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THE HAWTHORN
LOCOMOTIVE ENGINEERS' SLIDE RULE.

OF THE SLIDE RULE IN GENERAL.

Many kinds of Shde Rules are in use under different names, as
Rontledge's, the Carpenter’s Rule, Hawthorn's, or the Locomotive
Engineers' Bule, Hoare's, and others, but they are all constructed
upon one general principle, and show results by the same uncrrinﬁ
law, the only differcnces in them being, that each kind is adapte:
to guit the particular special purpose to which it is intended to be
applied.

: The Hawthorns, or Locomotive Engineers’ Slide Rule, isin the
form of one of the earliest made, called Coggzleshall’s, and the
fonr lines which constitule the working parts are precisely the
same a8 that known as *“the Carpenter'sa™ Raole. It has obtained
the name of * Hawthorn's,” from its having been selected by
Robert Hawthorn, one of the principals of the great engineering
works at Newcastle-upon-Tyne, for the use of their mechanies, and
containg tables specially arvanged by him for their requirements,

Of all the teols and implements in daily use by mechanics, none
is more frequently in the hand of the workman than the Slide
Rule ; but, nevertheless, a very small proportion of those who nse
it fur the inches, &e., upon it, as & measure of length, have any
ides of the deep mathematical principles involved in its construc-
tion, and of the important uses, in making caleulations, to which
it may be applied. Small as is the knowledge of it in our own
country, in which it was invented, it is less known and less used
upon the Continent, though of late in gome of the French Colleges,
the use of the Slide Rule is systematically tanght. A French
writer upon mathematics, three guarters of a century ago, said,
“in Kugland the use of the Bliding Rale was taught in all the
schools at the same time with the letters of the alphabet,”—a
statement which, it is needless to say, must be taken with moce
than the usnal grain of reservation, and which is as near the trath
a8 are some of the statements of the French regarding Linglish
manners and cugtoms at the present day, One writer has said of
it, and traly so, that “for a few shillings most peesons may put
into their pockets many hundred times ds much power of cal-
eulation as they have intheir heads ; for the use of the instroment
is attainable without any knowledge of the properties of
logarithms on which if is constructed.”

Before proceeding to explain the working of the Blide Rule by
examples, it may be well to give a short history of its invention,




and the steps by which it has attained its present forin : aldo a few
instances of its applicability to the calculations usnally required
by mechanics, from which it will be seen to be an ingtrument
capable of performing mechaunically, all the problems which
are to be solved by the science of arithmetic. The labour
of manipnlating long series of figures for naatical and astronomical
purposes, besides the uncertaiuty of their being true without
laborious checking, led Mr. Babbage, in our own day, to the con-
struction of his marvellons tmachines, which will work ont any
serics of abstruse calculations for which they have been arran ged,
as the Jacquard loom weaves any required pattern for which it is
set,  Oneof the earliest attempts, however, to facilitate caleulation,
by mechanical means, was made more than two hundred and fifty
years ago by Baron Napier, of Merchiston, in Seotland; and as
this attempt was the precursor of the Sliding Rule, we will, in a
bricf manner, show: gomewhat of what it was. The invention
Eioil Fio. 5 consisted of a number of flat bone or ivory rods,

: . oneof which was called the “index rod,” marked

3

s as Fig. 1, aud alzo at least ten others—one for
1 ;| each of the digits, headed at top with its own
digit. Weive arepresentationin Fig. 2 of one
2 |l of the rods belonging to the number £, It will
4 be seen that the fizures below the head-line
5 1704 are all multiples of that number, as 8, 12,
/211 16, 20, and 50 on. to 36, and the figures may be
1 read in that way, though in caleulation they are
4.‘ G |l weed rather differently. The other nine rods
2 were constructed in similar manner, each con-
5 (gl taining multiples of the figure at the head,
2 except the one with a cypher, which was filled
6 4w entirely with cyphe}s, On(; index rod oéz

bl sullicient, but as many of each of the other r
2 are required in the operations as are contained in

7 iy

LA S8 the multiplicand, or the figure to be multiplied.
3./ 1 Thus, to multiply 882145 by auother number :—
8 21l against the “index rod,” placed at the left
pr '3 hand, is to be laid to the right of it, one headed
9 /5 3, against thatan 8,22, a1, ad, and a 5. The
reven rods all lying side by side, the topmost, or

heading, line would read across thus :—1882145, The unit of the
multiplier is found on the index rod, and on the same line from
across the other rods, a line of figures is deduced by addition, and
the same process being followed for each figure in the mulfiplier,
a series of fizures is obtained which, added together, gives the
answer, Division was effected in a somewhat similar manner

but ¢ven with those aids, arithmetical caleulations were tedious
operations. Tt was not that the “rods” were esteemed because of
their saving much labour, for they did not do go; but it was that
from the simplicity of the operation, mmore accurate results were
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likely to be obtained than by the ordinary methods of multiplying
and dividing, From the circumstance of the rods being made of
bone or ivory, they were called ** Napier's bones,” and they have
been more frequently noticed in historical works than in these
relating to their use, It is a singular circumstance that to well-
informed a writer as 8ir Walter Scott was, shonld have written of
them withont knowing what the phrage meant, as was evidently
the case, when he made David Ramsay, in The Fortunes of Nigel,
swear by “the bones of the immortal Napier.”

But though Napier's boneg did not prove of much help to
gcience, the invention of them was the forerunner of what, to
mathematicians, has proved an inestimable advantage—the inven-
tion of logarithms. It would be altogesher beyond our present pur-

se to show minutely the construction of logarithms, but it may be
briefly said that they are a series of numbers in arithmetical pro-
gression, which correspond to others in geometrical progressiof,
by means of which arithmetical calorlations can be made with
much more ease and expedition than by the old method.

The immense labour of large aud frequently-repeated multipli-
cationg, divisions, and the extractions of roots in the constroction
of trigonometrical and other tables, led Baron Napier, from the
invention of the **bones,” to a more thorough investigation of the
gubject, and thus the almost useless, bub, nevertheless, curious,
invention of the one, led the way to the invaluable discovery of
the other.

The relation of logarithms to nataral numbers may be explained
by two series of numbera—the one (the logarithms) being in an
arithmetical, and the other (the natural nombers) being in a
geometrical, progression, thus :—

Togarichms ©0 1 2 8 4 &5 6 7 8
Nat, Numbers 1 2 4 B 16 32 64 128 256

By the aid of logarithms, the addition of two logarithmic
numbers has the same effeet as the more laborions process of
multiplication ; and subtraction, the same as division by the
common method ; for multiplicalion and division are only repeated
additions and subtractious performed in another way. ‘Taking the
upper line of the above figures, if we add 3 and 5 together, we get
8 the natural number of which iz 266—exactly the same result as
if_B and 32, the natural numbers, had been maultiplied together.
Or for division : in the upper ling take 2 from 8 which leaves 6,
and under § is the natural number 64, the quotient, or the resnlt of
dividing the natural number 256 by 4, Again, if it be required to
involve 4 as high as the 4th power, multiply 2, the number which
gtands over 4, by the “index” of the power to which the number
is to be involved, which is 4 ; the product 8, standing over 256,
ghows that this last number is the fourth power of 4, or
4 % 4 % 4 x 4 sought. Further: to extract the cube root of G4 :
PDivide the number 6, which stands over 64, by 3, the index of the
root to be extracted, and the quotient 2, standing over 4, shows 4,
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the root required. In these examples the saving of labour is
scarcely appreciable, but the innumerable lengthy processes for
obtaining nuwmbers in a series, which would have to be resorted to,
wero it not for the aid of logarithms, would bave been made with
greal labonr, und the compilation of such frequently issued books
ns the Nawtical MHmanae, and kindred works would have been
well nigh impossible,

The invention of logarithms was looked upon by the learned us
the great discovery of the age. Mr. Briggs, it iz recorded, wns
“heside himself with joy,” and Kepler, the astronomer royal,
“looked upon it as a miracle,” Napier's discovery was not, like
those of Kepler and Newton, connected with any analogies or
eoincidences which might naturally have led him to it, but was
the result of unassisted reason and science; and, says his
biographer, “ we ghall be vindicated in placing him in one of the
very highest niches in the temple of fame. Kepler,” he goos on to
say, “ had made many unsuceessful attempts to discover his canon
for the periodic movements of the plancts, and Newton had
applied the palpable tendency of heavy bodies to the earth to the
system of the universe in general ; but Napicr wronght out his
admirable rules, by a slow scientific process arising from the
gradual evolution of truth,”

The radix or root, now called the base, from which Napier
started, being found to be an inconvenient one, Mr, Henry Briggs,
Mathematieal Reader at Gresham College, in the year 1615, and
shortly after Napier's invention, adopted the number 10 as being
preferable, and on this basig logarithms have since been con-
structed, Mr. Briggs's system was, therefore thus i —

ithms ... O R B 3 4 b 6

Natural Numbers in
e mesim: 1 10 100 1,000 10,000 100,000 1,000,000
Thus 2 s the logarithm of 100, becanse 10X 10=100, and 3 of
1,000, because 10 10 x 10=1,000,

By this brief gketch, we nre now brought to notice the lines
which form the Sliding Rule, and the ones above and below, by
means of which caleulations are made. It is needful, however, to
premise that the graduations upon it being in fens, or multipies of
tens, it will be needful that the stadent should have some know-
ledge of decimal fractions and the mode of reading them. For
this purpose any elementary work on decimals may be consulted.

In the ordinary decimal scale of figures, the value of any one of
the nine digits—or figures—decreases in a tenfold degree for each
place thit it advances to the right hand. Thus, in the number
883, the 4 to the right represents 3 only, while the next 3 repre-
sents 30, and the other figure to the left hand represents 300.
Now, if we assume that this law of ten-fold decrease holds good
to the right hand of the place of units, we shall have the advantage
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of being able to deal with fractions, in the same way as with
whole numbers.

the,

L

2

2

It will be oniy necessary in writing whole numbers, together
with fractions of this kind, fo be ccrtain which figure is meant to
stand in the place of units; and then, the place of cach of the
figures to the right of that, will determine its own relative value
of magnitude. It is usnal to put a full point or a comma—a full
point is preferable—after the figure occupying the unit's place.
This indicates that all the figures to the left of it are ordinary
whole numbers, and all to the right of it are decimal fractions.

¢ Hundredths.
Thonsnad

o Thousands,
© Hundreds,
= Unit

s Tenths,

-~

Thus 24'3 means 2 tens 4 nnits and 3 tenthe.
54 means 5 tenths and 4 hundredths.
006 menus 6 thousandths,

The advantage derived from this law, regulating the value of
the digits, is very great ; for by it, we are enabled to deal with the
most minute fractions with as much eage as with whole numbers,

The addition of any number of eyphers to the right hand of
« decimal fraction does not in any way alter its value, for
whether we write *5 50 or *500 the same value is expressed,
viz, five-teuths, fifty-hundredihs, or five-hundred-thousandths,
which is equivalent to the vulgar fraction expressed by § (half).
But if we place a cypher defore the other figures, and instead of
“50 write *060, we alter the value of every successive figure ; the
tenths have become changed to hundredths, the hundredths have
become thousandths, and the value of the whole fraction has been
deereased ten-fold.  In whole numbers therefore, the addition of
eyphers af the right kand increates their value ten-fold for every
eyphier so added, but with the fractions of decimals it does not

cet their value at all.

In the enrly part of the seventeenth ecentury, Edmund Gunter,
an English mathematician, and also Professor at Gresham College,
invented the sector, and several other very nseful mathematical
instruments, and the surveyors’ chain of 100 links for land
measuring. He it was, who first coneeived the idea of marking
out, on n seale, spaces according to the logarithmic value of
numbers placed over against them. In addition to those other
seales upon the sector for lines, tangenfs &c., Iaid down in this
way, he invented what he called the *line of numbers,” which
is the same as that now ured upon the sliding rule.
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In Fig. 8 we have Gunter's logarithmic line of
numbers, Ammminﬁ that the space from the 1 at the
left to the 1 at the right is divided into 1000 equal parts,
it may be seen that so many of those equal parts are
allotted to each number as is represented by the logarithm
?E t}fﬁt number, We give a table of logarithms from

to 10:—

Kumber, Logarithm,

1 . . . 3 . . Y 0
2 . v 301
b : . 477
4 A . 3 . i *602
F] o - - . - HOR
i ‘ : y ’ o ‘778
T _ . 845
2 : - 3 i " £ v 903
] ; i i x 4 4 ‘ 954

10 & " 14000

and each of the logarithms represcnls ag many parts of
the thousand as they oceapy of the spaces from the 1 to
itself, All the subgivini'nns are, of course, logarithmic

In order to prove how the addition of logarithms is

equivalent to the multiplication of common numbers,
take the following example :—

Natural
Numbers, Logarithme,
Maultiply 2 the logarithm of which is 301
by 4 the logarithm of which is G2

the product of which is
8 the logarithm of which iz 003
the same result as the addition of 301 and 602

Lest the student, adding, from the above table, the
logarithms of 5 and 2 together, may find the result to be
*999 instead of 1000 the logarithm of 10, it may be noted
that that is owing to the fractions not being carried out to
as many places of decimals as is needful, The exact

logarithm of 5 i 698970 and the exact
Z » 218 *801030 which added together,

give the result 1'000000, or 1 the logarithm of 10,

This logarithmic scale, or Gunter's line, was not at first used
with another similar one sliding against it, s ig now the case, but
operations were performed on it by the application of a pair of
compasses, adding or subtracting, as multiplication or division was
raquired. The figures urvn it are ail of arbitrary value. If wecall

the first 1 one, then shal

we read the next figure 2, and go on ; but
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if the first 1 is ealled 10, then the 2 will be 20, and so on to the
end ; and =0 with all the intermediate divisipns likewise. If the
1 in the middle be read as 1 or unity, then the first 1, being but a
tenth of it must be read ag a fraction, *1, the firet 2 ag *2 and so on.
It may interest the learner fo see how the seale was at first nsed
with compasses,

To multiply 15 by 4 by means of the eompasses see g, 8, page 6.
Calling the first fizure 10, then extend the compasses from thence
to the fifth divieion, which is 16 (hall between the 10 and 20),
Add this space, by placing one leg of the compasses at the figure
4, and the other leg will be found to extend to the 6, which, as the
1 was called 10, must rank as 60, the produet of 16 multiplied by 4.

Division was effected in a reverse manner, To divide 60 by 4 :
set the compasses at 6 or 60, and extend them backwards to the 4,
Then, with this radius, on applying them to the first end—1 on the
gealo—tihey will be fonnd to extend to 15, the quotient, In all the
examples easy numbers are chosen, for simplicity, and to enable
the learner the more readily to nnderstand the methods employed,

For convenience in practice, a second line of numbers is nsyally
placed after the first (see Fig. 4, page 8) the latter half being
ten-fold the value of the firet one, and this plan has rince heen
slways adopted. It may be stated that this addition of the same
radins may be made Lo any extent, each one increasing in value
ten times the preceding one. By this arrangement, higher values
are ghown, which in the case of only a single radins wonld lie
beyond the end of the scale, and another advantage gainéd by it
is, that the fractions are shown on a greater scale than wounld be
possible if the line were made too comprehensive,  This addition
of radii might be continuned, as remarked, to any extent, but the
two are found sufficient for usual operations.

We give a few other examples with the compasses to enable the
learner the better fo see with the eye how operations were
performed.

do find the product of two numbers, or to multiply them, see
Fig. 4. From 1 extend the compasses to the multiplier ; and the
same extent, applied the same way from the multiplicand, will
reach the product. Thus if the product of 4 and 8 be required,
extend the compasses from 1 to 4, and that extent, Iaid from 8§, the
sfime way will reach to 32, their product.

To divide one pumber by another, see Fig, 4, The extent of
gpage on the logarithmic seale, from the divisor to unity will
resach from the dividend to the quotient. Thus to divide 36 by 4 :
extend the compasses from 4 to 1, and the same extent applied
backwards will reach from 36 to 9, the quotient sought.

To three given numbers to find a fourth proportional, see Fig. 4
Suppose the numbera to be 6, 8 9; extend the compagses from
6 to 8, and this extent laid from 9 the same way. will reach
to 12, the fourth proportional required.
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To find « wean propovtional between any two given
numbers, sce Fig. 4. Between 8 and 32: Extend
the compasses from 8, on the left hand part of the line,
to 82 on the right ; then bisecting this distance, its half
will reach from 8 forward, or from 32 backward, to 16,
the mean proportional songht.

To extract the square voot of any number, see Fig. 4.
Suppose it to be 25, Bisect the distance between 1 on
the scale and the point representing 25 ; then the half of
this distance set off from 1, will give the point represent-
ing the root 5. Inthe same manner the cube root, or the
root of any higher power, may be found by dividing the
distance on the line between 1 and the given number into
as many eqrt:al parts as the index of the power i
then one of thoge parts, set from 1, will reach the point
rz};resent.ing the root required,

t can readily be conceived that the use of the scale
by the application of compasses was both tedious and
troublesome. A few years after its invention, the
Rev, William Oughtred, an eminent mathematician,
adopted the plan of placing one ruler against another
and sliding them together, as might be required, and
hence the term “sliding rule.” e was a man who set
little value upon instrumental aids, anless in the hands
of those who had previously learned the principles on
which they were constructed. A pupil of his, William
Forster, says, that in the year 1630, he spoke to
Mr, Oughtred of a Gunter's ruler he had, 6 fect lcmg, to
be used with a pair of beame compasses ; upon which
be (W. Oughtred) answered that “the use of the
compasses was a poor invention, and the performance
very troublesome. But," said be to Forster, “secing
you are taken with such mechanical wayes of instru-
ments, 1 will show you what devices [ have had by mee
these many yeares ; and first he bronght mee two rulers
of that sort, to be nzed by applying one to the other
without any compasses ; and after that he showed mee
those lines cast into a circle or ring, with another
movable circle upon it," Mr. Forster then goes on to
speak of the “great expediteness of both of those
wayes, but, especially of the latter, wherein it farre
excelleth any other instrument which hath bin knowpe."
Circular logarithmic seales— the one working over and
upon the other, have been, and continue to be, made to
the present time, of both brass and cardboard; but
while a lony line can be obtained by a circle of 12 inches
diameter, it has its disasdvantages, achief one being that
a continnal and wearisome turning about of the ingtru-
ment is required, to obtain'an upright reading of the scale.
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A writer who, in gomposing a work on astronomy, made use of both
the circular and the straight line, says, * the circular lines gave the
measurements more accorately than the rele did, but a straight
wooden rnle of the same radiug (as large a one) would have done
quite as well, and would have been more convenient.”

The inconvenience of having twoseparate “ scalex™ or “raleps’
being soon found, they were then attached together by brass olips ;
and presently afterwards the slide in a groove, as we now bave i,
was devised by a Mr. Everard, This method of sliding one seale
against aunother, rendered the use of the compasses no longer
necesgary, but the slide may be considered as a pair of compasses
already set to any extent. We have thought well, bowever, to a
clear understanding of the lines, to show somewhat at length the
method followed when compasses were the only means employed.

It may be supposed that at first the sliding rule was not mach
uged, if only from the difficulties found in its construction, This
may be judged of from the following extract from the intergsting
diary of Mr. Pepys, secretary to the Admiralty in the time of
Charles 1. Under the date of the 10th August, 16G4, Pepys
says i—** Abroad to find' out one to engrave my tubles upon iy
new sliding rule with gilver plates, it being so small that Browne,
that made it, cannot get one to do it. So I got Cocker* the
tamous writing master, to do it, and I set an hoor beside him to
see him design it all ; and strange it i8 tosee him, with his natural
eyes, to eut s0 emall at his first designing it, and read it all over,
withont any missing, when, for my life, I could not, with my best
skill, read one word or lefter of it.” To this entry Pepys adds,
the next day, * Comes Cocker, with my rule, which he hath
engraved to admiration for goodness and smallness of work ; it
cost me 145 the doing.”

The prices of those days were high, as compared with those of
onr own time, when lor a few shillings a rule may be obtained
doubtless of greater aconracy, and in a morg convenicut form than
was then charged (14s.) for merely marking the diyisions of the
alide,

Nor was the difficulty inconsiderable in obtaining “good
rules,” nearly a century later, for in 1763, when James Watt, the
great improver of thesteam engine, was at work in London as a
ritle maker, he wrote to his father that “it was a most difficult
mautter to get rales good, there being only one man who could
make them perfectly well, and he had lately taken to other work,"
Watt found his first employment in London under Mr, John Morgan,
of Finch Lane, Cornhill, of whom he wrote, “though he works
chiefly in the brass way, he can teach me most branches of the
buginess, such as rules, scales, quadrants, &e.” In less than two
months after his arrival in London, Wati writes that “he had
made a brass parallel rule, 18 inches long, and a brass scale of the

i

* The famous srithmetician and writin muster, whose name has given to the
language the proverbial saying, ** According to Cocker.”
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same length.” By December “he conld work tolerably well, and
he expected that by April he would understand so muech of his
binginess as to be able to work for himself.” When June had again
come round, and within twelve months of his first attempt at rule
making, Watt wrote to his father in Glasgow, that he * could now
make a brass sector, with a French joint, which is reckoned as
nice & piece of framing work as is in the trade,”

Apropos 1o the subject, Watt's * garret” at IHenthfield Hall,
near Birmingham, has been made widely known by Dr. Smiles’s
deseription of it in his charming Lives of Boulton and Watt, Tt
is not now onr Fur;wm to notice how that fine old man Jumes
Watt spent his last years in inventing his ingenions copyin
machines, by which wood, stone, or metals could be fashione
after any modcl, which in America, and later on at Enfield, have
been o successfully applied in accurately and cheaply fashionin
gun gtocks and materials—nor the machines themselves, whicl
still remain at Heathfield, and which Messrs. John Rabone and
Sons have so0 well applied to the manufacture of rules; his foot
lathe, npon which till a few years ago were lying the veritable
chips and turnings as the great muster had left them fifty
years before; the crucibles of metal and stone; the bottles of
chemieals ; the hoxes of fossils and minerals; blow pipes and
thermometers of many kinds, all made by his own hand ; the now
universally-used letter-copying press which le inyented, and the
bottle of now dried-up ink which he devised for its use, with
many of the ingredients of which it was composed ; his jar of
snuff, with the thick coating of dust upon it ; his frying-pan and
Dutch-oven, couted with grease, exactly as he left it half a century
ago: his screws, punches, taps, and dies—but to notice the
drawers on the left-hand gide of the room, in which were, and
are still, stowed away many of the tools with which he worked in
the early part of his life.  These contain some articles which it
is evident he set great store by, as they are, most of them,
wrapped up and labelled, with his remarks upon their excellence
or special qualities.  One of these drawers contains his old “ flute
tools,” and in anothér is the *brass sector with a French joint,”
cm-efuilfy wrapped up in paper by his own hands. It is a fine
piece of work, and shows no appearance of having ever been nsed ;
and it is perhaps not unsafe to say that it was preserved as a
sample of his early work, of which he so proudly wrote to his
father ; for in the same drawer are various other tools, such as
are used in the marking of roles by hand at the present day.
These, althongh valueless in themseives, were cvideut’ly treasured
with great care, many of them arecarefully labelled, and were doubt-
less from time to time viewed with both pride and pleasure by
their owner, as they have been by the writer of these lines. B
the one, that he had given np the making of * brass sectors wit
French joints,” and “other rales,” to acquire fame and fortune
for himself, and to benefit the world by bis improvements of the
steam engine—Dby the other. in the consideration of the lionour it




11

is to the craft of rule-making, that James Wait found in it an
ontlet for his early ingenuity, and made work which caunot be
excelled in the present day. It may be interesting to know that
the sliding rule long used by this great man was, till lately pre-
served in Birmingham, and was used as a check in testing calcu-
lations. Is it not more than probable that this rule may be the
handiwork of its former great and famous possessor !

It appears that the first rule makers were to be found only in
London ; but, after a time, the trade extended to Wolverhampton
and Birmingham. The Birmingham Daily Post, in a trade article
some years ago, says, “the rule trade was originally a Wolver-
hampton one, and a century ago the greater part of the rules

roduced were made theve. Fifty years ago, however, there were
hut seven employers remaining in Wolverhampton, and now not
a single maker is left in that town. With the cxcﬁl;tilm of a
small quantity made in London, the whole trade is now located in
Birmingham.  But like so many other manufactures, that of
rule making has been revolutionized by the adaptation of steam
machinery to its requirements. Since its introduction, now more
than forty years ago, by Messrs, Rabone and Sons, of the Hockley
Abbey Works, Birmingham, the trade has assumed a different
character, Prior to that time it waas, to a great extent, carried
on by little makers, who worked ‘by hand,” but the advent of
machinery may be broadly said to have swept them from the field
of competition. Not only is many times the former ‘out-pnt’
now made, but the number of employers has been considerably
reduced, not being more than one-fourth of what it then was;
and notwithstanding the increased supply by means of the appli-
cation of machinery anid many automatic processes, the number
of operatives is ten times greater than it was before, and the
wages earned are much higher than could have been afforded
when everything depended upon hand labour.”

OF THE HAWTHORN'S
LOCOMOTIVE ENGINEERS’ SLIDE RULE.

We have already described the primitive method of using the
logarithmic line of numbers by compasses, before the plan of
placing a sliding piece between two others was invented, and will
now proceed to deseribe the partieulars and some of the uses of
the slide rule which is specially known as “ Hawthorn's.,” 1t is
40 named because some of the data marked upon it were laid
down and first applied to the rule by Mr. Robert Hawthorn,
one of the celebrated firm of makers of locomotive engines
at Newcastle-upon-Tyne. It will be seen on looking at the
rule that the slide with the lines above it and below, are
marked A, B, C, and D). The lines A, B, and C are all alike.
The A line may be considered as the original logarithmie line
ol a double radius as shewn in Fig 4, page 8; the B line asg,



12

or rather instead of, the moveable compassess formerly nsed
against it; and the © line (exactly the same), as n pair
of compasses against the D line. The D line is, however,
different from the others. Although logarithmie, ag they all are,
it is of a double radius : where the C line counts by hundreds, the
D line counts by tens, and therefore, any number on the C line
always has its square root on D, but this will be particularly
explained further on. The A, B, and C lines are the same in the
Hawthorn's rule, the ordinary carpenter’s rule, and the Routledge
rule, but in the latter one the D line rung from 1 to 10, and ?n
the two former it commences at 4 and runs on to 40, or the
figures may be read as 40 to 400, &c. This is so arranged to
bring the number 12, which is a frequent gauge point in
measuring, near the centre of the slide that problems may be
the more readily worked out by the lines C and D. In using the
Routledge rule the figure 12, which is frequently required, lies
near the end of the line which is not so convenient. T'he D line
is used in all questions in which cubic or solid measure is required
to be estimated, and is sometimes called the line of squares,
because twice the logarithm of any number is equal to the
logarithm of its square,

The other face of the rale is marked with inches, divided into
eighths and sixteenihs, It contains several tables ; the first nexy
the joint shows the Direct Colesion of Bars, one inch square ;
the sccond gives the Transverse Strength of Beams, one inch
square and twelve inches in length, and these two tables show
the greatest weight the bars and beams will bear before breaking.
From the second table it that a beam of cast iron, one
inch square and twelve in long, Joaded on the centre, will
safely bear 860 1bs. with a deflection of 1-40th part of an inch,
which data may be assumed for common joists in buildings, &e,
The third table is one of Specific Gravities of several gubstances
in frequent use ; the fourth is one of Lineal Measures ; the fifth
Square Measure ; and the sixth Cubic Measure, with the weight
and measure of Coals at Neweastle and London. Each edge of
the h::le contains scales, one divided into 12ths and the other into
104

On another part of the rule iz the slide and lines of
numbers, with a table of Gange Points, or Divisors, for squares,
oylinders, and globes; for the weight and strength of ropes,
chains, and iron; regular polygons; steam engine governors;
the properties of the circle; the nger of high pressure engines ;
and the temperature of steam at different pressures, &e,

NUMERATION,
How 10 READ THE RuLne.

The first point of importance in the practical nse of the Slide
Rule is to well understand the values of the figures and divisions
upon it. These are all arbit.mriy. The logarithmic line may
thercfore be of any length, and yet of equal value, the only
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difference being that the greater length to which it is extended,
the more distinet will be the fractional parts of which it is com-
ed. The reading of the Slide Rule is the great difficulty to
beginners, Take the rule in hand, and note (in the lines A, B, and
©, which are all alike) they are figured from 1,2,3 4, &e, up to 1,
and onwards 2, 3, 4, &o,, again to 10.. If the first 1 at the left be
cousidered aunit, then the 1 in the middle will represent 10, and
the 10 at the extreme right 100. Or the first 1 may represent *1,
then will the middle 1 be unity, and the 10 at the right hand will
be really 10. The sccond radius (from the middle to the right) is
always ten times the value of the first radins ; and so on, if radius
after radius were added to the extreme right, each additional one
would be ten times the value of that preceding. A useful
for the student to test the correctness of his reading is to draw out
the slide till 1 on B is under some eagily defined number on A, and
then to write down the numbers on A over any given numbers on
B, Thus, if 1 onthe slide B is set under 21 on A, the figures will

read :—

A 21 81 42 525 63 733 84 945 105 1155 126
B 1 35 % 808 SBEE 4% &5 b5 i8

It will be seen that each line keeps its own numeration, and
with the enme ratio of increasc; foras 1 on B is to 21 on A, so is
210 42, 85 (or 84) to 785 (or 73}), and so on to the end, If the
values of the B line be assumed to be one tenth less than the
above, then the relative values of the figares with the slide in the
same position will be :(—

A 21 315 42 520 63 735 84 945 105 1155 126
BANERNS-R . 35 3 ok 46 8 w5 B

A little practice will enable the learner to bear in mind the
value he may place upon any number, and to reckon the same
number to the right at ten times that amount,

The Slide Rule, or the logarithmioc line of numbers, is not used
for addition or subtraction, for as was before shewn, the addition
of logarithms is equivalent to the multiplication of the natural
numbers which they :nt, and the subtraction of the one is
equivalent to the division of the other.

MULTIPLICATION,

In using the Slide Rule all problems are resolved by proportion,
or what is usually called * the rule of three.” In the ordinary
method of multiplication it seems that there are ouly two numbers
used to find a third—as for example to multiply 4 by 6, the answer
comes as 24, But with the Slide Rule 1 (or unity) is the basis of
the caleulation, and thus we say as 1 is 1o 4 so is 6 to the answer,
This is a “rule of three” sum, as will be more fully shown
under that head.
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" The rule for multiplication by the Slide Rule is :—To either o
the given numberson A set L upon B, and against the other num
on B is the product of the two numbers on A.

It will be well always to consider the line A as the original
logarithmie line orline of nambers, and the B line as the substitute
for the compasses, the answers will then be found upon A.

To take the same example as given on page 7: to multiply
15 by 4. Set one upon B to 15 on A, and against 4 on B is 60, the
answer on A,

A 15 60 Answer.

B 1 4
The Rule, as now sct, is really a rule of three instrument, on
which three terms are given to find a fourth, or a scale of
proportionals, on which any figure on A has the same ratio to the.
figure opposite to it on B as 15 has to 1, or as 60 to 4, as shown

below,
A 15 45 60 120 300 &e.
B 1 R 4 8 20 &e.
and so on of every other point in the lines A and B,
Multiply 75 by 36.
SR e y 2700—Answer.
B 1 36
Multiply 131 by 53.
A 135 8 7762—Answer,
B 1 5'7b

Multiply 73 by 93.
A TS 71'25 or 71} —Answer,
Bl 95

When the product of the two numbers is above 1000, the units
eannot be seen, but in those eases the units should be multiplied
by the units, in thought, thus ;—What is the product of 97 by 19 7
Bet 1 on B to 19 on A, and against 97 on B is 1843 on A, Th
rule will show something over 1840, and to find the exaet number
of units, multiply the units of the two figures together—9 times 7
are 63 : the required umit in the answer will be then 3, making i
1843,

Note.—When the 1 on B has been set to the one factor on A, i
it happen that the other factor on B falls beyond the division, on
either A or B, divide it by 10 or 100, &c., tiil the quotient founc
on B falls nnder the same division on the line A, and multiply thi
said division by the same 10, or 100, &e., for the produet required

5o when 250 is to be multiplied by 56. Having set 1 on B to
250 on A, although 56 be :fcn_mg on B, it ig beyond the end of A ;
therefore, dividing it by 10, it is seen that opposite the quotient 56
on B is the division 1400 on A ; which being maltiplied by 10, th
number 14000 is obtained as the quotient required,

B ————
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1f 250 were to be multiplied by 1120. Having set 1 on B to
250 on A as before, 1120 is beyond the end of B, but being divided
by 100, opposite the quotient 112 on B is found 2800 on A, which
being r;n&t‘lltiplied by 100 gives against it on A 280000, the product
requi

DIVISION.

As multiplication and division are each a proof of the other,
they may both be performed the same way ; only observing that
in multiplication the multiplier is on another line than the

roduct, bat in division, the divisor and the dividend are both
ound upon the same line,

RuLns.—When one number is to be divided by another, whether
they be whole nambers, mixed numbers, or decimal fractions,
the proportion is, as the divisor upon B is to unity on A, g0 is the
dividend upon B tothe quotient on A,

To take the example given on page 7 when worked by the
COMPAISEs.

To divide 60 by 4.

A1 15—Answer,
B 4 60

Divide 1728 by 24.
A 1 _T2—Answer.
B 24 1728

Divide 960 by 15,
A 1 fit—Answer.
B 1% 960

The glide is then set go that any number on B is divided by 15,
and the quotient is seen opposite to it upon A,
Divide 20 by 4§.
e | 4:5—Answer.

B 45 3 2025

Note.—When the dividend falls beyond the end of the line B,
1ot it be divided by 10, 100 or some other power of 10, fill it falls
within the line, and use the qnotient instead of it, multiplying the
yesult by the same power of 10 or 100 as it was divided by.
Therefore if 14000 is to be divided by 56 ; havingset 1 on A to b6
B, the dividend cannot be found on B #ill it is divided by 100, the
quotient being 140, opposite to which on B is 25 on A, which being
multiplied by 100, the quotient 250 on A is obtained.

A 1 2-5 read as 260—Answer.
B 56 140 read as 14000
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THE RULE OF THREE,

As before stated, all problems to be worked by means of the

Blide Rule resolve themgelves into Proportion, or, as it is
, commonly called, the Rule of Three, from having three terms
given by which to find a fourth, Propertion differs from ratio,
Hatio ia the relation of two quantities of the same kind, as the
ratio of 5 to 10, or of 8 te 16, Preportion is the likeness, or
sameness, of two such relations, Thus, 5 is to 10 as 8 to 16 ;
that is, it bears the same relation to 10 as 8 does to 16, Such
numbers are said to be in prepertion, and are expressed by the
signs of proportion by means of dots, thus : - which are
used as below :
(TR [ O
which means that 5 is to 10, or bears the game proportion to it, as
8 does to 16,

The use of the Rule of Three is to find a fourth number which
shall have the same ratio, or be proportional, to the third as the
second is to the first. Proportion is said to be either “ direet* or
“inverse,” and whether the problem is performed upon the rale or
upon paper, it is necessary to be able to distingnish the one from
the other. Proportion is direct when all the terms have either an
increasing or a decreasing ratio—when “more requires more,” or
*less requires less.” More goods at a price requirg more money
to purchase them ; and less quantity of goods requires less money,
This is direct proportion. But if 8 men can do a piece of work in
12 days, it would take far less time for 4 men to do the same,
Here four men (more) would require less time, which is  inverse
proportion ; and in all cases where “ more requires less,” or * less
requires more,” the proportion is inverse,

DIRECT PROPORTION,
OR THE RULE OF THREE DIRECT.

The rule for direct proportion is-as the first term on B is to the
second on A, so is the third term on B to the fourth on A : always
remembering that the first and third terms be found on the same
line, and the second and fourth upon the other ; or the operation
may be performed by having the first and third terms on B and
the second and fourth upon A,

If 8 yards of cloth cost 24 shillings, what will 96 yards cost?
Haying set 8 on B o 24 on A, opposite 96 on I ‘stands 288
shillings or £14, 8s., the answer on A.

A 24 shillings, 288 shillings,—Answer.
B 8 yards, 96 yards,

If 6 yards of stuff cost 20 shillings, what will 80 yards cost ?
A 20 shillings, 100 shillings.—Answer,
B 6 yards, 80 yards.
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If 8 cwt, of iron cost 9 shillings, what will 30 ewt. ecost?

A 9 shillings. ’ 90 shillings.—Answer,
B 3 ewt. 30 cwt,

Becanse there are 20 shillings in & pound, and also 20 cwt. in &
ton, the rnle when thus set is a table of shillings and hundred
weights, also of tons and £%s, ; for against any number of touson
[1'is the value iz £'s on A at the same price perton. Or, Bisa
lie of any number of cwis. against the value in shillings on A,

ee 3. 9 18 80 75 shillings (Or £8,)
oE 1 8 & 10 26 cwis, (Ortons.)
If a person can walk 43 miles in one hoar, how many miles can
e walk in 20 at the same rate, not allowing for rest !
A 45 (ord)) 90 miles.—Answer.
B 1 20
If {wo men 160 miles apart started to meet each other, the one
af the rate of 5 miles and the other at 8 miles an honr, how far
would each have gone before they met? 5 aud 3 miles added
together make 8, which, on B, place againgt 160 on A, Then
against 3 and 5 on B respectively is 6i) for the one and 100 miles

for the other,
A 16 (read as 160) 60 miles and 100 miles, —Answer.
B 8 3 b

INVERSE PROPORTION.
O THE RULY¥ OF THREE INVERSE,

In this rule there are three numbers given to find a fourth, that
whall have the same proportion to the second as the first has to the
third. If more requires less, or less requires more, the third term
on B i& to the second on A as the first on B is to the unswer on A.

When the proportion is inverse, theglide isto be inverted or put
in the groove the opposite way to what is usual, and then the
(*Ilmt‘il)n will be answered in thesame way as when the proportion

direct.

1f 6 men can perform a piece of work in 10 days, how many
men wonld be required to do the samein 8 days?

Tuvert the slide, set. 10 upon ) to 6 on A, and against 3 upon p
stnnds 20 on A, the answer.

A 6 20—Answer,
p 10 3

Upon some rules the A line is marked upside down, or rather,
Inverted end for end, to avoid the necessity of turning the slide,
but as it is only occasionally so required, it is preferable to invert
the glide when requisite,
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LEVERS,

There are three kinds of levers wherein the weights, props,
or powers, are differently applied to the beam or inflaxible
bar. The first is when the weight is placed at one end, the
power at the other, and the fulernm somewhoere between them ;
the second is when the power acts at one end, the fulernm is at
the other, and the weight to be raised somewhere between the
two ; the third is when the fulernm is at one end, the weight at
the other, and the moving power somewhere between.

What weight, hang at 79 inches distance from the fuleram of a
steelyard, will equipoise 900lbs, freely suspended at 2 inches
distant on the contrary side?

Invert the slide, and set 2 upon 0 to 900 upon A, nnd against 70

npon o is 25:71 Ibs. or 253 1bs. nearly, the answer, upon A.
A 2571 —Answer 900
G0 0 £
What weight will a man be able to lift with a handspike 100
inches long, when he has one prop conveniently fixed at 6 inches

from one end, and he presses upon the other end with a force equal
to 150 1bg. ? ;

Invert the slide, and set 94 upon ) to 150 upon A, and againgt
6 upon () is 2300 1bs., the answer, upon A.
A 150 2300 1bs,~Angwer,
5 . W 6

A lever, 16 inches long, having the prop or centre fixed at one
end, and a force of 50 lbs, lifting at the other, what weight, hung
at 16 inches from the prop, may be raised by the above force!

Bet 80 upon ) to 50 upon A, and against 16 upon gy is 260 lbs,,
the answer, upon A.

A a0 250 1bs.—Answer,
0 20 16

What weight, hung at the end of a lever at 112 inches from the
fulerum, will bulance 1 tom, or 2240 1bs., hung 2 inches from the
falernm on the opposite side §

112 on B being set to 2240 on A, against 2 on B is 401bs, the
answer, on A, '

The lever of a safety valve being 20 inches long, and & inches
between the fixed end and the centre of the valve, what pressure
on the under side of the valve will raise a weight of 101b, placed
at the end of the lever? »

Sot 20 upon g to 10 on A, and against 5 on g is 401b, on A, the
force required.

A 10 40 1bs,— Answer,
0 20 b
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If a steelvard, the lever of which is 40'5 inches in length, the
fulernm 1°5 inch from the end, has s weight of 112 lbs, attached to
the short end—required the weight at the other end of the lever
o equipoise.

Hot 1'5 on p to 112 on A, and against 42 on ) (the long end of
the lever) is 4°3 1bs., the weight on A,

A 43 1bs.— Answer, 112
o S 15

VULGAR AND DECIMAL FRACTIONS.

To reduee a vulgar fraction to its equivalent decimal expression.
Rule : Ag the denominator upon B is to 1 upon A, so is the
numerator upon B to the decimal required upon A,

I.—Iteduce a } to its decimal expression. i

Set 1 upon A to 4 upon B then against 1 upon B is ‘25, the
nuswer, upon A,

Bos 2h—Answer,
B % 1

Reduce -2 to a decimal.
A 1 _'T5—Answer.
B 12 9

Reduce 1 to its equivalent decimal expression,
e 481 —Answer.
B 27 13

What is the decimal expression of ;7
A 1 di—Answer.
B 20 9

What is the decimal expression of §§17
A 1 “643— Answer.
B 28 Rpee 18

To find a multiplier to a divisor that shall perform the same by
multiplication as the divisor would do by divison. The proportion
is, as the divisor upon B is to 1 (or unity) upon A, go is unity upon
B to the multiplier required upon A.

If 25 be the divisor, what will be the multiplier to that number?

St 1 upon A to 25 upon B, and against 1 upon B is *0# the
multiplier upon A.

What will be the multiplier to 802

Set 1 npon A to 80 dpon B, and against 1 upon B is 0125 upon A,

Having a multiplier given to find a divisor.

The proportion is, as the multiplier upon B is to 1 upon A so is
the divisor npon A to 1 upon B.
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Let *04 be the multiplier given to find a divisor,

Set 1 upon A to "0 upon B, and against 1 upon B is *25 upon

What will be the divisor for *01257

Bet 1 upon A to *0125 upon B, and against 1 upon B is ‘80 upon A

What will be the divisor for ‘7854 ¢

Set 1 upon A to ‘7854 upon B, and against 1 upon Bis 1273, th
answer, upon A,

The following tables of the decimal expression of fractions of
£, a pound a ewt,, and a ton will frequently be found umseful i
-using the Slide Rule.

8 d, B . s d I - B

0 3 0126 b 3 ‘2628 10 38 +5125 15 3 -7625

0 6 02 & 6 ‘275 10 6 -525 18 6 *I7h

0 9 087 5 9 2876 10 9 -63756 156 9 -7876

1 0 060 6 0 11 ¢ -550 16 0 -800

1 3 <0625 6 3 -8125 11 3 -+5625 16 3 8125

1 6 075 6 6 -3826 11 6 575 16 6 825

1 9 087 6 9 +3375 11 9 <6875 16 9 -8375

2 0 ‘10 7 0 380 12 0 -600 17 0 -850

2 8 1126 7 8 ‘3626 12..8 6125 17 38 -8625

2 6 ‘125 T 12 6 -625 17 6 -B73

2 9 1375 7 D —=BE3 12 9 -6375 17 9 887

8 0 =150 8 0 400 13 0 650 18 0 900

3 3 1625 8 8§ 4145 18 B 6625 18 3 19126

3 6 -176 8 6 425 18 6 -675 18 6 925

8 9 1875 8 9 +4875 13 ‘9 8875 18 9 9375

4 0 200 9 0 4560 14 0 700 19 0 950

4 8§ 212 9 3 4620 14 3 712 19 3 0625

4 6 225 9 6 475 14 6 72 19 6 9756

4 9 2875 9 9 4875 14 9 7375 19 9 9876

5 0 250 10 0 500 15 O -750 20 0 1000

DECIMALS OF A POUND.

Ounces. Ounces, Ounces, Ounces.

1 %6 5 gy B 13 81

R L 6 37 10 62 14 87

8 419 7. 48 11 69 15 =94

4 25 8 50 ) b SR 16 1:00
DECIMALS OF A CWT.

b 1bs. Ibs, | Tbs.

7 0625 | 35 8125 | 63 ‘BG26 | 91 8125
14 ‘125 42 375 70 625 08 875
2 *1875 | 49 4375 | 77 BET5 | 105 9375
28(4 ewt.)'250 | 56(E ewt.) 500 84(3 ewt.) 750 | 112 1-000
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&

DECIMALS OF A TON.
5 Owls, | Cwits, ( Cwts.

wha

1 05 6 80 1) 56 16 80

§ 10 T 85 12 60 17 8

8 15 8 40 13 65 18 90

4 -2 9 45 14 70 19 95

b -2 10 50 15 75 20 100
INVOLUTION

§s merely the multiplieation of a number by itself—twice for the
wquare, three times for the cube, four times for the fourth power
and so on. Thus 3 X 3 =79, & being the square of 3, The third
yower of 8 is 8 X8 X 8=27 the cube of 3, 64 is the fourth
power, &c,
TO FIND THE SQUARE OF ANY NUMBER.
To find the square, or second power of 23,

Bet 1 upon B to 23 on A, and against 23 on B.is 529 npon A, the
answer required,
A 23 529—Answer,
B 1 23
When 16 on C is opposite to 4 on D, the C line is a table of
squares and the D line is a table of roots ; so that opposite any
number on C is its square root. on D, thus .
Opposite Square, 16, 25, 36, 49, 64, 81, 100, &e, on C.
are Roots 4, 5, 6, 7, 8 9, 10, &c on D,
and in like manner the gquares and roots of all other fractional
and intermediate numbers may be found.
If the given number be hundreds, reckon the 10 on D for
100 or 1000 ; then the corresponding 1 on C is 10000 or 100000,
80 the square of 230 is found to be 629600,

T0 FIND THE CUBE OF ANY NUMBER.
Find the number to be cubed on the line C, which place opposite
1o 10 on D ; then opposite the same number on D is its cube on C.
Required the cabe of 3. Place 8 on C'to 10 on D, and opposite
#on Dis 27 on C.

c 8 . 27— Answer.
0. 10 3
Required the cube of 5.
€ 125 —f\_nswcr. b
D b 10

In this lagt example the radii not extending far enough to the
rlght hand, the answer must be sought in a preceding part of the
ﬁims to what it would be were the radii carried out to a greater

gth.
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EVOLUTION

is the extraction of the roots of any number, the square root, th
cube root, &e.

THE EXTRACTION OF THE SQUARE ROOT,
The line D being a radius donble in length to the line C contain
the sqnare roots of all numbers in the line C. The line D thong
commencing with 4 instead of 1 as does the Routledge rule an
others, is nevertheless capable of showin g the square roots ag th
do. By placing the 1 upon C to the 10 upon D theline C is a tablg
of numbers, and the line D a table of their S(uare rooté as w
before shown on page 21.
O 16 25 64 100 256 400 629 900—Squares,
D¢ 5 8 10 16 20 23 80 —Square roots,

THE EXTRACTION OF THE CUBE ROOT,

Reverse theslide in its seat; place the given number on g fo
10 on D ; the cube root will be found the divisions of the sam
numbers coincide,

Thus to find the cube root of 64.

q G4 FLE Y 4—Answer,
|6l ) 40

In this case it will be seen that the only two prime numbers’
similar values (or tens of such) are the 40 on D and the 4 on C.

MULTIPLICATION BY SQUARED NUMBERS,
This is effected by the lines € and D.

To multiply 7-562 by 4. The square of 7'5 is 56-25 and multipli
by 4 gives 225, :
Place 4 on C7to 10 on D, and over 75 on D is 225 on C, th
answer.
C 225—A:mwerj 1
D 75 10

DIVISION BY SQUARED NUMBERS.

To divide 6* by 4. Place 4 on C to4 on D, and over on D i
9 on C, the answer.

C 4 O—Angwer,
D 4 6

To divide 122 by 8.
(0] 8 18 — Angwer.
D 8 12
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TO DIVIDE SQUARED NUMBERS.

To divide 162 by 8. Place # on C to 8§ on D, and over 16 on D
Ik 82 the angwer on C. X

N S o A 42— Answer.
b 16

TO FIND A MEAN PROPORTIONAL BETWEEN
TWO NUMBERS,

A mean proportional is such a number that if squared it will be
pqual to the product of the two given terms. To give a very
wimple example first: Required a mesn proportional between
4 and (4, 4 multiplied by 64 = 256, the square root of which is
16, which is the mean proportional between these numbers.

¢ 4 TR,

D 4 B 1 16—Answer.
Hequired a mean proportional between 8§ and 24

c 8 : 21

D 8 13-85—Answer,

Here it will be found that the product of 8 x 24 is 192, and the
square of 13-85 ig 191:82, which is within a very small fraction of
being quite correct.

A mean poportional hetween 29 and 320 is 963 ; also the mean
proportional between 71 and 274 is 139.

TO FIND A THIRD PROPORTIONAL BETWEEN
TWO NUMBERS.

Place the first term on B under the second term on A, and over
the third term on B is the fourth on A.

The 3rd proportional to 78 and 14 is 27 (or more accurately
than the rule shows 2-682.)

A 14 2'7T— Answer,
B 73 14

The 3rd proportional to 17 and 20 is 49.
A 29 49— Answer.
B 3T F 29

T0 FIND A FOURTH PROPORTIONAL.

This is only another name for the Kule of Three, which has
heen already explained, We may, however, repeat the rule. Set
the first term on B to the second on A ; then against the third
term on B is the fourth proportional sought on A.

As 12 : 28 11 114 to the answer sought.

A8 266—Answer.
B a3 114
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MENSURATION OF SUPERFICIES,

AS BOARDS, GLASS, PAINTING, WAINSCOTING, TILING,
PAVING, PLASTERING, LAND, &,

This operation is performed by the lines A and B.

RULE—~If the length is in feet and the width in inches, t]
divisor or gauge point iy 12 on B, to which set the width on A

then against the length on B will be found the number of sq
feet on A,

When the length and breadth are both in inches, the gange poi
is 144 ; but if all are in feet, then multiply the length by th
breadth, and youn will hayve the measure in squaure feet.

What, is the content of 4 board 15 inches broad and 14 feet lo
Bet 12 on B to 15 on A, and againgt 14 on B is 17°5 or 17} feet 't
Answer, ’

A 15 175 or 17} feet.—Answer,

B IGPy e a4
What are the contents of 18 boards of similar dimensions |
Set 175 feet (the contents of one board) on A to 1 upon B, an
against 13 npon B is 2276 feet on A, By a similar operation th
contents of any number of boards may be fonnd,
A 175 2275— Answer,
B 1(G.p) 13
If a board be 20 feet long and 15 inches broad, how many
superficial feet does it contain?
A 20 25 square feet.—Answer,
B 12(ar) 15
How many superficial feet are contained in a door, height
6 Teet 6 inches, and breadth 34 inches!

A g L 184 or 18 feeig inches,—Answer,
B~ 12 (G.P.) 81

What is the content of a window 5 feet high, and 46 inches
wide! Set 53 on A to 12 on B, and opposite 46 inches (the
breadth) on B, are 22 feet 4 inch on A, the Answer.

A 575 y 22°1 feet.—Answer,

B 12(GP)
In the first, and in the last three examples, the divisor, or gange
point is 12, becauge the measurements are given in inches,

GLAZIERS' WORK; PAINTING, &o.
Is usually measored by the square yard, containing 9 square
feet, The divizor in these cases is thercfore 9.
BULE—8et the length in feot on A to 9 on B, and against the

breadth or height in feet on B will be found the answer in yards
on A,
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Roguired the content of work 31 feet long and 14 feet wide?
A 81 48 yards 2 feet.—Answer.
B 9(G.P) 14

Roquired the superficial feet in a window 60 inches high, and 50
{nehes wide? Here the divisor is 144, that being the number of
L pguare inches in a square foot.

A 60 il 20 feet 10 inches.—Answer,
B 144G 50

PAVIOUR'S WORK.
uired the number of square yards contained in a piece of
paving 16} feet 10!1%‘ by 188 feet wide. Set 9 on B to 167 or 16%
on A, and against 13:75 or 183 on B is found 25 yards, the content

s 165 25 yards—Answer,
B 9GPy 3 1875
Required the number of bricks sufficient for the above 25 yards
uf fmvi ng (the size of the bricks being 9 inches by 4} inches) of
which bricks 32 make a stperficial yard. Set1on U'to 32 on A,
nud ngainst 25 on B are 800 bricks, the content, on A,
A 852 800 biicks.—Answer.
B 1(G.P) 36
Required the content in roods of a piece of walling 876 feet
loafl and b feet high. Set272}, which is the area in feet of a rood
on B, to 876 the length on A, and against 5 the height on B, are
16 ronds nearly on A, the Answer,
A 876 16 roods,.—Bare Answer.
B 27225 (G.P.) b

TILING AND SLATING
s measured by squares of 100 feet.
Required the number of SQUARES contained in a piece of tiling
M feet by 15 wide.

A 10 6 squares or 600 fect.—Answer.

B 100 (G.P.) 15

uired the number of roods in the above dimensions! Asa
ool contains 63 feet, take 63 for the gauge point, thuos:

A 40 0% roods,—Answer.

B 63 (G.P) =TT ) T 1

Iequired the number of tiles to cover the same dimensions,
Mot | on B to 1014, the tiles in a rood on A, and against 94 on Bis
$05 the number of tiles required on A,

A 1015 0or 101§ 965 tiles.—Answer,

B 1(GP) oy i L
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LAND MEASURING.

The gauge points or divisors to be uged for land measuring an
the number of square chaing, square perches, and square yards i
aa acre. If the dimensions are given in chains, the gange poin
is 1 or 10; if in perches, it ig 160 ; but if it is given in yards, i
is 4840 ; all upon B.

RuLE, —To the gauge point, whether for chains, perches, or ya
on B, set the length on A, and against the breadth on B is th
content on A, y

Required the content of a piece of land, the length of which
20 chains 50 links, and the width 4 chains 40 links.

A 2005 9 acres.—Answer,
B 1 (G.Pforchamsy 4
Required the content of a pieee of land, of which the length i
179 perches, and breadth 37 perches, ; :
A 179 414 acres.—Answer.
n 160 (G.P. for perches) a7
How many aeres are contained in a field, the length of which i
35°25 perches, and breadth 225 perches,
A 3525 4956 acres,.—Auswer,
B 160 (.. for perches) 225

Required the content of a field 70 yards long by 70 yards wide
A 70 1'01 or 14}; acre.—Answer,
B 4840 (G.P. Tor acres) 70
What is the content, in acres, of a pieceof land 440 yards long
and 44 yards broad ?

A 440 ; 4 acres.—Answer,|
B 4810 (G.P. for acres) Ex!

TIMBER MEASURING,

under ** Mensuration of Buperficies" on page 24. If the bread 1
varies, a mean breadth must be obtained by adding the variow
measurements together, and dividing by their number.—RULE
Het 12.on B to the mean breadth in inches on A, and against the
length in feet on B will be found the area in feet on A.

If a board js 15 feet long, 14 inches broad at one end, and §
inches at the other, required the superficies. The mean breadth
being 11 incheg (half the sum of 14 and 8),

A 11 1875 or 18] fect.—Answer,
B 12 16
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1 n board of 18 feet long be irregalar in the breadth, say of
yon breadths measured at each, take the meazure at each of the
:1::‘ and ot the 3, 6, 9, 12, 15 feet also. Add those together, and
Avide by 7.
\Or, suppose the breadth of one end be 11 inches, and at the
uthor 7 inches ; add these together and take the half, which is 9,
W broadihs at intervals of 3 feet along it are 22, 81, 25, 23, and
i inehes, Add these five breadths together, 114 to 9, (half the
g of the end breadths) which will give the sum of 123 inches.
hon sotting 12 on B against 123 upon A, against 3 on B will be
i #0] feet, the answer upon A,
e A5 30:73 (or 303) feet.—Answer,
R 12 3
~ Wijunre or Tour-sided Timber, of the same size thronghont its
Mis langth, may be converted into cubie measure by means of
: ugu points in the fable, examples of which are given on
s 29 and 30.  Another method is to multiply the breadth by the
[ iokneas, and the product by the length, which gives the answer.

" o yixp raE Cusre CoNTENT OF ROUND Truper—RULE:
A the length is to 12 (or 10) on D g0 is the quarter girt in 12ths
(or 10the) on D to the content on C,

When the tree tapers, take the mean dimensions either by
glnlng it in the middle, or at the two ends, and taking half the
wim of the two. When the tree is very irregular take the mean
of peveral measurements.

Yhis rule, which is commonly used, gives the answer about one
fourth less than the true quantity in the tree, or nearly what it
would be after being hewn square in the usual way ; 80 that it seems
{ntended to make an allowance for the squaring of the tree. The
Mmoke correct way is :—as double the length on C is to 12 (or 10) on
1), 4o is 1-5th of the mean girt in 12ths (or 10ths) on D to the
Bontent on C.

Another method is to set the len in foet on Cto 10063 on D,
anid ngainst the quarter girt in inehes on D will be the content in
gibie feet npon .

he reason 10°63 is taken here for the gauge point is, that 10:63
{nihes is = quarter of the girt or circumference of a circle, the
Wwren of which is 1 square foot.

Required the content of » piece of round timber 82 feet loug
the quarter girt being 11 inches. 86t 32 upon ¢ to 10-63 upon D,
and against 11 on D will be found upon U 3425 or 32} cubic fect
the contents required.

¢ 32 84:25 or B4} feet,—Answer.

D 1063 11
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Set the length in fect upon € against 10-62 upon D, and against
half. the sum in inches of the quarter girts at f.m two ends on D,
will be found the contents in eubic foet on C, Then set one-l.hi.rci.
of the length in feet upon C against 1063 upon D, and against
half the difference in inches of the quarter girts at the two ends
on D will be found a second content in cabicfeeton 0, Add these:
two contents together, and the sum is the total content required,

With rough, nnsquared timber, buyers often get an allowanee of
one inch in every foot of quarter girt for the bark, and a further
allowance for the loss in squaring down the tree to make timber
of useful shape, The whole so taken off to make it square will be
about 35 Ener cent., or a third, If the length on O is set to 12 on
D ingtead of 1063, it will give allownnce of abouat 22 per cent,
which is often adopted.

MEASURING AND WEIGHING OF SOLID
BODIES.

In measuring golid bodies it is neediul to have a table of “ gauge
points,” or “ divisors,” adapted to the forms of the respective bodies,
whether they areriglitangled, eylindrical orglobular, Alsowhen the
weights are required, to have nsimilar table with the gauge points
referable to the respective speecific gravities of the varions bodies
in question. Such a table is marked on the Hawthorn Slide Rule,
a copy of which we herewith give. It will be seen to be composed
of three chief portions to be used in estimating; one for right
angled vessels and bodies, one for eylinders, and one for globes. The
first column underthe head of “SQUARE OR RIGHT ANGLED BODIES”
marked FFF contains the gange points when the dimensions are
all in feet, The second column, FII, contains the gaage points,
when the dimensions are in feet and inches; and the third III,
whon they are all expressed in inebes, A OYLINDER having but
two dimensions, height and diameter, has but two ecolumns of
gauge points ; that headed FI is used when the length is in feet
and the dimmeter is in inches; and that marked 11 when both
mensurements are in inches, A GLonE having but one dimension
has but one gauge point, marked F when it is in feet, and another
marked I when the size is given in inches,

Note.—All the gauge points are to be found on the line A,

The lengths, whether square or round, must be found on the
line B, and are to be set to the respective gauge points, on the
ling A,

All squares and diameters must be found on the line D),
opposite to which on C will be found the answer,

RuLE: As the length upon B is to the gauge point upon A, so is
the square or diameter npon D to the content upon C,
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A TABLE OF GAUGE POINTS OR DIVISORS,
TO BE URED WITH
HAWTHORN'S LOCOMOTIVE ENGINEERS' SLIDE RULE,

IN MEABURING AND WEIGHING SQUARE OR RIGHT-ANGLED
VESSELS OR BODJIES, CYLINDERS, AND GLOBES.

BQUARE ORIV
RIGAT-ANGLED OYLIKDERS, OLOBES,
BODILES,

Feet
In. | and | In,
oﬁ. In. | only, | Feot | Tn.

F1 I F f §

Cubie In.iiienns 624 | 66O | 799 | 6256 | 119
| Cubie Ft... " 108 | 114 | 138 | 119 | 206
| Imperial G 174 | 184 | 23| 191 | 829
|

Water in 1bs.......| 10| 144 | 174 | 184 | 22 [ 191 | 329
Gold in Ibs. ...... 60T | 735 ( 88| 96 | 118 { 030 | 180
Silver in 1bs. ...-.. 933| 186 | 157 | 173 | 208 | 178 | 354

| Wrought Iron ..| 120 ' 186 | 222 | 285 | 283 | 247 | 423
| Cast Iron and
Spelterin Ibs....| 189 | 2 | 241 | 254 | 304 | 265 | 458
Steel in Ibs, ......| 186 183 | 22 | 283 | 278 | 289 | 418

{ Copper in 1b8.....| 112 163 | 106 | 207 | 247 | 214 | 871
Brass in Ibe. .....| 12| 17¢ | 207 | 221 | 265 | 23 | 397
Tin in Ibs. .........| 187 | 135 | 235 ] 25 | 300 | 261 | 454
| Leadinlbs, ... 880 126 152 | 162 | 104 | 169 | 289
| Mercury in 1bs....| 788 | 122 | 127 | 132 | 162 | 141 | 242
Coal in 1b8........o.| 795 ' 114 | 188 | 146 | 176 | 151 | 262
Freestone in lbs, | 894 57 | 69 | 728 | 878 | 756 | 132
Marble in 1bs. ..| 870 | 53 [es7 | 725 | 81| 72 | 121
Dry Oak in Ibs....| 108 ' 158 | 180 2| 2387 | 208 | 855
Rd. Deal in Ibs....] 151 | 22 | 263 | 285 | 236 | 287 | 501
Mahogany in Ibs, | 94 | 136 | 164.] 175 | 208 | 18 | 886
Boxwood in 1bs, | 968 | 152 | 169 | 194 | 214 | 186 | 32
Oil in 1bs. .........| 108 1565 | 189 | 199 | 238 | 207 | 358

In measuring or weighing sqnare timber, stone, metals, or any
othrer bodies which are unequal sided, a mean proportion must be
found to aseertain the true square; this is done by the rule “to
find & mean proportion between any two nmumbers,” given on

23,
Eow many eubic feet may be contained 1n a cistern 28 feet long,
7 feet wide, and 6 feet deep?
Find a mean pruportional between the length and width (28
and 7) as explained on page 23, by setting 28 on € 1028 on D, and
against 7 on C is found the mean square, 14 feet on D.—_'th

1.
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gauge point for ““cubic feet,” on reference to the table, will b

seen to be 625, Bet 6, the depth, on B to 625 (the gange point) o

A, and against 14 on D is 1176 cobic feet, the answer on (.
28 (gauge point) 7

C
D 28 14 feet mean square,
A 625 (gauge point)

5 IR o o

(o} 1176 cubic feet, the Answer.
D 14

Required the content in cubie inches of a piece of timber 2 fea
long, 12 inches wide, and 12 inches thick. T.ook to the table o
divisors or gauge points, on page 29, and in the line “cubic inches,}
second column, 1s the divisor for feet long, inches wide, nni
inches thiek, viz,, 518, :

Set 2, the length upon B, to 518 the divisor upon A, and agains
12 (the breadth and thickness) upon D is 8456 the content in cubil
inches upon ¢ '

A 518 (gange point)
B R

« 3456 cubie inches.—Answer
D 12
Required the cubic contents of a piece of timber 3 feet aquare
and :&' feet long,

The dimensions being allin feet, the gange point for cubic feet
under FFF is 625,

A 625 (gange point)
B 20 (the length)
0 180 feet.—Answer,
D 3
THE SAME EXAMPLE WITH THE DIMENSIONS IN INCHES,
The gauge point under ITT is 108,
A 108 (gauge point)
s B 240 (inches)
(0] 180 feet,—Answer.
1 D " 36 (inches.)
How many cubic inches are contained in a piece of stone 80

inches square and 10 feet long? The gauge point, 9, will be found
under ﬁ[. in line with “cubic feet.”
i A __ 9 (gauge point)

B 10 (length)

o) 62'5 feet.—Answer,
D 30
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If the dimensions of the same piece of stone are taken in inches,
o gauge point will be in a line with * Cubie Feet,” and under
inches only, IIL" The problem on the rule will then stand

ne :—
A 108 (geugepoint)

B~ 120 (length)
o 625 feet,—Thesame answer,
D 80

Tue WEIGHING OF ANY BonY oR SUBSTANCE is performed after
fhe same manner ns measnring, and is done by means of the table
of gauge points, but the answer will be in pounds, instead of cubic
{nches or feet, gallong, &e. v

What weight of water will be contained in a cistern 3 feet deep
nnd 28 inches gquare

Set 8 on B to 144 (the gauge point in the table for water
in 1bs.) on A, and against 28 on D is 1020 lbs,, the answer on C,

A 144 (gauge point)

B8
Q i 1020 lbs.—Answer.
D 28

What is the weight of two logs of dry timber, each 20 feet long
and 15} inches square, one being onk the other red deal.

Por OAK.—8et 20 on B to 158 (the'g:::ge point in the table) on
A, which is in a line with “ Dry Oak.” ander ¥ Square FFF,"
and against 15} on D is 1897 Ibs. on C.

A 158 (gange point)
20

(0] 1897 1bs.—Answer.
D 155
For RED DEAL, the gauge point in the table is 22, Set 20 on
B to 22 on A, and agsinst 15} on D is 1360 Ibs., the answer on C,
22 (gauge point)
20

1360 lbs.—Answer,
156
If acolumn of mercury be 205 (29)) inches long, and 1 inch
square, what is its weight?
A 127 (gauge point)
B 205 (length)

ga =

14:5 (14} 1bs.)—Answer,
1 (inch square.)

oc
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What is the weight of a column of water 1 inch square and
feet long?
A 174 (gauge point)

B 38 (length)
C 1875 (13§ 1bs,)—Answer.
D 1  (inchequare.)

What is the weight of a solid yard of coal?
A 795 (gange point)

B 3 (feet)
o 2110 1bs.—Answer,
D 3 (feet)

To PIND THE WEIGHT OF A BAR oF EACH BRASS, COPPER,
LuaD, 6 feet long and 4 inches square.

For BrAss :—The gauge point is under FFI, 174,
A 174 (gauge point for Brass)

B 6
(5] 345 1hs,—Answer,
D 4
For CorpPER :—
& 169 (gauge point oy Copper)
G 6% POl
o} : 8685 or 368} 1bs.—Answer,
D : i
For LEAD :—
A 126 (gauge point for Lead)
B 6
C 476 1ba.—Answer,
D 4

OF CYLINDERS, GLOBES, AKD CONES,

If a cylinder be 6 inches lm%ba:ul 6 inches diameter, how many
cubic inches does it contain? @. P. for cubic inches is 799,
799 (gauge point)

6 inches length,

169 enbic inches.—Answer.
6 inches diameter.

o wme
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How many cubic feet are contained in a eylinder 6 feet 6 inches
long and 20 inches diameter? y

A 114 (G P) ‘

B 6% _

Q 148 cubic feet,—Answer,
D 20

Required to find the number of gallons in a column of water 12
feet high and 14 inches in diameter. The gange point for eylinders
under F'I (feet and inches) is 184,

A 184 (gauge point)

B 12 feet
C 80 gallons.—Answer.
D 14

What is the weight of a millstone 60 inches diameter and 12
inches thick?

This being a cylinder, with both measurements in inches, the
gauge point is 873, according to the table page 29,

A 873 (gange point)
i 12 (inches length)
¢ 5080 1be.—Answer,

D 60

What will be the weight of a column of freestone 12 feet high
and 12'7 inches diameter?

Set 12 on B to 728 (the gange point for cylinder FI) on A, and
against 12:7 on D is 1660 1bs. on €,

A 728 (gauge point)
12

B
¢ 1660 1bs,—Answer.
D 12:7

What is the weight in Ibs. of a column of water 6 feet Jong and
13 inches diameter ?

Set 6on B to 184 (the gange point) on A, which is under
Cylinder FI, and in line with “ water in 1bs.,” aud against 13 on D
is 845 lbs, nearly, the answer on C,

184 (gange point)
6

845 1bs. nearly.—Answer,
13

oa w>



What is the weight of a solid oylinder of CAsT ITRON 24 inch

hi%ﬂmd 12 inches diameter? ]

fer to the table of «Gauge Points, and opposite to “cast i
under the head of Cylinders IT is the gauge point 504,

A B804 (gange point)

B %
¢ 708 1bs.~Answer.
D 2

In the last example the gaage point for inches is used; if

height

answer is the same.

1]

Q
D 2 Teet.

The cubic contents, or weighti of a globe is equal fo two-thirds
its eircomseribing evlinder The gauge points for globes will
found in the table of gauge points on page 29.

Required the weight of a ball of cast iron 12 inches diame
The divisor or gauge point in the table is 458,

Set 12, the diameter on B, to 458, the divisor on A, and agai
12 on D is 235 1bg,, the weight, on C.

To find the weight in 1bs. of a globe 5 inches dismeter of e
brass, copper, and lead,

For

against 5 on D is 19'65 Ibs, weight, on O,

For
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be taken in feet, then the gauge point will be 264. T

A 264 (gauge point)
B 1 foot

708 1bs,—Answer.

OF GLOBES.

B 12
(] 256 1hs.—Answer,

D 12

BrAss.—Set 5 on B to 397 (the gauge point) on A, and

A 397 (gauge point)

T

C 1965 1bs,.—Answer,
D 5

CorpER—The gauge point is 371,

A 371 (G. P.)

B b

C 21 Ibs,—Answer.
D b



For LEAD :(—
A 289 (gange point)
B 5 ZiE
¢ 27 1bs,—Answer,
D b

OF CONES.

A Cone contains one-third the weight or bulk of a cylinder of
the same height and diameter. In measaring or weighing Cones,
take one-third of the Leight and proceed as for eylinders,

What will be the content of a eylinder, globe, and cone,
separately ; the cylinder 12 inches high and 12 inches diamoter ;
the globe also 12 inches diameter and the cone 12 inches high and
12 inches diameter at its base!

Fol THE CYLINDER—Bet 12 upon B to 709 the G. P. upoen 4,
and against 12 npon D are 1356 cabie inches, the answdr, upon C.

A 799 (G.P.)
B i
(] 135‘5-_@ic inches,.—Answer.
D 12
For THE Groni.—The gange point is 119.
A 119 (G. )
B ' 12
e 9004 cubie inches,—Answer.
D 12

For THE CONE :—

Take one-third of its height, which is 4 inches, and set 4onB
to 799 (the gange point of the eylinder in inches) on A, and
againgt 12 the diameter on D, are 452 eubic inches, the nnswer.

A 799 (G. P)

B 4 inches.

(6] 452 Cil}\i() inches.—Angwer,
D 12

All these examples of estimating the cubie contents of vesscls
and golid bodies, or their weights, are to be performed by means
of the table of gauge points given on page 29. If capacity or
cubieal measurement i8 required, the side headings marked
% onbie inch,” “eubic foot,” and “impertal gallon " must be used;
if weights are required, the other data in Ibs, must be employed,

In some books of instruction for the use of Hawthorn's
Engineers' Rule, are examples under scparate heads for weighing
steel, and cast or malleable, and wrought iron, but as all these
may be estimated by the foregoing table of Gauge Points in the
n:me manner as other bodies, it is considered needless to repedt
them.
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MEASURING AND WEIGHING OF LIQUIDS,

MEMORANDA,
A cubie foot contains 6:25 gallons (6} gall.)
A cubic yard contains 16875 gallons (168} gall.)

A cabie foot of distilled water at 60° Fahrenheit, and with
barometer at 80 inches, is equal to 277°274 cubic inches, Itmay
mentioned that the standard gallon of the United Btates containg
but 231 cubic inches, which is almost the same as the old English
wine gallon,

A cubie foot of water weighs 62:5 1bs, or 1000 ounces avoirdupoi ;

The measurement of lignids is to be performed by means of the
table of gauge points (see page 20) whether the answer is to
expressed in imperial gallons, cabie feet, or cubic inches.

Reqnired the number of gallons that may be contained in a vag
386 inches deep, and 24 inches square. The gauge point for gallons,
the measure being given in i 8, i8 174,

A 174 (gauge point)
B 86 inches,

AN 746 (74)) gallons,—Answer,
{ D 24 inches,

The next iz the same example but with the measurement
expressed in fect.

A 10 (gauge point)

B 3 feet
C T4:5 gallons,—Auswer as above.
D 2 feet,

Aﬁln: the same example, but the measure expressed in feet
and inches,

A 144 (gauge point)
3 feet.

Cc 745 gallons.—Answer, as above,
D 24 inches,

In these examples the length and breadth are the same, Where
gg;y maa ggmnt, & mean pmpor;.iic;gai musl;}: found (rule, page
, AN operation proceeded , using the mean pro i
48 the one factor is, in the ubove example,
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MEASUREMENT OF CIRCLES,

The following formulary will show properties of the circle which
are in most general use, and the mode of finding its equal or
inseribed square and inscribed equilateral triangle.

the diameter X 886
The side of an equal square = { or
the circumference x ‘282
the diameter x 707
The side of an inseribed square = 4 or
the circumference x ‘226
The side of an equilateral triangle inscribed in a circle =the
diameter == 1'15.
of a circle the diameter of which is 1, the circumference = 8'141
or as 7 is to 2198 or 22 nearly
Of a circle the circumference of which is 1, the diameter = 7864
Of a circle the circumference of which is 1, the area = (0795
Of a circle the area of which is 1, the diameter =127
To find the circumference of a circle, the diameter being given ;
or, the diameter being given to find the circumference,
Bet 7 on B to 22 on A, and against any diameter on B is its
¢ircumference on A,
A 22 31'4 (28 942 circumferences in inches or otherwise
B 7 10 20 30 diametersinthesamedenomination

To find the circumference of a circle 524 inches diameter.
A 3141 (or 22) dia, 164 inches.—Answer,
B 1 (or7)eire 595
What is the circumference of a cirele the diameter of which is
28 inches !
A 3146 (cirenmierence) 88 inches,.—Answer.
B 1 (diameter) 28
Or the figures being reversed upon the lines A and B, the line A
will be line of diameters, and B of their relative circumferences,
The dinmeter of a circle being given to find the area; or the
area being given to find the diameter,

Set *78064 (the area of a circle whose diameter is 1) upon C to 1
or 10 upon D ; the lines C and D will then be a table of areas and
diameters of the same denomination, for against any diameter
upon D is the area upon €,

. Q 7854 157 235 b5 areas,
2 b | 2 4 7 diameters,
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The circumference being given to find the avea; or the area
being given to find the circumference.

Sef 0795 (the area of a cirele whose cirecumference is 1) upon C
to 1 or 10 upon D. and the lines C and D will then be a table of
areas and cireunmferences of the same dencmination, for againast
any circumference upon D is the arearupon €, of the same
denomination, whether inches, feet, or otherwige,

C 0795 ‘1590 ‘3180  -T155 1459 areas.

D 2 F ] 20 circumferences.

To find the side of a square equal in area to any given circle,

Set *886 (the side of a sguare cqual to a circle whose area is 1)
upon A to 1 upon B; then against any diameter of a circle npon
B is the side of a square that will be equal in area npon A.

To find the side of the greatest square that can be inscribed in
any given circle,

Bet *T07 (the side of a square equal to a circle whose diameter
is 1) upon A to 1 upon B, and against any diameter of a circle
upon B is the side of its inseribed square upon A.

To find the side of the preatest equilateral triangle that can be
inscribed in any given circle,

Set 115 npon B to 1 upon A, and against any diameter of acircle
upon B is the length of a side of the triangle upon A.
OCTAGONAL AXLES.

The Gange Points for octagonal rods are for Wrought Iron 225
and for Cast Iron 242,

‘What are the weights of octagonal shafts of Wronght or,Cast
ron, 8 feet long, and measuring 5 inches across between opposite
sides on itz end?

WEOUGHT IROX (OCTAGONATL).

A _ 225 (gauge point)
B 8 feet long,

c 536 1bs.—Answer,

D ]

CAsT IRON (OCTAGONAL),
242 (gauge point)
8 feet long,

516 1bs.—Answer,
5

olo
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points, a copy of which is already
another table of gauge points to be used in estimat
of Ropes, and Small Round and Squa
the Strength of Materials, or the Extreme Stra

39

TO BE USED WITH THE
HAWTHORN LOCOMOTIVE ENGINEERS' SLIDE RULE,
FOR ROPES, CHAINS AND SMALL ROUND AND SQUARE IRON, &t

Urox TE HAwTHORN RULE, following the table of gauge

given on page 29 will be found
ing the Weight
re Iron, and in ecalculating
in which Ropes,

Chains, Iron Bars will bear and the diameters of Piston Rods.

; L Weight in | Extreme Work Inclined
Oll:lnf-;]gg:; °¢|  Yards. Strain, with Planes,
Ibs, 1bs, 1bs. Ths,
ROPES. 47 140 320 50
Diameter
in i ths.
CHAINS, 52 30 78 13
. Feet
in § ths, long.
SQUAREIRON 12 642 265
Piston
in § ths. Rods
ROUND IRON. 152 816 i 338 32

Upon the A line of the
Gange Points—
Piston Rods ... w38

rule are also marked the following

Hopes ... var A1

thains ... s dos sus B2

Bquare Iron, in. jths ... avs 12

Round Iron, in. jths ... L 162

Governors e 187
ROPES,

What is the weight of a rope 25 yards long and 4 inches
circumference !
Set 25 on B to 47 on A, and against 4 on D is 5316 1bs. on C.
A 47 (gauge point)
25

B
c i 53°16 1bs,—Answer. 3
D 4 '

AN i
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CHAINS.

What is the weight of a short-link chain, 30 yards long mﬂ\_
6-16ths of an inch diameter !

The E:.uge point 52 is in a line with Chains, and under Weight
in Yards. .
Bet 30 on B to 52 on A, and against 6 on D is 129'65 1bs, on C.

A 52 (gange point)
B S dh 30

C 129465 1bs.—Answer,
D 6

SMALL SQUARE IRON.
What is the weight of a bar of iron 12 feet long and §ths of an
inch square ?
The 'gf::;ge point in the above table is under FEET in a line with

Set 12 on B to 12, the gauge point, on A, and againat 5 on D is
15'625 1bs. the answm', on

A 12 (gauge point)
B 12 feet long)

8] 15625 1bs,—Answer,

D b (eighths)

SMALL ROUND IRON.
‘What is the weight of a bolt 18 feet long and jths of an inch
diameter !
Set 18 on B to 152, the gange point, on A, and against 5 on Dis
18'47 1bs. on C,

A 1562 (gaunge point)
B 18 (feet long)
C 1847 Ths,.—Answer.
D 5 (eighths)
STRENGTH OF MATERIALS.
ROPES,

What is the extreme strain or weight a 6inch rope will bear
before breaking !

Also with what weight it will safely work in ordinary cases.
Pl:;zd ?whiz't weight is usnally given to it in practice upon inclined

E8

In caleulatin load upon the on an inclined plane, if the
load is to be r&d, add thpe fricta;:pesnd weight of Ec rope and
the carriage to the load, for the real weight upon the rope.
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If the load has to descend, deduet the friction and the weight
of the carriage and the rope from the load, to obtain the real
weight upon the rope.

N.B.—The load or weight must always be found on C, and the
circnmference of the rope on D.

The gauge points will be found in the preceding table.

A 140 (gauge point)
EXTREME B 1
STRAIN C 16060 Tha.—Answer,
D 6 (inches dinmeter)
A 320 (gange point)
‘WILL BAFELY B 1 37 Al
WORK WITH (8] 7000 1bs,—Answer.
D 6 (inches diameter)
A 50 (gange point)
INCLINED B 1
PLANES G 4485 1bs,—Answer,

6 (inches diameter)

What is the eircumference of a rope that will bear or
16060 1bs, before breaking? That will safely work with 7000 Ibs. ¢
And that will work on an incline plane, agreeably to the data in
general practice, with a weight of 4485 1bs?

Thewe questions are the converse of the three above given, the
diameter of the rope being required instead of the load or strain.

Fon tHE ExrTrREME STRAIN,—Set 1 on B to 140 (the gauge
point) on A and against 16060 1bs, on C is 6, the circumference of
the rope in inches on D, and the otber two answers may be found
in exactly the same way, by referring to the gauge points,

CHAINS,

Required the extreme weight or strain a chiain S ths of an inch
diameter will bear before breaking ; also, what weight the same
will safely work with ; and lastly, what weight or load is usually
assigned to it on inclined planes.

Find the respective gauge points in the same line as “ Chains™
and under * Extreme Strain " is 30 ; under * Work with ™ 78 ; and
under “Inclined Planes™ 13,

A 30 (gauge point)
B 1

EXTREME

BTRAIN (6] 13360 1bs.—Answer.
D 8 (sixteenths)




78 (gauge point)

WORK WITH :
c 5130 Ibs.—Answer,
D 8 (sixteenths)

A 13 (gauge point)
INCLINED B 1

PLANE c 3060 1bs.—Answer,
D 8 (sixteenths)

To find the diameter of the chain when the weight or load is
given, preceed exactly as in the last cases ; only the weight or

strain will be in pounds on C, against which will be the diameter
of the chain in sixteenth parts of an inch on D,

In calenlating the real load, the friction and weight of carriages

must be added or dedueted, in the same manner as with ROPES
worked on INCLINED PLANES,

IRON.

To find the extreme strain a bar of ordinary jron fths of aninch
rquare will bear before breaking ; and the load it will safely carry
when applied as a suspension bar, serewbolt, &c.

ExTREME STRAIN.—Set 1.on B to 642 on A, (the gauge point,
which will be found in a line with gnuare iron, and under * extreme
strain,") see page 39, and against 7 (the number of eighths square)
on D, is 47500 1bs, on O, the extreme strain.

WORK WITH.—Seb 1 on B to 265 on A, (fhe gauge point under
* work with,”) see page 39, and against 7 on D is 11530 1bs., the
weight which the bar will safely earry when applied ag above.

How many pounds will & bar of common iron &-8ths of an inch

di?meter bear before breaking ! And how much will it work with
safely ?

Under the respective heads, and in a line with round iron, arve
the two gauge pointa,

Exviese SrrAm.—Set 1 on B to 816 (the gauge point, see
page 39) on A, and againgt 8 on D iz 4900 1bs. on C.

SUSPEND OB WORK WITH.—Bet 1 on B to 338 (the gange point,

se¢ page BY) on A, and against 8 (the diameter in cighths of an
inch) on D is 11801bs. on C.

DIAMETERS OF PISTON RODS

are found after the same manner; only observe the gauge point is
#2, to which 1 or 10 upon B must be set ; and against the extreme
weight on the piston on C is the diameter of the rod in eighths of
an inch on D,
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CAST IRON BEAMS,

To ascertain the strength of Leams supported at cach end and
loaded on the centre, find the gauge point on the line B; for
beams 1 inch thick the point is 36.

What 18 the weight in 1bs, a beam 3 feet long 3 inches deep
and 1 inch thick will bear on its centre before breaking?

Set 8 on A to 36 (the gauge point) on B, and against 2 on D is
6733 1bs, on O,

A 3B

B 36 (gauge point)

C 6733 1bs.—Answer,
D ]

To find the load a cast iron beam 6 feet lon 2, 3 inches deep, and
1 inch thick will carry on its centre before breaking,

Set 6 on A to 86 on B, and ngainst 3 on D is 8373 Ibs. on C.

What weight will a beam hear, 8 feet long, 2 inches deep, and
1 inch thick, when loaded as above?

Set 8 on A to 36 on B, and against 2 on D is 1124 1bs. on C.

The foregoing examples on the strength of beams show the
weight they will bear before breaking : bat in practieal applica-
tion the strength shonld be from 8 fo 10 times this reckonin '3
depending on the nature and purpose for which the heam is to b
used. For joists. three times will be generally suflicient ; bat for
machinery, a8 engine beams, ten times the data, in many ¢ases, is
no more than can be sately relied upon. These observations refer
to cast iron only ; wrought iron beams will bear about one ninth
more ; but the sllowance for practical purposes need 1ot be more
than one-half of cast iron,

WROUGHT IRON BEAMS

supported in the centre, and the weight applied at cach end,
For these the gange points will be found on B i 204 is the gaunge
point for beams 1 inch thick, .

What is the extreme weight an engine-beam will bear at each
end, 15 feet long, § inches deep, and 1 inch thick

Set 15 on A to 204 on B, and against 9 on D is 6870 1bs, on O,

For all practical purposes, cast iron beams should be about
double the size of iron. Observe, in both instances, the examples
and gauge points are given for beams 1 inch thick, the strength
always being in exact proportion with the thickness; so that,
twice the thickness will carry twice the weight, and ono half the
thickness half the weight,

WEIGHTS OF CAST IRON PIPES;

RULE—As the thickness of the pipe on B is to 102 (the gange
point for pipes 12 inches long) on A, 80 is the mean diameter on A
to the weight in pounds on B,
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What is the weight of a cast iron pipe 12 inches long, 8 inches
bore, and half an inch thick?

Set 5 on B to 102 (the gange point) on A, and against 8} (the
mean diameter) on A is 4161bs, on B.

nired the weight of a pipe 12 inches 1 12 inches diameter

18 GO s ] ot thick T -

Set 1 on B to 102 on A, and against 13 (the mean diameter) on
A is 127} 1bs. on B,

What is the weight in ewts, of a pipe 5 feet long, 12 inches
diameter inside, and half an inch thick ?

In this case the gauge point is 191 on A, which is the thickness
it must be set to.

Set 5 on B to 191 on A, and against 12} (the mean diameter)
on A is 827-5 or 327} Ibs. on B,

What is the weight of a pipe 6 feet long, 12 inches bore, and 1
inch thick !

Set 1 on B to 191 on A, and against 13 on A is 681 lbs, on B.

ACCELERATED MOTION,
FALLING BODIES.

Heavy bodies falling near the surface of the earth mg:im n
speed of 16y feet the first second, 64'3 feet in two seconds, and
257 in four seconds ; therefore if 257 on C be set to 4 on D, the
line D is the number of seconds, and the line C is the number of
feet fallen.

If a stone falling into a pit should find the bottom at the end of
the sixth second, what is the depth of the pit?

Set 267 on U to 4 on D, and against 6 on D is 576 feet on C.

C 257 576 feet.—Answer,

) R 6

HORSE POWER OF STEAM ENGINES,

Runm—As the pressure of the steam per square inch on the
safety valve on B, is to the gauge point 250 on A, so is the diameter
of the eylinder on D, to the horse power on C.

A cylinder being 32 inches diameter, with steam 25 1b, persquare
inch on the safety valve, requirad the horse power?

Set 25, the steam pressure, on B, to 250 on A, and against 32
(the diameter of the cylinder) on D, is 64 horse power on C.

A 250 (gauge point)

B 25 (pressure)

DX 64 horse power.—Ansywer.
D 82 (diam. of cylr.)
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What is the horae power when the c{linder is 20 inches diameter,
and steam 30 1b. on the safety valve

Set 80 on B to 250 on A, and against 20 (the diameter of the
eylinder) on D, is 80 horse power on C.

A 250 (gnuge point)

B 30 (pressure)
¢ 30 horse power.—Answer,
D 20

ANoTHER METHOD by the lines A and B only.
Runk.—As the gange point, 28, on B is to any diameter on A,
80 is the same diameter on B to the horse power on A,
A 40 (dinmeter of eylinder) 56T horse power,—Answer.
B 28 (gauge point) 40
Of a cylinder 60 inches diameter.
A 60 (diameter of cylinder) 129 horse power.—Answer.
B 28 (gauge point) 60
and in like manner for any other cylinder.

GOVERNORS.

To find the number of revolations a governor will make in a
minute, the length of the pendulum or arms to which the balls are
attached being given in inches.

RuLe.—Invert the slide. Then as 1 on C is to 187 (the gauge
point) on A, is the square root of the pendulums or arms in inches
upon € to the number of revolutions per minute upon A.

What number of revolutions will a governor make, the pendulums
or arms of which are 80} inches long?

Invert the slide. Then set 1 on C to 187 on A, and against 5}
(the square root of the pendulums or arm) on C, is 34 on A,

A 54 —Answer. 187
o & 1
COMPARISON OF FRENCH AND ENGLISH
MEASURES,

The French Metre is equal to 8937 English inches. For easy
remembrance, it may be noted that it is uently spoken of as
% three threes,” 3 feet 3 inches and § the. English. It is divided into
10 decimetres, 100 centimetres, or 1,000 millimetres. The follow-
ing are approximate equivalents of French and English measures,
on the lines A and B, and when the lines are set for any pair, they
will be comparative scales of those measures throughout their
entire length,
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If 35 (millimetres) on A be set to 22 (sixteenths of an inch) on B,
the line A is a line of millimetres and B is a line of English inches
in sixteenths,

If 127 (millimetres) on A be set to b (inches) on B, the line A,
is a line of millimetres, and B a line of English inches,

Tf 70 (centimatres) on A be set to 30 (inches) on B, A willbe a
line of centimetres, and B of English inches,

1f 7 (metres) on A be et to 23 (feet) on B, A will be a line of
metres, and B one of English feet.

This little book of instruction is not, of course, put forth as a
complete exponent of all the wonderful properties of the slide
rule. The rule is, however, as perfect in its theorctical accuracy
as is the seience of arithmetic ; but owing to its limited lengthin
comparison with the illimitable range over which numbers may be
extended, the use of the rule must be comparatively limited. The
pamphlet is merely intended to deaw the attention of the intelligent
mechanic to the frathfulness and utility of the Slide Rule, and to
induce him to have recourse to those much more ¢laborate and
exhaustive breatises which have been written upon the subject. It
is well known that for a century or more the Excise have performed
all their calenlations by its means, and important testimony to ita
value was contained in a recent number of ¥%e Ironmenger in a
biographical sketch of Mr, Richard Chamberlain, Chairman of
the Finance Committee of the Town Council of Birmingham,
and brother of the Right Hon. Joseph Chamberlain, M.P, _
referring to the singular success which had attended him in his
private undertakings and in his public career, it said, * This fond-
ness for figures, which has proved of guch value to him in his
character of financial minister of the Birmingham Corporation, is
incidentally and curiously manifested in Mr. Chamberlain’s
attachment to the slide-rule, of which instrument he is a perfect
master and an enthusiastic admirer, Indeed, Mr., Chamberlain
does not hesitate to attribute a great part of his success in life to
his free use of that modern conjuring rod."”
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Page 82, line 3, for 174 read 144,
L Lid w By " ]n M)md ls’s(

Page 87, line 16 from bottom, for dia, rend eirc.
# o ou 15, w g cire read dia,
D w  u for3146 read 8141,
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