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JOHN NAPIER,
The Discoverer of Logarithms,

Born at Merchiston Castle pear Edinburgh, 1550,
Discovery of Logarithms Announced, 1614,
Tercontenary  Celebrated at  Edinburgh, 1914,

John Napier, “ the apthor and inventor of logarithms, '
to quote the appellation given on the title page of his
T Admirable Canon of Logarithms,”  published in 1614,
was born at Merchiston Castle, near Fdinburgh, in 1550,
and was the eighth member of the Napier family to succeed
o the Merchiston tes,

Of his early lite not much is known except that ke was
edneated at St. Salvators College, St. Andrews, and was
hoarded within the cbllege under the special charge of the
principal, but it would appear that his stay was oot of long
duration, though his mind during that period evidently
received a strong impetus towards | theological studies, for
theology thronghout his life was as great an attraction as the
subject of mathematics that eventually made him worid-
famous

His subsequent studies at the University appear to have
been followed by several vears of travel and study on the
Continent, though little s known of his actual expericnces
at the places he visited, There [s evidence, however, that he
immersed himsell tn the troublons ecclesiastical affairs of the
time and acquirod gome reputation, hoth at home and abroad,
ag a/‘seholar and a theologian.

It was nol until 1614, in his sixty-fourth year, that he
announced ta the world hisinyention of the uumbers which he
called ““ logarithms,"' a discovery that not only constituted
one of the greatest forwird steps in the practical application
af pure mathematics to arthmetical computation, but
stamped its author as one of the foremost men of his time.

In 1914 posterity paid tribute to his greatness by cele-
tirating his tergentenary, under the anspices of the Royal
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Society of Edinburgh, in which city a most interesting
collection of personal relics, hooks, instiumpnts and devices
for facilitating calenlation were gathornd together, and a
fecord of permanent valire established by the publication of
an oxhaustive illustrated handbook, edited by E. M, Hors-
bargh, M.A,, Assoc.M.Tnst.C.I.. giving an instructive
illustrated account of the exhibits, accompinied with a brief
hiography of Napior's life and work by Professor George A,
Gibson, M. AL, LL.D.

Ta this book we beg to express our indebtedness, and
at the same time¢ our obligation to the Roval Society of
Edinburgh for their kind permission  to  reproduce the
accompanying portrait of John Napier.

Although  Nupier's discovery was not published until
1614, three years before his death, there is evidence that
he had been engaged for many previous vears on the studies
relating to it, and that when made known it excited profound
interest and respect, both here and on the continent, amongst
those best capable of ippreciating its magnitude,

Amungst the earliest to recognise it in this country was
Henry Briges, Professor of Mathematics at Gresham College,
London. So deep was liis admiration excited by its importance,
that he made a special journey from London to Fdinburgh—
no, light task in those days—to make Napier's personal
accuaintance, and the account of the interview is one of the
pleasing reminiscences of sclence. When first brought together
the two men gazed into each other's face for a time without
speaking. At length Briggs began : My Lord, I have under-
taken this long jonrney purpnsely to see your person and to
know by what engine of wit or ingenuity yvou came first
to think of this most excellent help mito astronomy, viz.,
the loparithms ;. but, my Tord being found, T wonder nobody
eise found it out beiore, since now it appears so easy,”

Napiler and Briges wers obviously congenia® spirits, for
the intimacy thus begun ripened into a permanent and warm
affection, Priggs spent a month at Merchiston, returned for a

second visit the following summer, with the further intention

*
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of making @ third visit the next year, but was prevented by
the untimely death of Napier. N
gs’ admiration for his friend’s * invention * was
mBgr:SEf that he began the caloulation of a set of tables,
which is essentially the system nowin use, and to this labour
devoted some years of his life. A tribute that deserves to be
borne in mind when recognising the genius of his friend,

On the Continent recognition of the importance of Napier's
work was as great as at-home, The earliest tables were printed
in 1617, and roused Kepler, the astronomer; to an admiration
second only to that of Briggs

Napier's conception of the logarithm, as his biographer
remarks, * cannot fail to suggest to 1the student of mathe-
matics Newton's treatment of the fuxional caleutus: not
that Newton borrowed from Napler, but ibat the fu ndamental
ideas of both were so much alike.” The great generality of
Napier’s conception has been moare clmrly_ understood in
recent years, and there is a strong tendency in the advanced
stages of mathematical study to return to a definition of the
logarithm very much akin to that of Napier.

Present admiration of Napier's genius is enhanced when
it is considercd how little the field of algebra in his day was
explored, It must be remembered that the madern conception
of a logarithm as the index of a base, did not exist until long
afterwards. Napier makes no use of a base and the whole
conception of mdices w the modern sense of fractional and
negative values was then unknown.  Napier's conception of
a logarithm is based on the following comparison of the
velocities of two points moving along two straight lines,

Suppose, for example, one point P to move from A dlong
the line A X with the uniform velocity V; and suppose a
second point O to move from B along the line B Y (of given
length rITJat the same time as P, and with the same veioc!Fy,
but to move not uniformly but with a velocity, at any point

D, proportional to the distance D Y. ;
If now P reaches C when Q reaches D, then Napier defines
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the number which messures A C to be bl " logarithm ' ol the
number which measures DY
3 C X
|‘
1B §] Y
0
Napier had the needs of trigonometry primanly o mind
when discussing the matter and speaks of B Y (or r) as
““the whole sine " and D Y as ™ a sine,” and it is to be further
* remembered that in Napier's day the sine was regarded as o
Fine and not @ ratio as it is now,

Referring to Napier's diagram : When Q is at 1B, Plisat A
and the Jogarithm of the ** whole sine " B Y 1% zero,
Fhe loganthms of numbers [ess than B Y arve positive

L0 were to thedeft of B then P would be to the Teft of A,
and A P wonld be negative so that in Napier's system the
logarithms of numbers greater than the whole sine are
negative.

The circumstance that log of 7 18 not zero in Napier's system,
u% 1 the modern comvention, is awkward, but as he had the
needs of tngonometry mainly in view, itis less so than appears
and as the matter is only of historical interest need not here
be dwelt upon.

Suffice it that hiaving establishéd his conception of 2
logarithm Napier next procecded to show that if

then log a—log b=log ¢ —log d and from this rule established
| all the rules of logarithms required for urdinary caleulaticns
How greatly these have bghtened and simplified the

mental work of computation for succeeding generations l-
¢l men, only those who have had great” quantities of |

and it is in this spirit of thankfilness this shght tribute is here

Vit
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calculating work to perform can adequately appreciate, 2 St JosEpl WirtworTH, BART

offered to the memory of ane of the world's great men. A Pioneer of Mechanical Accuracy and Efficiency.
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SIR JOSEPH WHITWORTH, Bart.

A Pioneer of Mechanical Accuracy and Efficiency,
The increasing adoption of Napier's logarithmic system
uf computation has been due in large measure to the appli-
cation to it of graphic principles | the substitution of scales
for figures, and the use of mechanical methods of manipn.
Iation. or of making comparisons between one scale and
another, coupled with the fact that since man first counted
with his fingers, the decimal notation has become almost
universal for purposes of reckoning, though its obvious lack
of convenience for fractional division has led to & duo-decimal

hase being adopted in special cases for commercial reasons

Engineering has, not inaptly, been described as the art of
measurement, either of matter, space, force or time, ete,,
and when extremely accurate measurement is required fhe
art is capable of taxing man’s ingenuitv and constructive
skill to the utmost, )

Rough approximations often do not present much difficulty
but when we get from the domain of rough estimation (o
measured  accoracy, difficulties inerease  with amazing
rapidity.

The trath of this is impressed on every practical engincer,
who in the pursuit of some ideal of perfection is brought
into. close contact with the imperfections of his materials,
and the difficulties of fashioning them to his ends. Up to a
point they yield to his skill and experience, but as higher
degrees of perfection are sought, and stores of existing
knowledge are exhausted, he finds that to make progress
he must contribute to them by personal research, and so learn
how much each generation is indebted to the past, and how
lew are the really great pioncers in any field of human
knowledge.

It is this consciousness which impels the writer to pay
a tribute of respect and admiration to Sir Joseph Whitworth,
whose high standards of mechanical perfection and workman-
ship did so much to raise the reputation of British engineering
during the last century. k

¥
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A perfect physical steight hue, i physieal tlat surface, an
accurate screw, seem trivial details to the unthinkding mmd,
but they, are the foundations of mechanical perfection aned
standards of human measurement of all other things.

It is easy to express acouracy to any degree in igures as an
abstract idea ; it 1s impossible to do so in terms of matter in
the way all measurements in the practical world have to be
finally translated. One is a symbal, the other is an actual
construction ; and when Sir Joseph Whitworth, the great
Manchester Engineer, showed that dimensions of the order of
one-hundred-thousandth of an inch could be physically
measured and applied in a workshop, he did a great deal more
than talk about it

Apart from his pre-éminence #s an engineer, Sir joseph
Whitworth was a great public benefactor, and in this respect
his memory specially appeals to engineers for his munificent
founding and endowment of the scheme of scholamships
bearing his name, and by the imd of which a number of young
engineers in workshops are annually enabled to enter upon
a university course of scientific and technical education, and
to qualify for the highest posts in the engineering profession.

It may be asked : What has the construction of an accurate
physical straight line, or standard screw, or flat surface to do
with the construction of @ logarithmic scale 7 Twmis ! That

« while the value of a logarithm may be expressed in figures

with any degree of relinement, and wvsed as such withont
difficulty in an arithmetical operation, it is otherwise when
used as an actual physical dimension on a logarithmic scale
for purpose of mechanical measurement and calculation
under varying conditions of tempergture, moisture, etc,

A logarithmic scale it must be remembered s not a uni-
formly divided one. No two adjoining (divisions are alike,
and when several such scales are required in circular form
with the added feature that they must be capable of strict
concentric rotation in conjunction with threes radial lines
(a zero, a datum, and a cursor), each having independent
“edead-beat " movement and capable of being read with little,

o
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or no; paraliax, it will be manifest that the problem of mecan-
ieal construction 18 not an easy one,

It s, of course, impossible to bring the refinement of
accaracy of a logarithmic scale up to the standard of a
seven figure table of logarithms, and where such aconracy
I3 required, as it is in certain astronomical and physical
caleulations, the printed table of definite values with its longer
arithmetical processes will always be preferred,

The greater convenience and rapidity of manipulation

ol & mechanically divided scale, however, atones largely

tor its lack of accuracy, and accounts for its universal :uloptiui:

tor the calculations of daily life. At the same time the potential

elfect of errors of construction emphasises the necessity of

the highest standayds of workmanship, to insure corresponding

“efiiciency of operation. )

This has throughout been the aim of Messrs. Fowler in
the design and construction of their Circular Caleulators,

and they trust their efforts have not proved unworthy of
their aims,

Separate Copies of this
INSTRUCTION BOOK

may be obtained.

Price 2/6 each, Post Free 2/9.

FOWLER'S
“ UNIVERSAL* CALCULATOR.

Fowler's “Universal" Calculator, like the well-known
waistooat pocket instriment consists of a series of concentric
circular scales, logarithmically divided and mounted on a
dial capable of rotation by a thumb nut outside the eon-
taining case. The scales are equipped with a fixed radial
datum line, and a radial cursor line rotated by a second
thumb nut. The rotating scales, cursor line, and operating
mechanism are enclosed in an airtight electro- plated metal
containing case, fitted with a glass face so that the scales
are always kept clean, and the instrument is preserved
from external imjury in a handsome leather wallet which
fits easily into a side pocket. The large sizo of the ““Universal”
enahles all the scales to be mounted on one dial, and so of
being synchronised and read concurrently, It also permits
of the use of larger figures and easier reading an advantage o
persons of weak oyesight.  Another important feature s
that the scales are longer and admit of liner graduation and
more accurate reading. This is specially noticeable in the
““ Long-Scale " which gives a lenght of 194 ins. as compared
with 10 ins, in the ordinary slide-rule and permits of cal-
culations being made to three, and sometimes four, signi-
ficant fignres. The motions of the scales-and cursor heing
effected by gearing adjustments can be made with great
ease and nicety. There is none of the objectionable sticking
or slackness often so troublesome with the straight shde
rule owing to changes of climate or temperature, nor is there
any of the “end switching ' often necessary with that
fustrument when working with the full Jepgth scale and
which induces many users to work habitually with the half
lgngth. In circular caleulators the scales are continunons and
thicre is no half length.




LOGARITHMS.
What they ure. What they will do.

Logarithits: are certain numbers, first discovere
the. great mathematician, fohn Napier, wlfijfﬁc“:ﬁw t?lr
ordinary arithinetical operations of multiplication and
division to be TE‘P!G:(‘:(:li by the simpler operations of addition
and subtraction, They also allow difficult calculations of
powers and roots and the making of triginometrical cal
culations to be simply effectod with great saving of time 271
mental labour, e

3 g;z[gjpﬂr::tosf : lﬁﬁngimn'll.- =31 lrﬁ;arithm (usually written
. SUTE ertain relationship between an i
;lt‘lr:llbt"r and another number a.-.n.!lc(lP the base iu):ri g:n\':n
he defined as the power to which the base must be mis'tyl
to be equal to the given number . : ;
For exanple, in the expression N=A>
xvis the log of N to the base A,

. .\I!l)-' number may be used as a base, but 10 is usually
:_ ur: t:g;(-'d and is the most conveient, because it is the base
i standard of measurement used in ordinary arithmetical
notation. ; S

In the expression 100= 102 i
; 3 . < we say 2 05 the log of 100
(l?;:.:;sl:s:,ml‘ﬂt;r:ugd,h;::‘}v rt.u be raised to the 2nd I;mwcr to
L i 3 n"-l| 1 e " ¥ 3
e reing always understoot unless the
Considering successive FOTS
. ce powers of 10, the rels L ATHET
numbers and their logs is as follows —— g R
Number: 1, 1, 100, L,000, 10000, etc.
I.L_Ig y [ o, I, 2, 3 o oty
Ubﬁluusigi, lor any number ' .
over 1. and under 10, the log= a i
i v decimal « ty
v b i S ; sl quality.
T R 1 YR '
1,000 A0 G e
etc. =Y onte,

LOGARITHMS M

Characteristic and Mantissa of a Logarithm, —The
integral part of a log is called the characteristic.  The
decimal’ part is called the mantissa, bhviouﬁly numbers
that hre exact multiples of 10 have no mantissa

A little consideration of the preceding shows that for
ay number the characteristic can be read off at sight,
To distingnish numbers nhove () from numbers below 0,
the characteristic is marked positive or negative, the latter
quality being indicated by a minus sign (—) placed over the
characteristic.

[earners are often puzzled by the fact that the mauntissa
o! & logarithm is always positive, while the characteristic
changes sign when the number gets less than 1, although
the number itself may be more than 0 (zero), and therefore
pasitive, The following explanation may help 1o clear the
matter -

Consider the number 075 the decimal equivalent of 4,
u positive quantity, greater than O but less than 1

Without going into an algebraic demonstration. it may
he stated that

log §=1log 3 —log 4
= (-4771213)
1249387
There are twi ways: of expressing this punus quantity—
(1) Asa minus quantity, below (), as shown above.
or (2) As a positive quantity above 1

| “BO20600)

Expressing it in the second manner, i.r., by subtracting
1249387 from 1 and adding— 1.
we get T -8750818 written 18750813 as the log of §.
instead of — - 1249387,

Written in this way, the Characteristic or integral part
'« minus and the Mantissa or gdecimal part is positive, the




LOGARITHMS,

Further, the Mantissa exprossed thus is the same for
{075, -75, 75, 75, 750, ur any multiple of 10 thereof, i,
whether the number be more or less than O,

A table of logs so constructed is greatly simplified.

The' only part of the logarithm that changes sign is the
Characteristic, and its magnitude as well as its sign can be
determined at a glince.

The Mantissa of the logarithm is always positive, and
always the same so long as the digits composing the number
are the same, and in the same order.,

This feature of logarithms is shown in the following table
where, it will be seen, the only changes that occur are the
position of the decimal point in the number and the sign of
of the Characteristic :—

Number, Logarithm
750 2 8750613
75 1 8750613
745 0 -8750613
175 18750613

2 -B750813

3 -8750613

The preceding will enable the learner to -understand
the following rules regarding the charncteristic . —

For numbers greater than 1 the characteristic is one
less than the digits in the numbers, and is positive, =

For numbers less than | the characteristic is one more

than the number of cyphers following the decimal
point, and is negative,

The mantissa of a logarithm is always positive, and is
the only part of a logarithm given in tables of logarithms.

Confusion in the Tind of the learner arises sometimes
from a failure to recognise that the zero position on the
logarithmic scale does not coincide with the zero position
on the arithmetical scale, of notation, and that when a
number falls below 1 the characteristic takes a minus sign,

LOGAVITHMYE, '

4o that the mantissa may be alwiys positive and be of the
same value for the same- digits in the same order, Le, n-
mdent of the position of the decimal point, Ao
(i uiglt—llation o% Mantissa.—While the characteristic,
i g i Ci letermined by a mere
ntegral part of a logarithm can be dete by a mer
;];B;Jl:l‘,tlﬂ‘n -1;,[ the number, the determination of ﬂ.lll._m.mhhm'j
or decimal part involves @ great deal Of‘m(h!v("lluc.ll. labour,
and the compilation of a complete table is a big task. ;
Space does not here permit of » desoription of the methods
t‘.l‘l"lpltlyl'd. Those interested are i‘-'fq'.rrcd‘ to the ‘_“'““1‘{ u:
the I?ncw;!r.r(.'m:din Britannica or to speeial works dealing
vi : subject. 53 -
“Ialo:: ; Log{lrithms Save Labour, The !;tlmur-smm,;.
propertics 0f logarithms may be best illustrated by a i\i\t
racticnl examplés showing how multiplication can be
?uplm'.ml by additions and division by :suhtran.juon:‘ :‘ft'l.!'-
wards it will be shown how, by the use of l.n}.{arltlim'u %ca s,
Iurti‘l‘(-r saving may be effected by perlorming addition _.mt!
subtraction mechanically, and finally how, by mmhmntmnelr
of circular scales, a8 in. FOWLER'S CALCULATORS, .cumplf-x
caleulations can be further simplified with fewer mechanical
wments and less mental effort. . _ .
m(i:.'_ca(n ln: shown algebraically that if A and B are two
factors requiring  multiplication, this operation can be
reduced to addition by the aid of a Table of Logarithins,
Since the Iog of the praduct equals the sum of the logs
< factors, that is to say,
ey low (A % B)=log A+logB. |
If it be desired to divide A by B, this operation can be
redneed to subtraction, that is to say,

Ing% = log A—log B,

1 it be desired to find the value of a number A raised
th i given power say n : R
{m‘ng are [unly powers i decimal or fractional form) Che
operation, by the aid of logarithms, is reduced to simple
multiplication, since

Jog A= n log A:
1}
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LOGARITHMS 7

for the learner not lamiliny with the algebra ol indices,
it may b explained that

A2 means A squiared

A% means A cnbed,

) cte.

Afomenns 1

Al means square root of A,
\, meand cube oot of A,

(.3 +H
Al-means 1

.‘\." 3 \-'A
Ag (f.0. ATS) means the Fourth root of A cubed,
b1 A raised to the -75th power,
"
Generally, An means the uth root of the mth power of A
In the evaluation of powers of numbers the Reciprocal
Scale in Fowler's Calculators often proves extremely usefn)
in redocing movements and saving time and labour,
Short Table of Logs for numbers 1 to 30 +—

No. Log. No. Log: No. Log.
Kvrs s 000 1) s 10413 - N 1 3222
Roncvss 3010 b 1 07891 YIS 13424
3..... AT 180.....1 -1139 23.....:1 3617
AT G020 R T Les 11461 24......1-3802
S5...... 8990 - P 1 <1761 26055 1:3979
[ T 7782 [ e 12041 26..... 14149
M 8451 e h 12304 oo Y 14313
8....... 9031 | T 1 2553 LA 1 -4471
L 9542 19......1-2787 29......1-4624
10...... 1000 2055 o 13010 30......1-4771

Examples of the Use of Logarithms.—The relationship
between numbers and their logs and its bearing on the
arithmetical operations  of  multiplication, division, and
evaluation of powers and roots, may be demonstrated with
the appended short table of logs from 1 to 30.

The brevity of the table limits the demonstrations to
very simple examples, but they suffice for illustration.

Multiplication.—Tuaking first the application of logarithms
to the operation of multiplication, we have to choose examples
to come within the range of the table, and the results in each
<ase are obvious at sight, viz, =

B <3=18 5x4=20 75 4=2§

Taking vow the logs of ¢ach of these pairs ol netors
adding them together, we get the following resnlts |

Log 6= 7782 Log 5= 6990 Log 7 H451
Log A 4771 Lomd— 6020,  Togd= 6020
| 2558 L4010 | 4471

Comparing these logs in the table we find’ that !
§ pa: '2}1553:[(:' 18 1-3010=log20 1-4471=log 28
In other words, !ﬁ/lu Itiplication has been reduced to Addition
and it should be added, results accurate to seven significant
fignres could be obtained with just a5 little mental labour
with a more complete table. el .
Division.—Leét us now take two examples of division,
Again very simple, owing to the small limits of our log
mile. and the results of which are abvious at sight, viz, *—
o 2847=4 26-+-2=13
Subtracting m each case the log of the divisor from the
log of the dividend we get
0 Log 28=1-4471 Log 26=1 148
Log 7= -8450 Log 2= 3010
= 6020 I
Comparing these results with our table we find
' B020=1og 4 11189=log 18.
Thus the operation of Division is reduced to Subtraction.
Powers and Roots of Numbers.—We will now give
one or two illustrations showing the application of logs
to the evaluation of powers, or roots of numboers
Ex. 1.

11139

I A = 3, find valve of A

We know log A = 3 x log 3

and from table. logd = 4771

Therefore log A = 4771 x 38
= | -4313

Referring to table we find 1-4313 is log 27.
Therefore we say 33 = 27 i
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If A v 26 255, Hnd vislue o A
We know log A } log 25
and from talde Jog 25 1:3497%
Theretore | log 25 HEY
IRefermng to table we find G984 log 5
Therefore we say /25 ; ie. 258} = 3
The examples given are simple, but with a fuller tablg,

and x:ﬁ_mpuumll fractional indices, or powers, answers could
be arrived at just as easily,

[f, for instance, we had the expression
v =893 -7}
a would be the 9th root of the 7th power of 943 -7

As an ordinary arithmetical problem tins would be pract-

ically il‘llprr.\.‘:iil‘_lll.:, but with a table of logarithms 1t wonld
present no difficulty

We shoulkd say log v =73 log 93 -7.

Tt would only be necessary to find value of log 937 from
a table and to tak e ths of .that value,

This would be the log of &, and the number corresponding
wonld be the answer required.

The above examples suffice to show how greatly arith-
metical labour can he reduced by the aid of logarithms. In
succeeding chapters it will be shown how hy the aid of
Logarithmic Scales time and labour can be still further
saved,

LOGARITHMIU SUALES,
The Mechanical Operation of Logarithms,

Straight Logarithmic Scales.—The carliest form of
jugarithmic scale for calculating purposes svas the straght
Jdideernle.  Essentially it consists of two straight scales
sinilirly gmduat(:d to represent the logarithms of the prime
sumber, 1.2, 3, 4. 5,6,7, 89,10, and with the intervals
between these numbers, subdivided in a logarithmic manner
4 far ag space will permit.  The two scales aré arranged
so that they can slide past and overlap cach other, and jre
fitted with an independent sliding Cursor-line at right angles
to the scales 5

By means of this contrivance addlitions or subtractions
of the légarithmic values marked on the scales can be per-
jprmed mechanically. The scales are in fact miniture repres-
satations of a table of logarithms, but as such printed tables
are available giving values of logarithms to seven places
of decimals for numbers from 1 to 100,000, it is manifest
that no contrivance of this kind, nnless of inordinate length,
can give caleulated results with the same degree pf accuracy
us those obtainable by ordinary arithmetical methods with
the aid of a printed table.

Nevertheless, mechanically operated seales give rtesults
accurate enough foF all ordinary calculations, anid the
cnormous advantage of being able to do this rapidly by simple
manipulation of a scale, with little or no mental labour, has
made the logarithmic scale in some form 2 time-saving and
mdispensable instrument for all wha have calculating work
to perform

IFortunately the mathematical - structure ol logarithins
enables a comparatively short scale to give fairly accurate
readings, though the length of the scale is an umportant
[actor when accuracy is essential.

It has been shown that the charactenstic or integral part
of the logarithm of any mumber can be vead at sight, and the
rime numbers 1 2, 3.4.5 6 7,3 9 10 may represent simple
mitergers or any multiple of 10 thereof, It i$ only in respeet
{5 the mantissa or decimal part of a logarithm that the value
on i seale ix differentinted from that of a printed table, and
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by suitable construction an adeguate length of scale can he
provided. to allow this to be largely ovearcome. .

Defects of the Straight Slide-Rule.——The straight
slide-rult has many inherent defects,

It is not capable of afiording readings of much practical
valhie unless it is about 10 an. (254mm,) in length, and this
15 inconvenient for the pocket,

The slide is liabie to get dirty and stick, or get too slack,
anid make setting and reading troublesome,

Changes of climate or temperature produce errors.

“The result of an operation often cannot be. read unless the
shide is drawn out completely and reversed or ** end switohed.”

This causes confusion and waste of time, anil leads many
users to work habitually with the " half-length "' scale, which
reduces the accuracy of the instrument, because logarithmic
graduation is not uniform, and’the intervals between the
primie numbers of the basic scale, (No 1) diminish rapidly
as one progresses from [ to 10, This is'shown by the following
figires which' represeiit the percentage of the total length
of the scale occupied by the respective intervils i—

Intervals,, 1-2, 2-3, 3-d4, 4-5, 5:8, 67, 7-8, 89, 9.10,

Per cent of

total length. 30, 176, 126, 97, 79, 89, 5:8, 51,47,
The distance between 9 and 10,0t will be seen, is only one-
seventh of that between 1 and 20 and cannot be subdivided
to the same extent.  The inconvenience of this is intensified
by the fact that subdivision of the intervals must be of
decimal character and therefore by 2.5 or 10,

[t is easy to see from these facts why logarithmic scales
for multiplication and division require length to allow of
reasonable graduation and of setting and reading. Sacrifioy
of length means sacrifice of accuracy and clarity.

These defects of the straight logarithmic stide-rule arg
recognised, und many eflorts have been made to produnee
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eircular ones on account of their greater convenience, but
the ifficultigs of constructing &n accurate and reliable
pocket nstrument of this kind at a reasonable price are great,
anil until Messrs. Fowler & Co. turned their attention to the
subject they had never been satisfactorily overcome.

Circular Logarithmic Scales can be constructed and
operated exactly in the same way as straight logarithmic
sciles, that is to say with one scale rotating inside another
concentric one, and the two being equipped with anin-
dependent radial, rotating Cursor-line.

A second method may also be adopted with circular
scales, In this there is only a single rotating dial on which
one of more contentric circular scales are markel :  the
operation of addition and subtraction being performed by
the aid of a fixed radial Datum-ling in conjunction with a
rotating radial Cursor-line:

Each method has advantages, but on the whole the second
is the best. and is adopted an the construction of Fowler's
Calenlators, as it permits of the adoption of a “Long-scale’
extending round. several circles, and there is less liability
of confusion i setting factors and reading resulte. A conl-
culation beginsfat the Idatam-line angd ends there

One special advantage of a cirenlar scale over a straight
scale, apart from its greater compaciness, and therefore
conventence, is that the ends of the scale (the 1 and the 10)
coincide, e, the scale is continuois.

No ' end switching ' {8 necessary to obtain 3 reading,
and there is'mo  hali-length " scale with its resultant Jimit-
ations of subdivision and accurate reading.

On the contrary, the length of the scale can be increased
by extending it round the circumiferences ol several circles
in spiral fashion, a feature that has been taken advantage
of in Fowler's ' Long-scale " Caleulators,

How greatly this contributes to, accurate caleulation,
a5 compared with the ordinary ‘10 in, straight slide-rule,

“may be judged from the following particulars (—
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Fowler's Circular Long-Scales.

In Fowler's vest pocket ** Long-scale * instrument with two
dingls; and only 2§ in. in diameter, the Long-scale (B circles)
has ;11;,-.11!;“1 of 3 ins,

L Fowler's ** Magnum,' a single dial instrument, 4§ . in
dhameter, the Long-scale (6 citcles) has a length of 50 m.

In Fowler's  Umiversal ™ a single dial mstrument 3 .
in dimmeter, the Long-seale (3 circles) has a length of vearly
20 in.

-

The  Long-scale,” it should be noted, is supplementary
to the smgle cirele or * Short-scale " in each of the three
typis mentioned; and is mtended for nse when results of
greater accuracy are desired

v\ furthor advautage of circular scales 15 that scales with
difierent functions can be more convemiently worked in
conjunction if desired p

In all Fowler's Calculators the scales are gradusted with
extreme dccuracy, protocted with glass 'at.‘l,“.‘i.lﬂl‘ul enelosed
in protecting cases to seal them as far as possible from dirt
amd moisture,  The dial and cursor are operated with gearing,
and can be set with ease and rapidity, even in i moving trion,
The mstruments work equally well in any climate, while their
workmanship and construction secures it degrec of acciracy
that has never been previously reached in instruments of this
kind

v FOWLER'S
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Description of Scales.

The instrument containg six soparate circular scales
arranged ¢oncentrically on a single dial, so that they all
rotate together,

The scales are rotated by the knurled nut at the top.

The scales have a common Zero line, which rotates with
the scales, and also a common " cursor ** line which is rotated
by the nut at the side. See illustrations’at front of book.#

Commencing with the largest circle, and proceeding
mwards to the smallest, these scales are as follows :—

Scales No, 1 (The ** Short-Scale ' for Multiplication
or Division).—This (the Primary-Scale of the instrument)
consists of a single circle, graduated clockwise, and logarith-
mically to represent the nine primary spaces between the
numbers 1 to 10, or any multiple or division of 10 thereof.

The scale, being a circle, the beginning and the end of it
coincide, If this point be designated " Zero " the scale may
be regarded

as” beginning at 0 and ending at 1

or, ‘as beginning at 1 and ending at 10

or, as beginning at 10 and ending at 100, etc.

Learners are often a little puzzlod by this.

The point to grasp is that the seale s logarithmic, both
as regards the principal divisions and the subdivisiuns,
and ig subdivided decimally for reckoning by 10, 5 or 2, as
space permits,

The user may assign to the prime numbers any value he
pleases, provided it be a multiple of 10, and that the sub-
divisions are given proportionate values,

The space between the first pair of principal numbers
here marked 10 and 20 and which ocoupies 30 per cent
of the whole circumference is subdivided intu 100, each
equivalent to 01 of the value attaching to the primary
aumber, i.e., the first subdivision may represent !GO0 101,
101 or 1010, ete,, according as unity is taken to represent 1,
10, 100, 1000, etc. Every tenth division is figured for

~convenience of relerence, 11, 12, 13, ete.
¢
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[n the second primary space there are 50 subdivisions,
vach equivalent to <02 of the value attaching to the Erimar
number, so the first subdivision may represent 2-02, 202,
202, ete,

The even subdivisions in this space are figured 22, 24,
e, for convenience of reference, and the odd ones (23, 25,
etc.) distinguished with a longer line, 5

In each of the four spaces 3-4, 4-5, 5—6, 6-7, there are 20
subdivisions, each equivalent to 05 of the value assigned

“to the prime numbers, so that the graduations following
3 may read 305, 3 -05, 30 -5, 305, etc.  The half of these four
spaces arc marked 35, 45, 55, 63.

In each of the prime spaces 7-8, 8-9, 9-10, there are 10
subdivisions, each equivalent to-1 of the prime number, so
etli-:mt graduations following 7 might read <71, 71, 71, or 710,

¢

Owing to the diminishing distances between the prime
aumbers it is impossible to subdivide the scale uniformly,
but every effort has been made to produce a clear well-
ll_tummated scale Dby avoiding excessively close division
lines, or by overcrowding the reference figures,

Changes in magnitude of subdivision have been kept
as few as possible, consistent with their decimal character
The values of the subdivisions in the primary spaces are as
follows :—

Primary Spaces ... 1t02 2t08 3to7 7tolo

Subdivision equals 001 002 0:05 0

1 1

. R o g )

_ Experience shows that spaces which can be split with the
Cursor<line or the Datum-line are preferable for accurate
setting and reading to finer subdivisions that produce a
pallisading effect difficult to read.

It has been pointed out that the prime divisions and
numbers indicating them along the scale may represent
:mg multiple of 10 thereof—that is to say, 3 may represeut
03, -8, 3, 30, 300, etc. but the subdivisions must have
proportionate values.
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If, for example, the number 30 on the scale represented
300, the readings following would be 305, 310, 315, etc.
but if the same prime number were taken to represent 3,
the readings pomediately following would be 3:05, 3-1,
315, 32, ete.

Learners should further bear in mind, when setting or
reading with the Cursor-line or Datom-line that the scale is
logarithmic throughout, and that 30 -5 on the scale is rather
more than half-way between 30 and 31. Attention to this
point makes for accuracy when setting, or reading, positions
on the scales, -

Scale No. 2 (The Reciprocal Scale).—This is exactly
like Scale No. 1. except that it is graduated conlra-clockusise
ﬁpuint to be remembered when setting or reading values).

¢ scale gives by aid of Cursor-line or Datum-line the
reciprocal value of any reading on Scale No. 1. and can be
used with any other scale provided the value, whose reciprocal
is desired, is read from Scale No 1. This Reciprocal Scale
often permits the work of calculation to be shortened. (Sec
pages 22, 25 and 24.)

cale No. 3 (The Logarithrn Scale). -This scale
consists. of a single circle graduated clockwise, Further,
the graduations are uniform, not logarithmic, and numbered
from 0 to 1-00 at intervals of 10 divisions, thus :

L U el R e e e 90, 95, 1-00:
This gives 200 graduations in the circumference, and as
each of these graduations can be split with the Cursor-line
values can be read accurately to four figures at least.

Scale No, 3 is used with Scale No. 1 as follows :—

If the logarithm of a number is required, the Cuarsor-line
is set over the number on Scale No. 1, and the mantissa
of the log of the number is read on Scale No. 3 under the
Cursor. The characteristic of the logarithm is determined
as explained in the chapter on logaritlims,

Scale No. 4 for Gubes and Cube Roots, also ** Long-Scale
Multiplication and Division."
+“I'his extends round three circles and is graduated clockwise.
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Seale No. | gives cubes of readings on Scale No. 4.
Seale No, 4 gives cube-roots of readings on Senle No, 1,
For locating positions of cubes and cube-roots the following
tables, constructed mentally, are convenient :—
For Numbers between The Cube is between

~ 1and 10 Tand 1,000
10 and 20 1,000 and 8,000

8,000 and 27,000
27,000 and 64,000
etc,

20 and 30
30 and 40
etc. "
The converse is of course true, viz i—
For Numbers between The Cube-root is between

1 and By R SRR g 1 and 10
1,000 and 8,000 ... i 10 and 20
8,000 and 27.000 ... 20 and 30

27,000 and 64,000 .oinias 30 and 40
2 ete. . (L0

Ta construct above tables it is only necessary to remember
that the cubes of 2, 3and 4, are 8, 27 and 64, then to add three
eyphers.

When multiplying and dividing with Scale No. 4, don't
forget that Factors must be set on that Scale, and answers
sought for on that scale, Don't mix Scale No. 1 and Scale
No. 4.

ares and Square-Roots,—Squares and square-roots
can be obtained by means of a two-circle scale and in Fowler's
“ Vst Pocket Long-Scale! and * Magnum Long-Scale "'
instruments a_special two-circle geale is provided, which
alluws these values to be read directly with a single movement
and greater accuracy

In the * Universal' Calculator space considerations
have prevented the inclusion of a two-circle scale, and the
Square of a number can be found by multiplying the number
by itself on Scale No, 1.

The Square Root of a number can be found by nsing
Sea'e No. | (a single circle) in conjunction with Scale No. 2,
as follows :—

(1) Set the number (whose square root is required) on

" UNIVERSAL T CALCULATOR DESCRIVTION. . 12
Seales No. | under the Datum, and set the Cursor over the
Unity line of the dial.

(2) Rotate the dinl until the reading of the Datum on
Scale No. 1 is the same as the reading of the Cursor on Scale
No. 2.

(3) The reading so found is the Square Root required,

The above operations amount to finding the half-logarithn
of the number, i.e., the logarithm of the square root, since
Scales No. 1 and No, 2 are graduated in opposite directions
and rotation of tho dial divides thé allotted value between
Datum and Cursor (i.e., the whole logarithm) into two equal
parts when the readings are equal,

This method may be employed with all types ol Feowlers’
Calculators fitted with a Reciprocal Seale.

The magnitude of the squares and square ruots can be
approximately located mentally by the following tables —

For Numbers between The Square is between

Trant . v et daliasies - 1and 100
10 and 20 ... SLois 100 and 400
20 and 30 400 and 900 °
B and A0 reavnerarreese 3 900 and 1,600
TEW |4y IR SR B . 1,600 and 2,500
50 and 60 .ooiiiens s Ml 2 500 and 3,600

otc. ete.
I'he converse uf the above is cqually truc,
For Numbers between The Square root id’ between

Yand " I oasisieadivasrmssesa 1 and 10
100and! | 00 st 10 and 20
R00 ane: 900 yiineriasioanliie, . 20 and 30
S00and. 1800 oshimniese G . 30 and 40

1,600 aid! 2500 ., ook i devseepuiizaiie A0 and 50
B00and 3,600, v avnrrimrismisasie 50 and 60
efc, etc.

Note.—For numbers less than amty—
The Square becomes Less than the Number.
The Square-root becomes Grenter than the Nmnber,
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All powers and roots can of course be got by aid of logs as
explained in chapter on logs.

NoTe.—It will oceasionally be found that the square
root given by above methad is an imaginary root, but there
i~ no difficulty in detecting this, and the second correct
value should then be sought,

Scale No. 5 (Sines of Angles).—This 15 a scale of angles
graduated clockwise round the inner, and then continued
round the onter, circumierence of a common circle: The
scale ranges from 35 minutes to 90 deg.

Angles are read on Scale No, 5.
Natural Sines are read on Scale No. |,
Logarithmic Sines are read on Scale No. 3.

The tange of angles on the circles are as follows
Inner Circle from 35 mins. to 5 deg. 45 mins'
Outer Circle from 5 deg. 45 mins. to 90 deg.

Note~—The scale of angles is not divided " decimally ™
like all the other scales, but into degrees and minutes, as
angles are always expressed in terms of degrees; minutes
and seconds, though seconds are seldom used.

360 deg. — a circle, 60 mins, = 1 deg,, 60 secs. = | min.

The graduations of the scale are as follows -

From 85 mins. to 1 deg: the intervals I min.
1 deg. to 3 o 2 mins.
3 i 4o 8 5 mins.

N . Jda 12 10 mins
| B to. 30 v = 20 mins:

TR L Y " = ] deg.
S to 80 , = _2ideg.

Scale No. 6 (Tangents of Angles).—This.is a scale
of angles graduated clockwise round the inner circumference
of a single circle.

The scale ranges from 5 deg. 45 mins. to 45 deps,

Angles are read on Scale No. 6. k

Natural Tangents are read on Scale No. 1.
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Logarithmic Tangents are read on Scale No, 3,
The graduations are as {ollows :—
From 5degs, 45mins. 8 degs. Intervals = 5 mins.

ah 5 Wwall 4 =10 ,,
S oy to 300 i = 00 i
30 .. e B - 30

Gauge Points.—In making practical calculations there
are certain multiplying factors which often occur, and to
save time and trouble in setting them, it is convenient to
have them marked on Scale No. 1 and Seale No, 4.

Only a limited number of factors or ' gauge points " can
be given in this way. A great many must inevitably be
omitted and sought for in the Book of Instructions n"iitlllg
to the ** Universal " Calculator. It is boped however that
the selection shown below will prove generally convenient

auge Point. Multipher,
vz~ = 1-4142
V3 = 17321
Dia. of Cirele of Area | = = 11284
= 3-14159
. r+4 e T s (17854
Degrees in Arc equal to radius ...... = 57.208
To convert com. logs to
Iyperboliclogs <o il aiiinel = 2430958
Metres to yards. .. i il = | -0036
Nards to Metres . s i pe ke = 0:9144
Inches to centimetres ................. = 2:54
Centimetres to inclies =, 0:3937
Kilogrammes toIbs.  ............c..e. = 2:2048
Lbs, to KilOgrammes......c.ccoeacesinirs = 04536
T T O e A T 746
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Operation of Scales,
Multiplication Scale No. 1 alone.—

Set dial till A comes under datum.
Set cursor to unity.

sSet dial till B comes under cursor.
(Read product A ¥ B under datum).

Continning the operations for further factors —
Set cursor to unmity.
Set dial till C comes under cursor.
(Read product A x B » C under datum),

Tofind product of a series of factors—A, B. C, D, ote.— ‘

Continuing—
Set cursor to unity
Set dial till' I comes under onrsor.
(Reéad produck A = B x C < D under datum. )

Repeat as many times as there are factors,

The movements of the scales and cursor described above
have been equivalent practically to the adding together of
the logs of A, B, C, and D : séven movements altogether :
three for the first pair of factors and two for pach Tactor
afterwards.

The number of movements can be reduced by using Scales
No. 1 and No. 2 in conjunction. as will be shortly shown but
whatever the method adopted. the final effect amounts to
adding together the logs, of the multipliers, and subtracting
the logs of the divisors.

Division Scale No. 1 alone, Consider the fraction

A -
i\ﬂth one numerator and one denominator—

Set dial till A comes under datum,
Set cursor to B.

Set unity to cursor.

Read answer under datum,
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Next consider the fraction with  fwo

{actors in the numerator and one in the denominator—
Set dial till A comes under datum.
Set cursor to C.
Set dial till B is under cursor.

Read answer nnder datum.

Now consider a [ action with several factors i the
Numerator 1s well as in the denominator .~

It makes no difference to the answer whether all the

tap factors are multiplied together, and then divided by all
the bottom factors multiplied together ;| or, whether the
top and bottom factors ar¢ worked in pairs as single £ actions,
and finally nnited in i group.
Obvionsly, also the insertion of the factor 1, in the numer

ator, or the denominator, can mike no difference. Learners,
_however, will find it easier, at first, to work such a compound
fraction by taking the factors alternatclr from numerator
and denominator, and tognable them to ¢

manner the factor | should e inserted in the fraction as often
as may be necessary to make the numerator contain oneg more
fictor than the denominator

o this in a Toutine

Ly compound fraction can then be worked as follows : —
plogiih < x C o A x BixC
Fraction ———r—— work a8 o=

set factor A under datum,

Set cursor to M.

Set factor B to cursor

Set cursor to 1.

Set factor C to cursor,

Read answer under datum

30 ) Ax B wark as AxBxl
- Fracrion N 2 N T

Set factor A under datunm.

Set cursor to M,

Set factor B to cursor.

Set corsor to N,

Set factor 1 to cursor.

Read answer under datum.
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AxXB Ay BiSel Mol
Fraction — work as ———————
MxNxP MxNxP
Set factor A under datum,
Set cursor to M.
Set factor B to cursor.
Set cursor to N.
Set factor 1 to cursor.
Set cursor to P
Set factor 1 to cursor,
Read answer under datum.
In all these examples the routine is alike.
The factors are taken alternately from the numerator and
the denominator beginning with the numerator.

The Dial is always turned for Multipliers.
The Cursor is always turned for Divisors.
The Datum used only for First Factor and Answer,

Rapid Action with Fowler’s Calculator.—If the reader
has followed the previons routine methods of manipulation,
he will be able to understand some shorter ones, and deyise
further ones for himself, according to circumstances | TeCOg-
nising that they all depend on the same principles, viz., the
the addition of logarithms of factors for purpose of multi-
plication, and their substraction for purpose of division. A
fow examples are here given for illustration.

Ag there are several ways of working a problem with
arithmetic, so there are several ways of working with a
Fowler's Calculator, and when the user becomes familiar
with its manipulation he will discover how wmovements
¢an be curtailed and time saved by using the Reciprocal
Scale (No. 2) in conjunction with the Primary Scale (No. 1.

Ex. 1.—Multiplying threc factors.

Find value of A x B x C,

Set A on Scale 1 under datum

Set cursor to B on Scale 2.

Seét C on scale 1 under cursor.

Read answer on Seale 1 under datum. (3 movements.)
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Kx 2,—Multiplying five factors,

Find valueof A x B x C < D » E.

Set A on Scale 1 under datum.

Set cursor to B on Scale 2.

Set C on Scale 1 under cursor.

Set cursor to D on Scale 2.

Set E on Scale 1 under cursor,

Read answer on Scale 1 under datum. (5 movements.}

Ex. 3~0Operate similarly for any odd number of factors

It 15 interesting to compare the above example with the
9 movements necessary when using Scale No. 1 alone (see
page 20), or by comparing it with the movements of an
ordinary Straight Slide-rnle with its intermittent * end-
switching,” This is only one of many illustrations that
could be given.

Ex. 4. —To Multiply any Even Number of Factors.—
Suppose product of four factors A, B, C, D, or any other
even number, is required. It can be obtained quickly with
Scales No. ] and No. 2 by adding a factor | to make the
even number of factors into an odd number, thus :—

A B x Cx» D x1 Then proceed exactly as in Examph
2 above (—

Set A on Seale | under datum.

Set cursor to B on Scale 2.

Set C on Scale | under cursor.

Sot cursor to D on Scale 2.

Set 1 under cursor.

Read answer on Scale 1 under datum. (5 movements. |

Rapid Division with Scales No. 1 and No. 2 with Even
Number of Factors in the denominator.—

Exampre 1. —Find value of A

i B xC

Set A on Scale 1 under datum.

Set Cursor to B on Scale 1.

Set C on Scale 2 under cursor.

Read answer on Scale 1 under datum. (3 movements.)
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Here the artifice may be adopted of inserting an oxtra,
factor 1, into the denominator, to make it cantain an even
number of factors, thus :—

ExampLe 2—Find valoe of

S RN T N 0

Then proceed as follows -—

Set A on Scale | under datum.
Set cursor to B on Scale 1.
Set C on Scal¢ 2 under cursor.
Set cursor to D on Scale 1.
Set 1 under cursor.

Read answer on Seale 1 under datum. (3 movements).

FOWLER'S 28
“ UNIVERSAL " CALCULATOR.
Practical Worked-out Examples,

Multiplication of Two Factors on Short Scale No. I,
Ex. 1.—Multiply 12 -8 by 5 :62.

Set 12 -8 on Scale 1 under datam.

This is the 8th graduation past the 12,

Set Cursor to 1.

Sot dial till 5 -62 on Scale 1 comes under Cursor.

This is between the 55 and the 80 ; the exact point being
2 divisions past the 55 to make the 56, and two-fifths of the
next division to make the 2 of 562.

Read answer just under 72 on Scale 1 under Datum.

We should estimate this as 71 5.
¥x. 2.—Multiply 0347 by 28 (on the Short Scale No, 1).

Set 347 on Scale 1 under Datum.

This lies between the 80 and 85; the exact point being
the 9th division past the 30 to make the 345 and two-fifths
of the next division to make the 347.

Set the Cursor to 1,

Set dial till 28 comes under Cursor.

Read answer (just over 97) on Scale 1 under Datum.

By visual inspegtion it will be seen that the answer must
he in the neighbourhood of *09.

Therefore we write our answer as given by the Calculator
as -087.

By actual multiplication, the correct answer is 09716,
showing how close is the approximation by the instru ment,

Multiplication of Two Factors on the Long Scale (No.4).

Ex. 3—Multiply 12-8 by 562.

Set 128 under Datam.

Set Cursor to 1.

Set dial till 562 comes under the Cursor (this is the first
small division after the 56 on the Long Scale).

Read answer just over 71 -8 under Datum.
Ex. 4—Multiply -0347 by 28,

Set 347 on the Long Scale udder Datuin,

This is the 7th graduntion past the 34.
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Set Carsor to 1. !

Set dial £l 28 on the Long Scale comes under Datum.

Read answer 972 on the outer of the three circles forming
the Long Scale, under the Datum.

This is really 0972, as shown in Ex. 2, and is a wvery
clase npproximation to the true value 09716,

From the above it will be seen that, where greater accuracy
is desired, it is often advantageous to use the Long Scale.

Multiplication of 3 Factors on the Short or Long Scale.
The method is precisely the same whichever Scale is
used, so it will be described only for the Short Scale,
Ex. 5.—Find product of 0347 x 2 8 x 63 -5, .
Set 347 on Scale 1 under Datum
Set Cursor to 1.
Set dial till 2 -8 on Scale | comes under Cursor.
All the above settings as shown in Ex. 2
Set Cursor to 1,
Set dial till 635 on Scale 1 comes under Cursor.
This is the 7th division past the 60,
Read answer, 6-17, on Scale 1 under Datom.
The position of the decimal point in the answer is judged
by inspection.
~ By actual multiplication the correct answer i5 6:16966,
showing o close approximation by the use of the instrument.

Multiplication of 4 or more factors on the Short or Long
Ex. 6.—Find product of 0347 x 28 X635 x4 b,

Set 347 under Datum.

Set Cursor to 1,

Set dial till 28 comes under Cursor,

Read product -347 » 2 -8 under Datum.

Next set Cursor again to |.

set dial till 635 comes under Cursor.

Read product 0347 x 28 %63 -5 under Datum,

Again set Cursor to 1,

Set dial 1ill 49 comes undet Cursor,

Read product 0347 ~ 2.8 - 635 x 49 under Datum.

point is fixed mentally in this way :
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‘Thas, if using the Short Seale, comes just short of midway
between the 30 and the first division past the 30 ; and we
should estimate the answer as 30 :23 (midway bemg 30 425).

The process after sctting the first factor under the Datum
18 a succession of settings of Cursor and of factors on the
scale, and of finally reading the product under the Datum.

The whole operation beégins at the Datom and ends there,
It consists in sum of turning the several factors past a fixed
point, and reading the total of angular movements at the end,
It matters not whether the angular movenents of the dial
and Cursor are made clockwise or contra-clockwise for the
individual settings, So long as the sequence is in the order
stated, the reading of the final result is the same.

If there are decimal points in the factors, the position
of the point in the final product is to be decided by inspection
and mental consideration, as with all logarithmic work,
Actnil examples of this will be given in the course of the
exerises,

If Scale No. 4 (Long Scale) 1s used instead of Scale No. 1
(Short Secale), the succession of operations is precisely the
same, but the setting calls for a little more care, as the factors
are spread over a scale extending round threée circles, and
the answer may also be on any one. The particu’ar circle
must be determined by a mental consideration of the factors,

Multiplication of an odd number of factors, using Scales
Nos. 1 and 2 in conjunction. (See pages 22 and 23 for
wxplanation of principle).

Ex. 7.—Find product of 8 42 .« 16 16 =« 422

Set 842 on Scale 1 under Datum.

Set Cursor to 1616 on Scale 2.

Set 422 on Scale 1 under Cursor.

Read answer, 57 -4, on Scale 1 under Datum, By actual
multiplication the correct answer is 57 -42036.  The decimal
422 is roughly -5;
5 % 842 is roughly 4, and 4 x 16 16 is ronghly 56. Therefore

(3 factors).

‘there are two whole numbers in the answer,
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Ex.8.—Find product of 354 x 29 4 x 63 6 x 862 (4 factors)

This wil bée worked as 35420 4x63-6x BEZx 1T 1o
make it into an odd number of factors, '

Set 354 on Scale 1 under Datum.

Set Cursor to 294 on Scale 2.

Set 636 on Scale 1 under Cursor,

Set Cursor to 862 on Scale 2.

Set 1 on Seale 1 under Cursor.

Read answer, 571 on Scale | under Datum.

The correct answer by actual multiplication is 570 -578.

The decimal point is fixed mentally in this way— 354 is
roughly one-third ; one-third of 294 is roughly 9; nin¢
times 63 6 is roughly 560 ; 560 multiplied by -81is roughly
500, Therefore the answer must contain 3 whole numbers,
and is 571.

Division on the Short Scale No. 1.
Ex, 9.—Divide 7,256 by 13 -85,

Set 7256 on Scale 1 under Datum,

Set Cursor to 13 -85,

Set' 1 to Cursor,

Read answer, 524, under Datum.

It is obvious by inspection that the answer will have three
whole numbers, and so we fix the decimal point after the 4.

The correct answer by actual multiplication is 5239
and when the example was worked out on the Long Scale
this correct answer was obtained. !

Fractions.—Consider first’ a faction with two factors
in the numerator and one in the denominator and worked
out on the Short Scale.

676 -9 x 364
114-2
Set dial till 6769 comes under Datum,

Ex. 10,—Solve

Spt cursor to 1142, /e

Set dial till 364 comes under Cursor.
Read answer, 2158, under Datum,
The correct answer by actual multiplication

and division

USHUN
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ix 2157 5. When worked out on the Long Scale the answer
came baraly 2158,

Consider now fractons with several tactors in the numera
tor and denominator.  {Seée notes on pages 21 and 22.)

E 0 -5 % 66 -6« D042
Bt Tl Aol SR A
349
19 -5 < 666 « (042

Work this  as taking the fadtors

S8k

alternately from the numerator and the denominator

Set 195 under Datum,

Set Cursor to 849,

Set 66 -6 to Cursor,

Set Carsor to 1,

Set 42 to Cursor,

Read answer. 613, under Datum, the decimil point
Being fnxed by o rough mental calealation a8 previously
described. B

The correct answer worked out by actual multiplication
anel division is -G1287,

138

723 6
188 » 176 + 242

Solve

Ex. 12,
138 £ 7288 = 1x 1
158 x 176 242
taking the fnctors alternately as in the previous exinple
Set 1358 under Datum
Set Carsor to 158
Set 7236 to Cuarsor
Set Carsar to 178
Set 1 to Cursor,
Set Cursor to 142
Set | to Cursor
_lft'.ild answer, 1 -487, under Datum
[he correct answer is 1-484 (a close approximation).
11 the reader has followed the previous worked-out examples

Worle tins as
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careiully he will be in o position to solve in i routing way
any compound fraction presented to ham, and also to apply
the more rapid method of division permitted by means
of Scales | and 2 nsed in conjunction, which will nc’)rw be
shown, and which was explained in principle on pages 23 and
24,
Ex. 13.—Solve 6734
9.6 14245
number of factors in the denominator.

Set 6734 on Scale @ under Datum.

Set Cursor to 96 on Scale 2

Set 1425 on Scale 2 under Cursor

Read answer, 4 92, on Scale 1 n nder i)_atulu (3 mon ements),
the position of the decimal point being fixed mentally. ,

The correct answer worked ont by multiplication and
division is 4 923,

Ex. 14— Solvy

where there 15 an cuén

4276
342 % 18 -7 ¢ 32-62
Here the artifice. mav be adopted of inserting an extra
factor, 1, into the denominator to make it contain an even
number of factors, thus

4276
342 18732621
Set 4276 on Scale 1 under Datam,
Set Clrsor 1o'342 on Scale 1
Set 187 on Scale 2 under Cursor.
Set cursor to 8262 on Scaly 1.
Set 1 under Cursor.
Read answer, 2050, on
ments). )
Exercises with the Reciprocal Scale No. 2,

Seale 1 under Datom (5 move-

J1
Ex. 15.—Find the decimal equivalent of z—r=g
Set Cursor over 6456 on Scale Now 1. Read under Cursor,
on Seale No. 2, 0-1548,

P,

Jthe 35 mark, reading anti-clockwise,

Eum " X
< Joconnts 5. We estimate the reading as 3320,
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In setting the Cursor to G456 on Seals 1, woe note that
hetween 60 and 70 there are 20 graduations, the reading
advancing clockwise—605, 610, 615, 620, otc.
and 6456 is between 64 and 6§, its exact position being
estimated. - Conceive this space to be divided inta 100 parts,
and advance 56 of these parts past 64, ve,, jost a little more
than hall way.,

Reading Scale 2 anti-clockwise, we make the value under
the Cursor as near as may be 1548.

From inspection of the fraction its value is obviously
between one-sixth and one-seventh, and without hesitation
write down the decimal valoe as () (1548,

Ex, 16,—Find decimal cquivalent of 3155
Sut Cursor over 3475 on Scale 1. it
Read 2878 on Scale 2.

The fraction is manifestly less than

and  expressed

1
3000
"i cyphers. after the decimal point,

decimally will require 3
S0 we write the answer (0 -0002878,

In setting 3475 under the Cursor we note it falls between
the graduations 34 and 35 and ‘that Letween 34 and 35
there are 2 graduations, each advancing 5, thus 340, 345,
350. Abont half-way between 345 and 350 is 347, and a
shade past this 14 3475, ]

Reading Scale No. 2 the Cursor is just short of the value
288, Wo estimate it as 2878, and the answer, therefore
as (0 -0002878.

Ex. 17.—Find the decimal equivale t—
(el [ui\ tlent of 070953

Set Cursor over 284 on Seale 1. (It'is the second gradu-

~-ation ling past 28, and the spaces count 2 each.)

The reading on Scale 2 is just past the graduation following
and where each space




12 TUNIVERSAL "V CALCULATOR EXAMILES

By hspection, the value of thy fraction is seen to be morg
; 1 . .
than — and we write down the answer iy 3521,

The three preceding examples are good Hlustrations o
the care required in scale reading - in noting the \"il.llll.*
of the praduations, anil whether the advance of the Scale
15 clockwise or anti-clockwise.  Scale Noo 20 the Reciprocal
Scale it may he noted, §s the only one gradoated anticloclwise

Ex, 18, —Fmd the decimal sadue ol ==
37

Set 37 on Scale 1 ander Datuwm.
Read 027 on scale 2 uoder Datam
Neate that in reading decinnl values of fractions less than

~] there will be one eypher placed after the decimal pomt
1 :

angd preceding the number as read from the Reciprocal Scale.

1 ! T
With values less than — il ;rrr.nlrg thin —— two cyphers
(L1 - pAa

will precede the number and so.on.
3

Ex: 19, —Find the decimal value af 5

Set 5 on Scale 1 under Datum,
Set Cursor to 7 on seale 1,
Set dhal till 1 comes under Curaor,

Nond 714 under Datum.

P 20. - Find the flactional vialne of <1428,
Ser (antclockawise) 1428 on Scale 2 under Datun,
Kead 706 Scale 1 under. Datum

- 1
Fractonal valoe is therefore i

+

i riosas

ERUL
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Ex. 21, Find the fractional value of 00653,

Set 683 on Scale 2 mnder Datum.

Read 133 on Senle I under Datom,

Eou B . : |

Fractional value is therefore 15300

Note that as many cyphers must follow the 153 us thore
are vyphers following the decimnl point in the given number.
Examples of the Use of the Scale of Logarithms (No, 3.

Se¢ also pages 2 to 7
Ex. 22— Find logarithm of 2675,

Set Cursor over 2675 on Scale No. | Read Mantissa
of log,, viz,, 427 on Scale 3 under Cursor. As there are four
figures in the number all to the left of the decimal point,
the characteristic of the log, is positive, and its value is :I_

The complete log. is 3 427
Ex. 23. —1lind logarithm of 5075,

Set Cursor over 5075 on Scale No, 1 (it lies between the first
and second graduation line after 50),

Read Mantissa of log, on Scale 3 under Cursor, viz., 7055.

The chameteristic of the log. (as there are two figures
tu left of decimal point) s |

The complete log. is 1 <7065,

Ex. 24.—Vind logarithm of (0 -024076,

Sob Cursor over 24076 on Scale No. 1. This is about
one-third of the way between 24 (which represents  240)
and the first gradvation after it, which represents 242

tead Mantissa of log, on Scale No. 3.

We make the reading 3515.

As the number is less than unity, the charactenstic i«
negative and as there is a cypher to the right of the deciml
point, its value is 2. o

Therefore the logarithm of 0024076 =2 3815,

Hyperbolic Logarithms.— These which are to the base
v==2.71828 are much nsed in calculations relating to the
oxpansion ol gases. They can be easily derived by multi-
{ﬂ.\fing the common logarithm (ie., the log, to the base 10)
w2 -30258.

The exact position of this multiplier denoted by Jog, 10
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is indicated both outside Scale No, 1 and ‘on Scale No, 4,
but for purpose of finding common logarithms Scale N 1
mnst b used.
Ex, 25.—Find hyperbolic Jog, af 14 -85,

First find common log: uf 14 -35.

Set enrsor over 1435 on Scale No. 1.

Readd Mantissa 'of common log,, viz,, 1575 on Secale 8.

As there are two figures to the left of the decimal pont
in the number and the number is greater than unity, the
characteristic is 1, and positi- ¢,

Therefore the log. of 14 3515 1 <1575.

Now multiply 1-575 by loge 10,

Set logelf) on Scalo No, 1 under Datum,

Turn Cursor to 1 and turn dial till 11575 comes under
Cursor.

Read answer 266 hyperbolic log. under Datum.

Examples of Powers and Roots.

o%. 26.—Find the value of (36 :7)%

This can be done with the Caleulator in two ways, either
hy multiplying 36 -7 by itself as an ordinary multiplication
sum, as previously described, or by the method shown helow.

Set 36 -7 on Scale 1 under Datum.

Set Cursor to 36 -7 on Scale 2,

Tarn dial till 1 comes under Cursor.

Read 1347 under Datum on Scale 1.

Ex. 27.—Find the value of (16 :4)3. h
This can be done by extended multiplication, 164 x

164 % 164 on Scale 1, or by the method shown below, in

which we first find the square of 16+4, as in Example 26,

and then multiply this result on Scale 1 by 16 <4,

Thus set 16+4 on Scale | under Datum.

Set Cursar to 16 -4 on Seale 2,

Turn dial till 16 4 on Scale 1 comes under Cursor,

Kead 441 under Datum on Scale 1.

Norro—The result is obtained in'3 movements.

(5

TEAATIONA
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Finding Nth Powers and Nth Roots of Numbers—

with logarithms (whether N be a whole number or a fraction)
Let A be a number and suppose v= AY,
*Where n may be a whole mimber or a fraction.
Then log. x=n log. A, ‘

Ex. 28.—Find 5th root of 51 -53 (1.e., find 51:53)).

Here n=1-5th and A=351-53. :

Set Cursor over 51 :53 on Seale No. 1,

This is between the 3rd and 4th graduations after 50.

Read Mantissa of log. on Scale No. 3, viz,, 713.

The number is more than unity, therefore the log. is
positive. There are two figures to left of decimal point
therefore the value of the characteristic is 1,

Therefore the log, of 51 -533= 1713,

One-fifth of log. of 51 533 =0-3426.

St Cursor over 3426 on Scale No. 3.

Read 5th root of 531 53 on Scale No. 1,

Ex. 29.—Find the value of (2-8)4

1e,28%x2-8:2.8x%2:8,

This may be worked out in several ways, !

Ist Method-—By taking logs,

Set 28 on Scale 1 under Cursor,

Read Mantissa of log. on Scale No, 3, viz., 447,

As there is only one figure to the left of the decimal
in 2 -8, there will be no ¢haracteristic,

Now multiply 447 by 4 mentally to get 4 (log 2:8).

This equals | -788.

788 15 therefore the Mantissa of the log of (2:8)4. !

Set 788 on Log Scale under Cursor.

RRead 614 on Scale 1 under Cursor.  The answer will have
two whole numbers in front of the dectinal point,

Therefore (2 -8)4=61 4.

2nd Method —Multiply 28 by itself four times on Scale |
by the method shown in Example 6.

drd Methopd.—Multiply 2-8 by itself four times and then
by 1, using Scales No, | and 2 in conjunction, as shown in
. Example 8.

viz,, 2.2, «

poiit ]
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++ Square Roots "' —

Ex. 30.—Find the square root ol 1844,
Set 1849 on Scale | under Diatum.
Set Carsor 1o 1.

Turn dial nntil the same

ander the Datun on Scale 1,
This number, 43, s the square A
Opposite 43 on either Scale 1 or Scaly

02326,

number comes simultaneousiy
and the Cursor on Scale
oot of 1848,

2 will be tound the

value of ———-E-’—\*ir.. :
. y alues may be obtained
¢ + ghserved that twp values may < a
_hll- 2 'lllu:.,'; n: this manner to find the value u.l the z.aqml;:ij
iy ? + number, For instance m Ex. 30 above we cn:ig l.
“‘Effrn :t 48 Lil)ﬁlillﬁ,' un Scales 1 aml, 2, when the mg“ t‘;:n
o t"l If;ﬁ] Ccomes Opposite the mid point between the 8[1 ) Ir[
ond ‘?uﬁ:lr ar we could get 136 when the zero line falls
| v - ' 4
ll,;‘!‘zdway between the Datum and the Lursf:r. =
The point to note s, that it is the first number w ich
-"- 5 sinltaneously under the Datnm and Cursor on
g%ﬂ_’t‘b' and 2 tespectively, when the Iaal 45 _rr;.'o!r.-:fd 1:' .':.
-1«}:::,';,« ;lirrﬂi:m after the imtial settings that is the correc
{ o ar

nare root,

The other vihue, for ex
square Toot of the origing
sqpuare root of 1. 3

Thas 136 = 1849 « /10

—Find the 4th root of 1848,
E’Pr?:t-eed as in Examflc 29 above to find the square root
th

- example the 13 -6 mven above, is illw
i \] niumhv.r (1849) multiplied by the

e
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scale *' No, 4.

This is more particularly described on page 16,
Ex. 32.—Find the cubo root of 964,

Set 964 on Scale 1 under Datum, )

Read Y876 on the outer of the 3 circles comprising the
" Long-scale.”

The cube root of 964 is therefore 9 /876,

In fixing the magnitude of the cube root and on which
circle to read the answer, the reader is referred to the notes
on page 16
Ex. 33.—Find the cube root of 1430

Set 143 on Scale 1 under Datum,

Read 11275 on the inner of the 8 ** Long-scatc *
It is obvious that the cube root lies between
and therefore must be read on the inner circle,

Other yoots can be obtained by taking logarithms, as
in Example 28, or if a sixth raot was required it could be
obtained by taking the square root of the cube root of the
number,

circles
10 gnd 20

Trigonometrical Scales.

Sines, Tangents, ete. The values of Sliles, tangents,
ete., are read from the Scale of angles No, 5 and No, &
by means of the Cursor.

Read Natural Sin. or Natural Tan. on Scale No; |

Read Log, Sin. or Log, Tan. on Scale No., 3,

Cosine, Cotangent, Secant and Cosecant are dedweed
from Sine and Tangent through the following relationships

Forany given angle A —
1

43), and then obtain the square root of this number. Cos. A = Sin. {90 — A); Cot. Ares -,
‘ ‘gét 43 on Scale | nnder Datum. —
- e - - L I : s )
?’L‘rﬁu(rl‘f;; t:,’r:tll the same number tomes s&s;:;ltzsnwusiy 38 g 4= e o= b m:-
u g X n Seale 2. e : S e o
" & 56) i the sf“‘l" }{m;llgﬁtummo ioH RULE Ihe Scale of Sines, No, 5, extends fwice round the cif-
e Ros th'f"m; s n:Jberﬁ on Scale 1 can be read T ‘chmference of a circle.  The inner circle gives angles between
_ ** Cube Roots h?:" nu les which comprise the * Long. — L 35 mins, and 5 degs. 45 mins, and the value of the sine
el "‘“3"J "'}»m'.n"' ses from 0-01 to 0-10,  The auter circle gives angles
o

-

&
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hetween § degs, 45 mins, and 90 degs., and the value of the
Sine increases from 010 to 10,

Ex. 34, —Find value of Natural Sine of 4° 40°.

Set cursor oyer over 47 407 on Scale No. 5.

Read Natural Sine 00813 on Scale No. 1.

N.B. -The number on the Scale is 8§13, but as the sines of
all angles on the inner circle of Scale No. § are between () and
0 -01, we write down the value 0-0813.

Ex. 35.Find value of Natural Sine of 207 30 "

Set Cursor over 20° 307 on Scale No. 5.

Read value of Natural Sine 0-3500 on Scale No. 1.

N.B.—The angle being on the outep circle of Scale No. S,
and the angle exceeding 5° 45% the value of the sine is
between 01 and 10,

Betweon 20° and 25° the scale is graduated at intervals
of 20 ¢ so that 20° 307 falls midway in the second interval
following 20,

Ex. 36.—ind the value of cosecant 20 317,
Set Cursor as in Ex, 35 above

* Read value ——‘— which is cesccant 20° 30°,

g sin 20° 30,
an e 2

This valoe 15 (reading anti-clockwise) 2 855
Ex. 37.—Find the value of Cosine 48",

This equals sin. (90°—487) =sin. 42"

Set Cursor over 427 on Scale 5.

Read cosine 487 on Seale 1 under Cursor = 665,

On the Reciprocal Scale under Cursor is shown the value
of the secant of 48° which equals 1:494. ([Read contra-
clockwise), .

Ex. 38.—Find the value of natural tangent 25°.

Set 259 on Scale 6 under Cursor.

Read tan 25°= 466 on Scale | under Cursor,

Cotangent 25° will be read under Cursor on the Reciprocal
®.

Seale. and equals 2 <145,

_.—-,-1-.-—-—.3-—_,

-
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Norg.—In the above examples i

: il ples the natural sines, cosines
t&ngonts._, ete., are given,  If the log, values of these fm;ctinm;
are required they must be read on the Log. Scale (No, 3)

_ In reading the values of log. sines of angles, the character-
%c of the !l;oga‘ for all angles between 85 mins, and 5 degs,
2 (:;::;:l;sg and for all angles between 5 deg. 45 mins. and

The Mantissa anly of the log, is read on Scale No, 3

Ex:39.:-—l"iud value of Log, Sine of 27 20 "
Set Cursor over 27° 20 * on Scale No. 5.
imt?l Mnntl!ss_a of log. sine on Scale No. 3=662.
E. ¢ an srele s Sine Sci
SR ~l~‘|{'1‘2$ e l.s on the outer circle of the Sine Scale the log

Ex. 40.-—Find value of Log. Sine of 4° 25 .

Set Cursor over 4° 25 ° on Scale No. 5,

l;ea.tc}l] Mantzlssa of log. sine on Scale No. 38865

As the e is on the i i " S S
Somslite ]::g i e inner circle of the Sine Scale, the

Mensuration of Circles.
Ex. 41.—Find the area of a circle 3} inches diameter.

Area=d2 > B
4
=3:5,3.5. 7854,

f‘.?et 3 +5 on Secale 1 under Datum,
Set Cursor to 3 -5 on Scale 2.

l'urn dial till 3 (gauge point on owter circle] comes

under Cursor.
X Rm;d area, 9«62 square inches on Scale | under Datung.
x. 42,—Find circumference of a circle 9.3 ; . s
: 4.3 inches ¢ 8
Set 93 on Scale | under Datum. e iV
Set Cursor to 1.

Culu“.l dial till » (gavge point on outer circle] comes under
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Read circumference, 292, under Datum on Scale |

This example may, of course, be worked out on the Lohg-
scale (No, 4) in a similar manner ; the value of « as well as
the diameter being taken on the Long-scale. This will give
a closer approximation, viz, 28.33. .
Ex. 43.—Find the diameter of a circle whose area 1s 227

square inches,

Din.==4/Area < C.
€=1-] , and is marked as a gauge point on outer circle,

Set 227 on Scale 1 under Datum.

Set Cuarsor to 1.

Turn dial till same number comes under Datum on Scale
1 as comes under Cursar on Scale 2. This is the square root
of 227

Turn Cursor to 1.

Turn dial till C comes under Cursor,

Read answer, 17, under Datum on Scale 1.

Examples using Conversion Gauge Points on Scale
No. 1.

Ex. 44.-—How many vards are there in 396 metres -

Set 396 on Scale | under Datum.

Set Carsor to 1.

Turn dial till gavge point ' Metres to Yards = comes
under Carsor.

Read answer, 433, on Scale | under Datum,
Ex. 45. —How many metres are there in 660 yards

Set 660 on Scale 1 under Patum,

Set Cursor to 1.

Turm dial il gange point * Yards to Metres ' comes
under Cursor,

Read answer, 603, on Scale | nnder Datom,
Ex. 46.—How many Ibs, are there in 86 Kilogrammes ?

Set 86 on Scale 1 under Datum,

Set Cursor to 1.

Turn dial till gauge point * Kg. to Lbs.'' comes under
Cursor. :

Read answer, 1893, on Secale | under Datnm.
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Ex. 47.—How many kilogrammes are there in 58 Ihs, ?

Set 56 on Scale | under Datum,

set Cursor to 1,

Turn dial &l gange point " Lbs to Kg'' comes under
Cursor. &

Read answer 25 -4 on Scale 1 under Datum.

Ex. 48.—How many centimetres are there in 24 inches 7
Set 24 on Scale | under Datum,
Set Cursor to |
_ Turn dial till gauge point “1Ins, to Cm.' comes under
Cursor,
Read answer, 60 +9, on Scale 1 under Datum,

Ex. 49.—How many inches are there in 80 -5 centi 7
Set 80 -5 on Scale 1 under Datum, sy
Set Cutrsor to 1.

Turn dial till gauge point " Cm. to Ins.” comes under
Cursor.
Read answer, 31 7, on Scale 1 under Datum.

Examples in Percentages and Proportion_are given on
pages 46 and 47. s

DISCOUNT,

Ex, 50.- What is the wholesale price of an article subject
;olg discount of 20 per cent., the retail price of which
1515/~

Set |, to Datum.

Set Cursor to 15.

Tumn dial to 80 (20 backwards) representing 20 cent,
Read 12/- under Cursor. : g

Ex. 51.—What is the wholesale price of an article subject

to 124 per cent, the retail price of which is 52/6 ?
Set |, to Datom,
Set Cursor to 52 -5 (52/6).
Turn dial to 87 -5 (12 -5 divisions backwards, representing

12§ per cent).

Read nearly 46 under Cursor, which we should estinate

as 45/11.

*1




TRIGONOMETRY.

Mathematical Principles.

If in & inangle the angles are denoted by A, B, C, of which
C is u right angle (90°) . and the sides opposite the angles
are denoted Ly a, b, ¢, the letters being arranged clockwise,
. Then the {ollowing relations exist Dbetween the several
angles and sides.

[ b (1
Sin A= sin B= — o5 A= = cos B= -
(= [} ; o
a b , L ]
tanJA = > cotan A = 2 secant A == T
cosecant A -

a

If C is not a right angle, the sine, cosine, etc, still have
same values, but a and b are not now t_he sidm:s of the a!ctual
triangle, but of an imaginary triangle with B € perpendicular
to C A, and the following relationships hold for triangle

A, B, C.
A+B+C=180 degrees,

B2 0 SE el S N
b sin B € sin € a sin A
@3e=b3-02—2bs CORING A, 145 evassvapensisnsvassanzsassd L)

Cosine A is itself minps, and the whole of the last factor
of equation (3) becomes plus, if A is greater than 90°,

If A is 90° this last factor disappears.
Sine (180—A)=Sine A
Cosine (lﬁO—-A}: — Cogine A
Cotangent A= Tangent (90—A)

TRIGONGMETRY,

"The area of a triangle fs ., 2230 €

A—B a—4
Tangent - -

. Lo o Al
Cotangent — fam —— { -4

Formulae (3) and (4) are much used for solving triangles
when two sides and the included angle are known, :

The following method is also used when two sides say b
and f of a triangle, B T R. and the included angle R are
known or can be calculated from other known data.

The third side » (nsvally the range in an artillerv problem)
can then be found as follows

!
First calculate the ratio —I;- vy e « (9]
b sin B
NOW —— = e 5 RO—T 3 s
0w i Sin T Aso Be=1 | K ({11
And sinyB=8n (TR S ol ailbaeg {7)

Set the Ratio m under Datum, and set Cursor ‘over |
~  Dboth on Scale 1.
L»‘ This is antomatically the result of the process of dividing
bbyt
Turn [dal until, on the Sine Scale (No. 3). the angle under
Datum, is the sum of the angle under the Cursor and the

nn%[; R
en the le under the cursor is T.
The angles T and R and the side ¢ being now knowi,
& the side r is calenlated by the usual formula. See Ex. 9,
b e Thus, if b and f are 5,000 yds. and 900 yds, respectively,

Cstss nd R is 40°.

The ratio m =5 555, and T=7° 38",
o ' The range y is therefore 4,850 yds.

W

B




HINTS ON CALCULATIONS.

Simplifying a Decimal Quantity,— Regard should be
vaid to the value of the terminal figures which are struck
Off. If it be desired to contract 15-847 to four significant
figures, then 15 65 is nearer than 15 -84, because 7 15 nearer
10 than 1 ; but if the original number had been 15642, then
13 ‘64 wounld have been the closer approximation.

Fractional Value of Decimals.—A misconception of
the fractional value of decimals sometimes causes mistakes,
gspecially if there are cyphers between the decimal point
and the first digit. To avoid this, remember that when
expressed as a fraction the number of cyphers in the de-
nominator is the same as the number of figures after the
decimal point in the number

Fay example —

4 304 96 2
e @ —— Or —— 06 = . e
e BT R 8= 3% =0
Locating Position of Decimal Point.—When factors
containing decimals are multiplied by ordinary arithmetic
there is no difficulty in locating the decimal point; one
simply ticks off the same number of decimal figures in tho
answer as there are in the factors; but this cannot always
be done when the operation is performed with a scale or

sonles,

The number of significant figures in the answer {Lie,,
the number which can be written down) cannot be stated
beforehand, [t will depend on several things, viz., the
size of the factors; the degree of subdivision of the scale ;
the accuracy of the scale or scales, and the accuracy of the
pperator in setting and reading them. ’

The position of the decimal however determines the
ascuracy of the answer, and its location is important,

4

LOCATING DECIMAL POINT, 45

Usually the answer is known with some (u 1 o
noation, or can be determined from ill::]mclinlt{m"t‘ﬁi ﬁ’fm
and when the operatar is familiar with a logarithmic scale
{(straight or circular), he generally decides in_ this way m;
being the safest and quickest, i

I'he writer is not enamoured of Rules however and prefers,
as nearly every user of a logarithmic rule does, to work out
the position ol the decimal pomt from first principles by
mental arithmetic and rough cancelling.  In his upininil
arbitrary rules are a tax on memory, and liable to mislead

In. such @ cise as the following, which may be taken as
an ordinary calenlation; vules would be of little help in
deciding the position of the decimal when writing down the
answer,

692 x 746
2876 >

192" %9
925

Whereas, we could reason mentally about it thus i —
692 is practically 7.

7 nto 2876 1s roughly 400.

400 into 746 is roughly 2.

2 mto 92 -5 1s roughly 45,

T'his would be in the denominator, and in the numerator
there would still be left 19:2 » 9, which is roughly 170 ;
and 170 divided by 45 would obyiously have a value less than
10 though more than unity, X

| Therefore, in writing down the three or four significant
figures given by the Calculator as the answer, the operator
would only write one figure in front of the decimal point.

A rough estimate like the above takes less time to make

“than to describe, and, in the writer's opinion, is safer than

w hard rule, which may be imperfectly remembered and liablo

yn mislead,




40 FHUBLEME OF PERCENTAGHS

Use of Proper Units.—When making calculations, the
quantities should be expressed in proper units,

Different things often require to be mmultiplied together
but the answer has only one quality. It may be money,
weight, force, urea, etc.

I an area is desired in square feet as a product of hinear
dimensions, these dimensions must be expressed in feet,
1f this is not done, account must be taken of the fact in the
ADSWET. "

1t does occasionally happen that some quantities are
in one unit, and others in another, e.g.. in certain formulae
depth in inches, Weights of metal bars are generally given
in Ibs. per foot run, although sectional dimensions are in
inches.  These points should be borne in mind

Problems in Percentages.—In speaking of percentages,
confusion often arises through mattention to the basis on
which it is measured. If A's salary is £75 and B's [50, it
would be true to say A's salary was 50 per cent greater than
B's. and equally true to say that B's salary was 33 per cent
less than A’s. The fact is only expressed in two difforent
WYS.

There can be no misappreliension in any case if the quantity
representing the 100 is made clear. Set the question as a
problem in fractions, thus !—

ExaMprE—In an examination 27 scholars pass st class |
85, 2ud class; and 63, 8rd class, Expresy the various
numbers as percentages of the whole,

Here 27 ++ 35 4 63 = 125
and this total must be regarded as a 100 base which his
to be divided into three similar proportions.

Therefore if x, v, = are the threc percentages, we have the
lollowing relationship -—

27 = -i-nncl

i 100 x 27
=t N e—
195 100 125

= 21 -6 per cent,

PROBIEMS (N PHOPOT TION.

v 100 % 35
= —— and y _—

100 = 28 pereent

. ¢ 100 x 63 S :
—— anf & = —————— = 504 per cent.
00 125 - el

For this class of question the instrument is very convenient.
Set 1 0 on Scale No, 1 under datum line and set cursor to
125 (i.e., 12-5). Rotate dial until the several figores 27, 35,
6%, come under the cursor and read the several percentages
nader the datum,

Problems in Proportion.—Set the question in simple
fractional form as follows ;. Where A, B, C are certain known
quantities and v is the unknown quantity,

A ¢

™

Each of these quantities may be in the numerator or
the demominator, as the operator finds it convenient in
setting down -their relationship, but must, of course, be
done correctly. Then by cross-multiplication we have :
8.3 C

A e B x Candx ="

Exasere 1 —IH 15 men do a task in 28 days, in how
many days will 21 men do it, assuming they do it at the same
rate ?

Obviously more men will take less time in the ratio of
15 to 21, and if v is the number of days, then

x 15 28 x 15
= — and «

—— = =~ 20
)= 21 20 ays
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48 PROBLINS TN RROVARIION. Metrical Equivalents of British Imperial

Weights and Measures,

MEABURES OF LENGTH
Britinn. Frenon,
2680 contlotren | Miliinvire = 07080871
B470 decimutren, | Oentimetre = 0 3057In.
04148 metre, Dotlmetre = 8087,
1'8287 motre 898707010,
B 2808M.

FxampeLe 2 —If a task takes 18 'men 36 days, how many
men will be required to do it in 27 davs,

Obviensly more men will be required in proporton 1o
the increased speed at which the task must be done, and

therefore
50201 mutres,
1:0usdyd,

36 x 36 « I8 . Furlang 201°1644 metres.

T = g el ¥ = e =4 men. Mile = 16098140 metres. Kllometre = 1008038 yda,

# , a Navitical Mile = 1855030 metres, Myriamotre = 69188 milos
Nowiid = Eng. nautleal mile

SUPERFIQIAL MEABURKS,
0'000045 wy. metre, | Acre
= 00020 sy, metre H. matre
= ('580 sq, mptrn, o
= 252015 aq. metra | Heotare
= 101187 nron |

Set 2 on Scale | under Datum. VOLUME,
lLou fnch=16°887 on, contimetres. 1 on. centimotre = 061 ow ineh
1. 1 au, foot = “_'g';;’“"“ motyon. 1 ow. deotmaotre= 01024 0. Ina
TBAL w1, Tmetres. 1 Htro=1000 ou. entlmetros
To4°558 Htrea 1 1itre=1-750% pinta.
415450 litron. 1 ou. metro=_85-3148 on. feet.
1 on. maotro="13078 oxw. ynrda

Muotrs =

IR S N E

Practice in Reading and Setting Scales.—To gel \
accustomed to reading the Primary Scale No. 1 and the Sq. Ineh
Long-Scale No. 4, and their graduations, the leamner will Sq. foot
nnd it good practice to work through a multiplication table, ﬁq';d!m’

thirs — Rood

04047 hectare,
111060 8q. yd.
00888 rood.
24711 nores.

Set Cursor to

Turn, in succession, all figured graduations past Carsor

1004 e, it
27727 ou. {nches.

281 en. inchow
5845 Lruperind gullon

WEIGHTS.

Note the values which pass the Datum are twice those
which pass the Cursor,

Thod 25V =20 2 125= 244 2 % 13 = 26457 pte.

' the same for 3 or other simple number, and procedd Troy) Graln = 0004 s rumng e 1 10488 troy gralna

to such multipliers as 3-1, ete. This teaches the learner
ta read parts of the scale not figured, or whero the graduations
are counted as 1, 2, or 5, according to their nature

Pennywelght = 1556 gramme.
Onnce =41-108 grammos.
Ponnd L ) 878:220 yrammes,
(AT00grs ) | — & 0'37ux kilogr'me,
1Awdrdpa )
I raam,
Dunes | = 0880 grammnios
Pouind } = | 455°57 grammos.
(7000 grw ) { 04556 kllogr'me,
Owt. =508 kilg ammes
Tan =10 A0 kilogrmes

= 177 grumme.

Gramme = {"0.5080wf

164880 tray grains
2470 troy1b,

= 2:20 wroir, b,
"YU IAETAING ) o 9904 Ib.

Quaator 1 w2s040m 1.

Tonnean or
Millior } =0"0842 of atin
1000 letlow

Kilogrm. = {




Useful Blectric Formule,

| HLP, = 33,000 ft. Iba por minate.
Torque = 2t =

1P = 706 Watts = Ti6 K, W.

1 B.OUT, unit = 1,000 Watt hours or 1 K. W, bour.
AW, = H.P = 46

Input of Motar in Kw e liclency

Crrrent In Amps. = - """:

Output of Motor in JLP, = 10pUE i Kv‘;'- x Eficitnuy

“ia
Apparent Power of Single-phasa Circult in
EV.A = Volts x Amps

ok T.o0

Real Power of Sinxic-_phm Ciruui'r.‘lu
EW. = \Oiwil‘iﬁ_'ﬁ?!‘: % Power factor

Apparont Power of Two-phase Cireult in
E.V.A.= 8% ‘L“El.%;.;‘ﬂi'i

Real Powor of Two-phase Clreult ln
. KW, = ¢ x YOI Ampa,

Apparent Power of Three-phass Circuit in
E VA, = '3 % 1'1'1*_’%:]‘&]1'-

* Powor [sctor

fteal Power of Throo-phase Clroult In
KW, = 173 x volla X Amps. o power tactor

1,060
{nput of Single-phnage, Two-phase, or Threo-phase Mototr in
T SR - A A [T

Effloloncy » Power factor
Qutput of .‘-linule—phasil{ Two-phose, ot Throo-phuse Motor in
g,p, =doputin K.V,A. x Efficiency % Power factor

TG
Current Input of Single-phase Motor,
K.V.A. % 1,000 H.P. x 16

e 2 =E|ﬂcim-cy % Powar fnetor x vouila
Current Input of Two-phisae Motor
K.V.AL X 1,000 H.P. % T6

i

@

3 x Voits  Ifclency % Power factor X 2 X Volis

Curront Tnput of Three-phase Motor r
',V,.&Wx 1,000 s H.P. % Ti6

== 175 % Vol Efficlancy % Power Inctor ¥ 1 T4% Valu

Ontput ol Alternators and Transformers 10
K.V.A, = Dutpot in K.W,
Power nclor

Compound Conversion Factors.

ENGLISH TO METRIOAL,

10987 = tonnes iare metre.
11916 = bomnes g«‘m::.m
049258 = kilon. per otiblo metre,

16080 = kiloa, per ouble metre,

e oo e
009958 = ilos, pox Héro,

48005 = 1.:‘“” per square metre.

0388 = tonno-metres.

0477 = kilos per chewal.
0'0918 = pyuare metrs per cheval
0°027T9 = oublo motre por chiorval,

3¢ 3¢ 36 3 23 30 3 5 3 3 3K XXX KK KX
g

ta e rekwEESH S 0952 LB
nite por square fook,. X 2718 = onlorien per squaro motre,

METRICAL TO ENGLISH,

Kilon. per lineal metre ... .., X 0672 = pounds
peor lineal matrs ., . X 2010 = p'::fm::: !oo&.'
por Uneal metre .. « X 000008 = wlinoﬂbd{"ﬂ

per Hueal metre e X 00009 = mms:l' lneal yard,

por agquare esntim eew X 14988 = por square lnoh
Kilon. per square millimetre, ... x 0635 = squars inoh.
- Klloa, por square motro ... X 09048 = por squire fook,
Tonnes por square metro ... X 0404 = por square fook.
Tonnes per square metre .. .. X 0828 = tons per square yurd,
Kilos. por anho metre.......... X 1685 -mﬁrmmluu d-
Kiloa. per eublo metre ........ X 000624 = muhwenhin(,:r
Tonnss per eubic metrs... « % 0762 = tons per cuble yard,

mmmas per Hire ... X 70'1 = gralne per gallon,
Kllun. par et ¥ 1002 = pounds per gallon,
tres o aquare metrs . X 00204 = .[ﬂ.hu- par square foot
Kilogrammetres .. ... . X 1088 = fool du.
Tonne-metres, . ... 03 ggﬂ = mm
* . X 508 = horse- N
oheval .. .iii...e.. X 2085 =panndr°'"2ﬂ.1‘.
s metra per cheval ...... X 10918 = mptr}l.r.
motre por choval ., .. ... X 36808 = ouble feot por ILP.
Juusesedssonaaennons K BOSH - tunita,
¥ 0380 = hes iunite per squars toot
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