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CHAPTER VII.

Application of the sliding rulefor calculating the dimensionsfor the parts of
Steam-Engines.

Mr. Watt proportioned all the parts of his patent rotative-engines so

judiciously, that after a few years' practice in making those engines, he ascertained

the proper proportions for every part, and established standards for the dimensions

of engines of all sizes ; these dimensions have been followed ever since, by the

best engineers and makers of steam-engines, with very few deviations, because long

experience has proved that those standards were extremely well proportioned.

In this part of his subject, Mr. Watt was greatly assisted by several ingenious

workmen and operative engineers, who had been educated under his own eye, in

the manufactory at Soho, and who had acquired a stock of experience in the course

of practice. The calculations which were required for proportioning the dimen-

sions of engines, were commonly intrusted to Mr. Southern, who was a skilful

mathematician, and to whom Messrs. Boulton and Watt were induced to give an
interest in their manufactory chiefly on that account. Mr. Watt, with the assist-

ance of Mr. Southern, investigated all the circumstances which can affect the pro-

portions of each part of a steam engine ; and thence formulae were deduced by which
the dimensions could be calculated for each individual case. The dimensions so

ascertained were communicated to the workmen for their guidance, but the rules

themselves, or the principles of calculation which were followed, are very little

known.
At the same time Mr. Watt employed logarithmic scales, on a sliding rule,

for performing calculations relative to steam-engines and machinery. These
instruments had been long in use amongst gangers and officers of the excise, and
were also used by carpenters ; but they were very coarsely and inaccurately divided,

and required some improvements to render them serviceable to engineers. Mr.
Watt and Mr. Southern arranged a series of logarithmic lines upon a sliding rule,

in a very judicious form, and they employed the most skilful artists to graduate

the original patterns, from which the sliding rules themselves were to be copied.

The Soho sliding rules are made of box-wood, 10^ inches long, with one

slider, and four logarithmic lines on the front face ; and at the back are tables of

useful numbers, divisors and factors, for a variety of calculations. Sliding rules of

this kind are still called the Soho rules, and they are so correctly divided by some
of the best makers of mathematical instruments in London, that they are capable

of performing ordinary calculations with sufficient accuracy for practice ; and by
means of the tables at the back of the rule, most questions in mensuration may be
very readily solved.

These sliding rules were put into the hands of all the foremen and superior

workmen of the Soho manufactory, and through them, the advantage of calculating

by means of the sliding rule has become known amongst other engineers, and some
do employ it for all computations of ordinary mensuration ; but the habit of using it

upon all occasions, is almost confined to those who have been educated at Soho.
To apply the sliding rule extensively for the calculation of the dimensions of the

parts of steam-engines and machinery, particular formulae are required, which
3 Y 2
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were confined to a very few of the principal engineers at Soho, and have not been
at all disseminated in the profession.

The great number of patent engines which Messrs. Boulton and Watt sent

out, and fixed in every part ofthe kingdom, furnished a sufficient number of models,
from which other engineers could easily ascertain the proper dimensions for the
parts of an engine of any particular size which they might be required to construct.

The knowledge of these dimensions has also been made generally known by
workmen who were brought up at Soho, and who have by degrees become dis-

persed over the kingdom j but they have rarely acquired, or been able to com-
municate, much knowledge of the principles by which the dimensions are regu-
lated (a).

From the great experience which engineers have acquired since Mr. Watt's
time, it may be presumed, that if any considerable deficiencies or errors had
existed in the dimensions of his standard engines, they would have been cor-

rected in the modern engines. This has actually been the case, in some few in-

stances ; but in almost all essential particulars, the practice of the most skilful

engineers of the present day, is very nearly the same as that of Mr. Watt himself;

and in those few instances where they differ, the modern practice is for the

most part inferior to the original, which ought to be studied with care by all

engineers, as the fountain-head for that kind of knowledge. In that view the

information contained in this and the next chapter will be veiy useful to the pro-

fession, and accordingly the author has taken great pains to verify all the pro-

portions and rules which he has formed, by a continual reference to Mr. Watt's

own practice, so as to be assured of their correctness.

The properties of the logarithmic lines upon a sliding rule are not very

generally known to practical engineers, and there is no complete treatise extant upon
the subject (Z»), hence it becomes necessary for the instruction of students, to supply

(a) The author, at his first entrance into business, made it his particular study to acquire a com-

plete knowledge of the structure of Mr. Watt's steam-engines, and of the proportions and dimensions

of all their parts ; as being in every respect the very best course of instruction for a practical mecha-

nician. With this view, in the years 1804 and 1805, he examined and took exact drawings of a

number of those engines of all sizes, with their dimensions ; and after having accumulated a sufficient

collection of observations, they were arranged and compared, to find out the proportions that the dif-

ferent dimensions bear to each other ; which being ascertained, corresponding rules were formed for

calculating the dimensions, in every case, either by common arithmetic, or by the sliding rule.

The author is not aware, whether the rules which he thus made himself, are exactly the same
as those which Messrs. Boulton and Watt followed ; but the rules in question have been proved in the

course of several years* practice, and corrected when necessary, so as to give results which upon an

average, correspond very nearly with the practice of the most experienced engineers, who have all

taken their proportions from the established models of Messrs. Boulton and Watt's standard engines.

(b) The author procured a Soho sliding rule at his first commencement in business ; but not

being able at that time to obtain any instructions for the mode of using it, and having observed the

facility with which the Soho workmen performed their ordinary calculations by it, he was induced to

investigate the properties of the instrument very fully, and thence deduced formulae for its application

upon all occasions.

The same course had been begun a little earlier by Mr. Benjamin Bevan, civil engineer and

architect, who has since published a practical treatise on the sliding rule, in octavo, 1 822 ; this is a

valuable little work, which contains a collection of useful theorems for performing all kinds of calcu-

lations; but as it is intended for the instruction of all professions who require calculations, and not

particularly for any one class, it does not contain many of those specific formulae which render the

instrument particularly valuable to mechanicians.

A treatise on the sliding rule was published some years ago, by Dr. Mackay, for the particular

instruction of navigators, to enable them to perform nautical calculations by it. A small book has

also been printed by Mr. Routledge, engineer, of Leeds, to explain the Soho sliding rule, and promote

the use of it amongst engineers : it is sold by the makers of those rules.
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that deficiency, and to explain the construction of the various formulae which are

given in this work, for calculating particular quantities, by the aid of the sliding

rule.

METHOD OF PERFORMING CALCULATIONS BY THE SLIDING RULE.

This instrument is a mechanical application of logarithms ; and to have a

correct idea of its principle of action, we must consider the operation of logarithms,

whereby they perform the multiplication and division of numbers.
Logarithms are a series of artificial numbers, adapted in a particular manner

to a series of real numbers, and arranged in a table, wherein every real number has

its corresponding logarithm ; so that by inspection ofsuch a table, any number can
be converted into its logarithmic representative ; and conversely any logarithm can
be converted into the real number which it represents (a).

To multiply any two numbers together, by the aid of a table of logarithms,

we must substitute the logarithm of each number, for the number itself, and then
add the two logarithms together ; their sum will be another logarithm, which being
reconverted by the table, into a real number, that number will be the product of
the two original numbers, which have in effect been multiplied together, by this

addition of their logarithmic representatives.

And conversely, the division of one number by another, can be effected by
subtracting the logarithm of the divisor, from the logarithm of the dividend, and
the remainder is the logarithm of the quotient.

Hence, logarithms tend to facilitate computations, by substituting the operations

of addition and substraction, for those of multiplication and division, which are

more tedious and difficult to be performed.

Logarithms were first invented by John Napier, Baron of Merchiston, in

Scotland, who published an account of his discovery in Latin, intitled Mirifici
Logarithmorum Canonis description 1614. The numbers given in the inventor's

table were Hyperbolic Logarithms, see p. 345; but the tables of common loga-

(o) The logarithm of a number is the index of that power of ten which will produce the number.
Hence the logarithm is one more, than the number of times that ten must be multiplied by itself, to
produce the number which the logarithm represents.

Exam-pie. The logarithm of 100 is 2, because 100 is the 2nd power (or square) of 10; for, as

10 must be multiplied once by 10 to produce 100, the logarithm of 100 is 1 + 1=2- And in like

manner, 1000 being the third power (or cube) of 10, its logarithm is 3 ; for ten must be multiplied

twice by itself to produce 1000, and 2 -|- 1 =r 3.

It follows from this construction of logarithms, that they will form a series which increases in arith-

metical progression, whilst the numbers which they represent, form a series which increases in geome-
trical progression ; and the two series are so adapted to each other, that in the arithmetical series

corresponds to 1 in the geometrical series.

rpL y 1 2 3 4 5 &c. Logarithms forming an arithmetical series,xnus^,
j(j jQQ jQ^Q j(jQQQ 100 000 &c. Numbers forming a geometrical series.

This is the skeleton of a table of logarithms, for all the intermediate number between 1 and 10 ; lO
and 100, &:c., in the geometrical series, may be filled up, and may have logarithms properly propor-
tioned to them, to fill up the corresponding intervals between and 1 ; 1 and 2, &c., in the arithme-
tical series.

It is a consequence of this construction, that the logarithms of all numbers which are less than
10 will be decimal fractions ; for instance, the log. of 5 is 069897. And the logarithms of the numbers
between 10 and 100, will be 1, with certain decimal fractions in addition; example, the log. of 50 is

1-69897. And the logarithms of numbers from 100 to 1000, will be 2, with the addition of suitable

decimals ; for instance, the log. of 500 is 2'69897.
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rithms now generally used, were deduced from Napier's, by Mr. Henry Briggs in

1615, and for a long time they were called Briggs's logarithms.

The following table contains the logarithms of every number from 1 to 100,

but the decimal fractions of the logarithmic numbers are only carried to three

places of figures, because the divisions of sliding rules are not commonly made to

represent more minute quantities than thousandth parts of the whole scale.

Num.



CHAP. VII.] CONSTRUCTION OF LOGARITHMIC SCALES. 535

The above is a sufficient statement of the properties of logarithmic numbers,

to explain the construction and operation of the sliding rule, which consists of a

combination of straight lines, engraved on the edges of rulers, and graduated with

unequal divisions, in such manner, that the magnitudes of the spaces or distances

of each of the divisions, from the first division of the scale, will represent the

series of logarithmic quantities, not by numbers, as in the table, but by spaces.

And the divisions are figured, so as to denote the real numbers, corresponding to

the logarithms which are represented by those spaces.

Hence in the ordinaiy use of logarithms, we substitute for the real numbers,

certain artificial logarithmic numbers, as their representatives ; and in the sliding

rule we make a still farther substitution, viz. that of spaces, to represent these

logarithmic numbers, which are themselves only artificial quantities.

At first sight this would appear to be a complication, of the logarithmic

method of computation ; but in effect it will be found to be a great simplification,

because it divests that system of all idea of number, in reference to the logarithms
;

for those numbers, which as logarithms are purely artificial quantities, become reali-

ties as spaces ; also when the logarithmic quantities are represented by spaces, we
can very conveniently perform the addition or subtraction of the logarithms, by
applying those spaces in actual contact with each other, and joining one space to

another, so as to obtain their sum, in order to perform multiplication ; or cutting off.

from one space, a quantity equal to another space, so as to obtain their difference, in

order to perform division.

To divide a line into logarithmic spaceSfWe must provide a plane scale of any suitable length, which
is accurately divided into 10 equal parts, with decimal subdivisions at one end, and with diagonal lines,

to obtain such minute subdivisions as will represent thousandths of the whole length. From this scale

we must measure off with a pair of compasses, such a space from the zero of the scale as will represent

any logarithm in the table ; and the space so measured must be transferred to the line which we intend

to divide logarithmetically, by placing one point of the compasses upon the first division or commence-
ment of that line, and marking a division upon it, at the proper place, with the other point of the

compasses.

Note. In thus forming a logarithmic scale, we must disregard the whole numbers which constitute

a part of the logarithms in the table, and only consider the decimals ; whereby we assume that all the

logarithmic numbers are decimal fractions of unity ; and therefore to represent them, we take cor-

responding decimal fractions of the whole space or length on the plain scale, from to 10 (a).

/Plane scale

. with equal

(, divisions.

Logarithmic

I scale with

I

unequal

divisions.

-H4- jm I iiilhn Tmrmpr
8 '9

npE
10

(a) This method of expunging the whole numbers of the logarithms is not peculiar to the
sliding rule, but it is done in all modern tables of logarithms; those whole numbers are called the
indices of the logarithms to which they belong; and the indices are omitted in the tables, because they
can be very readily supplied, being in all cases one less than the number of places of figures contained
in the whole number which is to be represented by the logarithm, when that index is prefixed to it.

For instance, the logarithm of 4 is 0*60206 ; and that of 40 is 1 -60206 ; or of 400, 260206 ; or of
4000, 3-60206. In all modern tables the logarithm 60206 is given for 4 every time it recurs, as at 40,
400, &c. without regard to the number of O's which follow it ; and the index, or whole number, which
is to be prefixed to the logarithm, is omitted in the table ; but it must in all cases be supplied, to the
logarithms of any numbers which are taken out from the table for use.
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For example, to set out the primary or figured divisions of the logarithmic line, we must succes-

sively transfer from the plane scale spaces of 301, 477, 602, 699, &c. as per table; that is to say, the

logarithms of 2, 3, 4, &c. must be represented by 301, 477, 602, &c. thousandths of the whole length

of the plane scale from to 10 ; and those spaces must be marked off respectively from the first division

of the logarithmic line, which is numbered I

.

The primary divisions thus obtained, may be numbered with figures I, 2, 3, 4, 5, &c. to 10, and
these figures will denote real numbers (either whole numbers or decimal fractions) whose logarithms are

expressed by the spaces or distances at which they are placed respectively from the first division

marked 1 ; and all those logarithms are considered as decimal fractions of the whole space from 1 to 10,

which is taken for the unity of the system, and is called its radius. By continuing the same operation

of measuring off the intermediate logarithms from the plane scale, and transferring those measures to

the logarithmic scale, all the intervals between the primary divisions may be filled up, and the scale

completed, as in the figure. Or, by reference to a more extensive table of logarithms, the scale may be
filled up with as many other subdivisions as it will admit of, without becoming too crowded with minute
divisions, to leave them distinguishable by the eye.

The simple scaUy or Ime, with logarithmic divisions^ is called Gunter's scale,

from the name of the celebrated mathematician who invented it about 1623. The
line contains two series of the logarithmic divisions from 1 to 10, placed one at the

end of the other in continuation, to form one line, which is used with the compasses,

to perform the multiplication and division of numbers, and the evolution or invo-

lution of powers, and roots of numbers. Thus the space from the first division 1

of the scale, to the division representing any number which is to be multiplied (l6
for instance) being taken in the compasses ; we can set off that space from the

division representing the other number, or multiplier (4 for instance) measuring
forwards in the direction from 1 towards 10 ; and thus prolonging one space by
adding the other to it, we shall find the other point of the compasses will reach to

some further division (64 in this case) which represents the product of the multi-

plication (of 16 by 4).

Or to divide any number (as 96) by another number (as 8), take the space in the compasses from
1 to the division representing the divisor (8) ; and set off that space from the number to be divided

(96) measuring backwards from 1 towards I ; then the other point of the compasses will fall on a
division (12) representing the quotient obtained by dividing the large number (96) by the other (8).

The simple Gunter*s scale was improved by Mr. Wingate in 1627, who formed
it on two separate rulers, which were applied one against the other, to avoid using

compasses. This was modified into the. present sliding rule by a Mr. Milburne
in 1650, and by Seth Partridge in 1657, it was for a long time called the sliding

Gunter. This instrument consists of a ruler, having a moveable slider fitted into

a groove along the middle of the ruler j and the adjacent edges of both the groove

and the slider being graduated with logarithmic divisions, the spaces representing

the logarithms can be added to, or subtracted from each other, by comparison of

contact, without using compasses ; and when the slider is properly placed, the

results of the calculation are obtained by mere inspection.

The lines upon sliding rules have been combined in various forms, to suit the

purposes of particular calculators ; but that which has been found most convenient

for the use of engineers, was arranged by Mr. Southern, under the direction of
Mr. Watt, expressly for the use of the engineers of Messrs. Boulton and Watt's

manufactory at Soho, and is in consequence called the Soho rule. The original

divisions for these instruments were made with the greatest accuracy, the radius of

the scale being 10 inches long ; but similar lines have since been divided, with

equal accuracy, on a larger scale ; and the divisions being less minute, they are

more easily read off, and admit of more minute subdivisions.



CHAP. VII.] NOTATION ON THE SLIDING RULE. 537

Description of the Soho sliding rule. The rule itself is made of hard box-wood, 10|
inches long, -rV broad, and about -^ thick. A groove is formed along the middle of one side of it ;

and a slider of the same wood, -^V wide by iV thick, is fitted into the groove, so as to slide freely end-

ways, backwards or forwards therein.

The face of the slider, and that of the ruler itself, are reduced to one flat surface, upon which the di-

visions and figures are engraved, as is represented in the sketch. There are four lines, divided

logarithmically, viz. two on the fixed ruler, at the margins of the groove, and two others on the mar-

gins of the moveable slider ; so that there are two pairs of lines, each pair consisting of one moveable,

and one fixed line of divisions.

The several lines are designated by the four first letters of the alphabet; the two upper lines are

marked A and B, and the two lower lines are marked C and D. The lines A, B and C are aW alike,

being fac similes of each other, but the lower line D has divisions of exactly twice the magnitude of

the others; this lower line, which is called a line of single radius, is formed as before described, and
the space from 1 to 10, which is called the radius, occupies 10 inches of the length of the rule. Each
of the upper lines contains two repetitions of the series of smaller logarithmic divisions, each series

being 5 inches radius ; these are called lines of double radius, but it would be more correct to say

lines of two radii, and to call line D a line of double radius.

Numeration, or notation, on the sliding rule. The first step to learn-

ing the use of this valuable instrument, is to acquire a facility in reading its

divisions, so as to find that division which represents any required number. It

should be premised, that the value of the divisions on the logarithmic lines is not

permanently fixed ; but that an arbitrary value is given to them by the calculator

in each particular operation, so that the ten primary figured divisions of the scale

may equally represent 1, 2, 3, 4, &c. ; or 10, 20, 30, 40, &c. ; or 100, 200, 300,

400, &c. ; or •!, "2, '3, '4, &c., according to the assumption made in each case.

Hence the sliding rule does not determine the numbers which result from
the calculations which are made by it, but only the figures by which the numbers
are to be denoted, and the order in which those figures are to stand ; but their

actual value must be determined by other means.

The reason of this deficiency will be evident, when we reflect that in forming the logarithmic

scale, all the whole numbers appertaining to the logarithms were rejected, and only the decimal

portion of each logarithm retained, to be represented by the spaces of the divisions. These whole
numbers indicate the exact value of the numbers represented by the logarithms ; and hence the whole
numbers are called the indexes or characteristics of the logarithms to which they are prefixed.

By altering the index of the logarithm of any number, it will become the logarithm of any other

number which can result from multiplying or dividing the original number, by 10, or 100, or

1000, &c. For instance, the log. of 2*5 is 0-39794; and of 25, 1-39794; and of 250, 2-39794; and of

2500, 3*39794; so that, by applying a suitable index, the same decimal portion of the logarithm will

serve for all numbers which can be denoted by 2, followed by 5. The sliding rule, as commonly con-
structed, has nothing to represent the index or whole number of the logarithms, and, consequently,

its divisions cannot have a determinate value.

In general, whatever value is assumed for the first division of a logarithmic

line, whether -1 or 1% or 10 or 100, the other primary or figured divisions of the
same line should preserve an uniform progressive value, according to their re-

spective places in the scale ; so that if the first division is accounted -1, the next
will be '2, then '3 and '4, &c. ; but the first division being called 1, then the others

will be 2, 3, 4, &c. Or if the first is assumed to be 10, the others will be 20, SO,

40, &c. ; or the first being 100, we shall have 200, 300, 400, &c. for the others.

3z
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All intermediate subdivisions must be reckoned according to the value that has been
assumed for the primary divisions between which they are situated.

Note. At the same time that we ought thus to preserve an uniformity of value, in the pro-
gressive divisions of the same line, we may, at pleasure, assume difFei-ent values for the divisions of
the different lines on the same rule, even when they are used in concert for one operation.

We may now explain the notation by some examples, which the reader must
perform with the rule itself, as the sketches being small and immovable, are not
sufficiently explanatory to a learner {a). It is easy to find the division which will

represent any number which can be expressed by one figure with any number
of O's (as '6, or 6, or 60, or 600,) because the primary divisions of the scale are

figured suitably for that purpose.

Tojind numbers ofmore than one place offigures on the sliding rule, we must
keep the following facts in mind : The primary figured divisions, represent the
first or left hand figures of the numbers. The subdivisions between the primary
divisions, represent the figures in the second place from the left towards the right

hand. The intermediate divisions between these subdivisions, represent the figures

in the third place from the left. In some long rules the intermediate divisions are

again partially subdivided, to represent some of the figures in the fourth place.

Lastly, in all cases when the subdivisions and intermediate divisions required to

express any number, are not engraved on the scale, they must be imagined, by
estimating the intermediate spaces by the eye.

Example. To find any number oftwofigures (for instance 64, or the line A), we must begin with
the first or left hand figure (6), and select that primary division which is marked with the same figure

( 6). Then we must take the second figure towards the left hand (4), and find its corresponding sub-
division, between the primary division last found (6) and the next beyond it (7). There are always ten of

these subdivisions engraved between every two primary divisions, in the shortest rules, and the middle
subdivision is drawn longer than the others, in order to distinguish it for five (and in some long rules it

is figured with a small 5) ; taking this long subdivision for a guide, it is easy to acquire the habit of

counting all the ten subdivisions, as quickly as if each one were figured ; thus 64 will be found
at the short subdivision adjacent to Q5, on the side towards 60. For numbers which are denoted by
only two figures, we shall aJways find a subdivision engraved to represent the second or last figure,

and we shall have no occasion to imagine intermediate divisions, or to estimate any spaces by the eye.

The sketch of the rule shows its slider drawn out so far, at the left hand, that the middle division of

the line B (figxired 10) is opposite to 64 on A, and serves as a pointer thereto. Also 5, on line B,

points out 82 on line A ; again, 4 on line D points out 25 on line C.

Example, Tofind a number of threefigures (for instance 1"56 on the line B). The first figure

(1) is represented by the primary division figured I, at the commencement of the line B ; then for the
second figure (5), we must look amongst the subdivisions between the primary divisions (1 and 2).

The fifth of those subdivisions is marked by a long stroke, to represent 1"5, and the short subdivision which
follows it is 1 '6 ; therefore the number we seek must be between those two ; and if there are no inter-

mediate graduations between the subdivisions, we must estimate ^, or a little more than half the

space between the subdivisions 1*5 and 1'6 to fix the place of I '56. In the sketch of the rule 1*56,

(«) Mr. Bate, optician in the Poultry, London, has taken great pains in dividing correct

logarithmic scales for sliding rules, and has brought the manufacture of those instruments to the

highest perfection ; they are made by him in ivory and in box-wood, of various dimensions, suitable

for different purposes. The original Soho rule, of 10 inches radius, is a very convenient size for the

pocket ; but they are also made of 24 inches radius, which is preferable for an office.

The calculations in this work have been made with a sliding rule, of nearly 28 inches radius,

which was made by Mr. Bate for the author, and is divided with extreme precision. In correcting

the impression, the same calculations have been repeated with another of Mr, Bate's sliding rules, of

double the length of the former, or 56 inches radius. All engineers ought to be provided with such

instruments, and with a little previous study, to become familiar with the notation ; they will be

enabled to calculate the proportions of machines and engines with the utmost facility, by the aid of

the formulae laid down in this work.
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upon the line B, is opposite to 1 on line A, whereby the latter division becomes a pointer to the

former. Also 10, at the middle of the line C, will point out to the student 263, or 253 on line D.
Note. Learners are liable to mistakes in reading off numbers of three or more figures, when

the second figure is an (such as 105 or 401), and it requires some attention to avoid taking 150

or 410 instead. It may be kept in mind, as a guide in these cases, that the divisions representing

numbers which have an in the second place of figures, will in all cases be found close to, or very near

to, a primary figured division.

In some parts of the scales of short lines, the subdivisions which represent the second place

of figures, are too near together to admit of engraving ten intermediate divisions between each of them ;

in such places five minute divisions are sometimes inserted, to represent the third place of figures; and
therefore in reading such intermediate divisions, each one must be counted as two units of the third

place of figures ; the five divisions will therefore represent the even units, viz. 2, 4, 6, and 8 ; and
consequently when the odd units 1, 3, 5, 7, or 9, occur in the third place of figures, the spaces between

the five minute divisions must be subdivided by estimation.

Again, in other parts of the scale, the spaces between the subdivisions, which repreesnt the second

place of figures, will only admit one intermediate division to be inserted ; it will therefore represent

five units of the third place of figures, and care must be taken to count it as such.

Hence, on the same rule, we shall find, at different parts of its scale, three kinds of minute
intermediate divisions engraved between the larger subdivisions, in order to fill up and represent the

third place of figures. At the commencement of the scale the interval between the subdivisions is

filled up complete, with ten intermediate divisions ; each division will then represent an unit in the

third place of figures. In the middle parts of the scale only five intermediate divisions are inserted;

and then each one will represent two units in the third place of figures. And in the higher parts of

the scale, only one intermediate division is engraved; and it will represent five units in the third

place of figures.

It is needless to give any other examples of this kind, as nothing but practice

with the rule itself, can give a facility in reading off its divisions, and in estimating

the exact places for those small intermediate divisions, for the third place of figures

v^hich are not engraved ; and a considerable practice is requisite to acquire the habit

of reading quick and correct. It is best to begin with a small Soho rule of 10 inches

radius, and first practise as above, with the aid of the sketch and directions, to find

out numbers of only two figures ; then proceed to seek for numbers of three figures,

which will require some estimation for the third place of figures, except at the

commencement of the lower line D, which being a 10 inch radius, the intenne-

diate divisions for each number, in the third place of figures, are inserted.

Having acquired the habit of reading the small rule, the learner should then
proceed to practise with a larger one, in which the intermediate divisions are more
numerous, and the spaces larger, so as to admit of more accuracy in estimating the

last place of figures by the eye. Two kinds of long sliding rules have been di-

vided by Mr. Bate, one being 28 inches radius, and the other o6 inches radius.

The latter has divisions at the commencement of its scale, which represent every
other number in the fourth place of figures, without estimation ; and the middle
part contains every division for the third place of figures ; and the upper part of
the scale every other division for the third place of figures.

Multiplication by the sliding rule. This is performed by the two similar

lines marked A and B. The division representing one of the factors, or numbers
to be multiplied, being found on the line B, the slider must be drawn out until

that division is brought opposite to 1 on the line A. Then the division repre-

senting the other factor, or multiplier, being found on the line A ; the product
of the multiplication, will be found opposite to it, upon the line B ; see the sketch,

and also the following precept.

Sliding Rule. { ^ ^^ ^\. ^ ^^^^JP"^^' E^ampl, ± ! tl^
IB Multiplicand. Product. B 156 70 2

This mode of stating the precept and example, is an exact representation of the manner of

placing the slider, and of seeking the coincidences of the divisions upon the adjacent lines. The two

3 z 2
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letters at the commencement, denote the lines which are to be used. Mr. M'att and Mr. Southern
used this form of stating theorems, and it is followed by the engineers of their school ; it has also

been adopted by Mr. Bevan in his treatise on the sliding rule.

When the slider is thus set, the rule forms a complete table of products of the multiplicand, into

any multiplier, we choose to select on the line B, thus

Exam.
I 6 8

B 1-56 312 4-68 6-24 7-80 936 10-92 12'48 14-04

Note. As the lines A and B are divided exactly alike, it is immaterial upon
which line we choose the multiplicand, and on which the multiplier, only ob-

serving that the two numbers to be multiplied, must in all cases be chosen on two
different lines, and never both on the same line : also, that the product must be
sought on the opposite line to that whereof the first division or 1 is used. A
constant attention to this circumstance is indispensable, for if we depart from the

precept, and read off from the wrong line, the operation of the rule will be to

divide instead of to multiply, so as to give us a quotient where we required a pro-

duct. The following precept gives the same results as the preceding

:

Sliding Rule.
{
A Multiplicand. Pi-oduct.

B 1 Multiplier.
Example.

3-14 22 11

1 3-5

When we wish to use the sliding rule as a table, to obtain the various pro-

ducts of the multiplicand by different multipliers, we must place the multiplicand

or factor, which is not to be altered, opposite to 1, and seek the different mul-
tipliers on the same line as the 1 ; then the products will be found opposite to

those multipliers, on the same line as the multiplicand.

The sliding rule may have its slide inverted^ and, in many cases, this is the most
convenient mode ofperforming calculations by it. Thus draw the slider quite out of

its groove, then turn it end for end, and slide it back into the groove, so that it

will be inverted and reversed, as in this sketch, and the divisions on the slider must
be counted backwards, in a reversed order to those of the direct line upon the

ruler against which they apply.

This condition of the sliding rule is always marked slide inverted in the

precepts.

Multiplication hy the lines A and 3 xvith the slide inverted. Move the slider,

so as to bring the two factors, or numbers which are to be multiplied together, op-

posite to each other, and then the product of their multiplication will be found

opposite to 1 or 10 ; thus

—

Sliding Rule,

slide inverted. 1-
Multiplier, 1

3 Multiplicand. Product.
Example.

314

22
or

27

It requires some practice to acquire the habit of reading offthe divisions ofthe

slide when inverted, but no new instructions can be wanted. On this plan, we

must move the slider, so as to set the rule properly for each multiplication, and

therefore it cannot form a table for the products of different multipliers, but the

lines A and 3 form a table of all the different factors or pairs of numbersj which,

being multiplied together, will give the same product.
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In most cases of multiplication, the inverted slider will be preferable to the

direct slider, because it will not admit of mistakes in reading off the results, and

it is immaterial which of the two lines we use ; for wherever we can find the two
numbers which are to be multiplied together, we may place them opposite to each

other, by moving the slider one way or the other; and the rule being so set, then

wherever we can find 1 or 10, the product will be opposite to it. There will be

more than one coincidence of the same numbers ; but as they will all give the

same result, we may examine them all, so as to obtain a correct result, inde-

pendently of any small inaccuracy in the divisions of the rule.

Suppose, for instance, that 23 is to be multiplied by 25 ; the inverted slider must be set as in

the sketch, with 23 on one line, opposite to 25 on the other line. On examination of the two lines,

we shall find four diflferent places where 23 on one line corresponds to 25 on the other line, and if the

rule is accurately divided, those coincidences will be exact; or if there is any inaccuracy, it will be ap-

parent, and the slider may be adjusted so as to obtain a mean of the errors, by making the coincidence

at one place as exact as that at another. The slide being thus set, the product 575 will be found

opposite 1, and opposite 10, so that there will be four places on the two lines A and C where this result

may be found, and which may be compared together, to obtain a mean of the errors of the divisions.

The inverted sliding rule has two logarithmic lines, and is constructed ex-

pressly to be used in the manner before described. It may be formed by providing

an extra slider to put into the groove of the Soho rule ; such new slider being di-

vided with a line of single radius, answering to that on the line D ; but inverted

or reversed in respect to it, and so arranged that the divisions begin at 3 instead

of 1, and proceed to 10, which is situated near the middle of the length, and
thence the divisions are continued onwards to 3, which forms the other end of the

slider. This is called a broken inverted line of single radius. The figures to the

divisions being engraved erect, it will be easier to read than the preceding.

In this way, two lines of single radius are brought into use instead of two of

double radius, and, consequently, in a rule of given length, the divisions are twice

as large. In this form of the inverted slider, we must use the two lower lines

for simple multiplications and divisions. In the sketch, the slider is represented

as set with 3 opposite 9, and we may trace two such coincidences ; the product of

this multiplication 27 is found opposite to 1, and there are two of those coin-

cidences, both giving the same result.

The inverted rule is very convenient for performing all the ordinary pro-

cesses of arithmetic, and is more accurate than the direct sliding rule, both by
avoiding mistakes in reading, and by having divisions of double size, upon a rule

of the same length. The inverted rule of 56 inches radius, which is made by
Mr. Bate, gives very accurate results, and the sub-divisions being figured with

small figures, in addition to the large figures which mark the primary divisions,

it is extremely easy to find any number upon it.

In reading off the divisions of the inverted line on the slider, it must always

be kept in mind, that the order of the numbers is reversed ; so that they proceed

from the right hand towards the left, contrary to the order of the direct line

which counts from left to right. It would be more proper to call it the reversed
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slider, instead of the inverted slider ; but the term has been adopted from the

common sliding rule, when its slide is inverted as before described. The object of

arranging the inverted line on the slider, with 1 near the middle of the slider, and
3 at each end, is to avoid the necessity of ever drawing the slider any farther out

of its groove, than is absolutely necessary ; and it will be found, on trial, that it is

never required to draw out the slider much more than half its length at one end, or

the other end, for then 1 at the middle of the slide comes opposite to 1 at either end
of the rule ; and this extent of motion brings the whole range of numbers into

action («).

Directions for moving the slider of the inverted sliding ride. In all cases of

setting a slide rule, two numbers are given, one of which must be found upon the

divisions of the rule, and the other upon those of the slider ; and the slider must
be placed so that those two numbers will correspond with each other. As there is

only one series of numbers upon the slider of the inverted rule, and another series

upon the rule, without any repetitions of the same numbers on each line, it is ne-

cessary in every case to draw out the slider, either at one end of the rule or at the

other end, according to the following directions ; for if the slider is drawn out at

the wrong end, the required coincidences will not appear amongst the divisions of

the rule and those of the slider.

In sliding rules which have the broken inverted line ofdivisions engraved upon the rule {b) : Mul-
tiply the first figure of each of the two numbers together, and if the first figure of their product is more
than 3, then draw out the slider at the left hand end of the rule ; this case will occur most fre-

quently. Or if the first figure of the product is less than 3, then draw out the slider at the right

hand end of the rule. For instance : to set 7 to 9, the first figure of their product (63) is 6, whiclj

being more than 3, the slider must be drawn out at the left hand end, until 7 on one line of divisions

is observed to correspond with 9 on the other. Again: to set 10 to 12, the first figure of their pro-

duct ( ] 20) is 1 , which is less than 3, therefore the slider must be drawn out at the right hand end,

until 10 on one line of divisions is brought to correspond with 12 on the other line. These di-

rections should be preserved in the memory, until it becomes a habit to move the slide the right way
without any thought.

In order to set the slider with expedition, when it is decided which way to

move it, both the required numbers (or their nearest whole numbers) should be
glanced at with the eye, one number on the rule and the other on the slide, so as

to contemplate the distance between them, and then the slider may be moved one
way or other over that distance with rapidity, in order to bring the two numbers
near enough together, that they may both come within the field of vision, and be
contemplated at once. The attention should then be steadily fixed upon the di-

vision or space between two divisions upon the rule, which represents one of the

given numbers, and at the same time observing the divisions of the slider as they
pass by it in succession, when the slider is moved slowly along in its groove.

The motion given to the slider should not be more rapid than will allow the eye
to recognize the different divisions as they pass by j and when the required di-

(fl) The use of the sliding rule, with its slide inverted, was first proposed by the Rev. Wm.
Pearson, in 1797, in Nicholson's Journal, quarto, vol. i., p. 450; and the author adopted the method
from reading that paper. The complete inverted, or more properly, the reversed slide rule, was first

arranged by Dr. Wollaston, for the purpose of calculating chemical equivalents, and other similar
calculations. An inverted sliding rule, of a short length for the pocket, was afterwards arranged by
Mr. John Taylor, with a small printed table of directions for the use of it ; but it is not yet brought
into extensive use, nor is it explained in any book on the sliding rule.

{b) In sliding rul^ which have the broken inverted line of divisions engraved upon the slider, as
is shown in i^.bW, then the directions must be reverse to the above; for right hand read left hand,
and vice versa.
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vision, or space between two divisions, on the slider comes in sight, the motion
should be so much retarded, as to enable the eye to count the several subdivisions

which arrive in succession opposite to the number which has been chosen on the
rule ; and when the required coincidence is obtained, the slider is properly set.

Note. To attain this final adjustment of the subdivisions, the slider should
always be moved in that direction which will cause the numbers to count upwards,
as they pass in succession, and not downwards : if the inverted line of divisions

is upon the rule, then the slider must be moved from right to left for that pur-
pose ; and therefore in cases when it is necessary to draw out the slider at the
right hand end, it should be moved a little beyond the required coincidence in the
first instance, and should then be returned slowly from left to right, to establish

the exact coincidence.

Division by the sliding rule. This may be performed either with the
direct slider, or with the inverted slider; and in either case it is the reverse of
multiplication.

If the slider is direct, set it so that the divisor is opposite to 1 ; then seek
the dividend on the same line as the divisor is upon, and the quotient will be found
opposite to the dividend, upon the same line as the 1 j thus.

Sliding Rule. 14 _J
Q."?f";- Example. 4 1 ^

I B Divisor. Dividend.
'^ B I '56 7H

Note.^ The rule when thus set forms a table of the several quotients which may be obtained by
dividing different numbers by the same divisor.

With the slide inverted, the operation of division is very simple, thus ; set

the slider so that the number to be divided is opposite to 1 or 10, and then the
quotient will be found opposite to the divisor. There are two coincidences for

each reading, and they cannot be mistaken, for we may take either of the num-
bers on either of the lines, wherever they can be found.

Sliding Rule, C^
1

Quotient. ^ , A 1 50 14-5
slide inverted. I -3 Dividend. Divisor.

^'^"'^ ^' 3 78O TEE ^^ ~Q1 6

l^iote. The rule when thus set forms a table of the several quotients which may be obtained by
dividing the same number by different divisors.

Muliiplication and division may be performed at one operation by the sliding

rule. For the product which would result from the multiplying one number by
another, may be divided by a third number, and the resulting quotient may be ob-

tained, by inspection, with very great facility, because it is not necessary to observe

the intermediate product. It is one of the great advantages of calculating by the
sliding rule, that it is capable of abridging the arithmetical operations which it

performs, by concentrating two or three operations into one, and exhibiting the

final result at once, whereby the risk of errors is avoided, as well as the trouble of

forming and recording intermediate products or quantities, which are commonly
of no use in themselves, but only as stages of the process which must be gone
through, in the usual mode of numerical computation.

When the slider is direct, one of the factors must be found upon one line A or B, and the di-

visor being found upon the other line, the slider must be set so as to bring them to correspond with
each other ; then the other factor being sought upon the same line as the divisor, the result will be
found opposite to it, upon the same line as the factor first found.

Sliding
I
A Factor. Result. Quotient . r A 16 mltplier. 28*8 result.

Rule. Ib Divisor. Factor. ]

•ramp. —
2.5 divisor. 45 mltplcand.

The product of the multiplication cannot be found upon the rule, when the slide is direct,

because it operates first to divide one of the factors by the divisor, and then to multiply the other
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factors by the quotient obtained by that division ; thus 1 6 -*- 25 = '64 x 45 = 28*8, which is the

result, the same as above. The intermediate quotient may, if required, be found upon the same line

as the result, opposite to 1 upon the same line as the divisor.

When the slider is inverted it must be set so as to bring the two factors, or numbers, which are

to be multiplied together, to correspond with each other; and then the divisor being sought upon
one line, the result will be found opposite thereto, upon the other line. Ejeample. To multiply 16

by 45, and then to divide their product by 25. Thus 45 x 16 = 720 -f- 25 = 28-8 result.

Sliding Rule, j A Factor. Divisor. -p. , A 45 factor. 25 divisor.

slide inverted. \ ~5 Factor, Result. ^ p • — jg factor. 28-8 result.

The intermediate product of the multiplication need not be observed or attended to ; but, if it is

wanted, it may be found, by inspection, upon either of the lines opposite to 1 upon the other line.

The above operation is the same as that by which the rule of three or proportion is performed.

For an example of the use of this property of the sliding rule, suppose that the dimensions of the two
sides of a rectangular parallelogram are given in inches, and that it is required to find its area in

square feet ; the product obtained by multiplying the two sides of the rectangle together, will re-

present its area in square inches, which being divided by Hi, the quotient will give the area iu

square feet. The rule must be set thus

:

Sliding Rule, /A Side of rectangle inc. Divisor 144 ^ A 8 inc. div. 144

slide inverted.\^ Side of rectangle inc. Area sq. feet. 3 9 inc. 5 sq.ft.

In like manner to obtain the area of a circle or an ellipsis in square feet, having the diameter, or the

two diameters given in inches. The divisor for such cases will be 183 '34, for that number of circular

inches are equal to a square foot.

Sliding Rule, /A Diameter inches. Divisor 18.3 '3 »-. A 43 inc. diam. div. 183*3

slide inverted. \5 Diameter inches. Area sq. feet. ^ * 3 04 inc. diara. 1 5 sq. ft.

Proportion, or the rule of three by the sliding rule. It is neces-

sary to have a very precise idea of the method on which proportionate numbers are

to be found by the rule of three, which is so called because three numbers are

given, and the object of the calculation is to find such a fourth unknown number,
as shall bear the same ratio to one of the three given numbers, as that which
already exists between the other two given numbers. The two corresponding

numbers between which the ratio is established, may be called the terms of the

ratiOi and, in all cases, they must both express different quantities of the same
kind of thing. The other or third number, to which the unknown number is to

be adapted, may be called the known number, and it will express a certain quantity,

the same kind of thing, as that which the unknown number is required to express.

The problem is to find such a number for the fourth term, as will bear a cer-

tain ratio to the known number; that ratio is expressed by the two terms of the

ratio, considered merely as relative or comparative numbers, without regard to

their individual values as quantities. If one of the terms of the ratio is divided by
the other, the quotient will show how many times one term is contained in the

other, so as to represent the ratio which exists between them in the simplest man-
ner ; and then if the known number is multiplied by that quotient, the product

will be the fourth number required ; and which, from the manner by which it is

obtained, will be so adapted to the known number, as to bear the same ratio to it,

as that term of the ratio which was divided, bears to the other term of the ratio

which was used for the divisor.

Hence, when the fourth number is obtained, there will be two pairs of num-
bers ; the two numbers of each pair expressing the same kind of thing, and the

ratio between them being the same in both pairs ; for if the largest number of each

pair is divided by the smallest, the quotient so obtained from each pair, will be the

same number.

'Note, It is immaterial whether the division or the multiplication is made first, for the known
number may be multiplied by one of the terms of the ratio, and then the product being divided by
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the other term, the quotient will be the same number as would be obtained, by first dividing one term

of the ratio by the other, and then multiplying the quotient by the known number, in the manner
above stated.

The circumstances on which the proportion depends must be considered in

each case, and it will be obvious, from the nature of the question, whether the un-

known number ought to be greater, or less, than the known number to which it is

to be adapted ; that circumstance will determine whether it is a case of increasing

or of diminishing proportion ; and, accordingly, the smallest or the largest of the

terms of the ratio must be taken for the divisor.

Rule of three questions may be considered as if the two terms of the ratio constituted the nume-
rator and denominator of a vulgar fraction, by which the known number is to be multiplied, and the

result will be the fourth or unknown number. Thus, instead of the usual expression, as 16 is to 12,

so is 8 to 6 5 we may say (||ths of 8 is 6) twelve sixteenths of eight is six. Or instead of saying as

12 is to 16, so is 8 to 10| ; we may say (ifths of 8 is lOf) sixteen twelfths of eight, is ten and two

thirds.

Increasing proportion is when the unknown number ought to be larger than

the known number to which it is to be adapted ; for instance, as 12 is to l6, so is

8 to lOf ; or i|^ of 8 is lOf . In such cases the smallest of the two terms of the ratio

must be taken for the divisor, and the largest for the multiplier.

Diminishing proportion is when the unknown number ought to be smaller

than the known number to which it is to be adapted ; for instance, as 16 is to 12,

so is 8 to 6 ; or xfths of 8 is 6. In such cases the largest of the two terms of the

ratio must be taken for the divisor, and the smallest for the multiplier.

Example of increasing proportion. Suppose that the multiplying-wheel of a steam-engine has

72 teeth, and is turned round 1 9 times per minute, and that it actuates a pinion of 38 teeth upon
the axes of the fly-wheel ;

query how many revolutions will that pinion and fly-wheel make per

minute ?

The terms of the ratio are 38 and 72, for those two numbers form one pair, and both represent

the same kind of thing, viz. teeth ; and the given ratio is that which exists between those two
numbers. The known number is 19; it shows itself, because it has no correspondent, for want
of the unknown number which is to be adapted to it, to complete the second pair of propor-

tionate numbers: that unknown number will be the same kind of thing as the known number, viz.

revolutions per minute. It is obvious that as the wheel is larger than the pinion, the pinion must
turn round quicker than the wheel, therefore the luiknown number will be greater than the known
number 19, and this is a case of increasing proportion ; consequently the smallest number of the two
terms of the ratio (viz. S8) must be taken for the divisor.

The calculation may be as follows. 72 teeth -?- 38 teeth = 1-895 times as many teeth are con-

tained in the wheel as in the pinion ; and therefore whilst the wheel makes 19 turns, the pinion must
make 19 x 1*895 = 36 turns per minute, which is the fourth number required. Or else the cal-

culation may be, 72 teeth x 19 turns per minute = 1368 teeth of the multiplying-wheel will act on
those of the pinion in a minute; and as every 38 teeth which act, will cause one turn of the pinion,

the latter must make (1368 -^ 38 =) 36 turns per minute, as before.

If we consider the two terms of the ratio as constituting the numerator and denominator of a

vulgar fraction, by which the known number is to be multiplied, the unknown number which is

sought, would be seventy-two thirty-eighths of 19, which is 30; for as ^gths is equal to 1-895, it will

be 1 '895 times 1 9, which is = 36 turns per minute.

Proportion may be performed by the sliding rule, either with the slider direct or inverted.

When the .slider is direct, the largest term of the ratio must be found on one line, and the slider

must be set with the smallest term upon the other line, in correspondence with the largest ; then in

cases of increasing proportion, the known number must be found upon the same line vith the smallest

term of the ratio, and the unknown number will be found opposite to it, on the same line with the
largest term of the ratio. The known number must be sought upon the same line with that term
of the ratio which is to be used as the divisor.

Sliding J A Largest term of ratio. Unknown number . ^ / ^ 72 teeth. 36 turns.

I^"lfi- ^ B Smallest term of ratio^ Known number. ' 1^ 38 teeth. 19 turns.

The rule when thus set forms a complete table of all the possible pairs of numbers which have a

common relation or analogy to each other; in the example, it is the ratio that 38 bears to 72;
hence any two numbers which correspond on the lines A and B, would be proper for the number «f

4 A
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teeth in the wheel, and in the pinion respectively ; for instance, 108 teeth for the wheel, to 5/ teeth

in the pinion. Also any two corresponding numbers on the two lines, will represent the number of

turns which the multiplying-wheel and the pinion must make in the same time; for instance, if the

wheel made 24 turns per minute, the fly-wheel would make 45^ turns per minute.
When the slider is inverted, the known number must be found upon one of the lines ; and in

cases of increasing proportion, the slider must be set with the largest of the two terms of the ratio

in correspondence with the known number ; then the smallest term of the ratio being found upon
either of the lines, the unknown number will be opposite to it. The result or unknown number
will be found opposite to that term of the ratio which is to be used for a divisor.

Sliding Rule, f A Known number. Smallest term of ratio.
^ A 19 turns. 38 teeth,

slide inverted. \ -j Largest term of ratio. Unknown number. '

3 72 teeth. 36 turns.

Example of diminishing proportion. Suppose that the multiplying-wheel has 72 teeth, and
makes 19 turns per minute, and that the fly-wheel and pinion make 36 revolutions per minute;
query how many teeth must there be in the pinion >

The terms of the ratio are 19 and 36; for those two numbers form one pair, and both represent

revolutions per minute. The known number is 72 teeth, and requires the unknown number, which
must represent the same kind of thing, viz. teeth. It is obvious that as tlie pinion revolves quicker

than the wheel, the pinion must have fewer teeth than the wheel ; so that the unknow u number
will be less than the known number; hence this is a case of diminishing proportion, and the largest

term of the ratio (3G) must be taken for the divisor.

Thus, 19 revolutions -j- 3(i revolutions = 5278 of a revolution of the wheel is made, whilst the

pinion makes one turn, and as the wheel has 72 teeth, the pinion must have 72 teeth x '5278 = 38
teeth.

Or 72 teeth x 19 revolutions = 1368 teeth of the wheel act in a minute, and as they cause

the pinion to make 36 turns per minute, it must have 1368 -r- 36 = 38 teeth.

Or we may say that the number of teeth in the pinion must be {^\ of 72 = 38) nineteen thirty-

sixths of seventy-two, which is thirty-eight.

Sliding r A Smallest term of ratio. Unknown number. y A 19 turns. 38 teeth.

Rule. iB Largest term of ratio. Known number. * B 36 turns. 72 teeth.

The known number must be sought upon the same line with that term of the ratio which is to be

used as the divisor. The rule when thus set forms a complete table of all the pairs of numbers which

have the same ratio, as before explained.

Sliding Rule, r A Known number. Unknown number. ^ , A 72 teeth. 38 teeth,

slide inverted. I q Smallest term of ratio. Largest term of ratio. "
' 3 19 turns. 36 turns.

When the slider is inverted, the result or unknown number, will be found opposite to that term
of the ratio which is to be used for a divisor.

To convert vulgarfractions into decimalfraciioi^ for the sliding rule. All

numbers which are to be used on the sliding rule must be according to the de-

cimal notation, because the divisions and subdivisions of the logarithmic lines

proceed by tens (a). According to the established customs ofpractical artists, quan-

tities are subdivided into halves, thirds, quarters, eighths, twelfths, and sixteenths,

and but few instances occur of fifths or tenths. For instance, a fathom is divided

into half, to make a yard ; the yard is divided into three, for feet ; the foot into

twelve, for inches ; and each inch into halves, quarters, eighths, and sixteenths.

The pound avoirdupois is divided into halves, quarters, and sixteenths. •>

This want of uniformity in the subdivision of weights and measures, and the

'

want of correspondence in any of those subdivisions, with the established system

{n) Sliding rules have been made with the intermediate spaces between the primary divisions di-

vided into twelfths, and those subdivided into quarters and eighths, conformably to the division of

linear measures into feet and inches, and eighths of inches; others have been divided into eighths

and sixteenths. Such rules are convenient for particular purposes, but are necessarily limited to those

purposes; and none but decimal divisions can be recommended to engineers.

A series of tables of logarithms, in which the numbers proceed by fractions of twelfths, and by
sixteenths, was published in 181 7 by Mr. Thomas Preston, in a small octavo volume, entitled ; a New
System of Commercial Arithmetic, of such construction as to obviate all the inconveniences arising

from the irregularity in the division of our moneys, weights, and measures. This is a useful book,

and contains very explicit directions for the application of logarithms to common business.
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of arithmetical notation, is a source of continual trouble in calculation ; and to

acquire a facility in the use of the sliding rule, it becomes necessary to retain in

the memory, the decimal value of all those vulgar fractions which are in most
common use, in the same manner as the multiplication table is learned.

The following table exhibits all these fractions. The twelfths in the table

serve for converting inches into decimals of a foot ; and the sixteenths for con-

verting sixteenths of an inch into decimals of an inch ; or ounces avoirdupois into

decimals of a pound.

^ = 3333

i = -25

i
=-2

^ = -1666

i-
= -125

y'2= -0833

T-V= -0625



A 1
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For instance, a cubic foot of water weighs 62 "5 pounds ; and to find the weight of any number of
cubic feet of water in pounds, that number must be multiplied by 62-5. The reciprocal of 62*5 is

(1 -V 62-5 ^-016 ; and if the number in question is divided by -016, the quotient will be the same, as

the product which would be obtained by multiplying it by 62-5.

E.vimple. 14 cubic feet x 62o lbs. = 8/50 lbs. Or 14 cubic feet -f- -016 = 8750.

In calculating by the sliding rule, it is very often advantageous to employ
the reciprocals of numbers for divisors, instead of the numbers themselves for mul-
tipliers ; or the reciprocals for multipliers, instead of the numbers for divisors. Sup-

pose for instance, that two multiplications or divisions are required to be made by
the sliding rule at one operation ; it is capable of performing multiplication and
division at one operation, as before explained j and therefore, by substituting the

reciprocal of one of the multiplying numbers, and using that reciprocal as a divisor,

or vice versa, the same result may be obtained by one operation of the rule, as by
two multiplications or divisions.

Reciprocals are most conveniently found with the slide inverted ; for if it is set so that 1 on one

line, corresponds with one on the other line, then the two lines will form a complete table of numbers
and their reciprocals opposite to them.

Sliding Rule, f A 1 Numbers. p j A 62-5 numb. 1

6

3
,.j .° ^ J •< Examples. or or .

slide inverted. I ^ i Reciprocal. o 016 recipro. -0625 -333

To find the reciprocals of numbers by the sliding rule with the slide direct, it must be set as

follows:

£,,.,. T) 1
(A 1 Reciprocal, jp , A 1 -016 1 -333

Sliding Rule. -' £ t/xamples. or —

^

^ (B Number. 1 ^ B 62'5 1 3' I

Use of the line of single radius marked D on the sliding rule.

This line is used in concert with the line of double radius marked C, for per-

forming such calculations as involve the squares of numbers, or their square roots ;

for by means of these two lines, a number may be either multiplied or divided

by the square of another number, or by its square root.

It has been already stated, p. 534, that when the logarithm of any number
is multiplied by 2, the product will be the logarithm of the square of that number ;

and conversely, if the logarithm of any number is divided by 2, the quotient will

be the logarithm of the square root of that number.

The divisions upon the logarithmic line marked C, upon the slide rule, called the line of double

radius, or the line of squares, are exactly half the size of the divisions upon the line D, which is called

the line of single radius, or the line of roots. If the first divisions of each of those two lines are

placed in correspondence, then every number upon the line C will have its square root opposite to it

upon the line D ; and conversely, every number upon the line D, will have its square opposite to it

upon the line C ; thus,

oi-j- T> 1 fC I Square Number. ^ / C 1 2 numb. 16 sou.
Sliding Rule. < -i or Ej'amples. --— or L—

l-D 1 Number Root. D 1 1-414 it. 4 numb.

Note. The rule being thus set forms a complete table of the squares and square roots of numbers.

To multipli/ the square of a number by another number. The number which is to be used

for the multiplier being found on the line C, and placed opposite to 1 on the line D, the product of

the multiplication will be found on C, opposite to the number M'hich is to be squared for the multi-

plicand on D, thus.

Sliding Rule. I
^ Multiplier. Product of multiplication .

j^;,,„ ,^
C 8 mult. 72 prod.

ID 1 Factor to be squared. D \ 3 squ-

Or the same result may be obtained with the slide inverted, when it is set as follows

:

Sliding Rule, f B Multiplier. Product.
^^^ ^ , 98 mult. 72 pro-

slide inverted, t d Factor to be squared. 1
^"'^ ^' D 3 squ.

"1

This property of the lines C and D renders the sliding rule extremely con-

venient for computing the solidities of all prismatic, cylindrical, or spherical bodies.

For the side of a square prism, or the diameter of a cylinder, being taken on the

line D, as that factor which is to be squared, and the length of the prism or cylinder
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being taken for the other factor on the line C or g, then the solidity may be found
on the line C or g, as follows, according as the slider is direct or inverted.

Sliding Rule J
C Length of cylinder. Solidity of cylipder. ^^^^^ C 4 ft. long. 16cyl. ft.

^ (D 1 Diameter of cylinder. D 1 2 ft. dia.

Sliding Rule, f g Length of cylinder. Solidity of cylinder. p a 4 ft. long. 1 6 cyl. ft.

l.JDslide inverted.
(^ D Diameter of cylinder. 1

* D 2 ft. diam. 1

The solidity thus obtained is merely the product of the three dimensions which
become multiplied together into one product by the above operations of the rule

;

consequently those products will express the solidity in various terms, either cubic, or
cylindrical feet ; cubic or cylindrical inches ; square inch feet, or cylindrical inch
feet, &c. according to the different terms in which the given dimensions of the

solid are expressed. But by dividing these diflPerent expressions of the solidities, by
suitable numbers, theymay be converted into any other required measures of solidities.

The necessary division of the product may be effected in the same operation of
the rule, by taking some other number upon the line D, instead of 1, as is

directed in the above precepts. The number to be talcen for that purpose is called a

gauge point, and it must be the square root of the required divisor, as will be more
fully explained in another article ; it is only intended here to show how the rule at

one operation, multiplies the three dimensions of the solid together into one pro-

duct, and also divides that product by any required divisor.

Tojind /low many times the area ofone square^ or circle^ is greater than that

ofanother square or circle. This is best done by the lines C and D, thus.

Find the side of the largest square (or the diameter of largest circle) upon D, and set the slider

so that 1 upon C corresponds therewith ; then find the side of the smallest square (or the diameter of

the smallest circle) upon D, and opposite to it on C will be the number of times that the area of the

smaller is contained in that of the larger.

C-7-J- T> 1 ^ C 1 . Proportion of areas. _, C 1 4 times.
Sliding Rule. { -r^r-rr- ?-; r—

^

:f~ ? rr—.—r- Exam.* *

( D Diam. of large circle Diam. of small circle. ' D 3 ft. dia. Q ft. dia.

Tojind the coi^responding diameters and lengths^ ofa number ofsquare jwisms
or cylinders which will hare the same solidity. This can be done by the lines g and
D, with the slider inverted thus.

The side of any square prism, or the diameter of any cylinder, being found upon D, the slider

must be set so that the length of that prism or cylinder upon g corresponds therewith ; the rule then
forms a table, which shows the lengths on g, and on D the sides of square prisms, or diameters of
cylinders, corresponding to those lengths, so as to exhibit the dimensions of a number of square
prisms or cylinders having the same solidity.

Sliding Rule, ( g Length of cylinder. Length of cylinder, p g 5 ft. long. 1 -25 ft. long,

slkie inverted. \ D Diam. of cylinder. Diam. of cylinder. ^""^'J) 2 ft. diam. 4 ft. diam.

If the solidity of these cylinders is required, it maybe found at the same set of
the rule, upon the line g opposite to some particular point upon the line D, which is

called a gauge point ; and there are different gauge points for different cases, as

will be explained.

In cases when the dimensions of the cylinder are given in feet, and the solidity is required in cubic
feet, the gauge point will l)e at 11 3 or 3'>7 upon D ; b}- this means M-e may find the dimensions of all

kinds of cylindei's, which will contain a given number of cubic feet, the slider being set so that the
given number of cubic feet on line g, corresponds with 1 13 or 357 on C, thu§.
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Sliding Rule,
f g Solidity cubic ft. Lengths of cylinders ft. „ g 1 5-7i cub, ft. 5 ft. long.

slide inverted. | D 113 or 357- Diani. of cylinders in ft.
^^' D 113 or 357. '2. ft. dia.

In cases ofsquare prisms, when all the dimensions are given in feet, and the solidity in cubic feet,

then the gauge point on D will be I or 10. If the sides of the square prisms are required in inches,

and their lengths in feet, the solidity being given in cubic feet ; then the gauge point will be 12 or 379
upon D. Or in cases of cylinders, when their diameters are required in inches, and their lengths in

feet, the solidity being given in cubic feet; the gauge point will be 135 or 423 on D. The nature of

these gauge points will be further explained in the proper place.

To FIND THE AREAS OF CIRCLES. The areas and circumferences of circles are

so frequently required by engineers, that it is very desirable to have tables ready

calculated to show them by inspection(rt) ; but when a table is not at hand, the sliding

rule is a good substitute ; it may be set either for a particular case, or it may be set

so as to form a table.

To find the area of a circle in square inches, having given its diameter in inches.

Rule. Multiply the square of the diameter in inches, by the decimal -IQSZQS ; the product is the

area in square inches. Note, dividing the square by 1 '273239, which is the reciprocal of the decimal
number, will give the same result as multiplying by the decimal number.

Example. 25 inches diameter, squared = 62.5 circular inches area x *7854 = 490 87 square inches.
Or 625 circular inches -f- 1 -273 = 490-87 square inches.

Sliding Rule, ^ A Diam. of circle inches. 1-273 -p A 25 inc. dia. 1*273-i
^lslide inverted. ^ rj Diam. of circle inches. Area squ. inc. 3 25 inc. dia. 491squ.inc.

This requires the rule to be set for each operation, but the lines C and D being placed as fol-

lows, will form a complete table of the areas of circles in square inches.

.-^•i- T. 1 CC 95 Area square niches. -p 9o
Sliduig Rule. > -—— =- ^—

-.—;—

,

Exam.
^ D 1 1 Diameter m inches. 1

J

Area square inches. jp 95 49 squ. inc. 77

/•9 inches. 9-9

(«) The author felt the want of a table of the areas of circles, at the commencement of his

professicnal studies, and being unable to find such a table in any book, he was induced to calculate

the areas and circumferences of circles, from one inch in diameter to one hundred, with every inter-

mediate half inch, to form a table, which he has had in use for twenty years past.

A more extensive table, containing every quarter of an inch of diameter, has since been cal-

culated by the late Mr. Goodwyn, the proprietor of an extensive brewery in London. This gentleman
had always shown a great spirit for improvements, he was the first person who adopted Mr Watt's
rotative steam-engine in 1784 (see p. 434); and after his retirement from business, he devoted much
time to researches into the properties of numbers, and methods of computation, some of which M'ere

published during his life. The table in question has been printed by Dr. Gregory, in his Mathematics
for Practical Men, 8vo., 1825. During the progress of the present work, the author has also found a

table of the areas of circles for every inch in diameter, in Sir Samuel Morland's Elevation des Eaux,
1685, (see p. 92), and the same table is printed in Ozanam's Cours de Mathcmatique, 1697, V'ol. IlL

The author's table has been verified from both these sources, so that every inch in diameter, in

the above table, is the result of three independent calculations; and every half inch is derived from
two independent calculations; the intermediate quarters of inches are Mr. Goodwyn's calculations

;

and the author has proved as many of them as could be done by comparison with each other. It has

been thought sufficient, for all practical purposes, to give the numbers to five places of figures, but
they have been calculated to seven places of decimals, and the last figure of decimals in the table is

the nearest which could be chosen to the truth. The foundation of the calculations in this table are

as follows.

The circumference of any circle is 314159265 times its diameter. Or, reciprocally, the diameter
of any circle is -31830989 of its circumference.

The area of any circle is -78539816 of the area of its circumscribing square. Or, reciprocally, the

area of any square is 1-2732395 times the area of the circle which may be inscribed within it.

A square foot contains 144 square inches; or (144 x l2733=:) 183*346 circular inches.
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TABLE OF THE CIRCUMFERENCES AND AREAS OF CIRCLES OF ALL DIAMETERS,
FROM ONE QUARTER OF AN INCH TO ONE HUNDRED INCHES.

The diameters are expressed in inches and quarters ; the circumferences in

inches ; and the areas in circular inches, in square inches, and in square feet.

Circumf.
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Circumf.
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TABLE OF DIVISORS FOR CALCULATING THE QUANTITIES OF MATTER IN
SQUARE PRISMS, CYLINDERS, OR SPHERES, BY THE SLIDING RULE.

Mr. Watt and Mr. Southern calculated a series of numbers to form a concise

table, which is engraved at the back of the Soho rule, to serve as theorems for the

mensuration of solid bodies. The solidities of regular bodies will be represented

by the products which are obtained by multiplying three of their principal di-

mensions together, viz., length, breadth, and thickness ; and then, by dividing

those products by suitable divisors, the quotients will express the solidities in any
terms that may be required (see p. 550).

For instance, suppose a cylinder to be 2 feet diameter, and 5 feet long; its capacity will be
(2 ft. diam. squared = 4 ciix'ular feet area, x 5 ft. long =) 20 cylindrical feet. If it is required to

express that capacity in cubic feet, we must divide the 20 cylindrical feet by i'2732, (because one
cubic foot is equal to that number of cylindrical feet,) and we have 15-708 cubic feet. Or, instead of

dividing, multiplying by the decimal number -7854 (which is the reciprocal of 1 -2732) will give the

same result in cubic feet j because one cylindrical foot is equal to that fraction of a square foot.

By means of the lines of squares and roots, C and D, on the sliding rule, we
can, at one operation, multiply the square of a number by any other number, and
then divide the product by a third number, so as to obtain the quotient without

any necessity for observing or recording, either the square or the intermediate pro-

duct. This property has been already explained, p. 550, and it is a great con-

venience in saving time, and avoiding errors.

To perform the calculation, all the four lines of the Soho sliding rule are used at once, thus

;

The proper divisor being found on the line A, the slider must be set, so that the length of the cylinder

on B, will correspond with that divisor on A ; then the diameter of the cylinder being found on the.

line D, the contents of the cylinder will stand opposite to it on the line C.

Divisor 1*273 A Divisor 1*273

Soho Sliding Rule, J B Length of cylinder feet.
Example. ^ Length 5 feet,

all four lines. jC Content of cylinder cubic feet. "
* C 15 "708 cubic feet.

V. D Diameter of cylinder feet. D 2 feet diameter.

The rule being thus set, it forms a complete table of the contents of all cylinders which are of the

same length, but of different diameters; for opposite to any diameter onD, the cubic contents will be

found on C. Or the rule may be set as follows, and then it will form a complete table of the contents

of all cylinders which are of the same diameter, but of different lengths, for opposite to any length on
the line B, will be the content on the line A.

/ A Content of cylinder cubic feet. A 15"708 cubic feet.

Soho Sliding Rule, } B Length of cylinder in feet. r^/,,,,,,/^ B 5 feet long.

all four lines. iC Divisor 1*273
J^xampie. ^ Divisor 1273

Diameter of cylinder feet. D Diameter 2 feet.

The operation of the divisors being now explained, we may proceed to state

how they are arranged in the table which is engraved at the back of the rule.

The different titles. Cubic feet. Cubic inches. Water pounds. Cast iron lbs., &c.,

along the top of the table, denote the terms in which the contents of solids will

be expressed, when they are calculated by means of the divisors which are ar-

ranged under each title.

The different columns marked FF, FI, and II, under each title, denote the

particular divisors which are to be used in each case, according to the terms in

which the dimensions of the solids are given, as the data for the calculation.

Thus FF denotes that all the dimensions are given in feet ; FI, that the length is

given in feet, and the diameter in inches j and II denotes that all the dimensions-

are given in inches.
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Table of Divisors for calculating the solidities or •weights of square prisms,

cylinders, or globes.

Solids.
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cubic inch. And the divisor for cylinders is -loei, for that portion of a cylindrical inch foot is equal

to one cubic inch.

The divisors for cylinders are 1 '27324 times tlie corresponding divisors for

square prisms, under the same title and denomination ; and the divisors for globes

are 1*90986 times the corresponding divisors for square prisms. Or the divisors

for globes are 1 '5 times the corresponding divisors for cylinders. The divisors

which are marked FI under each title, are 144 times the -corresponding divisor

marked FF under the same title ; and the divisors II are 12 times the corresponding

divisors FI ; consequently those marked II are 17^8 times those marked FF.
The divisors which are placed under the different titles of Water, Cast iron,

&c. are to find the weight, in pounds avoirdupois, of different solids composed of

those substances. Those divisors which are marked FF, are the number of cubic

feet, cylindrical feet, or spherical feet of each substance, that will weigh one
pound. The divisors marked FI are the number of square inch feet, or cylin-

drical inch feet of each substance, that will weigh one pound. And the divisors

• marked II, are the number of cubic inches, cylindrical inches, or spherical inches,

of each substance, that will weigh one pound.

For instance, a cubic foot of water weighs 62"5 pounds; and under the title Water, the divisors

marked FF are as follows : "016 of a cubic foot of water weighs one pound (that is, a pound of water is

= '016 of a cubic foot) ; '02037 of a cylindrical foot weighs one pound ; and -03056 of a spherical foot

weighs one pound. The divisors marked F I are as follows ; 2*304 square inch feet of water weigh one
pound; or 2*9335 cylindrical inch feet of water M'eigh one pound. The divisors marked II are,

27"648 cubic inches of water weigh one pound; or 35*2025 cylindrical inches of water M^eigh one
pound ; or 52*8038 spherical inches of water weigh one pound.

The divisors for calculating the weight of any other substance in pounds, may
be obtained by dividing the proper divisors for water by the specific gravity of the

substance in question. Or else by dividing the proper divisors for cubic feet, or

cubic inches, by the weight in pounds, of a cubic foot, or a cubic inch, of that

substance.

For instance, the specific gravity of cast iron is 7'2 ; that is, any bulk of cast iron is 7*2 times

the weight of an equal bulk of water. And 'OIG of a cubic foot of water weigh one pound ; therefore

(•016-7- 7*2 =) -00222 of a cubic foot of cast iron will weigh one pound; and that number is the

proper divisor for finding the M^eight of square prisms of cast iron in pounds, when all the dimensions

are given in feet : accordingly it is marked in the table. Cast iron lbs, FF, Squares *00222.

In like manner the divisor cast iron lbs. FI cylinders is (2-9335 -i- 7*2 =) "40743. This division

may be performed by the sliding rule, with the slide inverted, thus

:

Sliding rule, f A 1 Divisor for that sub. A 1^
'407 divis.

slide inverted.! 3 Divis. for wat. lbs. Specific grav. of sub. O 2-93wat. FI 7-2sp.gr.

When the weight of a cubic foot, or of a cubic inch, of any substance is given in pounds, divisors

for calculating the weights of solids of that substance may be found by dividing the divisors under

the titles of cubic feet or cubic inches, by the weight in pounds of a cubic foot, or a cubic inch of that

substance. For instance, the weight of a cubic foot of cast iron is (7*2 x 62*5 = ) 450 pounds. The
divisor for cubic feet, cylinder, FI, is 183*346 vrhich -=- 450 gives -40743, which is the proper divisor

for cast iron cylinders, FI, as before. Or by the sliding rule with the slide inverted.

Sliding rule, (A 1 Divisor for that svibstance. r„ A I '407

..{slide inverted. \ ry Divisor for cubic feet. Weight of a cubic foot, lbs. o 1 83*3 4501bs.

To explain the mode of finding divisors for new cases, we may suppose that

divisors are wanted to calculate what weight of water in tons (of2240 pounds) will

be contained in different vessels, all the dimensions of those vessels being given in

feet. The products obtained by the multiplications of the three dimensions, will

express the solidities in cubic feet, or cylindrical feet, or spherical feet, and the di-



CtiAP. VII.] MENSURATION BY THE SLIDING RULE. 559

visors must therefore be the number of cubic feet, cylindrical feet, or spherical feet,

which will weigh one ton, or 2240 pounds. As a cubic foot of water weighs 62'5

pounds, we have (2240 lbs. -7- 625 lbs. =) 35*84 cubic feet of water weigh a ton,

for the divisor for square prisms. Or a cylindrical foot of water weighs 49'087

pounds ; therefore (2240 lbs. -r- 49'087 lbs. =) 45-633 cylindrical feet of water

weigh one ton : this is the divisor for cylinders. And a spherical foot of water

weighs 32-725 pounds ; hence (2240 lbs. -^ 32*725 lbs. —) 68*449 spherical feet of

water weigh a ton : this is the divisor for globes.

It is obvious that the divisors which will give the weight of bodies in tons,

must be 2240 times those divisors which will give their weight in pounds ; or for

hundred weights 112 times, &c. Hence to obtain divisors for calculating the weights

of bodies in tons, or in hundred weights, we have only to multiply the numbers in

the table by 2240 lbs. or by 112 lbs. Ea:ample. The divisor for the weight of

cylinders of water FF in pounds, is *016 j this multiplied by 2240 lbs. is zi 35*84

for the divisor for the weight of cylinders of water, FF, in tons, as before.

Ea:am2}les of the use of the table of divisors. A cylindrical piston-rod of

wrought iron being S\ inches diameter and 9 feet long, how many pounds will it

weigh ? The divisor for this case is -378 according to the table ; for the solid being a

cylinder, the required divisor must be in the middle line, of the three horizontal

lines ofthe table ; and it will be under the head ofWrought iron, in the column FI,

because the length of the cylinder is given in feet, whilst its diameter is in inches.

The divisor may be taken on the line A thus, and the rule will form a table show-

ing the weight of every different diameter, when the length is 9 feet.

•378 divisor.
(without altering the slider.)

Soho Sliding Rule,^ B 9 feet long.

292 pounds w
3- 5 inches diameter.

"*
1 3 inc. diam. 3* 25 inc. diam.

all four lines, j C 292 pounds weight. f 214 pounds. 251 pounds.

Or the divisor may be taken on the line C thus, and the rule will form a table,

showing the weight corresponding to every different length, the diameter being

always 3^ inches.

C A 292 pounds weight. / 324 pounds. 259 pounds.

Soho Sliding Rule, 3 B 9 feet long. ( ] feet long. 8 feet long.

all four lines. i C "378 divisor. , .^ . ,. • .1, t j x/ -.—

;

7T (without altering the slider.)
^ D 3* 5 inches diameter.

Gage pointsfor the sliding rule. If the square root of any divisor is taken upon the line D,
it will point out the same result upon the line C or g, as the divisor itself does upon the lines A or

C or g. The square roots of divisors are called gage points ; for instance^ the square root of r273
is 1 -128, which is the gage point corresponding to the divisor 1 -273, and may be used thus on the

line D.

Sliding J C Lengthof cylinder ft. Content of cylinder cubic ft. r, C 5 ft. long. 15 '708 cub, ft.

Rule. 1 D Gage point 1 '13 or 3'57. Diameter of cylinder in feet. D 1*13 g. p. 2 feet diam.

When the rule is thus set, it forms a table for all cylinders which are of different diameters, but
of the same length ; for opposite to any diameter on D, the content will be found on C.

If the slider is inverted and set as follows, then the rule will form a table of the corresponding
lengths and diameters of a number of cylinders, which will have the same content that is pointed
out by the gage point ; for opposite to any diameter on D will be the requisite length on g.

Sliding Rule, | g Content of cylinder cub, ft. Lengthof cylinder in ft. p g 15'708cub.ft. 5 ft. long,

slide inverted. Id Gage point 1-13 or 357 Diameter ofcylinder ft. '*^*D 1-13 g.p. 2 ft. diam.

For instance, in the above example, a cylinder 1 foot diameter must be 20 feet long, in order to

contain 15*708 cubic feet; or a cylinder 3 feet diameter would require to be 2*22 feet long.
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If it is required to find the product which results from the multiplication of the three dimen-
sions of the solid, it may be found on the line g, opposite to 1 on the line D ; in the above case, that

product is the solidity of the cylinder expressed in cylindrical feet.

Note. Instead of taking the square root of the divisor for a gage point on the line D, we may
take the square root of ten times that divisor, and it will give the same results ; this will be apparent
by trial with the rule ; the square root of 1 2-73 is 3"568, and opposite to that number on the linp D,
we shall find 15*708 on C or g> which is the same result as is opposite to the other gage point 1-128;

because the series of numbers on the line C or g, are twice repeated. (See table, p. 56Q.)

To calculate the solidities of rectangular pris?ns, such as planks of wood, or
flat bars of metal, by the sliding rule with the table of divisors. In these cases we
must first calculate the proper size for a square prism, whereof the sectional area
would be the same as that of the rectangular prism in question, and then the cal-

culation of its solidity or weight may be made, in the same manner as if it were a
square prism. The two sides of the rectangle must be multiplied together to
represent the sectional area by their product, and the square root of that product
will be the side of a square which will have the same area as the rectangle.

For instance, a flat bar 2 inches thick, by 4| broad (2 x 4^) = 9 square inches, the square root of
which is 3 inches, and a square bar of that size would be equivalent to the flat bar. This may be done
by the sliding rule thus

:

Sliding rule, C A Large side of rectangle. Side of equivalent square, ij This is where the same num-
slide inverted.

( ;^ Small side of rectangle. Side of equivalent square. ( bers on both lines correspond.

Or still more conveniently by the lines C and D. The number representing one of the sides of

the rectangle (either the largest or the smallest) being found upon one of the lines C or D, the slider

must be placed with that number corresponding to the same number upon the other line. Then the

number representing the other side, being found upon the line C, the side of the equivalent square

will be opposite to it, upon the line D, thus:

<iVA' 1 J^ Large side of rectan. Small side of rectangle. p C 4^ broad 2 thick.

(D Large side of rectan. Side of equivalent square. D 4| broad 3 square.

By the same process we may find the diameter of a circle which shall have the same area as that

of any given ellipsis; whereby an elliptical prism may be assimilated to a cylinder thus

:

16con. dia. Otrans.dia.„..,. f C Conjugate dia. of ellips. Transverse diameter, r, C
® 'Id Coniuffate dia. of ellips. Diam. of equal circle. DConjugate dia. of ellips. Diam. of equal circle. D 16 con. dia. 12dia. ofcir.

To calculate the solidities ofpyramids or cones by the sliding rule, with the

table of divisors. The solidity of any pyramid, or cone, is one-third of that of a

prism, or cylinder, of the same base and vertical height as the pyramid, or cone;
hence we must calculate the solidity, or weight, of a prism, or cylinder, of the

same base and vertical height as the pyramid, or cone, by the sliding rule, with

the proper divisor, or gage point, taken from the table ; and then one-third of the

result, will be the solidity, or weight, of the pyramid, or cone.

The solidities of similar pyramids, or cones, are as the cubes of the sides, or

diameters, of their bases respectively ; similar pyramids, or cones, are those which

have the same angle at the vertex, and therefore the dimensions of their bases,

bear some constant proportion to their vertical heights.

To fnd the solidities of'frustums of square pyramids^ or cones ; having

given, the vertical height of the frustum, its diameter at the base, and its diameter

at the top
J

all the dimensions being in the same terms, either feet or inches, &c.

Rule. Divide the difi'erence between the cubes of the sides, or diameters, of the two ends, by

the difi^erence between those sides, or diameters ; and multiply the quotient by one third of the ver-

tical height of the frustum. The product is the solidity, which will be expressed in cubic feet, or

cubic inches, if it is the frustum of a square prism ; or in cylindrical feet, or cylindrical inches, if it is

a conical frustum.
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Note. The square root of the quotient, which is obtained by dividing the difference between the

cubes of the sides, or diameters, by the difference between those sides, or diameters, will be the diameter

of a square prism, or of a cylinder, whereof the height being equal to that of the frustum, it will have
three times the solidity : the following rule is deduced from this fact.

To Jind the diameter of a cylinder *which mil have the same solidity as that

ofa givenfrustum, of a pyramid or cone.

Rule. Divide the difference between the cubes of the sides, or diameters, by three times the

difference between the sides, or diameters, and then extract the square root of the quotient. That
root will be the diameter of a cylinder, which, being of the same height as the frustum, will have the

same solidity. The solidity or weight of such equivalent prism, or cylinder, may then be calculated

with the sliding rule, by means of a suitable divisor, or gage point, selected from the tables.

Example. Suppose a conical frustum to be 6 feet vertical height j 5 feet diameter at the base ; and
3 feet diameter at the top. The cube of 5 is 125 ; from which deduct 27 (the cube of 3), and the

remainder is 98, for the difference between the cubes ; divide this by (three times 2, the difference

between 5 ft. diam. and 3 ft. diam. =) 6, and the quotient is 16^ ; the square root of this is 4' 04 feet

for the diameter of a cylinder, which being 6 feet high, will have the same content as the frustum in

question. Thus 4* 04 ft. dia. squared = 16^ circular feet area, x 6 ft. high = 98 cylindrical feet,

or X • 7854 = 76" 96 cubic feet. If it had been a frustum of a square prism, the content would have
been 98 cubic feet.

This calculation will require three operations by the sliding rule; first, two operations to find

the cube of the side, or diameter, of the base, and the cube of the side, or diameter, of the top, thus

:

Sliding rule, C g Side or diameter. Cube of side or diam. p g 5 ft. dia. 1 25 cube,

slide inverted. | D Side or diameter. 1
' D 5 ft. dia. I

The difference between the two cubes cannot be taken by the sliding rule ; but it must be found by
subtracting the cube of the greatest side, or diameter, from the cube of the smallest side or diameter
(thus, 125 — 27 = 98); and also the difference between those sides, or diameters, must be taken ; (thus,

.5 ft. dia.— 3 ft. dia. = 2). We may then find the side of an equivalent square prism, or the diameter
of an equivalent cylinder, of the same height as the frustum, thus : .

Sliding rule, ( H D^f- of cubes. 3 times dif. of dia. p, g 98dif. cub. (3x2= ) 6.

slide inverted. 1

D

1 Diam. of cylinder. D 1 4 04 diam.

Note. As the same numbers are twice repeated on the line g, there are two different results
which may be obtained in each case, by following the above precept ; and care must be taken to choose
the right one, which may be known by its being rather greater than a mean between the two diameters
of the frustum. For instance, in the above example, one 6 on the line g will point out 4- 04 ft. diam.

;

and the other 6 will point out 1- 28 ft. diam. ; so that there is no danger of mistaking them in this case,
if we are aware of the fact that there are two different results.

In some cases of frustums it is desirable to know what would be the solidity

of the whole pyramid or cone, if it were completed ; and then the solidity of the

upper part, or small pyramid, which is wanting, being also calculated, the difference

between the two solidities will be the solidity of the frustum.

Tofnd the vertical height of the complete pyramid^ or cone, having given, the

vertical height of the frustum, the side or diameter of its base, and the side or

diameter of its top.

Rule. Multiply the vertical height of the frustum, by the side, or diameter of its base; and
divide the product by the difference between the side, or diameter, of the base, and the side, or diameter,

of the top. The quotient will be the whole height of the complete pyramid, or cone.

E,r(imple. Suppose a conical frustum to be 6 feet vertical height, 5 feet diameter at the base, and
3 feet diameter at the top. Then, 5 feet diameter at base, x 6 feet high = 30 -5- by (5 ft.— 3 ft. =)
2 feet difference of diameters = 15 feet, would be the height of the complete cone.

Sliding Rule, f A Diameter of base. Height of complete cone. A 5 ft. diam. 15 ft. high,

slide inverted. \ 3 Height of frustum. Difference of diameters. ^36 ft. high. 2 ft. diff.

4 C
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The solidity of a cone 5 feet diameter at the base, and 15 feet high, is as follows : 5 feet diameter

squared = 25 circular feet area, x (one-third of 15 feet high =) 5 = 125 cylindrical feet; or, if

it had been a square prism, the solidity would have been 125 cubic feet. The small cone which is

wanting, is 3 feet diameter at the base, and 9 feet high. Therefore, 3 squared = 9 x (one-third of

9 ft. high =) 3 = 27 cylindrical feet. Hence, the solidity of the frustum must be 125 — 27 = 98
cylindrical feet ; or 98 cubic feet if it had been a square prism.

Tojind the solidity of an ellipsoid, or spheroid. The solidity of an ellipsoid

is two-thirds of that of its circumscribing cylinder ; hence, we may calculate the

solidity or weight of such a cylinder by the sliding rule, with the aid of a suitable

divisor or gage point from the table ; and then take two-thirds of the result, for

the solidity or weight of the ellipsoid in question.

As the divisors for globes are 1^ times those for cylinders, they will enable us to calculate the

true result for ellipsoids, as well as for spheres, at one operation. The length of the axis of the

ellipsoid is to be taken on the line B or C, and the diameter of the great or equatorial circle of the

ellipsoid on the line D. Thus,

A Divisor for a globe. A Divis. for cub, ft. FF. 1 -91 ,

Sliding Rule, J B Length of axis of ellipsoid, ^ B 9 ft. length of axis,

all four lines. ^ C Solidity or weight of ellipsoid.
^ C 230 cubic feet.

D Equatorial diam. of ellipsoid. D 7 feet diameter.

Or, if the square root of the divisor is taken as a gage point on the line D, instead of the divisor

itself upon A, then the rule may be set thus, (See the table of gage points, p. BGQ.)

Sliding Rule, f g Solidity or weight of ellipsoid. Length of axis, p g 230cb.ft. 9 ft. Ion.

slide inverted. I D Gage point for a globe. Diam. of equator. ^ * D 138 g. p. 7ft.dia.

Tojind the cube ofany given number by the lines C and D, on the sliding ride*

oi.i. -r. 1 fC Number to be cubed. Cube of the number. C 4 numb. 64 cube.
Sliding Rule. J.

—
; —

; ;;

—- Ex. zz -. r
( L> 1 JNumber to be cubed. D 1 4 numb.

Or thus, by the lines g and D when the slide is inverted, which is the best method.

Sliding Rule, f g Number to be cubed. Cube of the number. g 4 numb. 64 cube.

slide inverted. ( q Number to be cubed. 1
^'^- D 4 numb. 1

To extract the cube root ofany number by the lines g and D on the sliding

rule, with the slide inverted. This is done according to the last precept, with the

slider inverted, by finding the number whose root is to be extracted, upon the line g,
and placing it opposite to 1 on the line D ; then seeking along the lines g and D,
for the place where the divisions representing the same numbers on both lines, meet
together, those numbers are the cube root required. Thus,

Sliding Rule, ( g Numb. Cube root. 't This is where the same num- £j,^ g 64 cube. 4 root,

slide inverted, "1^ D 1 Cube root. J ^^^''s on both lines correspond. ' ' D 1 4 root.

Note, If two divisions which are of the same value, upon the lines g and D, do not exactly coin-

cide, the coincident point will be within the space between those two divisions of the same value,

which are nearest to a coincidence. There are three such points of coincidence of similar numbers
along the lines, one denoting the cube root required ; the others the cube roots of 10 times, and of

100 times the number; care must be taken to choose the proper root of the three, but there is no-

thing on the rule to point it out.

The following precepts show how the sliding rule can perform successive

multiplications, and divisions, ofnumbers with the squares, and cubes, of other num-
bers, by one operation of the lines C and D ; or by all the four lines of the Soho
rule. These precepts will be very useful guides to those calculators who require to

adapt the sliding rule to new cases. Two precepts are given for each case, to
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show the process which must be gone through, either with the slider direct, or with

the slider inverted ; and the calculator can select that which is most suitable to his

particular purpose.

To square a given number, and multiply that square by another given number^

at one operation. For instance, multiply the square of 6 by 4.

The square root of the multiplicand is 6 j the square of which is (6 x 6 =) 36 for the multipli-

cand itself. The multiplier is 4. And 144 is the resulting product.

m'rl* P 1 f C Multiplier Resulting product. C 4 mult. 144 result.

I

D

1 Sq. root of multiplicand.
'*

' D 1 6 sq. rt.

Sliding Rule, f a Multiplier. Resulting product. ^^ a 4 mult. 144 result.

8lideinverted.\ D Sq. root of multiplicand. 1
' D 6 sq.rt. 1

To square a givtji number, and divide that square by another given number,

at one operation. For instance, divide the square of 12 by 6.

The square root of the dividend is 12 ; the square of which is (12 x 12 =) 144 for the dividend

itself. The divisor is 6. And 24 is the resulting quotient.

<Vi\' R 1 J C Resulting quotient. Divisor . C 24 result. 6 divis.

^ *
I D Square root of dividend. Divisor. '^^* D 12 sq.rt. 6 divis.

Sliding Rule, / 9 Divisor. Resulting quotient. g fi divis. 24 result .

l.\D Ex.
slide inverted.\ D Square root of dividend. Divisor. D 1 2 sq. rt. 6 divis.

To cube a given numba^ and divide that cube by the square of another given

7iumber, at one opei^ation. For instance, divide the cube of 8 by the square of 4.

The cube root of the dividend is 8; the cube of which is (8 x 8 x S =) 512 for the dividend itself.

The square root of the divisor is 4; the square of which is (4 x 4 =) 16 for the divisor itself. And 32
is the resulting quotient.

^,.1. T^ , f C Cube root of dividend. Resulting quotient. C 8 cube rt. 32 result.
oliding Rule. < —

—

„ ,. . ^ .. .

.

—; Ex. Tr~. 7. T
(. D Square root of divisor. Cube root of dividend. D 4 sq. root. 8 cube rt.

Sliding Rule, f g Cube root of dividend. Resulting quotient. g 8 cube rt. 32 result,

slide inverted. \D Cube root of dividend. Sq. root of divisor.
^' D 8 cube rt. . 4 sq. root.

To multiply the square ofa given number, by another given member, and divide

the product by the square ofa third given number, at one operation. For instance,

multiply the square of 8 by 12, and divide the product by the square of 4.

The square root of the multiplicand is 8, the square of which is (8 x 8 =) 64, the multiplicand

itself. The multiplier is 1 2. And 768 is the product, which, being divided twice successively by the

square root of the divisor (thus, 768 -t-4=192-5-4=) gives 48 for the resulting quotient.

... f C Multiplier. Resulting quotient. C 12 mult. 48 result.

' \D Sq.rootof divisor. Sq. root of multiplicand. ^' D 4sq.rt.div. 8sq.rt.mult.

Sliding Rule, / 9 Multiplier. Result, quotient. ^ g 12 mult. 48 result

LID Ex.slide inverted. \ D Sq. root of multiplicand. Sq. root of divisor. D 8 sq.rt. mult. 4 sq. rt. div-

Note. This is the same operation as that by which the solidities, or weights, of square prisms,

or cylinders, or spheres, are calculated by the aid of gage points ; which are the square roots of the

divisors given in the table at the back of the Soho rule. See p. 559 and 569.

4 C 2
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To cube a number, and divide that cube by anothe?' given mtmber, at one
operation. For instance, divide the cube of 8 by 16.

The cube root of the dividend is 8 ; the cube of which is 5 1 2 for the dividend itself. The divisor

is 16. And 32 is the resulting quotient. This operation cannot be performed by the lines C and D
alone, but it requires all the four lines of the Soho rule, thus.

Soho Rule,

all four lines.

Divisor.

Cube root of dividend.

Resulting quotient.

Cube root of dividend.

Example.

1 6 divisor.

8 cube root.

32 result.

D 8 cube root.

Soho Rule,

all four lines,

slide inverted.

Divisor.

3 Resulting quotient.

g Cube root of dividend.

D. Cube root of dividend.

Example.

16 divisor.

32 result.

8 cube root.

D 8 cube root.

To multiply the square of a given number by another given number, and
divide the product by a third given number^ at one operation. For instance,

multiply the square of 8 by 16, and divide the product by 8.

The square root of the multiplicand is 8 ; the square ofwhich is (8 x 8 =) 64 for the multiplicand

itself. The multiplier is 16. And 1024 is the product; which, divided by the divisor 8, gives 128
for the resulting quotient. This operation requires all the four lines of the Soho rule.

Divisor. 8 divisor.

Soho Rule,

all four lines.

Soho Rule,

slide inverted, -

all four lines.

Multiplier.

Resulting quotient.

Square root of multiplicand.

Divisor.

Resulting quotient.

Multiplier.

Example.

Example.

D Square root of multiplicand.

13 1 6 multiplier.

C 1 28 resulting quotient.

D 8 sq. root of multiplicand.

A 8 divisor.

3 128 resulting quotient.

g 16 multiplier.

D 8 sq. root of multiplicand.

Note. This is the same operation as that by which the solidities, or weights, of square prisms or

cylinders, are calculated by means of the divisors in the table p. 557> at the back of the Soho rule.

To multiply two given numbers together, and divide their product by the

square ofa third given number, at one operation. For instance, multiply 16 by

9, and divide the product by the square of 6.

The multiplicand is 16. And 9 is the multiplier. Their product is 144 ; which divided twice

successively by 6 the square root of the divisor (thus, 144 -j- 6 = 24 -*- 6 =), gives 4 for the resulting

quotient. This operation requires all the four lines of the Soho rule.

Soho Rule,

all four lines.

Soho Rule,

slide inverted,

all four lines.

Multiplicand. 1 6 multiplicand.

Resulting quotient.

Multiplier.

Square root of divisor.

Multiplicand.

Multiplier.

Resulting quotient.

Square root of divisor.

Example.

Example.

B 4 result.

C 9 multiplier.

D 6 sq. root of divisor.

A 1 6 multiplicand.

9 multiplier.

4 result.

D 6 sq. root of divisor.
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To divide a given number by the square of another given number^ at one
operation. For instance, divide 288 by the square of 6,

The dividend is 288 ; which divided twice successively by 6, the square root of the divisor, (thus,

288 -i-6 = 48-^6=) gives 8, for the resulting quotient.

Slidinff rule i — Dividend. Resulting quotient . ^ C 288 div. 8, result.

*- D Square root of divisor. 1 D 6 sq. rt. 1

Sliding rule, ( g Dividend. Resulting quotient. -p g 288 div. 8, result.

slide inverted. \ D i Square root of divisor.
^^' H 1 6 sq. root.

To find such an unknown number as mil bear the same proportion to a given

number, as that xvhich exists between the squares oftwo other given numbers. For

instance, as the square of 4, is to the square of 6 : so is 12, to a fourth unknown
number. The terms of the ratio are (4X4)= 16, and (6 X 6 =) 36 ; it is an

increasing proportion, and therefore the smallest of those terms (16) must be used

for the divisor of the product which is obtained by the multiplication of the

largest term 36, by the known number 12.

Thus, 4tt^s of 12 = 27 is the fourth unknown number; for 12 the known number x 36 =
432 -!- 16 = 27. The arithmetical process is in reality, 12 x 6 = 72 x 6 = 432 product, which, -—

4 = 1 08 for the first quotient, and -i- 4 = 27, resulting quotient, which is the fourth unknown number.

<>rd' (r lip
/^ Known number. Unknown number. p C known 12. unknown 27.

I D Sq. rt. small, term. Sq. rt. large term. D sq. rt. 4. sq. rt. 6.

Sliding rule, Jg Unknown number. Known number. p g unknown 27. known 12.

slide inverted. \jy Sq. rt. small term. Sq.rt. large term.
"' D sq. rt. 4. sq. rt. 6.

To divide a number by the square root of another number at one operation.

For instance, divide 18 by the square root of 9.

The dividend is 18. The square of the divisor is 9; the square root of which is 3, for the real

divisor. The resulting quotient is(18-r-3=)6.

<yi\' R 1
/^ Square of divisor. i t, C 9 sq. of divis. 1

*

I D Dividend. Result, quotient. ' D 18 dividend. (J result.

Sliding Rule, (g 1
Square of divisor. ^ g 1 9 sq. of div

slide inverted. \ D Dividend. Result, quotient. ' D 18 divid. 6 result.

To extract the square root of a number, and multiply that root by another

number. For instance, extract the square root of 16, and multiply that root by 7.

The square of the multiplicand is 1 6 ; the square root of which is 4, for the real multiplicand.

The multiplier is 7- The resulting product is (4 x 7 =) 28.

Sliding Rule. / ^ ' Sq. of multiplicand. ^^^ C 1 l6sq. ofmult.

' iD Multiplier. Resulting product. D 7 mult. 28 result.

Sliding Rule, /g 1 Sq. ofmultiplicand, p g 1 1 6 sq. ofmulte. /a
d.lDslide inverted.\d Resulting prod. Multiplier. ' D 28 result. 7 multiplier.

To divide the square root of one number, by the square root of another

number. For instance, divide the square root of 64, by the square root of 16»

The square of the dividend is 64; the square root of which is 8, for the real dividend. The
square of the divisor is 16, the square root of which is 4, for the real divisor. The resulting quotient

is (8 -r 4=) 2.
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Sliding Rule.
C Sgu. of dividend.

1 ^^^ g 64sq. of divid. 1

D Squ. of divisor. Result, quotient. D I6sq. ofdivis. 2 result.

Sliding Rule, J"g Squ. of dividend. Sq. of divisor. ^ g; 64 sq. of divid. 16sq. ofdivis.

slide inverted. \ D 1 Result, quotient.
^^' D 1 2 result.

Precepts of this kind might be greatly extended, but the above will serve

for those operations which are of the most common occurrence. When a long

calculation has been made by a series of arithmetical operations in the usual man-
ner, the sliding rule by the aid of one or other of the above precepts, will, in most
cases, be found capable of performing several of the succeeding operations at

once, so as to abridge the process very considerably.

To jind the hypothenuse of a right-angled triangle, hy one operation mth
the sliding rule ; having given the dimensions of the base, and of the perpendicular,

both in the same terms, as feet or inches, &c. For instance, suppose the base to be

4 feet, and the perpendicular 3 feet, what will be the hypothenuse in feet ?

The usual arithmetical process is to add the square of the base, to the square of the per-

pendicular; viz. (4 X 4 =)16 + (3 X 3 =)9 = 25 ; and then the square root of their sum being

extracted ; viz. 5, that root is the hypothenuse required.

The same result may be obtained thus: Divide (9) the square of the perpendicular, by (16)
the square of the base; the quotient will be a decimal fraction, (-5625), to which prefix T, then

multiply ( 1 '5625) the number so obtained, by ( 1 6) the square of the base ; the product will be the square

of the hypothenuse; and the square root of that product, viz. (5), will be the hypothenuse required.

The latter process, though it appears complicated in figures, can be very readily performed by
the lines C and D of the sliding rule, with the slider direct, thus : Find the base on the line D, and
set the slider so that 1 upon the line C, corresponds to that base ; then opposite to the perpendicular

on D, is the required decimal fraction, to which 1 is to be prefixed. The number formed by that

addition being sought upon C, the required hypothenuse will be found opposite to it on D, thus,

erj- 1 fC 1 Decim. fract. « 1* + Dec.frac. £, C 1 -5625 dec. q 1.5625
Sliding rule. < ^ „ =r ip—

=

& -^—

=

L/v. ——

=

=- &—

;

—
ID Base. Perpendicular. Hypothenuse. D 4 base. 3 perpend. r> hypoth.

Note. This is one of the theorems invented by Mr. Watt, or Mr. Southern.

Directio7is to Engineersfor the choice ofa Slidirig Rule.

The slider of a sliding rule should fit very accurately into its groove, and
must slide very freely in it, without being so loose as to drop, or move by its

own weight. The face of the slider should form a very even surface with the face

of the rule, when it is put into the groove either way, direct or reversed. Sliding

rules are commonly made of box wood ; but short ones of 11 or 13 inches should

be made of very white ivory, and highly polished. In all cases the rules should

be made a long time before the divisions are engraved upon them, that the wood
or ivory may become seasoned, and shrink as much as it is disposed to do. The
larger rules, from 18 to 30 inches, can only be made of box wood ; and the very

long ones of lance wood. It is of great importance to have a light-coloured surface

for the ground of the divisions, as they can be read so much more easily, and with

less fatigue to the eye. No substance is so good as ivory for this reason, but on
account of the expense of that substance, and the small demand for excellent

sliding rules, the instrument makers do not construct them of ivory, except when
expressly ordered.

The goodness of the divisions of sliding rules must depend upon the accuracy

of the original patterns, and the skill of the engraver. The rules made by Mr.
Bate are more correctly divided than any others that the author has examined.
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The accuracy of the principal divisions may be tried by comparing the coincidences

of the divisions representing numbers which are multiples of each other, and if

these coincidences are examined with the slider in several positions, both when
direct and when inverted, the errors will discover themselves if they are of a

sensible magnitude. The regularity of the intermediate subdivisions which fill up
between the primary divisions, may be judged of by the eye with considerable

accuracy.

Engineers are usually provided with a Soho sliding rule, and they should also

have an inverted sliding rule ; these have hitherto been made as separate instru-

ments, which is not so convenient for use, as if they were combined into one.

Persons who are already accustomed to use the Soho rule, and who have acquired

facility in calculating by it, will wish to retain an instrument to which they are

habituated ; but the author has found the advantages of the inverted rule to be so

great in his own practice, that he most strongly recommends it to the notice of

engineers, and, consequently, in forming the precepts which are given in this

work, a preference has been given to the slide inverted, except in cases where there

is some good reason for using the slide direct. The advantages of the inverted

method can only be attained in part, when the slide of the Soho rule is inverted,

because the divisions are only half the size that they would be, upon a proper

inverted rule of the same length j and therefore such an inverted rule should

always be used when the precepts are entitled slide inverted, and have the letters

A and 3 prefixed.

A very convenient sliding rule for the use of engineers who are accustomed to

the Soho rule, may be made with two sliders, one in the back, and the other in the

front face of the rule ; one face being engraved to form a complete Soho rule, such

as is represented in the sketch, p. 537, ^^^ the other face being engraved with an
inverted broken line upon the slider, as is represented in the sketch, p. 541. The
latter should be used in all cases which are directed to be performed with the slide

inverted, and the lines A and 3. The divisions on the rule will be the same at

both sides. The table of divisors may be engraved at the back of the extra slider,

and in the bottom of its groove.

This mode of combining the Soho rule with the inverted rule, the author has

found to answer the intended purpose very well ; but such a rule has a double

quantity of divisions, and he afterwards found that the same advantages may be
attained, by combining four lines upon a rule with one slider, leaving all the back
of the rule to receive tables of gage points, and specific gravities. This new
arrangement he recommends as that which will be found the most convenient for

engineers, who have not already become familiar with the use of the Soho rule ; for

it has no more divisions upon it than the Soho rule, and, with a very few exceptions,

it will perform all the calculations for which precepts are given in this work j and
it has some new properties.

A new arrangement of Logarithmic Lines upon a Sliding Rule, by the Author,

The inverted slide rules which have been hitherto made, contain only two
lines of single radius ; viz. one placed direct on the rule, and the other placed in-

verted on the slider, and broken into two parts, as already described, p. 541. This
rule is very convenient for performing multiplication and division, and all cases of

proportion or rule of three, the advantages of certainty in reading off the results,

and of accuracy, from the large size of its divisions, have been already stated.
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For calculations which involve the square roots, or the squares of numbers, it is

requisite to have a line of double radius acting against a line of single radius ; but
the slide rules which are usually constructed (such as the Soho rule) require three
lines of double radius and one line of single radius, which occupy the entire face
of the rule, and leave no room for an inverted line, without having another ad-
ditional slider, with an inverted line to fit the groove of the Soho rule, as has been
already described.

To avoid the inconvenience of changing the slider, and to make a complete
sliding rule for engineers, with only one slider, the author has made the following
arrangement of four logarithmic lines

; («)

oj''iilinuiiMlLai|iiiljnMrriniiiM|lH!.tr-H>|inTri'' J''iirM'|l'' HlllN|M!I.JII i i l l) ll tU

ii fl.t/t.l.-'i .*r. iiiTiiiiij fill ilii I I

T

fUflliiJlIMICI

imlnii

/ hack ofthe

\ slider.

viz., three of single radius and one of double radius, which are so disposed upon
one face of a sliding rule, as to perform multiplication, division, and simple

proportion, on the inverted method, by means of the line of single radius A, at

the lower part of the slider, acting against the inverted broken line g, at the

lower part of the rule. And all cases of squares, or square roots, may be solved by
means of the line of single radius D, at the upper part of the slider, acting against

the line of double radius C, at the upper part of the rule.

By this means the properties of the inverted rule, and also those of the

Soho rule, are attained by the new sliding rule, with only one slider, and with no
more divisions than the Soho rule has upon it ; and three of the lines being single

radius instead of double radius, their divisions are twice as large, on a rule of a

given length, so as to be more exact, and less fatiguing to the eye to read oflP.

This new rule is composed of the two lower lines of the Soho rule, disposed

over the two lines of the inverted rule, and the only change made in the action of

either of them is, that those lines which were formerly engraved upon the rule, are

now put upon the slider, and vice versa. The two upper lines of the Soho rule

are omitted, because their place is more advantageously supplied by the inverted

lines at the lower part of the new rule.

The divisors in the table which is engraved on the back of the Soho rule, for

calculating the contents, or the weights of prisms, cylinders, or spheres, of different

substances, are adapted to be used on the upper line A of that rule (see p. 556),

and are no* applicahj,e to this new rule ; but the following table of gage points is

engraved on the back of the new rule, to show the gage points which must be used

on the line D for such calculations. The numbers in this table are the square

roots of the numbers in the former table of divisors (p. 559), or the square roots

of ten times these divisors, as is explained at p. 560.

(a) Mr. Bate has undertaken to make sliding rules of this kind, according to the author's

directions, with very accurate divisions; he expects the new rules will be found more suitable for the

use of engineers than any similar instruments which are now to be procured.
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Table ofGage Points Jbr calculating the solidities or xveights of square prisms^

cylindersy or globes, by the sliding rule.

SOLIDS.
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In addition to the above table of gage points, a table of specific gravities is

engraved at the back of the sliding rule, for the purpose of calculating the weight of

solids of substances for which no gage points are given. Having found by means
of the gage points for water, what would be the weight of the solid in water, the

result may be multiplied by the specific gravity of the substance in question.

Or else we may calculate the quantity of matter in cubic feet, and then multiply

the result by the weight of a cubic foot of the substance in question.

A Table of the Specific Gravities of different Substances, and the weight of a
cubic foot in pounds ; adapted to be engraved at the back of a sliding rule.

' Platina 21-04
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manner as those of the Soho rule, the 10 in the middle of the broken inverted line g;,

at the bottom of the rule, is placed exactly opposite to the 10 at the middle of the

line C, at the top of the rule. This is not correctly represented in the sketch,

but it may be easily imagined, and it enables the rule to perform some compound
operations which cannot be done on other sliding rules : for instance,

To multiply two numbers together, and multiply their product by the square

root ofa third number. For instance, multiply 8 by 4, and multiply their product

by the square root of 16.

Thus, the two factors are 8 and 4 ; and the square of the multiplier is 1 6, the root of which is 4

for the real multiplier. The resulting product is (8 x 4 = 32 X 4 =) 128.

Square of multiplier. C 1 G square of mult.

"JJl^.
author's \ q Resulting product. ^ , D 128 result.

Sliding Rule, ^^ One of the factors.
^^'^'^pl*^- a 4 one factor

all four lines.
Other factor. g 8 other factor.

Note. If the intermediate product of the multiplication is required, it may be found upon either

of the lines A or g opposite to 1 upon the other line. The series of numbers on the line C is twice

repeated, and a different resulting product will be found opposite to each of the repetitions of the

cumber which represents the square of the multiplier ; the rule does not point out which of these

results is the true one, but it can be known by other means.

Use of the line ofone and a halfradius on the Author's New Sliding Rule.

The line of divisions marked g^, at the back of the slider of the author's new
sliding rule, is a logarithmic scale like the others ; but the length of its radius, or

the distance from 1 to 10, is only two-thirds of the length of the radius, or th^

distance from 1 to 10, upon the line of single radius, g.
The use of this additional line is to enable us to raise the I'Sth power of any

number ; that is a fractional power which is less than the square of the number j

being equal to the square root of the cube of the number.

This fractional power is sometimes called the power of three halves: it may be raised by
multiplying the logarithm of the number by 1 '5, instead of by 2, or by 3, as must be done if it were

required to raise the square or cube of the number.
Example. To raise the three-half power of 4. The cube of 4 is 64, the square root of which is

8, for the 1 'Sth power of 4, as required. Or by logarithms ; the log. of 4 is '602 x l'fi=0 -903, which
is the log. of 8.

To use the line g[, the slider must be taken out of its groove and turned upside down, and then

replaced in the groove, with the line 3 applied against the lower line g of the rule ; the numbers of

both lines will then count the same way, because both are inverted lines ; and if the slider is set so

that 1 (or 31 -623) upon the line 3 corresponds with 1 (or 10) upon the line B, then any number being

chosen upon the lower line g, the Tsth power of that number will be found opposite to it on the line

a, thus.

The author's / g lor 31-6 l-5th power ofnumb . Number. 7-
_
g 31-6 8 power. 64 num.r's r

ile.\Sliding Rule. \ g ] or 10 Number. 1-5th root. g 10 4 numb. i 6 root

And conversely the lines 3 and g, serve to extract the 1*5 root of a number j

which is the same thing as the square of the cube root of the number.

Example. To extract the three half root of 64. The cube root of 64 is 4 j the square of which
is 16, for the l-5th root of 64, as required. Or the logarithm of 64 is 1-806 -5-1-5=1 -204, which
is the log. of 16.

The principal use of the line 3 is for facilitating calculations relative to the discharge of water
through apertures, such as sluices, or in cascades over weirs, or mill-dams, thus.

4 D 21
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To calculate the quantity ofiuater xjohich toilljloixi in a cascade over the edge of a tveir, or through
an aperture or notch in the edge of a boards such notch or aperture being open at top. Having given
the depth in inches^ from the level surface of the water in the reservoir, down to the edge over which
the cascade of water flows ; to find the quantity of water in cubic feet, which will be discharged per
minute, over one foot wide of such cascade.

Rule. Multiply the square root of the cube of the depth in inches, by 5, and the product will
be the number of cubic feet which will be discharged per minute over every foot in width ; and there-
fore by multiplying the product by the width of the cascade in feet, the number of cubic feet dis-
charged per minute will be obtained.

JEjvamp/e. What quantity of water will cascade over a weir 20 feet wide, ^hen the level of the
water in the reservoir is 4 inches above the edge of the weir. 4 inc. deep cubed = 64, the square root
of which is 8 X 5 = 40 cubic feet per minute will be discharged over each foot wide; and x 20 feet
wide = 800 cubic feet will be discharged per minute.

The author's new
Sliding Rule.

S[ 40 cubic ft. per min. over 1 ft. wide.

a 4 inches deep below level surface.
Example. a 40 158 cub. ft.

a 4 10 inches.

The rule being thus set, the two lines form a table ; the numbers on the line 3 showing how
many cubic feet which will be discharged per minute over a cascade one foot wide, at that depth in
inches, which is denoted by the corresponding numbers on the line g.

Note. This table only extends from 3 inches deep, to 30 inches deep ; it will comprise most cases in
practice, but to make the rule serve as a table from 3 tenths to 3 inches deep, it must be set as follows.

The author's new
Sliding Rule.

g 5 cubic ft. per min. over 1 ft. wide, -p 3 1 1"77 cub. ft.

g 1 inch deep below level surface. ' g 5 '5 of an inc.

The rule when thus set will also serve as a table from 30 inches deep to 300 inches deep, if the
value of the divisions is estimated as follows.

The author's new f g
Sliding Rule,

5000 cubic ft. per min, over 1 ft. wide.

1 00 inches deep below level surface.
E.ram. ^ -^^^ ^560 cub ft.

g 1 i)^} inches deep below level surface. g J 00 46 inches.

The following table will point out the proper value for the divisions in these computations.

Depth




