS. Third

Edition, is. 6d.

152. PRACTICAL HINTS FOR INVESTING MONEY. With

an Explanation of the Mode ofTransacting Business on the Stock Exchange.

By FRANCIS PLAYFORD, Sworn Broker, is.

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE

HUMAN UNDERSTANDING. With Notes by S. H. EMMENS. as.

EDUCATIONAL AND CLASSICAL SERIES.

HISTORY,

i. England, Outlines of the History of; more especially with

reference to the Origin and Progress of the English Constitution. A Text

Book for Schools and Colleges. By WILLIAM DOUGLAS HAMILTON, F.S.A.,

of Her Majesty's Public Record Office. Fourth Edition, revised and brought

down to 1872. Maps and Woodcuts. 5s. ; cloth boards, 6s. Also in Five

Parts, is. each.

5. Greece, Outlines of the History of; in connection with the

Rise of the Arts and Civilization in Europe. By W. DOUGLAS HAMILTON,

of University College, London, and EDWARD LEVIEN, M.A., of Balliol

College, Oxford. as. 6d. ; cloth boards, 3s. 6d.

-. Rome, Outlines of the History of: From the Earliest Period

to the Christian Era and the Commencement of the Decline of the Empire.

By EDWARD LEVIEN, of Balliol College, Oxford. Map, as. 6d. ; cl. bds. 3s. 6d.

9. Chronology of History, Art, Literature, and Progress,

jfrom the Creation of the World to the Conclusion of the Franco-German

War. The Continuation by W. D. HAMILTON, F.S.A., of Her Majesty's

'Record Office. 3s. ; cloth boards, 3s, 6d.

50. Dates and Events in English History, for the use of

Candidates in Public and Private Examinations. By the Rev. EDGAR RAND,

B.A. is.

LONDON : LOCKWOOD AND CO.,
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ENGLISH LANGUAGE AND MISCEL

LANEOUS.

n. Grammar of the English Tongue, Spoken and Written.

With an Introduction to the Study of Comparative Philology. By HYDE

CLARKE, D.C.L. Third Edition, is.

n*. Philology: Handbook of the Comparative Philology of English,

Anglo-Saxon, Frisian, Flemish or Dutch, Low or Platt Dutch,'High Dutch

or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and

Portuguese Tongues. By HYDE CLARKE, D.C.L. is.

12. Dictionary of the English Language, as Spoken and

Written. Containing above 100,000 Words. By HYDE CLARKE, D.C.L.

3s. 6d. ; cloth boards, 4s. 6d. ; complete with the GRAMMAR, cloth bds., 5s. 6d.

48. Composition and Punctuation, familiarly Explained for

those who have neglected the Study of Grammar. By AUSTIN BRENAN.

i6th Edition, is.

49. Derivative Spelling-Book: Giving the Origin of Every Word

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish,

and other Languages ; with their present Acceptation and Pronunciation.

By J. ROWBOTHAM, F.R.A.S. Improved Edition, is. 6d.

51. The Art of Extempore Speaking: Hints for the Pulpit, the

Senate and the Bar. By M. BAUTAIN, Vicar-General and Professor at the

Sorbonne. Translated from the French. Fifth Edition, carefully corrected.

as. 6d.

52. Mining and Quarrying, with the Sciences connected there

with. First Book of, for Schools. By J. H. COLLINS, F.G.S., Lecturer to

the Miners' Association of Cornwall and Devon, is. 6d.

53. Places and Facts in Political and Physical Geography,

for Candidates in Public and Private Examinations. By the Rev. EDGAR

RAND, B.A. is.

54. Analytical Chemistry, Qualitative and Quantitative, a Course

of To which is prefixed, a Brief Treatise upon Modern Chemical Nomencla

ture and Notation. By WM. W. PINK, Practical Chemist, &c., and GEORGE

E. WEBSTER, Lecturer on Metallurgy and the Applied Sciences, Nottmg-

ham. as.

THE SCHOOL MANAGERS' SERIES OF READING

BOOKS,

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. GRANT,

Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector

of Schools.

INTRODUCTORY PRIMER

FIRST STANDARD .

SECOND

s. d.
THIRD STANDARD

FOURTH ,,

FIFTH

s. d.

*„* A Sixth Standard in Preparation.

LESSONS FROM THE BIBLE. Part I. Old Testament, is.

LESSONS FROM THE BIBLE. Part II. New Testament to which is added

THE GEOGRAPHY OF THE BIBLE, for very young Children. By Rev. C.

THORNTON FORSTER. 'is. 2d. V Or the Two Parts in One Volume, as.

FRENCH.

:. With Comple

uenuers ui i-icm-u .tiuuns. By G. L. OTR^ ,

2=; French-English Dictionary. Comprising a large number of

New Terms used in Engineering, Mining, on Railways, &c. By ALFRED

24. French Grammar. With Complete and Concise Rules on the

' Genders of French Nouns. By G. L. STRAUSS, Ph.D. is.

ELWES. is. 6d.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C,
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French, continued.

26. English-French Dictionary. By ALFRED ELWES. zs.

25,26. French Dictionary (as above). Complete, in One Vol., 33.;

cloth boards, 3s. 6d. %* Or with the GRAMMAR, cloth boards, 4s. 6d.

47. French and English Phrase Book : Containing Intro

ductory Lessons, with Translations, for the convenience of Students : several

Vocabularies of Words, a Collection of suitable Phrases, and Easy Familiar

Dialogues. ' is.

GERMAN.

39. German Grammar. Adapted for English Students, from

Heyse's Theoretical and Practical Grammar, by Dr. G. L. STRAUSS, is.

40. German Reader : A Series of Extracts, carefully culled from the

most approved Authors of Germany ; with Notes, Philological and Ex

planatory. By G. L. STRAUSS, Ph.D. is.

41. German Triglot Dictionary. By NICHOLAS ESTERHAZY,

S. A. HAMILTON. Part I. English-German-French, is.

42. German Triglot Dictionary. Part II. German-French-

English. Is.

43. German Triglot Dictionary. Part III. French-German-

English, is.

41-43. German Triglot Dictionary (as above), in One Vol., js. ;

cloth boards, 4s. %* Or with the GERMAN GRAMMAR, cloth boards, 5s.

ITALIAN.

27. Italian Grammar, arranged in Twenty Lessons, with a Course

of Exercises. Ky ALFRED ELWHS. is.

28. Italian Triglot Dictionary, wherein the Genders of all the

Italian and French Nouns are carefully noted down. By ALFRED ELWES.

Vol. I. Italian-English-French, 2s.

30. Italian Triglot Dictionary. By A. ELWES. Vol. 2.

English-French-Italian. 2s.

32. Italian Triglot Dictionary. By ALFRED ELWES. Vol. 3.

French-Italian-English. 2s.

28,30, Italian Triglot Dictionary (as above). In One Vol., 6s. ;

32. cloth boards, 7s. 6d. *»* Or with the ITALIAN GRAMMAR, cloth bds., 8s. 6d.

SPANISH.

34. Spanish Grammar, in a Simple and Practical Form. With

a Course of Exercises. By ALFRED ELWES. is.

35. Spanish-English and English-Spanish Dictionary.

Including a large num'ier ofTechnical Terms used in Mining, Engineering, 8ec.,

with the proper Accents and the Gender of every Noun. by ALFRED KLWES.

4s, ; cloth boards, 5s. *J> Or with the GRAMMAR, cloth boards, 6s.

HEBREW.

46*. Hebrew Grammar. By Dr. BRESSLAU. is.

44. Hebrew and English Dictionary, Biblical and Rabbinical ;

containing the Hebrew and Chaldee Roots of the Old Testament Post-

Rabbinical Writings. Uy Dr. BRESSLAU. 6s. %* Or with the GRAMMAR, 7s.

46. English and Hebrew Dictionary. By Dr. BRESSLAU. 33.

44,46. Hebrew Dictionary (as above), in Two Vols., complete, with

46". the GRAMMAR, cloth boards, I2s.

LONDON: LOCKWOOD AND co.,
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LATIN.

19. Latin Grammar. Containing the Inflections and Elementary

Principles of Translation and Construction. By the Rev. THOMAS GOODWIN,

M.A., Head Master of the Greenwich Proprietary School, is.

:o. Latin-English Dictionary. Compiled from the best Autho

rities. By the Rev. THOMAS GOODWIN, M.A. 2s.

22. English-Latin Dictionary; together with an Appendix of

French and Italian Words which have their origin from the Latin. By the

Rev. THOMAS GOODWIN, M.A. is. 6d.

20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ;

cloth boards, 4s. 6d. *.* Or with the GRAMMAR, cloth boards, 5s. 6d.

LATIN CLASSICS. With Explanatory Notes in English.

'. Latin Delectus. Containing Extracts from Classical Authors,

with Genealogical Vocabularies and Explanatory Notes, by HENRY YOUNG,

lately Second Master of the Royal Grammar School, Guildford. is.

2. Caesaris Commentarii deBello Gallico. Notes, and a Geographical

Register for the Use of Schools, by H. YOUNG, as.

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an

Introduction, Analysis, and Notes Explanatory and Critical, by the Rev.

JAMES DAVIES, M.A. is.

14. Ciceronis Cato Major, Lajlius, Brutus, sive de Senectute, de Ami-

citia, de Claris Oratoribus Dialog!. With Notes by W. BROWNRIGG SMITH,

M.A., F.R.G.S. 2s

3. Cornelius Nepos. With Notes. Intended for the Use of

Schools. By H. YOUNG, is.

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H.

YOUNG. Is. 6d.

7. Horace; Satires, Epistles, and ArsPoetica. Notes by W. BROWN-

RIGG SMITH, M.A., F.R.G.S. is. 6d.

21. Juverralis Satiras. With Prolegomena and Notes by T. H. S.

ESCOTT, B.A., Lecturer on Logic at King's College, London, is. 6d.

16. Livy : History of Rome. Noles by H. YOUNG and W. B. SMITH,

M.A. Part i. Books i., ii., is. 6d.

16*. -- Part 2. Books iii., iv,, v., is. 6d.

17.- Part 3. Books xxi. xxii., is. 6.1.

8. Sallustii Crispi Catalina et Bellum Tugurthinum. Notes Critical

and Explanatory, by W. H. DONNE, B.A., Trinity College, Cambridge.

is. 6d.

:o. Terentii Adelphi Hecyra, Phormio. Edited, with Notes, Critical

and Explanatory, by the Rev. JAMES DAVIES, M.A. 2s.

9. Terentii Andria et Heautontimorumenos. With Notes, Critical

and Explanatory, by the Rev. JAMES DAVIES, M.A. is. 6d.

ii. Terentii Eunuchus, Comcedia. Edited, with Notes, by the Rev.

JAMES DAVIES, M.A. is. 6d. Or the Adelphi, Andria, and Eunuchus,

3 vols. in i, cloth boards, 6s.

4. VirgHU Maronis Bucolica et Georgica. With Notes on the Buco

lics by W. RUSHTON, M.A., and on the Georgics by H. YOUNG, is. 6d.

5. Virgilii Maronis ^Eneis. Notes, Critical and Explanatory, by H.

YOUNG. 2s.

19. Latin Verse Selections, from Catullus, Tibullus, Propertius,

and Ovid. Notes by W. B. DONNE, M.A., Trinity College, Cambridge. 9.

20. Latin Prose Selections, from Varro, Columella, Vitruvius,

Seneca, Quintilian, Florus, Vellcius Patcrculus, Valerius Maximus Sueto

nius, Apuleius, &c. Notes by W. B. DONNE, M.A. as.

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C.
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GREEK.

14. Greek Grammar, in accordance with the Principles and Philo

logical Researches of the most eminent Scholars of our own day. By HANS

CLAUDE HAMILTON, is.

15,17. Greek Lexicon. Containing all the Words in General Use, with

their Significations, Inflections, and Doubtful Quantities. By HENRY R,

HAMILTON. Vol. i. Greek- English, as. ; Vol. 2. English-Greek, as. Or the

Two Vols. in One, 4s. : cloth boards, 5s.

14.15. Greek Lexicon (as above). Complete, with the GRAMMAR, in

17. One Vol., cloth boards, 6s.

GREEK CLASSICS. With Explanatory Notes in English.

I. Greek Delectus. Containing Extracts from Classical Authors,

with Genealogical Vocabularies and Explanatory Notes, by H. YOUNG. New

Edition, with an improved and enlarged Supplementary Vocabulary, by JOHN

HUTCHISON, M.A., of the High School, Glasgow, is.

30. ^Eschylus : Prometheus Vinctus : The Prometheus Bound. From

the Text of DINDORF. Edited, with English Notes, Critical and Explanatory,

by the Rev. JAMES DAVIES, M.A. is.

32. ^Eschylus : Septem Contra Thebes : The Seven against Thebe?.

From the Text of DINDORF. Edited, with English Notes, Critical and Ex

planatory, by the Rev. JAMES DAVIES, M A. is.

40. Aristophanes : Acharnians. Chiefly from the Text of C. H.

WEISE. With Notes, by C. S. T. TOWNSHEND, M.A. is. 6d.

26. Euripides: Alcestis. Chiefly from the Text of DINDORF. With

Notes, Critical and Explanatory, by JOHN MILNER, B.A. is.

23. Euripides : Hecuba and Medea. Chiefly from the Text of DIN-

noRF. With Notes, Critical and Explanatory, "by W. BROWNRIGG SMITH,

M.A., F.R.G.S. is. 6d.

14-17. Herodotus, The History of, chiefly after the Text of GAISFORD^

With Preliminary Observations and Appendices, and Notes, Critical and

Explanatory, by T. H. L. LEARY, M.A., D.C.L.

Part i. Books i., ii. (The Clio and Euterpe), is. 6d.

Part 2. Books iii., iv. (The Thalia and Melpomene), is. 6d.

Part 3. Books v.-yii. (The Terpsichore, Erato, and Polymnia) is. 6d.

Part 4. Books viii., iv. (The Urania and Calliope) and Index, is. 6d.

5-12. Homer, The Works of. According to the Text of BAEUMLEIN.

With Notes, Critical and Explanatory, drawn from the best and latest

Authorities with Preliminary Observations and Appendices, by T. H. L.

LEARY, M.A. D.C.L.

~ Books i. to vi., is. 6d. I Part 3. Books xiii. to xyiii., is. on

Books vii.to xii., is. 6d. | Part 4. Books xix. to xxiv., is. 6d.

THE ILIAD : Part I

Parts

THE ODYSSEY t Parti

Part 2

Books i. to vi., is. 6d.

Books vii.to xii., is.6d.

Part 3. Books xiii. to xviii., is. 6d

Part 4. Books xix. to xxiv., anti

Hymns, 2s.

4. Lucian's Select Dialogues. The Text carefully revised, with

Grammatical and Explanatory Notes, by H. YOUNG, is.

i ?. Plato's Dialogues : The Apology of Socrates, the Crito, and

thePhzdo. From the Text of C. F. HERMANN. Edited with Notes, Critical

and Explanatory, by the Rev. JAMES DAVIES, M.A. as.

1 8. .Sophocles: CEdipus Tyrannus. Notes by H. YOUNG, is.

20. Sophocles : Antigone. From the Text of DINDORF. Notes,

Critical and Explanatory, by the Rev. JOHN MILNER, B.A. as.

41. Thucydldes: History of the Peloponnesian War. Notes by H.

YOUNG. Book i. is.

2, v Xenophon's Anabasis; or, The Retreat of the Ten Thousand.

Notes and a Geographical Register, by H. YOUNG. Part i. Books i. to in.,

is. Part 2. Books iv. to vii., is.

42. Xenophon's Panegyric on Agesilaus. Notes and Intro

duction by LL. F. W. JEWITT. is. 6d.

1CKWOOD AND CO., 7, STATIONERS1 HALL COURT, E.C.
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INCLUDING MANY

NEW & STANDARD WORKS
IN

ENGINEERING, ARCHITECTURE,

AGRICULTURE, MATHEMATICS, MECHANICS,

SCIENCE, &c. &c.

PUBLISHED BY

LOCKWOOD & CO.,

J, STATIONERS'-HALL COURT, LUDGATE HILL, E.C.

ENGINEERING, SURVEYING, &c.

Humberts New Work on Water-Supply.

A COMPREHENSIVE TREATISE on the WATER-SUPPLY

of CITIES and TOWNS. By WILLIAM HUMBER, Assoc. Inst.

C.E., and M. Inst. M.E. Author of "Cast and Wrought Iron

Bridge Construction," &c. &c. This work, it is expected, will con

tain about 50 Double Plates, and upwards of 300 pages of Text.

Imp. 4t0, half bound in morocco. [/« the press.

*** In accumulating information for this volume, the Author has

been very liberally assisted by several professional friends, who have

made this department ofengineering their special study. He has thus

been in a position to prepare a work which, within the limits of a

single volume, will supply tin reader with the most complete and

reliable information upon all subjects, theoretical and practical, con

nected with water supply. Through the kindness of Messrs. Ander

son, Bateman, Hawksley, Homersham, Baldwin Latham, Lawson,

Milne, Quick, Rawlinson, Simpson, and others, several works, con

structed and in course ofconstruction, from the designs ofthese gentle

men, wUl befully illustrated and described,

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED

IN THE TEXT:—

Historical Sketch of the means that have been proposed and adopted for the Supply

of Water.—Water and the Foreign Matter usually associated with it.—Rainfall and

Evaporation.— Springs and Subterranean Lakes.— Hydraulics.—The Selection of

Sites for Water Works.—Wells.—Reservoirs.—Filtration and Filter Beds.—Reserroir

and Filter Bed Appendages.—Pumps and Appendages.—Pumping Macbinerv.—

Culverts and Conduits, Aqueducts, Syphons, &c.—Distribution of Water.—Water

Meters and general House Fittings.—Cost of Works for the Supply of Water.—Con

stant and Intermittent Supply.—Suggestions for preparing Ptans, &c. &c., together

with a Description of the numerous Works illustrated, viz :—Aberdeen, Bideford,

Coclcermouth, Dublin, Glasgow, Loch Katrine, Liverpool, Manchester, Rotherham,

Sunderland, and several others ; with copies of the Contract, Drawings and Specifi

cation in each case.



2 WORKS PUBLISHED BY LOCKWOOD & CO.

Humber s Modern Engineering. First Series.

A RECORD of the PROGRESS of MODERN ENGINEER

ING, 1863. Comprising Civil, Mechanical, Marine, Hydraulic,

Railway, Bridge, and other Engineering Works, &c. By WILLIAM

HUMBER, Assoc. Inst. C.E., &c. Imp. 4to, with 36 Double

Plates, drawn to a large scale, and Photographic Portrait of John

Hawkshaw, C.E., F.R.S., &c. Price 3/. 3^. half morocco.

List of the Plata.

NAME AND DESCRIPTION. ' PLATES. NAME OF ENGINEHR.

Victoria Station and Roof—L. B.& S. C. Rail i to 8 Mr. R Jacomb Hood, C. E.

Southport Pier o and 10 Mr. James Brunlces, C. E.

Victoria Station and Roof—L. C. & D. & G.W.

Railways utoisA Mr. John Fowler, C.E.

Roof of Cremorne Music Hall 16 Mr. William Humber, C. E.

Bridge over G. N. Railway 17 Mr. Joseph Cubitt, C. E.

Roofof Station—Dutch Rhenish Railway .. 18 and 19 Mr. Euschedi, C.E.

Bridge over the Thames---West London Ex

tension Rgj)way 201024 Mr. William Baker, C.E.

%rmour Plates 25 Mr. James Chalmers, C. E.

Suspension Bridge, Thames 26 to 29 Mr. Peter W. Barlow, C. E.

The Allen Engine 30 Mr. G. T. Porter, M.E.

Suspension Bridge, Avon 31 to 33 Mr. John Hawkshaw, C. E.

and W. H. Barlow, C.E.

Underground Railway 34 to 36 Mr. John Fowler, C. E.

With copious Descriptive Letterpress, Specifications, &c.

" Handsomely lithographed and printed. It will find favour with many who desire

to preserve in a permanent form copies of the plans and specifications prepared for the

guidance of the contractors for many important engineering works."—Engineer.

Number's Modern Engineering. Second Series.

A RECORD of the PROGRESS of MODERN ENGINEER

ING, 1864 ; with Photographic Portrait of Robert Stephenson,

C.E., M.P., F.R.S., &c. Price 3/. 3^. half morocco.

List of the Plata.

NAME AND DESCRIPTION. FLATES. NAME OF ENGINEER.

Birkenhead Docks, Low Water Basin I to 15 Mr. G. F. Lyster, C.E.

Charing Cross Station Roof—C. C. Railway. 16 to 18 Mr. Hawkshaw, C.E.

Digswell Viaduct—Great Northern Railway. 19 Mr. J. Cubitt, C.E.

Robbery Wood Viaduct—Great N. Railway. 20 Mr. J. Cubitt, C.E.

Iron Permanent Way aoa

Clydach Viaduct— Merthyr, Tredegar, and

Abergavenny Railway 21 Mr. Gardner, C.E.

Ebbw Viaduct ditto ditto ditto 22 Mr. Gardner, C.E.

College Wood Viaduct—Cornwall Railway . . 23 Mr. Brunei.

Dublin Winter Palace Roof _. 24 to 26 Messrs. Ordish & Le Feuvre.

Bridge over the Thames—L. C. & D. Railw. 27 to 32 Mr. J. Cubitt, C.E.

Albert Harbour, Greenock 33 to 36 Messrs. Bell & Miller.

With copious Descriptive Letterpress, Specifications, &c.

" A resumf Q{ all the more interesting and important works lately completed in Great

Britain ; and containing, as it does, carefully executed drawings, with full working

details it will be found a valuable accessory to the profession at large."—Engineer.

"Mr. Humber has done the profession (rood and true service, by the fine collection

,if examples he has here brought before the profession and the public."—Practical

Mechanic? Journal.











 


