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FOWLER'S ‘' MAGNUM " CALCULATOR.

Fowler's ** Magnum ' Calculator, like the well-known
waisteoat pocket instrument consgists of a series ot
concentric eircular scales, iogarithmically divided and
mounted on a dial capable of rotation by a thumb nut
autside the containing case The scaies are equipped
with a fixed radia! datum ine, and a radial cursor
line rotated by a second thumb nut. The rotating
seales cursor line, and onerating mechanism are enclosed
in an airtight clectro-plated metal containing case,
fitted with a glass face so that the scales me always
kepl clean and the instrument is presvryed from external
injury in a handsome leather wallet which fits easily
into a side pocket. The large size of the * Magnum "
.nables all the scules to be mounted on one dial, wnd =0
of being synchronised and read concurrently. It also
permits of the use of larger figures and easier reading,
an advantage to persons of weak eyezight. Another
important feature is that the scales are longer and
admit of finer graduation and more accurate reading.
This is specially noticeable in the Long-Scale ™ which
gives a length of 50 ins. as compared with 10ins. in the
ordinary slide-rule and permits of caleulations being
made to four, and sometimes five, significant - figures.
“The motions of the scales and cursor being efiected by
gearing, adjustments can be made with greal ease and
nicety. There is none of the objectiobable sticking or
slackness often so troublesome with the straight, slide
rule owing to changes of climate or temperature, nor
iz there any of the * end ewitching "' often necessary
with that instrument when working with the full length
spale and which induces many users to work habitually
with the half length. In civcular calculators the scales
are continueus and there is no half length.

To sum up the merits of Fowler's * Long-Scale ™
Instruments, they are more portable, comprehensive
and accurate: cleaner and easier fo operaie, and may
be used equally well in any climate.

Logarithmic Calculation.—Ths mathematical basis
on which all instruments of this kind rest is that of
logarithms, first discovered by Napier, which permit
of the tedious arithmetical operations of multiplica-
tion and division being replaced by the simpler ones
of addition and subtraction, which can be done with
two sliding scales having logarithmic distances marked
on them as in the straight clide-rule.

Logarithmic graduation, however, is not uniform
and such scales, whether straight or cicular, have certain
drawbacks. The intervals which represent logarithmic
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distances between the numbers 1, 2, 3, 4, 5, 6, 7, 8§, 9,
10, diminish rapidly from 1 to 10. If the intervals be
expressed as percentages of the whole length they are
respectively 30, 176, 12-5, 87, 7.8, 67, 58, 51, 45,
and show how much finer the interval at the beginning
between 1 and 2 can be graduated than the one at the
end between 8 and 10. One is nearly 7 times as great as
the other and it is impossible in a straight scale of
reasonable length to sccure uniform graduation. Some
parts are divided by 10, others by 5 and others again by
only 2. This dissimilarity of division prevents equal
aceuracy of reading in all parts of the scale.

A length of less than 10 inches in a straight slide
is not of much practical use and is not a very portable
article. If the seale, however, is arranged ‘in ecircular
form, round one circle or round several, as in Fowler's
" Long-Seale,” it may afford a length of 30ins, and
yet be capable of insertion in the waistcoat pocket,
while in the case of the ' Magnum," which can he
carried in the side pocket, the length of the Long Scale
iz 50 inches. The advantage of this is shown in the
following examples.

Description of Scales. -There are seven separate
spaes,  Beginning with largest in diameter, No. 1,
and procecding inwards to the smallest, they are as
follows &—

Scale No, 1.—The * Short-Scale,' a single circle,
18} inches in circumference, praduated clockwise. This
is the calculating scale for multiplication, division,
ate,, anglogous to the ordinary slide rule,  It.is also
used for direct reading and incorporvating wvalues of
functions on other seales by aid of the cursor or datum
line (the cursor by preference, as it is clozer to the
scales and eliminates parallax).

Between the prime numbers 1 and 2 the zeale is,
divided into 20 figured parts (1, 12, 13, ............] each
decimally graduated and capable of further graduation
with the cursor. Readings on this part can be made
easily to four, and sometimes five, significant figures.

Between the prime numbers, 2, 3, 4, 5, each part is
divided into 10, viz., 21, 22, ........, up to'3d, 31 ...... up
to £, 41, 42, ...... up to 5, though only even divisions,
22, 24, 28, ete., are figured, and owing to diminishin
space as the scale advances the graduation is reduce
irom 10 to 5.

Between the prime numbers, 5, 6, 7, 8, 9, 10, each
part is divided into 2, viz., B5, 65, ..., up to 85 and
each of these decimally graduated, so that on this,
tha finest part of Seale No. 1, readings can be made
to three and sometimes four significant figures,
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Scale No. 2.—The " Reciprocal Scale! a single
circle, exactly like No. 1, but graduated contra clock-
wise so that the readings on one are the reciprocal
values of those radially oppesite on the other. On
this scale the values increase from right to left instead
of from left to right as in all the other scales. 1t should
be noted that any value on Scale No. 4 {the Long Scaiﬂi
must be expressed on Scale No. 1 before its reciproca
value can be read on Scale No 2.

Scale No. 3.—The Square Root Scale. A scaie ex
tending round the inner and outer circumference of a
common ecirele and giving the square root wvalues of
readings on Scale Mo. 1 which conversely gives the
squarcs of the values on Scale No. 3,

This scale, which has a total length of 22 inches,
may, if desired, be also used for multiplying and dividing,
though these operations are usually made on No. 1
{The Short Seale), or No. 4 (The Long Scale).

Scale No. 4.—'* The ILong-Scale,” \ scale extending
round six circles, beginning at the smallest and con-
tinuing 1ound the successive circumlferences until it
completes the sixth, with a total length-of 50 inches

This =cale gives the sixth root values of Scale No, 1,
which eonversely gives the sixth power values of Scale
Mo, 4. It also enables cube roots to be read at a single
cotting. Since if £ is a number :

3yvr = B2

Therefore, ii ¥ on Scale No. 3 is set under cursor
the reading on Scale No, 1 is 22 and the reading ou
Scale No. 4 is

Gyt fo dvx
In a converse way the cubes of numbers may be
read directly by setting the number # on Scale No. 4
under the cursor and reading #% on Scale No. 3.
A mental estimate of the value of the cube roc , or

of the cube, is, of course, required to determine on
which particular circle of scales Nos, 4 ot 3

vy ar 23
are to be found. This will be discussed when giving
examples of the use of the scales.

The most valuable feature of Scale No. 4 is its great
length (50 inches) which permits of multiplication
and division with a degree of accuracy beyond the
possibility of any straight slide rule. The Scale is
used just like No. 1, in setting factors, but requires
u little miental consideration like any other logarithmic
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scale to determine the result and hence the cirele on
which it is to be read, This is more fully discussed in
describibg the practical use of the seale. Its great
length enables it to be divided into 100 figured parts,
12l =i up to 100, and each of the.e to be gradu-
ated decimally, which makes setting and reading very
simple. Threc significant figures of a result ean be
written without hesitation, even in the most finely
graduated part between 99 and 100, while further
division can be made with the cursor and over & great
art of the scale rezults can be read to four and sometimes
ive, significant tigures. The superiority of such a scale
aver that of the 10 inch slide rule will be maniest to
those familiar with that insttument which only permits
2 graduations between 89 and 100 as compared with
10 graduations of the Long- Scale of the '* Magnum
Caleulator.

Scale No. 5.—A Scale of Logarithms uniformly
graduated from 0-01 to 0:1.

For a given number read on Scale No. 1 the Maperian
logarithm is reacd on Scale Mo, 5 and conversely for a
given Maperian or Common Logarithm read on Scale
Mo, 5, the corresponding nuimber is read on Scale Na, 1.

Scale No. 6.—A Scale of Anples piving Natuoral
Sines and Log. Sines, extending round the inner and
outer circumferences of o common circle. The inner
gircle gives apgles from 35 minutes to 5 degreses 45
minutes ; the onier circle angles from 5 degrees 45
minutes to 90 degrees, praduated as (ollows —

From: 35 mins. to ! degree at intervals of | mir.
e 1 deg. e i iy z o
e H deﬁ T -] " " 3 L1
i 5 deg A BT ' 10
- 12 dEg] 1 30 i " 20 15
w30 deg. o o 1 deg.
s Bbideg. 530 5, : N

Scale No. 7.—A Secaie ol Angies giving Natural
Tangents and Log, Tangents, The Scale gives angles
from 5 degrees 45 minutes (o 45 degrees gracduated as
follows :—

From 5 deg. 45 min, to 8 deg. at intervald of 5 min

o B dag, v L g 3 10 .5
2 g, v o, L 205,
i B0 deg, . 45 deg, = a0 4,

The Natural values of Sines and Tangents are read
on sSealé No, U amil Log, values an Scale No, 5,

[
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The dial, with its seven scales, is rotated by the
thumb nut at the top of the insirument, 2nd the Cursor
line ¢ by the thumb nut at the side The fixed datum
line js on the cover glass of the instrument. The unity
0. zero line is common to all the scales,

Scales No. 1 and No. 4 have the following valoes
specially indicated :

Ve, V& loge 10, ™, G.E. (gravity English), E.H.P,
(Electrical Horse Power), &[4, G.F. (gravity French).

The difficulty experienced by a beginner in using
logarithmic seales nfp any kind for caleulation is largely
due to the variable nature of their graduations and of
the values attached to them not only to the graduation
lines themse!ves bot to the spaces between them and
which must be allowed for when setting values and read-
ing results, The =paces between the prime numbers
1, 2,8, 4, ...... 10 differ greatly and the nurabers them-
selves may represent their simple values or any multiple
of 10 thereof, while the fine praduations of the scule
mav be of the nature of 2, 5, or 10, These features are
at first cqnfusing, but when the learner is familiar with
them he will find difficulties disappear and that the cal
cilations can be made with confidence and accuracy
as well as great saving of labour, and his attention
should be first directed to this end. As he acquires
facility in the use of the scales he will discover many
short cuts in manipulating them and need not strictly
follow the instructions here given for his guidance
in the form of a number of worked out cxamples which
he is recommended to study in detail, remembering
that the Calenlator is a tool reguirving for its efficient
use the exervise of a little common =ensz and mental
arithmetic, It is not an adding machine for totalling
money fractions, like a bank clerk, but a device for
making rapidly and with practical accuracy the innumer-
able calculations required by desipners, engineers,
chemists, draoehtsmen, and students in the course of
their daily work.

Examples of Calculations made with One Setting.
—The following are examples of calculations which can
be made with Fowler's " Magnum ' Caleulator by
gimply setting the cursor line to 2 value on one scale
and reading the corresponding wvalue on another, and
are chosen not for their simplicity but for difficulty
and teaching purposes.

Exercises with the Reciprocal Scale No.2.—Ex, 1
1

Find the decimal aguivalent of ——
{456

'l
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Sel cursor over G456 on Scale No. 1. Read unde
cursor on Scale No, 2, 0-1548.

In setting the cursor to G456 on Scale |, we note
that between 6 and 7 there are 20 graduations, the
reading advancing clockwise, 605, 610, 615, 620, etc.
and 6456 is between 64 and 65, its exact pasition being
estimated. Conceive this space to be divided into 100
parts and advance 56 of these parts past 64, i.e., just
a little more than half way.

Reading Scale 2 anti-clock we make the value under
the cursor as near as may be 1548,

From inspection of the faction its value is obviously
betweon one-sixth and one seventh and without hesitiotio 1
write down the decimail value as 0'1548.

1
Ex. 2: Find decimal equivalent of ——
3475
Set cursor gver 3475 on Seale 1.
Eead 2578 on Scale 2,

The fraction is manifestly less than
S000

and expressed decimally will require 3 cyphers aiter
the decirral point, s0 we write the answer 0'0002878,.
__In setting 3475 under the eursor we note it falls
between the figured graduations 34 and 36 and that
between 84 and 35 there are 5 praduations, each ad-
vancing 2, thus 342, 344, 346, 348, 35. About half-way
E:tgnun 346 and 34B is 347, and a shade past this is
475,

Feading scale No, 2 the cursor is just short of the
value 288. We estimate it as 2878 and the answer,
therefore, as 0'0002878,

1

Ex.3: Findthe decimal equivalent of ——

00284

Set cursor over 284 on Seale 1. (It is the second
graduation line past 28 and the spaces count 2 each.)

The reading on Scale 2 is just ]iast the graduation
following the 35 mark reading anti-clockwise, and where
each space again counts 2, We estimate the reading
as 3521,

By inspection the value of the fraction is seen to be

1

more than and we write down the answer as 35:21,

30
‘Ihe three preceding examples are good illustrations
of the care required in scale reading; in noting the
value of the graduations, and whether the advance of

8
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the seale is clockwise or anti-clockwise. Scale No, 2.
the Reeiprocal Scale, it may be noted, is the only oune
graduated anti-clockwise.

Exercises in Squares and Square Poots.—Scales
No. 1 and No. 3.

The numbers on Scale Mo, 1 are the squarez of the
numbers on Scale No. 3, which extends round the
inner and then the outer circumference of a common
circle.

Conversely the nuwahers on Scale Mo & are the square
roots of the numbers on Seals No. 1.

The learner is advised to read the two =cales, Logather
with the aid of the cursor and compare numbers whose
squares and sguare roots can be easily compared mentally
&0 as to familiarise himself with the scales, ep., 2 and 4,
3 and 9, 5 and 25, 8 and G4, etc., and afterwards try
larger numbers,

The following table shows how the vahies of sguares
and square roots can be approximated mentally and
so located on the scales of the Culcklator —

Henee for any  The Sqguare Root

Number beiweer i5 between
108 = 10D 1 and 160 i and 10
. — 400 100, 4, 40l 10, 20
802 == a0 400 ., 800 20 ., 30
408 = 1GOO 900 ,, 1660 30 ,, 40
Qe == Z2E00 1800 ., 2500 40 ,, 50
802 = 3500 85040 . ., 3600 50, 60

Ete. Ete, Ete.

If the number of digits in 8 number is odd the square
root is read on the inner circle of Scale Wo. 3, If even
it is read on the outer circle of that scale.

If a number is less than unity the square is less than
the number and the square root greater, c.g.,

AT - i s s = .
(32 =3 (082 = 064 NI =L 0D =07

Ex. 1: Find the square of 0-7462,

Set cursor to 7462 on Scale 8.

Fead Secale 1 under cursor,

We estimate value to be 557, and as the given number
*z less than unity, its square will be less and we write
the answer, (557,

The correct waiue is 0:5583, but the reading on the
seale is a close approximation.

Ex. 2: Find .!];c square of 27-53.

Set cursor to 2752 on Scale 8.

By mental estimation as per table the square is
between 400 and S00.

Reading Scale 1 we makz it 757 5.

Actually it is 7573, a close approximation.

9
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Ex 3: Find the square root of 1728,

The number lies between 1600 and 2500, thereiore
the root lies between 40 and 50,

Set cursor to 1728 on Scaie 1.

It iz between 17 and 18, which here stand for 1700
and 1800 ; the exact point {s just short of the third
graduation line after 17,

Rzad answer on onter circle of Scale No. 3 between

and 42 where each graduation counts 2.

[t i5 just short of the third, which would be 41-6;
wa call it 4158,

This is correet 1o four figures and is a good illustration
of the exireme accuracy of the secale,

Ex. 4 : Find the square root of Q-00373,

As the numbur iz less than unity the root will be
larger than the nomiber,

Set cursor over 375 ou Seale No, 1, This is the grad-
uation line preceding 350,

Read on Seale No. 3, outer circle, the result between
61 and 62; we estimate it as Gi48 and the answsr,
therefore, as 0"6148, correet to four [puras,

If in Ex. 1 and 2 above we had been asked to give
the reciprocals of 27-522 and (0-74822, f.e. the value of

1
——— and of —~ they could have been
27-522 ‘074522
read without forther sctting by simply readine the
answers on Scale No, 2 (The Reciproeal Scalel instead

of Secale MNo. 1| and shows how convenient this scale
occasionally may be.

1
In Ex. 3 and 4, however, the values ———— and
V1728
1

————— coujd not be given until the square roots,
W-0E T 5
wiz., 41-58 and 006148 had been first transferred to
Scale No. 1 as reciprocal values can only be read from
Seale No. 1.

Cubes and Cube Roots—Scales Nos. 1, 3, 4,

The third power or cube of a number can be easily
ohtiained by multiplving itself three times ¥ ¥ & ¥ » =218
or hl" reading 22 on Scale No. 1 from Scale No. 3 and
multiplving that power again thus (#2 % x.= z%).

The first method is the simpler and probably -the
better, as the same scale is uzed each time.

_Cube Roocts may be evaluated in a simple way at ona
satting by reading Scales Wos, 1, 3, and 4 in ¢on;unction,
from the fact that the cube root of any number is the

10
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seme as the siath reot of the square of that number
thus vy = Gysm

Noew Scale No. 4 (The Long Seale) extends over six
circles and gives the 6th reots of the numbers on Scale
No. 1, which are the squares of numbers on Scale No. 3

The particular circle of Scals No, 4 on which a cube
root 15 located can be determined mentally by a con-
sideration of the following :—

Hence forany  The Cube Roo

Number between  is between
108 == 1000 1 and 1000 1 and 10
0% = S000 1000 E000 100 w2
30% = 27000 8000 ,, 27000 20 ,, 30
408 = 64000 27000 ,, 64000 80 ,, 40
50% = 125000 G4000 ,, 125000 40 ,, &0

It is easy to say mentally the cube of 2, 3, 4, 5, and
add three cyphers and so fix the blocks of numhbers
to which the cube root of any number between 1 and
50 belongs.

Ex. 1: Find the cube rool of 34,680 (2 134680).

Set cursor over 34680 on outer circumference of
Scale No. 8. It is situated just a little less than three-
aquarters of the distance between the 3rd and 4th prad-
uation following 34.

On Scale No, 1 the cursor lies over the square o
the given number, but without paying any attention
to the sguare, seek for the cube root on Secale No. 4,
between %ﬂ and 40, becanse the given number iz situated
between 27,000 and 64,000, A rapid survey shows that
the cube root is under the cursor on the 4th circle
reckoning from the centre and between 32 and 83,
At this part the scale is graduated in tenths and we
make the reading, i.e, the answer, 82.-62, which is
as clese an aporoxima‘lon as cau be given in four
figures,

S i
1.8 e

/
6844 v G844

First find 3v6844 which as the number is between
1,000 and 8,000 must lie between 10 and 20, and proves
to be actually 18-98, So what is required is the value of

1

Ex, 2 Iind the cute roof of

1898
Set cursor over 18-98 on Seale No. 1.

Fead on Mo, 2 (The Reciprocal Scale) the answer
under the curscr. This reading is 527.

11
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1
From inspection of the {raction —-— we see its

1593
1
value is round about — and, therefore, write down:
20
aﬂl.-l
J—— = 0:05370.
N G244

Cube roots or any other roots or powers, whole or
fractional!, may be obtained by means of logarithms
and sometimes ‘this method i to be preferred.
!I_nguritllms can he abtained by the aid of the Caleu-
ator.

LOGARITHMS.

The value of logarithms to four figures can be obtained
from the Calculator by means of Scales Nos. 1 and
§. Limitations of space prevent any lengthy exposition
of the theory of logs. but the following notes are useful.

The logarithmn of a number is compozed of two parts,
the Characteristic and the Mantissa.

The characteristic is the part of the logarithn to
the left of the decimal point, and mmay be positive or
negative,

f the number is greater than unity the character-
istic is positive and one less in value than the number
of ligures to the left of the decimal point in the number.

If the number is less than unity the characteristic
is negative and one greater than the number of eyphers
to the right of the decimal point in the number. The
indication of negative value is shown by a minus sign
aver the top of the characteristic.

The Mantissa is the part of the logarithm to the
right of the decimal point and is always positive, and
for the same figures always the same wherever the
decimal point may be.

These features of logarithms are shown in the following
examples :—

Log of 278 is 2-444, Log of 0278  is 1-444.
w278, 1444, 00278, D444,
0 278, 0444, »  0:00278 ,, 8444,

[A fuller description of logs., with tables of logs,
and anti-logs., wil? be found in ° Fowler's Machinists
Pocket Book,” Scientific Publishing Co., Manchester,
4/6 net.]

Ex. 1: Find logarithm of 2675.

Set cursor over 2675 on Scale No. 1. HRead Man-

12

www.reglasdecalculo.com



tissa of log., viz., 427 on scale 5. As there are four
figures in the number all te the left of the decimal
point, the characteristic of the log. is positivelandjits
valone iz 3

The complete log is 3-427,

Ex. 2 Iind logarithm of 50-75.

Set cursor over 50735 on Scale No. 1 (it lies between
the second znd third graduation line after 5),

Read Mantissa of log. on Scale 5, viz,, 7055,

The characteristic of the log. (as there are two figures
to left of decunal point) is 1.

The complete log. is 1-7055.

Ex, 3 Find logarithm of 0-024078.

Set cursor over 24076 on Scale No. 1. This is about
ons-third of the way between 24 (which represents
240) and the first graduation after it, which represents
24032,

Read mantissa of log, on Scale No, 5.

We make the reading 3815,

Asg the number is less than unity the characteristic
is negative and as there is a cypher to the right of the
decimal point its value is 2,

Therefore the logarithm of (-024076 = 33815,

Finding Nth Powers and Nth Roots of Numbers-—
with logarithms (whether N be a wholé number or a
fraction).

Let A be a number and suppose ¥ = An

Where n may be a whole number or a iraction.

Then log. 2 = 0 log. A.

Ezx. 1: Find 5ih roof of 51-53 (i.e. Find 51-53%}

Here n = 1-5th and A = 5153,

Set cursor over 5158 on Scale No. 1.

This is between the 3rd and 4th graduations after 5.

Read mantissa of log. on Scale No. 5, viz,, 713,

The number i85 more than unity, therefore the log,

is positive. There are two figures to left of decima
point, therefore the value of the characteristic is 1.
Therefore the log. of 5153 == 1-713.
One fifth of log. of 51-:53 = 0-3424.
=et oursor over 3426 on Scale No, 1.
Read 5th root of 51-53 cn Scale Neo. 1, viz,, 2-2,

Hyperbolic Logarithms.—These which are to the
base & = 2.71B28 are much used in caleulations relating
to the expansion of gases. They can be easily derived
by mualtiplying the common logarithm
{i.e., the log. to the base 10) by 2-30258.

The exact position of this multiplier denoted by
loge 10 is indicated both on Scale No. 1 and Scale No.

13
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4, but for purpose of finding common logarithms Scale
No. 1 must be used.

Ex. 1: Find hyperbolic log. of 14-35.

Firzt find common log. of 14-35.

Set cursor over 1435 on Scale No, 1y

Read mantissa of common log., viz.,, 1573 on Scale
3. As there are two figures to left of the decimal point
in the number and the number is greater than unity,
the characteristic is 1 and positive,

Therefore the log. of 14-35 is 1-1575,

WNow multiply 1-575 by loga10.

Set loge !0 on Scale No. 1 under datum,

Turn cursor to rero and turn dial till 11575 comes
under eursor.

Eead answer 266 = hyperbolic log, under datum.

TRIGONOMETRICAL VALUES.

Sines, Tangents, etc.—The values of sines, tangents,
ete., are tead from the scale of angles Ne. 6 and No. 7
by means of the cursor.

Fead Natural Sin or Natural Tan on Scale Na. 1,

Read Lopg. Sin or Lag. Tan on Scale No. 5.

Cosine, Cotangent, Secant and Cosecant are deducedd
from Sine apd Tangent through the following relation-
ships.

Far any given angle A +—
1
Cos A = Sin (90—A); Cotd =
Tan A
1 1
Sec A = - Cogec A =
Cos A Sine A

The Scale of Sines, Mo, 6, extends twice round the
eircumference of a circle. The inner circle gives angles
between 35 mins. and 5 degs. 45 mins. and the value
of the sine inereases from 001 {o 0-10. The outer circle
gives angles hetween 5 degs. 45 mins. and 90 degs.,
and the value of the Sine increases from 010 to 10,

Ex 1: Find value of Natiezal Sine of 4° 407,

Set cursor over 42 407 on Scale Mo, 6.

Read Watural sine 0:0813 on Secale No. 1.

N.B—The number on the scale is 813, but as the
sames of all angles on the inner circle of Scale No. G
areﬁ‘b:;tween 0:01 and 0-1 we write down the value
00813,

Ex, 2: Find value of Nalural Sine of 20° 307,

Set cursor over 20° 30/ on Seale No. G,

Read walue of Natural Sine 0-3502 on Scale No. 1.

14
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N.BE.—The angle being on the outer circle of Scale
No. 6, and the angie exceecng 59 457, the value of
the sine i between O+1 and 1k

Between 20° and 259 the scale s graduated at intexrvals
of 20 so that 20° 30 falls midway in the second interval
following 20°.

In reading the values of log. sines of angles the
characteristic of the logs, for all angles between 35 mins,
and 5 degs, 45 mins, is 3, and [or all angles baiween
5 deg. 45 mins. and 90 dm,s 15 9,

The I'I:lmjtlb._"l. only of the log. is read on Scale No. 5.

Ex. ?: Find value o Log. Sdne of 27° 207,

Spt cursor over 27° 20 on Scale No, 6.

Read mantissa of log. sine on Scale No. § = 862,

As the angle is on the oufer circle of the Sine Scale
the log. sine 15 9-662.

Ex. 4: Find value of Log. Sine of 4° 257,

Set carsor over 4% 257 on Scale No. 6.

Read wantissa of log. sine on Scale No. § = 85865,

As the angle is on the innei circle of the Sine Scale
the complete log. sine is B-8865,

Ex. 5: Find value of Natural langent of 81° 454,

Set cursor over 31° 457 on Scale No. 7.

Read walue of Natural tan., = (-G188.

Triangles : Useful Notes.—If 4, B, C, i3 a triangle?
the angles of which are A, B, C, and the sides opposite
these angles are respectively a, b, ¢,

Then A 4- B 4+ C = 1807,
: g sin A & sin B ¢ sin C

.IJ sin I3 ¢ sin C @ sin A
a2 = b2 o 2 — 2 hepos A,

N.B.—Cos A is itself minus and the whole of the
last factor becomes plus if A is greater than 907,

If A is 90° the last factor disappears,

Sin {180—A) = sin A.

Coz (180—A) = —cos A,

Cotan A = tan [90—A).

. a b sin C
Area of a traingle =
2
A—B a—b G C A-+B
tan———= cotan — cotan—=tan
2 Gab 2 2 2

These last two formulae are much used for selving
triangles when two sides and included angle are known.

If in a triangle A, B, C, the angle C is a right angle
{90%) and the sides uppu&ltc the angles are raspectweiy
a, b, o (letters arranged clockwise).

L5
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a i
S‘in A - 5{1!1 B = = cos _-'g = - oos B ok
[ s C P
[ b E
tan A = - cotan A = - secant A= -
& o b

c

cosecant A = -
i3
Tf C is not a right angle the sine, cosine, ete., still
have same values, but a and b are not now the sides
of the actual triangle, but of an imaginary triangle
with B C perpendicular to C A.
A cirele is divided into 360 degrees. Each degree is
divided into 607 (minutes) ; each minute is divided into
60" (seconds), but seconds are rarely considered.

Multiplication and Division.—The great bulk of
caleulating work consists of multiplication and division.
These operations are in essence addition and subtraction,
even in ordinary arithmetic and with the Caleulator
are reduced to these elementary principles, The working
out of a compound fraction, for instance, containing
gayveral fractions in the numerator and in the denominator
resolves itsell into rotating the added numerator
factors in one direction, and the subiracted denominator
factors in another direction,

Just as there are several ways of working out a
compound fraction sum by arvithmetic, there are several
ways of doing it with a calculator. The numerator
factors may be all multiplied together and divided by
the total product of the denominator factors, or the
factors of the numerator and denominator may be dealt
with in pairs, one after the other. Sometimes one
method is better than another. The user will dizcover
best methods and short cuts for himself as he acquires
proficiency. His first step is to master the principles
of operation by studving a few practical examples
worked out and described in detail.

Ex. 1 : Find the product of the facfors a, b, ¢, d,

Either the Short Scale, No. 1, or the Long Scale,
No. 4, may be used. For this illustration Scale No. 1
will be used.

Set factor @ under datum.

Set cursor to one, s

Set dial till factor b comes under cursor.

Read product @ x b under datum.

Next zet cursor again to one,

16

www.reglasdecalculo.com



Set dial till factor ¢ comes under cursor,

Read product & % b ¥ ¢ under datom,

Again set cursor to one.

Set dial tll factor d comes under cursor,

Read producta ¥ b x ¢ ® d under datum.

The process after setting the first factor a under
the datum is a succession of settings of cursor and of
factors on the scale, and of finally reading the product
under the datum. The whole operation begins at ths
datum 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
pnot whether the angular movements of the dial and
cursor are made clockwise or contra-clockwise for the
individual settings. S0 long as the sequence i5 in
the order stated the reading of the final result is the
SHIne.

If there are decimal points in the factors the posi-
tion of the point in the final product is to be decided
by inspection amd mental consideration as with all
logarithmic work. Actual examples of this will be
given in the course of the exercises.

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

The preat advantage of the Long-Scale iz its fine
and uniform fraduaticm, which is in tenths through-
out, from end to encd. This, with ils pgreat length,
makes {or easy setting and rveading coupled with extremea
accuracy.

When doing tabular work or working out a scries
of scientific results the location of the first often serves
as a guide to the location of the following ones, the
Long Scale then can often be read just as easily as the
Short Seale.

To get accustomed to reading Scales Nos, 1 and 4
and their graduations the learner will find it good
practice to work through a multiplication table such
as twice one are two, twice two are four, ete., thus:

Set 2 on Scale 1 under datum and set cursor to unity

Then turn, in succession, all the figured gradualions
past the cursor, noting that the procession of wvalues
which pass the datum are twice those which pass the
CULS0T,

Thus2 % 11 == 28: 2 x 12 = 284; ate
i7
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Do the same for 3, or other simple number and proceed
to such muiltipliers as 3-1, ete.

This kind of exercise teaches the learnmer to read
accuridtely parts of the scale that are not figured or
where the graduations reguire to be split in reading
and each counted as 2 if there are 5 graduations, or
each counted as 5 if there are 2 graduations,

Division.—This is in essence subtraction, and the
reverse of multiplication, which I3 addition. Its per-
formance with the Calculator is best acquired by
practising with simple fractions till the routine of
operaticns becomes mechanical,

Assumea the division is of a simple fraction form
a
- i.¢., with a single numerator and a single denominater,
e .
and also that Scale No. 1 is being used, and the learner
is advised to get accustomed to the Scales Nos, 1 and 2
before nsing Scala No, 4,

Set g under datun,

Set cursor to s,

Set one to eursor,

a
Read wvalue of - under datum.
e
Scale Neo, 2 (the Reciprocai Seale graduated anti-

clockwise) is often useful for many fractions of the
T

I (x)
tan, x, etc.,, or any other function read directly on
Scale No. | and whose reciprocal is at the same time
given on Scale No. 2.
Such a fraction then becomes simply the muliiplica-
1

Ciass

where the denominator may be 9, sin. #,

tion of two factors, vir,, —— and a4, and can be :i-:me

f {x)
ba set f{irst and then

/(=)
multiplied by the factor (or faetors if there are more
than onF] in the numerator.

‘This is only one of many devices that can be adopted
with the Calenlator and make it superior to the straight
slide rule,

If the faction is of one of the following forms :—

a xbx e axhb a ¥ b
b1 m X B T B
where the numerator has not exactly one factor more
18
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in it than in the denominator, the guestion can, as
stated, always be worked by multiplying out the numer-
ator and denominator separately and dividing one by
the other.

But fractions of this kind, i.e,, with muoltiple factors,
are best worked by using up a factor from the top and
bottom alternately, and to adopt this method and
prevent confusion in operating; the nuwmerator should
always contain one more factor than the denominator
and to secure this, the artifice of inserting a factor (1)
15 adopted as often az may be necessary.  The above
fractions, therefore, before wusing the Caloulator are

¢+ best chaneed to the following :—

g %X bxe axhxl [ e i 8 b |
mo m XN o I | B S
and worke:d as follows ' —
[ 25 B
Taking ‘the faction ————
wmo¥
Soet factor a under datnim.
Set cursor to m.
Set factor & to carsor,
Set enrsor to 1.
Set factor ¢ Lo cursor.
Fead answer under datumn. X
" a xh =1
Taking the faction —————
oK n

Sel factor a4 nnder datum.
Set oursar to m.
Set factor b to cursor.
Set cursor to .
Set factor 1 to cursor.
Read answer under datiim.
(Al Sl T
Taking the faction ————————
MoK D
Set factor @ under datum,
Sot onrsor to g
Set lacter § to curser.
ot cursor to .
Set factor 1 to cnrsor.
Sat cursor Lo b,
Set 1 to cursor.
Read answer under datum,
It will be obzerved in all these three examples'; —
The factors are taken alternately from the nnmerator
anid the denominator beginning with the numerator.
The dial is always tnrmed for multipliers,
The curser iz alwayvs turned for divisors,
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The datum iz used only to set first factzr and to
read final result.

Hints on Arithmetical Calculations: Fixing
Decimal Point.—A rough idea of the result of a cal-
cunlation is often known beforshand, or if not, the position
of the decimal point, where necessary, can be approxi-
mated by a rough survey of the fraction expressing
the required calculation. There are rules, but they
are more trouble to remember than they are worth.
1t is better for the operator to rely on first principles
and rapid mental arithmetic.

For example, suppose the value of the following
were reqiiced —

6892 X 746 x 192 % 9

9876 x 935

we conld reason mentaily, and roughly, as follows (—-

f-0 is practically 7, and 7 into 2,876 is roughly 400,
400 in 746 is roughly 2; 2 into 92-5 is roughly 45.
This would be In the denominater, and for the numera-
tor we should still have left 19-2 X 9, roughly 170,
This divided bv 45 would obviously give a walue less
than 10. In ?uliing down the answer, therefore, we
<hould write all figures after the first ome to the right
of the decimal point. A rough estimate like this ocolpies
less time to make than to describe, and is safer than
any cut-and-dried rule.

In simplifving a decimal quantity regard should be
paid to the value of any terminal figures struck off.

For example, if we wish to contract a value Such a
15-647, then 1565 is nearer than 15-64, because 7 is
nearver 10 than 1. If the number had been 15642,
then 15-64 would have been nearer than 15-65.

A misconception of the fractional value of decimals
sometimes causes mistakes, especially if there are
cyphers to the right of the decimal point. Remember
that when expressed as a fraction, the number uf
cyphers in the denominato= is the same as the number
of fipures after the decimal point.

For example—
4 304 96 2
304 = 3 — or — A = —— NE = —
100 100 100 1000

In making calculations the quantities should be ex-
pressed in proper units. Different kinds of things
often required to be multiplied together, but the answer
ran only have one quality. It mav be money, weight,
force, area, ete, If an area is desired in square feet as
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a product of linear dimensions, these should be exp. esced
in feet. It does occasioually happen that some quantities
are in one unit, and athers in another, e g., in certain
formulae for beams lengths are expressed in feet and
breadth and depth in inches, Weights of bars are
generally given in the per foot run although sectional
dimensions are in inches. These points should be barne
in mind,

Percentages.—In speaking ol percentages, eoniusion
often arises theough inattention to the basis on which
it is measured. Tror instanee, if A's salary ds £75 and

B's £50, it would be true Lo sav thit A's sialary was
30 per cent. greater than B's, taking B's salary as 100
per cent.

It would be equally true to say that B's salary was
J31 per cent. less than A's, taking A's salary as 100
per cent. The fact is only expressed in two different
Ways.

There can be no misapprehension in any case if the
quantity representing the 100 is made clear, 5ot the
question as a problem in fractions, thus .—

Example.—In an examination, 27 schelars pass 1st
class; 35, 2Znd class; and 63, 3rd class. Express the
various numbers as percentages of the whole.

If x, v, 2 are the three percentages, we have the
following relationship —

27 x 100" = 27

—— % —fnd ¥ = ————— = 21:Gpercent.
125 1400 125

as y 100 % 35

—— - and v e « w28 pér cent,
125 1 125

63 ] 100 = G3

-- and g = ——— == 04 per cent.
125 1003 125

For this eclass of question the instrument is very
convenient. Set 10 on Seale No. 1 under the datum
line and the corsor to 125 (le., 12:-5). Rotate the
dial until the several Hgures 27, 35, 63, come under
the Cursor and read the several percentages under
the datum.

Problems in Proportion.—Set the :Ematinn in simple
fractional form as lollows where A, B, C are certain
known quantities and % is the unknown quantity.

1
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Each of these quantities may be in the numerator
or the denominator as the operator finds it convenient
to express their relationzhip but this must, of course
be expressed correctly, Then by cross-multiplication
we have —

B xC

A

Ex. 1: If 15 men do a task in 28 days, in how many
dn:.rs?wilt 21 men do it, assuming they do it at the same
rate ¥

Obvicusly more men will take less time in the ratio
of 15 to 21 and if x is the number of days

z 15 28 = 15
— = —andt = ————— == 20 days.
28 21 21

A yw By Candy=

Fx. 2: If a task takes 18 men 36 days, how many
men will be required to do it in 27 days?

Obviously more men will be required in proportion
to the increased speed at which the task must be dons
and therefore

1 x a5 - x 18
— = — and ¥ = ————— = 24 men.

27 18 27

Further [se of the Reciprocal Scale.—The intro-
duction of the reversed or reciprocal scale is gecompanied
by many marked advantages. It corresponds to the
reversal of the slider in a straight rule, which is often
convenient, though troublesome. In continued multi-
plication it enables multiplication by two factors to be
effected with only one movement of the dial, and
gompare’d with the method fo: finding the product of
factors previously described it reduces the number
of movements to almost one half.

For example :—Suppose we wish to make a series of
multiplications by 3-8, we should proceed as follows :—

1. Set Dial so that Unity line comes under Datum,
2 Turn Cursor to 3:6 on Reciprocal Scale,

Now ratate Dial until all numbers we wish to multiply
by 8:6 pass successively under the Cursor, on Scale 1,
when their products will be shown successively on this
Scale, nnder the Datum,

0
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Ex. 1.—Multilpying three factors,

Find value of A % B = C,
Set A on Scale 1 under dubum,
Set cursor to B on Scale 2,
Set C on Scale | under cursior

Read answer on Scale 1 ander datum. (Smovements o
Ex. 2. —Multiplying live factors,

Find valuve of A % B % C x D ¥ K.

Sat A on Scale 1 under datom,

Set cursor to B on Scale 2,

Set C on Scale 1 nnder cursor,

Set cursor to 1D on Scile 2,

Set E on Seale 1 under cursor.

Fead answer on Scale 1 under datum, (5 inovemcents,

Ex, 3.—0Operate similarly fer any odd number of
factors.

It is interesting to compare the above example with
the § movements necessary when using Scale No, 1, slone
or by comparing it with the movements of an ordinary
Stmight Slide-tule with its intermittent “end-switching.”
This is only one of many illustrations tkat’conld be given.

Ex. 4.—To Multiply any Even Number of Factors.
—Supposa praduct of four factors A, B, C, ID, or any other
even number, is required. It can ve obtained quickly with
flecales Mo, 1 and No, 2 by adding a {sctor 1 to make
the even number of factors into an odd number thus :—
Ax B X Cx I I Then proceed exac L]}* a5 in

Example 2 above

Set A on Soale 1 undse datunm,
Set cursor 1o 13 on Scile 2.
Set C on Seale | under cursor,
set corsor o 1) on Scoale 2
Set 1 (undty) under cucnor,

Read answer on Scale 1 under datum, (5 movements. )

Rapid Divislon with Scales No. 1 and No. 2 with
Even Numboer of Factors in the denominator.—

A
3 % C

Exampre l.—ind value of

Set A on Scale 1 under datum.

Set Cursor 1o 13 on 5cale 1.

Set C on Scale 2 under cursor.
3
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Read answers on Scale | under datum. (3 mﬂvnmcntﬁ;]l

A
Examrre 2.—-Find value of——
BxC=xD

Here the artifice may be adopted of inserting an extra
factor 1, into the denominator, to make it contain an
even number of factors, thus ;-—

A

Biox Cw Dl
Then proceed as follows (— |

Set A on Scale 1 under datum,
Bet cursor to B on Scale 1,
Set C on Scale 2 under cursor.
Set cursor to D on Secale 1.
Set 1 (unity) onder cursor.

Read answer on Scale 1 under datum, (3 movements.

Examples of Powers using Reciprocal Scale.
Ex. 1.—Find the value of (36-7)2

This ean be done with the Caleulator in two ways,
either by multiplying 36:7 by itself as an ordinary
multiplication sum, as previously desecribed, or by the
method shown below using the Reciprocal Scale.

Set 36-7 on Scale 1 under Datum,
Sat Cursor to 36:7 on Scale 2.

Turn dial till 1 comes under Cursor,
Read 1347 under Datum on Seale 1.

Ex. 2.—Find the value of (16-4)§.

This ean be done by extended multiplication, 16-4
16:4 % 16-4 on Seale 1, or by the method shown below, in
which we first find the square of 1G-4, as in Example
above, and then multiply this result on Scale 1 by 16-4,

Thus set 16-4 on Seale 1 under Datum.

Set Cursor to 164 on Scale 2.

Turn dial till 164 on Seale 1 comes under Cursor.
Read 441 under Datum on Scale 1.

WNore.—The result is obtained in 3 movements.

Similarly the use of the Reciprocal Scale makes possible
the caleulation of expressions such as -3102%-1 or -486:0
ete., without the cumbersome method of m.-dinar-i:
logarithms, i.e., of having a negative characteristic, whic
must be made oxactly divisible by the index. When

2
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decimal n}uantities are being dealt with, the logarithms
are read from the Reciprocal Seale, instead of the outer
decimal one.

Additional Notes.—A constant which is very useful is
that giving the area of o circle of one inch diameter,
expressed in_ square feet, vir, - (-785398/144, or
0:00545415. This number, multiplied by A2, gives at
once, in square feet, the area of o cirele of diameter A
inches.

In regard to Ex. 2 [or cube roots it |s advigalile, when
greater accuracy is desived for the root (square or eube)
of the reciprocal of a large wumber, fivst o find the
decimal equivalent of the reciprocal, ind then to find the
required root of that reciprocal, In this way the last
operation (finding the root) tendy to reduee any error due
to seale reading, In the example as shown on the
“reading error™ mny Dbe inereased by the last
operation,

&
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