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FOWLER’S
“ UNIVERSAL” CALCULATOR.

Fowler’s ** Universal " Calculator, like the well-known
waistcoat pocket instrument consists of a series of concentric
circular scales, logrithmically divided and mounted on a
dial capable of rotation by a thumb nut outside the containing
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 mm 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 injury in a
handsome wallet which fits easily into a side pocket.
The large size of the * Universal "' enables 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 to persons of weak eyesight.
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-5cale ™ which gives a length
of 19% ins. as compared with 10 ins. in the ordinary slide-rule
and permits of calculations being made to three, and some-
times four, significant figures. The motions of the scales and
cursor being 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
slide rule owing to changes of climate or temperature, nor is
there any of the * end switching ” often necessary with that

" instrument when working with the full length scale and which

induces many users to work habitually with the half length.
In circular calculators the scales are continuous and there is
no half length.
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LOGARITHMS.

What they are. What they will do.

Logarithms are certain numbers, first discovered by the
great mathematician, John Napier, which allow the ordinarv
arithmetical operations of multiplication and division to be
replaced by the simpler operations of addition and substraction.
They also allow difficult calculations of powers and roots and
the making of rigonometrical calculations to be simply effected
with great saving of time and mental labour.

Definition of a Logarithm.—A logarithm (usually written
Log) expresses a certain relationship between any given number
and another number, called the base, and may be defined as

the power to which the base must be raised to be equal to the
given number.

For example, in the expression N—A*
x 1s the log of N to the base A.

Any number may be used as a base, but 10 is usually
employed, and is the most convenient, because it is the base
or stgndard of measurement used in ordinary arithmetical
notation.

In the expression 100—=102 we say 2 is the log of 100. because
10 would have to be raised to the 2nd pow%r to cciual 100,

t?et Ease 10 being always understood unless the contrary is
stated.

Considering successive powers of 10, the relation between
numbers and their logs is as follows ‘—

Number, 1, 10, 100, 1,000, 10,000, etc.
Log, 0, L 2, 3, 4, ete.
Obviously, for any number
over | and under 10 the log= a decimal quality.
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Characteristic and Mantissa of a Logarithm.—The integral
part of a log is called the characteristic. The decimal part is

called the mantissa, Obviously, numbers that are exact multiples
of 10 have no mantissa.

A little consideration 1
number the charactﬂristi{? f-:g?f g}aref:;tjé“%ﬁm;w:igtﬁﬁt chDr 3?331
tmguish numbers above 0 from numbers below 0, the character-
istic is marked positive or negative, the latter quality being
indicated by a minus sign (—) placed over the characteristic.

Lean‘mrs are often puzzled by the fact that the mantissa of
a 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 positive. The
following explanation may hel p to clear the matter :—

Consider the number 0.75 the decimal eguivalent of 3
a positive quantity, greater than 0 but less than 1.

Without going into an algebraic de S L5 1hia
stated that g monstration, it may be
log 3=log 3—log 4
— (.4771213)—(.6020600)
= — .1249387

There are two ways of expressing this minus quantity—
(1) As a minus quantity, below 0, as shown above.
or (2) As a positive quantity above— 1.

Expressing it in the second manner, i.e., by subtracti
. 1249387 from | and adding—1. » by subtracting

we get T%—.S?SﬂﬁilS written 1.8750613 as the log of 2,
mstead of —.1249387.

Written in this way, the Characteristic or integral part is
minus and the Mantissa or decimal part is positive, the value
being the same, of course, in both cases.
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Further, the Mantissa expressed thus is the same for .075,
.73, 7.5, 73, 7530, or any multiple of 10 thereof, i.e., 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 glance.

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
the Characteristic :(—

Number Logarithm

et e e 2.8750613
T 1.8750613
.3 0.8750613
e 1.8750613

% 7 N 2.8?5[)613
SRR - ; 3.8750613

The preceding will enable the learner to understand the
following rules regarding the characteristic (—

For numbers greater than 1 the characteristic is ons less

than the digits in the numbers, and is positive.

For numbers less than 1 the characteristic is one more than

the number of cyphers following the decimal point, and is

negative. 57, o

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

Confusion in the mind 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
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characteristic takes a minus sign, so that the mantissa may be
always positive and be of the same value for the same digits
in the same order, ie., independent of the position of the
decimal point.

Calculation of Mantissa.—While the characteristic or integral

part of a logarithm can be determined by a mere inspection of
the number, the determination of the mantissa or decimal part
involves a great deal of arithmetical labour, and the compilation
of a complete table 1s a big task.

Space does not here permit of a description of the methods
emploved. Those interested are referred to the article in the
Enl';*:w:.-’r}pedfa Britannica or to special works dealing with the
subject.

How Logarithms Save Labour.—The labour-saving propertics
of logarithms may be best illustrated by a few practical examples
showing how multiplication can be replaced by additions and
division by subtraction. Afterwards it will be shown how, by
the use of Logarithmic Scales, further saving may be effected
by performing addition and subtraction mechanically, and
finally how, by combinations of circular scales, as in FOWLER'S
CaLcuraTtors, complex calculations can be further simplified
with fewer mechanical movemenis and less mental effort.

It can be 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 Logarithms.

Since the log of the product equals the sum of the logs of
the factors, that is to say,

i log (A % B)=log A+log B. :

If it be desired to divide A by B, this operation can be

reduced to subtraction, that is to say,

log _‘%=log A—log B.

If it be desired to lind the value of a number A raised to a
giVen power say
(roots are only powers in decimal or fractional form) the
operation, by the aid of logarithms, is reduced to simple
multiplication, since log A"—n log A.
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For the learmmer not familiar with the algebra of indices,
it may be explained that

A2 means A squared Al means square root of A,

A3 means A cubed A3 means cube root of A,

etc. etc.

AZ-means 1 Aj-means 1

' A2 ‘V'r. A

A2 (i.e. A'73) means the Fourth root of A cubed,
or A raised to the .75th power.

)

Generally, An means the mth root of the mth power of A
In the evaluations of powers of numbers the Reciprocal
Scale in Fowler’s Calculators often proves extremely useful
in reducing movements and saving time and labour.
Short Table of Logs for number 1 to 30 :—
No. Log. No. Log. No. Log.

.0000 11......1.0413 ) SESS Ml .
2 300 1d......1.0791 DR 1.3424
= IR | 135, k. 1k3e Bl 3017
4. 6020 14.....1.1461 24........1.3802
PR o MO M Y 7od SRR G5 7
i s T B2 16........1.2041 26.....1.4149
Wecarssinn 0451 17.....1.2304 2T 14313
8. - 9031 18,051 . 2553 28.....1.4471
L, 9542 19w 1 2787 29......1.4624
10......1.0000 20 1.3010 30 1.4771

Examples of the Use of Logarithms.—The relationship
between numbers and their logs and its bearing on the arith-
metical operations of multiplication, division and evaluation
of powers and roots, may be demonstrated with 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.—Taking 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
case are obvious at sight, viz. :(—

6 3=18 5 x4=20 7 % 4=—28
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Taking now the logs of each of these pairs of factors and
adding them together, we get the following results \—

Log 6— .7782 Log 5= .6990 Log 7= .8451
Log 3— .4771 Log 4= .6020 Log 4= .6020

=1.4471

=] _ 2553 =1.3010
Comparing these logs in the table we find that
pl.ZESE—lug 18 1.3010=log 20 1.4471—log 28
In other words, Multiplication has been reduced to Addition

and it should be added, results accurate to seven significant
figures could be obtained with just as little mental labour

with a more complete table.

Division.—Let us now take two examples of division. Again
very simple, owing to the small limits of our log table, and
the results of which are obvious at sight, viz. :—

28+ T7=4 26— 2=13

Subtracting in each case the log of the divisor from the

log of the dividend we get

Log 28—=1.4471 Log 26=1.414%9
Log 7= .8430 Log 2= .3010
— .6020 = 1.,1139
Comparing these results with our table we find
. 6020=log 4 |.1139=log 13.

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 numbers,

Ex. 1.—
If A=—33, find value of A
We know log A =3% lopg3
and from table, logd — .4771
Therefore log A = ATTE % 3
— 1.4313

Referring to table we find 1.4313 is log 27.
Therefore we say 33=27
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Ex. 2.—

I A—GT5 s e — 251 ; find value of A
We know log A == 1 log 25
and from table log 25 = 1.3979
Therefore £ log 25 = 6989

Referring to table we find . 6989=log 5.

Therefore we say /25 ; i.e. 254—5.

The examples given are simple, but with a fuller table, and
ccmpcundif‘racllonal indices, or powers, answers could be
arrived at just as easily.

If, for instance, we had the expression
=93 .77
x would be the 9th root of the 7th power of 93.7.

_ As an ordinary arithmetical problem this would be pract-
ically impossible, but with a table of logarithms it would
present no difficulty.

We should say log x—= log 93.7.

It would only be necessary to find value of log 93.7 from a
table and to take iths of that value.

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

The above examples suffice to show how greatly arithmetical
labour can be reduced by the aid of logarithms. In succeeding
chapters it will be shown how by the aid of Logarithmic Scales
time and labour can be still further saved,
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The Mechanical Operation of Logarithims.

Straight Logarithmic Scales.—The earliest form of log-
arithmic scale for calculating purposes was the straight slide-
rule. Essentially it consists of two straight scales, similarly
graduated to represent the logarithms of the prime numbers,
1,2, 3, 4,5 6,7, 8 9, 10, and with the intervals between these
numbers subdivided in a logarithmic manner as far as space
will permit. The two scales are arranged so that they can slide
past and overlap each other, and are fitted with an independent

sliding Cursor-line at right angles to the scales.

By means of this contrivance additions or subtractions of
the logarithmic values marked on the scales can be performed
mechanically. The scales are in fact miniture representations
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, unless of inordinate length, can give calculated
results with the same degree of accuracy as those obtainable
by ordinary arithmetical methods with the aid of a printed table.
Nevertheless, mechanically operated scales give results accurate
enough for all ordinary calculations, and the enormous advant-
age 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 a time-saving and indispensable instrument
for all who have calculating work to perform.

Fortunately the mathematical structure of logarithms enables
a comparatively short scale to give fairly accurate readings,
though the length of the scale is an important factor when
accuracy is essential,

Tt has been shown that the characteristic or integral part of
the logarithm of any number can be read at sight, and the prime
numbers 1, 2, 3,4, 5,6, 7, 8,9, 10 may represent simple integers
or any multiple of 10 thereof. Ifis only in respect to the mantissa
or decimal part of a logarithm that the value on a scale is
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differentiated from that of a printed table, and by suitable
construction an adequate length of scale can be provided, to
allow this to be largely overcome.

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

‘It 1s not capable of affording readings of much practical
value unless it is about 10 in. (254mm.) in length, and this
in inconvenient for the pocket.

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

Changes of climate or temperature produce errors.

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

This causes confusion and waste of time, and 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 prime
numbers of the basic scale, (No. 1) diminish rapidly as one
progresses from 1 to 10. This is shown by the following
figures which represent the percentage of the total length of
the scale occupied by the respective intervals :(—

Intervals, . 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 8-9, 9-10,

Per cent of

total length, 30, 17.6, 12.6, 9.7, 7.9, 6.9, 5.8, 5.1, 4.7,

The distance between 9 and 10, it will be seen, is only one-
seventh of that between 1 and 2, 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 a decimal
character and therefore by 2, 5 or 10.

It 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. Sacrifice
of length means sacrifice of accuracy and clarity.

These defects of the straight logarithmic slide-rule are
recognised, and many efforts have been made to produce
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circular ones on account of their greater convenience, but
the difficulties of constructing an accurate and reliable pocket
instrument of this kKind at a reasonable price are great, and
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 scales, that is
to say with one scale rotating inside another concentric one,
and the two being equipped with an independent 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 or
more concentric circular scales are marked ; the opcration of
addition and subtraction bcing pc:rfﬂrmcd by the aid of a
fixed radial Datum-line in conjunction with a rotating radia]
Cursor-line.

Each method has advantages, but on the whole the second
is the best, and is adopied in the construction of Fowler’s
‘Calculators, as it permits of the adoption of a ** Long-scale ™
exiending round several circles, and there is less liability of
confusion in setting factors and reading results. A calculation
begins at the Datum-line and ends there.

One special advantage of a circular scalc over a straight
scale, apart from its greater compactness, and therefore con-
venience, is that the ends of the scale (the 1 and the 10) coincide,
i.e., the scale is continuous.

No “end switching” is necessary to obtain a reading,
and there is no ** hali-length ™ scale with its resultant limitations
of subdivision and accurate reading.

On the contrary, the length of the scale can be increased by
extending it round the circumferences of several circles in
spiral fashion, a f‘e,udla, that has been taken advantage of in
Fowler's * Long-scale " Calculators.

How greatly this contributes to accurate calculation, as
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
dials, and only 2% in. in diameter, the Long-scale (6 circles)
has a length of 30 ins.

In Fowler's * Magnum " a single dial instrument, 43 in. in
diameter, the Long-scale (6 circles) has a length of 5& in.

In Fowler’s *'Jubilee Magnum ™ a single dial instrument
42 in. in diameter, the Long Scale (10 circles) has a length of
79 in.

In Fowler's ** Universal ” a single dial instrument of 3% in.
in diameter, the Long-scale (3 circles) has a length of nearly
20 in.

The * Long-scale,” it should be noted, is supplementary
to the single circle or * Short-scale ™ in each of the four types
mentioned, and is intended for use, when results of greater
accuracy are desired.

A further advantage of circular scales is that scales with
different functions can be more conveniently worked in con-
junction if desired.

In all Fowler’s Calculators the scales are graduated with
extreme accuracy, protected with glass faces and enclosed
m protecting cases (0 seal them as far as possible from dirt
and moisture. The dial and cursor are operated with gearing,
and can be set with ease and rapidity, even in a moving train.
The instruments work equally well in any climate, while their
workmanship and construction secures a degree of accuracy

ih&‘é has never been previously reached in instruments of this
ind.

~according as unity is taken to represent 1, 10, 1
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Description of Scales,

The instrument contains six separate circular scales
arranged concentrically 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.

Commencing with the largest circle, and proceeding inwards
to the smallest, these scales arc as follows :(—

Scales No. 1 (The ** Short Scale ™ for Multiplication or
Division).—This (the Primary-Scale of the mstrument) consisis
of a single circle, graduated clockwise, and logarithmically 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 puzzled by this.

The point to grasp is that the scale is logarithmic, both as
regards the principal divisions and the subdivisions, and is
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 occupies 30 per cent of the whole
circumference is subdivided into 100, each egquivalent to
.01 of the value attaching to the primary number, i.c., the
first subdivision may represent 1.01, 10.1, 101 or 1010, etc.,
00, 100, etc.
Every tenth division is figured for convenience of reference,
11, 12 13; ete.
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In the second primary space there are 50 subdivisions,
each equivalent to .02 of the value attaching to the primary

number, so the first subdivision may represent 2.02, 20.2,
202, etc.

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

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, 65.

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
that graduations following 7 might read .71, 7.1, 71, or 710,
ete.

Owing to the diminishing distances between the prime
number it is impossible to subdivide the scale uniformly,
but every effort has been made to produce a clear well-illumin-
ated scale by 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 subdividions in the primary spaces are as follows :

Frim{_try Spaces .. 1102, 21063, 3te?, 7ito 10,
Subdivision equals 0.01 0.02 0.05 0.1

Téh".T ."axl.J LK} TET
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 palli-
sading effect difficult to read.

_ It has been pointed out that the prime divisions and numbers
indicating them along the scale may represent any multiple
of 10 thereof—that is to say, 3 may represent .03, .3, 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
immediately following would be 3.05, 3.1, 3.15, 3.2, elc.
Learners should further bear in mind, when setting or
reading with the Cursor-line or Datum-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 scale.

Scale No. 2 (The Reciprocal Scale).—This is exactly like
Scale No. 1 except that it is graduated contra-clockwise (a point

to be remembered when setting or reading values). The scale
gives by aid of Cursor-line or Datum-line the reciprocal value
of any reading on Scale No. | 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. (See pages 22, 23 and 24.)

Scale No. 3 (The Logarithm 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 ;(—

s PN [ O S T e sty SR L S

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 Cursor-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 logarithms.
Scale No. 4 for Cubes and Cube Roots, also ** Long-5Scale
Multiplication and Division.”’
This extends round three circles and is graduated clockwise.
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Scale No. 1 gives cubes of recadings on Scale No. 4.
Scale No. 4 gives cube-roots of readings on Scale No. 1.
For locating positions of cubes and cube-roots the following
tables, construcled mentally, are convenient :—
For Numbers Between The Cube is between

Fand W o snniie 1 and 1,000

10 and 20 1,000 and  §,000

20 and 30 8,000 and 27,000

30 and 40 27,000 and 64,000
etc. cte.

The converse is of course true, viz. '—
For Numbers between The Cube-root is between

1 and 1,000 | and 10
R0 and - 80000 _ o o el amde 00
e el (AT e 20 and 30

27,000 and 64,000 30 and 40

ete. etc,

To construct above tables it 15 only necessary to remember
that the cubes of 2, 3 and 4, are 8, 27 and 64, then to add three
cyphers.

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

Squares and Square-Roots.—Squares and sguare-roots can
be obtained by means of a two-circle scale and in Fowler's
“ Vest Pocket long-Scale” and * Magnum Long-Scale
instruments a special two-circle scale is provided, which allows
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 using Scale
No. 1 (a single circle) in conjunction with Scale No. 2, as
follows ;—

(1) Set the number (whose sguare root is required) on
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Scale No. 1 under the Datum, and set the Cursor over the
Unity line of the dial.
(2) Rotate the dial until the reading of the Datum on Scale
No, | 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-logarithm
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 the dial divides the 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 of Fowlers’
Calculators fitted with a Reciprocal Scale.

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

For Numbers between The Square is between

T O T Rl e s e 1 and 100
10 and 20 100 and 400
20 and 30 400 and S00
T A S R LT PR o 900 and 1,600
0 and S0 b o o o Sakde00and 3500

o7 § 713 B - ) AR e . 2500 and 3,600
etc. etc.

The converse of the above is equally true.
For Numbers between The Square root is between

1 and 100 1 and 10
100 and © 1 S L R et 10 and 20
400 and 7 AR s e PRI 07 £
000 and 1600 e S0 A0 40

R0 and SR Sl S . 40 and 50
2500 and 3,600 i SRAnd00
etc. etc.

Note.—For numbers less than unity—
The Square becomes Less than the Number.
The Square-root becomes Greater than the Number.
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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 method is an imaginary root, but there is no
difficulty in detecting this, and the second correct value should
then be sought.

Scale No. 5 (Sines of Angles).—This is a scale of angles
graduated clockwise round the inner, and then continued
round the outer, circumference of a common circle. The scale
ranges from 35 minutes to 20 deg.

Angles are read on Scale No. 5.

Natural Sines are read on Scale No. 1.

Logarithmic Sines are read on Scale No, 3.

The range 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 35 mins. to 1 deg. the intervals — 1 min.
i I'deg. “tond: 3 3 = 2 mins.
1 3 a4 to 8 1 s = J mins.
%3 8 B to 12 1y 13 = |0 mins.
S o SEREERE S A i — 20 mins.
s AR BELE- UEG 00 © o < = 1 deg.
o R G R e = 2 deg.

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 degs.
Angles are read on Scale No. 6.
Natural Tangents are read on Scale No. 1.
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Logarithmic Tangents are read on Scale No. 3.
The graduations are as follows :—

From 3 degs. 45 mins. 8 degs. Intervals = 3 mins.
v & iy v (A & =10
s 12 51 to 30 i R ) =20 1
38 - ¢ to 45 s Y = 30 s

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. | and Scale No. 4.

4 L E

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 Imstructions relating to the
** Universal ™ Calculator. It is hoped however that the selection
shown below will prove generally convenient.
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Operation of Scales.

Multiplication Scale No. 1 alone.—

To find product of a series of factors—A, B, C, D . . .etc.—

Set dial till A comes under datum,
" Set cursor to unity,

set dial till B comes under cursor.

(Read product A xB under datum).
Continuing the operations for further factors—

Set cursor to unity.

Set dial till C comes under cursor.

(Read product A < B % C under datum).
Continuing—

Set cursor to unity,

Set dial till D comes under cursor.

(Read product A x B xC x 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: seven movements altogether :

three for the first pair of factors and two for each factor
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

Ewith one numerator and one denominator—
Set dial till A comes under datum.
Set cursor to B.
Set unity to cursor.
Read answer under datum.

Gauge Point Multiplier.
2 = 1.4142
T T T o e = 13
Dia. of Circle of Area l=v4=w .. = 1.1284
™ Snr L I s T L
Freudl  Leede bl = 00,7854
Degrees in Arc equal to radius == 5T 28
To convert com. logs to
hyperbolic logs._............ St = 2.30758
Metres to yards ..o == 10936
Yards fometres oo = 9144
Inches to centimetres ... — 0.9144
Inches to centimetres B o
Centimetres toinches ... .. = 10,3937
KHIogrammes 10 1DS. ... =1 222046
Lbs, to kilogrammes ... = 0.4536
E.H.P. . — 746
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AxB
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 under datum.

Now consider a fraction with several factors in the Numerator
as well as in the denominator (—

It makes no difference to the answer whether all the top
factors are multiplied together, and then divided by all the
bottom factors multiplied together ; or, whether the top and
bottom factors are worked in pairs as single fractions, and
finally united in a group.

Obviously, also the insertion of the factor 1, in the numerator,
or the denominator, can make no differcnce. Learners, however,
will find it easier, at first, to work.such a compound fraction
by taking the factors alternatively from numerator and de-
nominator, and to enable them to do this in a routing namner
the factor 1 should be inserted in the fraction as often as may
be necessary to make the numerator contain one more factor
than the denominator.

Any compound fraction can then be worked as follows ' —

Next consider the fraction with two factors in the

. 4 AxBxC AxBxC
g s wioplke gy SR
Fraction M 0 5 i
Set A under datum.
Set cursor to M.
Set factor B to cursor.
Set cursor to 1,
Set factor C to cursor.
Read answer undir d%tum. st
e ¥ ’ “ B
Fraction N work as Moo

Set [actor A under datum.
Set cursor to M.
Set factor B to cursor.
Set cursor to N.
Set factor 1 to cursor.
Read answer under datum.
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- AxB AxBxlxl
F R g e e
raction MNP works as M <N <P

Set factor A under datum.

Set cursor to M.

Set factor B to cursor.

Set cursor to N.

Bet 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 alternatively 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 previous routine methods of manipulation, he
will be able to understand some shorter ones, and devise
further ones for himself, according to circumstances ; recog-
nising that they all depend on the same principles, viz., the
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Ex. 2.—Multiply five factors.

Find value of A xBxCxD xE.

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.—Operate similarly for any odd number of factors.

It is intersting 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-rule 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,
1s required. It can be obtained quickly with Scales No. | and
No. 2 by adding a factor 1 to make the even number of factors
into an odd number, thus :—

AxBxCxDx1. Then proceed exactly as in Example 2
above (—

addition of logarithms of factors for purpose of multiplication,
and their substraction for purpose of division, A few examples
are here given for illustration.

As 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 man-
ipulation he will discover how movements can be curtailed and
time saved by using the Reciprocal Scale (No. 2) in conjunction
with the Primary Scale (No. 1).

Ex. 1—Multiplying three factors.

Find value of A xBxC.

Set A on Scale 1 under datum.

Set cursor to B on Scale 2.

Set C on scale 1 under cursor.

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

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 1 under cursor.

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

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

ExampPLE 1 —Find valueof A

BxC
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 | under datum. (3 movements).

—
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Practical Worked-out Examples.
Multiplication of Two Factors on Short Scale No, 1

Ex. 1.—Multiply 12.8 by 5.62.

Set 12,8 on Scale 1 under datum.

This is the Bth graduation past the 12.

Set Cursor to 1.

Set dial till 5.62 on Scale | comes under Cursor.

This is between the 55 and the 60 ; the exact point being
2 divisions past the 35 to make the 36, and two-fifth of the
next division to make the 2 of 562.

Read answer just under 72 on Scale | under Datum.

We should estimate this as 71.9.

Ex. 2.—Multiply .0347 by 2.8 (on the Short Scale No. I).
Set 347 on Scale 1 under Datum. > . . |
This lies between the 30 and 35 : 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 inspection it will be seen that the answer must be in

the neighbourhood of .09,

Therefore we write our answer as given by the Calculator

as ,097.

By actual multiplication, the correct answer is ,09716,
showing how close 1s the approximation by the instrument.

Multiplication of Two Factors on the Long Scale (No. 4).
Ex. 3.—Multiply 12.8 by 5.62
Set 128 under Datum.
‘ Set Curszor to 1.
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ExampLE 2.—Find value of A
BxCxD

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
B D %1 ‘

Then proceed as follows (—
Sct A on Scale 1 under datum.
Set cursor to B on Scale 1.
Set C on Scale 2 under cursor.
Set cursor to D on Scale 1.
Set 1 under cursor.

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

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 71.9 under Datum.
Ex. 4 —Multiply .0347 by 2.8.

Set 347 on the Long Scale under Datum.

This is the 3% graduation past the 34.
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Set Cursor to 1.

Set dial till 28 on the Long Scale comes under Cursor.

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 very close
approximation 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 x2.8 x63.5.

Set 347 on Scale 1 under Datum.

Set Cursor to 1.

Set dial till 2.8 on Scale 1 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 | under Datum.

The position of the decimal point in the answer is judged
by inspection. :

By actual multiplication the correct answer is 6.16966,
showing a close approcimation by the use of the instrument.

Multiplication of 4 or more factors on the Short or Long Scales.

Ex. 6.—Find product of .0347:<2.8x63.5x4.9.
Set 347 under Datum.
Set Curor to 1.
Set dial till 28 comes under Cursor.
Read product .347 x 2.8 under Datum.
Next set Cursor again to 1.
Set dial till 635 comes under Cursor.
Read product .0347 x 2.8 x63.5 under Datum.
Again set Cursor to 1.
Set dial till 49 comes under Cursor.
Read product .0347 x2.8x63.5x4.9 under Datum,
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This, if using the Short Scale, 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 being 30.25),

_ The process after setting 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 begins at the 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 not whether the angular movements 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. Actual
examples of this will be given in the course of the exercises.

If Scale 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 scale extending round three circles, and the
answer may also be on any one. The particular 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 explanation of
principle).
Ex. 7.—Find product of 8.42 < 16.16 x .422 (3 factors).

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
point is fixed mentally in this way: .422 is roughly .5 ;
.3x8.42 1s rougly 4, and 4 16.16 is roughly 56. Therefore
there are two whole numbers in the answer.
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Ex. 8.—Find product of .35429.4 63,6 x .862 (4 factors)

This will be worked as .354x29.4x63.6x.862x1 to
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 Scale 1 under Cursor.

Read answer, 571 on Scale 1 under Datum.

The correct answer by actual multiplication is 570.578.

The decimal point is fixed mentally m this way—.354 is
roughly one-third : one-third of 29.4 is roughly %: nine
times 63.6 is roughly 560 ; 560 multiplied by .8 is 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 | to Cursor.

Read answer, 524, under Datum. 1

It is obyvious 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 523.9 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.

Ex. 10.—Solve 676.9 x 364
114.2
Set dial till 6769 comes under Datum.

Set cursor to 1142,

Set dial till 364 comes under Cursor.

Read answer, 2158, under Datum. s =
The correct answer by actual multiplication and division
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is 2157.5. When worked out on the Long Scale the answer
came barely 2158,

Consider now fractions with several factors in the numerator
and denominator, (See notes on pages 21 and 22)...

19.5x 66,6 x ,0042

Ex. 11—Solve 50
. 19.5%66.6 < .0042 ;
Work this as 8 0x1 taking the factors alter-

nately from the numerator and the denominator.

Set 19.5 under Datum.
Set Cursor to 8.9.

Set 66.6 to Cursor.
Set Cursor to 1.

Set 42 to Cursor.

Read answer, .613, under Datum, the decimal point being
fixed by a rough mental calculation, as previously described.

_The correct answer worked out by actual multiplication and
division is .61287.

Ex. 12—Solve 13.8x723.6
15.8x176x2.42
Work this as 13.8x723. 61 %1

15.8x176x2.42
taking the factors alternately as in the previous example.
Set 13.8 under Datum.
Set Cursor to 15.8.
Set 7236 to Cursor.
Set Cursor to 176.
Set 1 to Cursor.
Set Carsor to 242,
Set 1 to Cursor.
Read answer, 1.487, under Datum.
The correct answer is 1.484 (a close approximation).
If the reader has followed the previous worked-out examples
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carefully he will be in a position to solve in a routine way
any compound fraction presented to him, and also to apply
the more rapid method of division permitted by means of
Scales | and 2 used in conjunction, which will now be shown,
and which was explained in principle on pages 23 and 24.

Ex. 13.—Solve 6734
9.6x142.5

of factors in the denominator,
Set 6734 on Scale 1 under Datum.
Set Cursor to 96 on Scale 1.
Set 1425 on Scale 2 under Cursor.

Read answer, 4.92, on Scale | under Datum (3 movements),
the position of the decimal point being fixed mentally.

The correct answer worked out by multiplication and division
is 4.923.

Ex. 14.—Solve

where there is an even number

4276
3.42x18.7x32.62
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 :(—
4276

3.42x18.7x32.62x1

Set 4276 on Scale 1 under Datum.
Set Cursor to 342 on Scale 1.

Set 187 on Scale 2 under Cursor.
Set cursor to 3262 on Scale 1.

Set 1 under Cursor.

Read answer, 2.050, on Scale 1 under Datum (5 movements).

----------

Exercises with the Reciprocal Scale No. 2.

1
Ex. 15.—Find the decimal equivalent of &.456

Set Cursor over 6456 on Scale No. 1. Read under Cursor
on Scale No. 2, 0.1548.
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. In setting the Cursor to 6456 on Scale 1, we note that between
60 and 70 there are 20 graduations, the reading advancing
clockwise—6035, 610, 615, 620, etc.

and 6456 is between 64 and 63, its cxact position being esti-
mated. Conceive this space to be divided into 100 parts,
and advance 56 of these parts past 64, i.e., just a litile more
than half 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 value as 0.1548,

|
Ex. 16.—Find decimal equivalent of 3475

Set Cursor over 3475 on Scale 1.
Read 2878 on Scale 2.

z : 1
The fraction is manifestly less than 3000 and expressed

decimally will require 3 cyphers after the decimal point, so we
write the answer 0.0002878.

In setting 3475 under the Cursor we note it falls between
the graduations 34 and 35, and that between 34 and 35 there
are 2 graduations, each advancing 5, thus 340, 345, 350. About
l;g%f;way between 345 and 350 is 347, and a shade past this is

Reading 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
0.0284
~ Set Cursor over 284 on Scale 1. (It is the second graduation
line past 28, and the spaces count 2 each).

The reading on Scale 2 is just past the graduation following

the 35 mark, reading anti-clockwise, and where each space
counts 5. We estimate the reading as 3520,

Ex 17.—Find the decimal equivalent of
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By inspection, the value of the fraction is seen to be more
than 0 and we write down the answer as 35.21.

The 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 the Scale is clockwise
or anti-clockwise. Scale No. 2, the Reciprocal Scale, it may
be noted, is the only one graduated anticlockwise..

1
Ex. 18.—Find the decimal value of 37

Set 37 on Scale 1 under Datum.
Read .027 on Scale 2 under Datum.

Note that in reading decimal values of fractions less than

]Lﬂ there will be one cypher placed after the decimal point,

and preceding the number as read from the Rfl:r:iprocal Scale.
1
With the values less that {00 and greater than 1000 two cyphers

will preced the number, and so on.

5
Ex. 19—Find the decimal value of 7

Set 5 on Scale 1 under Datum.
Set Cursor to 7 on Scale 1.

Set dial till 1 comes under Cursor.
Read .714 under Datum.

Ex. 20.—Find the fractional value of . 1428.
Set (anti-clockwise) 1428 on Scale 2 under Datum,
Read 7 on Scale 1 under Datum.

1
Fractional value is therefore 7
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Ex. 21.—Find the fractional valuec of .00653.
Set 653 on Scale 2 under Datum.
Read 153 on Scale | under Datum.

v - I
Fractional value is therefore 15300

Note that as many cyphers must follow the 153 as there
are cyphers following the decimal point in the given number.

Examples of the Use of the Scale of Logarithms (No. 3).
See also pages 2 to 7.
Ex. 22.—Find logarithm of 2675.

_Set Cursor over 2675 on Scale No. 1. Read Mantissa of log.,
viz., 427 on Scale 3 under Cursor. As there are four figures
n the number all to the left of the decimal point, the character-
istic of the log. is positive and its value is 3.

The complete log. is 3.427.

Ex. 23.—Find logarithm of 50.75. :

Set Cursor over 5073 on Scale No. 1 (it lies between the first
and second graduation line after 30).

Read Mantissa of log. on Scale 3 under Cursor, viz., 7035.

The characteristic of the log. {as there are two figures to
left of decimal point) is 1,

The complete log. 1s 1.7055.

Ex. 24 —Find logarithm of .0.24076.

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

Read Mantissa of log. on Scale No, 3.

We make the reading 3815,

As 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 0.024076=2 .3815.

Hyperbolic Logarithms.—These which are to the base
e=2.71828 arc much used in calculations relating to the
expansion-of gases. They can be easily derived by multiplying
the common logarithm (i.e., the log. to the base 10) by 2. 30258,

The exact position of this multiplier denoted by loge 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 No. 1
must be used.

Ex. 25.—Find hyperbolic log. of 14.35.

First find common log. of 14,335,

.Set cursor over 1435 on Scale No. 1.

Read Mantissa of common log., viz., 1575 on Scale 3. ;

As there are two figures to the 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.

Now multiply 1.575 by loge 10.

Set log:10 on Scale 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.

Ex. 26.—Find the value of (36.7)2

This can be done with the Calculator in two ways, either
by multiplying 36.7 by itself as an ordinary multiplication
sum, as previously described ,or by the method shown below.

Set 36.7 on Scale 1 under Datum.

Set Cursor to 36.7 on Scale 2.

Turn dial till 1 comes under Cursor.

Read 1347 under Datum on Scale 1.

Ex. 27.—Find the value of (16.4)3. ]

This can be done by extended multiplication, 16.4=16.4 x
16.4 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 1 under Datum.

Set Cursor to 16.4 on Scale 2.

Turn dial till 16.4 on Scale 1 comes under Cursor.

Read 441 under Datum on Scale 1.

Note.—The result is obtained in 3 movements.
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Finding Nth Powers and Nth Roots of Numbers—with log-
arithms (whether N be a whole number or a faction)

Let A be a number and suppose x—A™".
Where n may be a whole number or a fraction.
Then log. x=n log. A.

Ex. 28.—Find 5th root of 51.33 (i.e., find 51.53%).

Here n—1-5th and A=—51.53.

Set Cursor over 51.53 on Scale No. 1.

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

Read Mantissa of log. on Scale No. 3, vi°., 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 51.53=1.713,

One-fifth of log. of 51.53=0.3426.

Set Cursor over 3426 on Scale No. 3.

Read 5th root of 51.53 on Scale No. 1, viz., 2.2,

Ex. 29.—Find the value of (2.8)4

16,2 8x2.8x2.8>2.8.

This may be worked out in several ways.

1st Method—by taking logs.

Set 28 on Scale 1 under Cursor.

Read Mantissa of log. on Scale No. 3, viz., .477.

As there is only one figure to the left of the decimal point in
2.8 there will be no characteristic.

Now multiply .447 by 4 mentally to get 4 (log. 2.8).

This equals 1.788.

.788 is therefore the Mantissa of the log. of (2.8)%.

Set 788 on Log..Scale under Cursor.

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

Therefore (2.8)%=61.4.

2nd Method.—Multiply 2.8 by itself four times on Scale 1
by the method shown in Example 6.

3rd Method.—Multiply 2.8 by itself four times and then
by 1, using Scales No. 1 and 2 in conjunction, as shown in
Example 8.
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** Sguare Roots "'—
Ex. 30.—Find the square root of 1849,

Set 1849 on Scale 1 under Datum.

Set Cursor to 1.

Turn dial until the same number comes simultaneously
under the Datum on Scale 1, and the Cursor on Scale 2.

This number, 43, is the square root of 1849,

Opposite 43 on either Scale 1 or 2 will be found the value

|
ot fr % 1{]2326.
o i

It will be observed that two values may be obtained when
setting in this manner to find the value of the square root of
a number. For instance in Ex. 30 above we could either get
43 coming on Scales 1 and 2, when the zero line on the dial
comes oppositc the mid point between the datum and cursor,
or we could get 1.36 when the zero line falls midway beiween
the Datum and the Cursor.

The point to note is, that it is the first number which appears
simultaneously under the Datum and the Cursor on Scales |
and 2 respectively, when the Dial is revolved in a clockwise
direction after the initial settings that is the correct square root,

The other value, for example the |.36 given above, is the
square root of the original number (1849) multiplied by the
square root of 10.

Thus 13.6=1/1849% /10,

Ex. 31 . —Find the 4th root of 1849.

Proceed as in Example 29 above to find the square root
(43), and then obtain the square root of this number.

Set 43 on Scale | under Datum.

Set Cursor to 1.

Turn dial until the same number comes simultancously
under the Datum on Scale 1 and the Cursor on Scale 2.

This (6.56) is the 4th root of 1849,

* Cube Roots ”* of numbers on Scale 1 can be read directly
on one of the 3 circles which comprise the ** Long Scale ” No. 4

——
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This is more particularly described on page 16.

Ex. 32.—Find the cube root of 964.

set 964 on Scale 1 under Datum.

Read 9876 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 11.275 on the inner of the 3 ** Long-scale " circles.
It is obvious that the cubc root lies between 10 and 20 and
therefore must be read on the inner circle.

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

Trigonmetrical Scales,

Sines, Tangents, ete.—The value of sines, tangents, etc.,
are read from the Scale of angles No. 5 and No. 6. by means
of the Cursor,

Read Natural Sin. or Natural Tan. on Seale No. 1.

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

Cosine, Contangent, Secant and Cosecant are deduced from
Sine and Tangent through the following relationships.

For any given angle A —

Cos, A—Sin.(90—A) ; Gtk ¢ A
Tan A
Sec. A— 1 Cosec. _Sine A

Cos. A

The Scale of Sines, No, 35, extends twice round the circum-
ference of a circle. The inner circle gives angles between
35 mins. and 5 degs. 45 mins. and the value of the sine increases
from 0.0l to 0.10. The outer circle gives angles between
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5 degs. 45 mins. and 90 degs., and the value of the Sine increases
from 0.10 to 1.0.

Ex. 34.—Find value of Natural Sine of 47 407,

Set Cursor over 4° 407 on Scale No. 5.

Read Natural Sine 0.0813 on Scale No. 1. 1

"N.B.—The number on the Scale is 813, but as the sines of
all angles on the inner circle of Scale No. 5 are between 0 and
0.01, we write down the value 0,0813.

Ex. 35.—Find value of Natural Sine of 20° 307,
Set Cursor over 20° 30 on Scale No. 5.
Read value of Natural Sine 0.3500 on Scale No. 1.
N.B.—The angle being on the outer circle of Scale No. 5,
and the angle exceeding 5% 457, the value of the sine is between
0.1 and 1.0. _ .
Between 20° and 25° the scale is graduated at intervals
of 20’ so that 20z 30’ falls midway in the second interval
following 20°.

Ex.36.— Find the value of cosecant 20° 307,
Set Cursor as in Ex. 35 above.

505307 which is cosecant 20° 307, on Scale 2.

Read value sin

1

This value is (reading anti-clockwise) 2.835.

Ex. 37.—Find the value of Cosine 48°.

This equals sin. (90° - 48%)—sin. 42°

Set Cursor over 42° on Scale 5. )

Read cosine 48° on Scale 1 under Cursor=.660.

On the Reciprocal Scale under Cursor is shown the value
of the secant of 48°, which equals 1.494. (Read contraclock-
wise).

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

Read tan 25°—.466 on Scale | under Cursor. :
Cotangent 25° will be read under Cursor on the Reciprocal
Scale, and equals 2. 145.

40 S UNIVERSAL" CALCULATOR EXAMPLES.

Read circumference, 29,2, under Datum on Scale 1.

This example may, of course be worked out on the Long-
scale (No. 4) in a similar manner ; the value of 7 as well as
the diameter being taken on the Long-scale. This will give
a closer approximation, viz., 29.22.

Ex. 43.—Find the diameter of a circle whose area is 227 square
inches,

Dia.—/ Avea » .

C=1.12838, and is marked as a gauge point on outer circle.

Set 227 on Scale 1 under Datum.

Set Cursor to 1.

Turn dial till same number comes under Datum on Scale
| as comes under Cursor on Scale 2. This 1s 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 7

Set 396 on Scale 1 under Datum.

Set Cursor to 1.

Turn dial till gauge point * Metres to Yards ™’ comes under
Cursor.

Read answer, 433, on Scale 1 under Datum.

Ex. 45.—How many metres are there in 660 yards ?

Set 660 on Scale 1 under Datum.

Set Cursor to 1.

Turn dial till gauge point * Yards to Metres ™ comes under
Cursor. -

Bead answer, 603, on Scale 1 under Datum.

Ex. 46.—How many Ibs. are there in 86 Kilogrammes ?
Set 86 on Scale | under Datum.
Set Cursor to 1.
Turn dial till gauge point ** Kg. to Lbs.” comes under Cursor.
Read answer, 189.3, on Scale 1 under Datum,
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Note.—In the above examples the natural sines, cosines,
tangents, etc., are given. If the log. values of these functions
are required they must be read on the Log. Scale (No. 3).

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 8, and for all angles between 5 deg. 45 mins. and 90 degs. is 9.

The Mantissa only of the log. is read on Scale No. 3. °

Ex. 39,—Find value of Log. Sine of 27° 20",
Set Cursor over 27° 20’ on Scale No. 5.
Read Mantissa of log. sine on Scale No. 3=662.

_As the angle is on the outer circle of the Sine Scale the log
sine 18 9. 662,

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

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

Read Mantissa of log. sinc on Scale No. 3=—8865,

As the angle is on the inner circle of the Sine Scale, the
complete log. is 8.88635.

Mensuration of Cirlces.
Ex. 41 . —Find the area of a circle 31 inches diamter.

Area —d? x E

=3 . 5% 3% 5. T8,
Set 3.5 on Scale 1 under Datum’
Set Cursor to 3.5 on Scale 2.

Tum dial till?a’_ (gauge point on outer circle) comes under

Cursor.
Read area, 9.62 square inches on Scale | under Datum.

Ex. 42.—Find circumference of a circle 9.3 inches diameter.
Set 93 on Scale 1 under Datum.
Set Cursor to 1.

> Turn dial till # (gauge point on outer circle) comes under
ursor.
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Ex. 47.—How many kilogrammes are there in 56 lbs. ?

Set 56 on Scale | under Datum.

Set Cursor to 1.

Turn dial till gauge 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 ?
set 24 on Scale | under Datum.
Set Cursor to 1.
Turn dial till gauge point ** Ins, to Cm.” comes under Cursor.
Read answer, 60.9, on Scale | under Datum.

Ex. 49.—How many inches are there in 80.35 centimetres ?
Sct 80.5 on Scale | under Datum.
Set Curor 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.

DISCOUNT.,

Ex. 50.—What is the wholesale price of an article subject to
a discount of 20 per cent., the retail price of which is 15/-.
Set 1. to Datum.

Set Cursor to 15.
Turn dial to 80 (20 backwards) representing 20 per cent.
Read 12/- under Cursor,

Ex. 51.—What is the wholesale price of an article subject to
12% per cent, the retail price of which is 52/6 7

Set 1. to Datum. _

Set Cursor to 52.5 (52/6).

Turn dial to 87.5 (12.5) divisions backwards, representing
123 per cent).

Eiﬁ%f] nearly 46 under Cursor, which we should estimate
as 45/11.
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TRIGONOMETRY.
Mathematical Principles.
If in a triangle the angles are denoted by A, B, C, of which
C js a right angle (90°) ; and the sides opposite the angles
are denoted by a, b, c, the letters being arranged clockwise.

Then the following relations exist between the several angles
and sides.

i (i - iy e c e e

= - B== cos A== Cos =

Sin A - sin 5 ; =
tan A X & cotan A— .bi gecant A:E
b & b

£
cosecant A— =

If C is not a right angle, the sine, cosine, etc., still have
same values, but ¢ and b are not now the sides of the q::tual
triangle, but of an imaginary triangle with BC perpendicular
to C A, and the following relationships hold for triangle A, B, C,

A+BC=180 degrees

a _Sin A _bzsin B i::sinC
b  sin B ¢ sin C a T G &
e e I T RS Y L U S

Cosine A is itself minus, and the whole of the &ast factor
of equation (3) becomes plus, if A is greater than 90°.

If A is 90° this last factor disappears.
Sine (180 —A)=Sin¢c A
Cosine (180—A)=—Cosine A
Cotangent A=Tangent (30—A)

HINTS ON CALCULATIONS,

Simplifying a Decimal Quantity.—Regard should be paid
to the value of the terminal figures which are struck off. If it
be desired to contract 15,647 to four significant figures, then
15.65 is nearer than 15.64, because 7 is nearer 10 than 1
but if the original number had been 15,642, then 15.64 would
have been the closer approximation.

Fractional Value of Decimals.—A misconception of the {rac-
tional value of decimals somectimes causes mistakes, especially
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 denominator is the same as the
number of figures after the decimal point in the number.

For example :—

4 . 308 9%
O (O 20
= T 100

' Z_Iﬂ[}!}

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 the answer as there are
in the factors; but this cannot always be done when the
operation is performed with a scale or scales,

The number of significant figures in the answer (i.e., the
number which can be written down) cannot be stated beforehand
It 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 operator in setting and
reading them.

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

T —
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The area of a triangle is .. ab Si; C
A—B a—b &
TUngent. seduvims T RGN T i i s
o ) AT i 3
Cotangent g = Tan. ¥ R s )

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 ¢ of a triangle, B T R, and the included angle R are known,
or can be calculated from other known data.

The third side r (usually the range in an artillery problem)
can then be found as follows :—

First calculate the ratio m= ?‘b e ey
Now 2= SIBB 410 B—180—T—R oo (6)
{ sin T

And sm B=sin (TH+R) .. .. (1)

Set the Ratio m under Datum, and set Curson over 1. both
on Scale 1.

5 This is automatically the result of the process of dividing
by t.

Turn Dial until, on the Sine Scale (No. 5) the angle under
Datum, i1s the sum of the angle under the Cursor and the
angle R.

Then the angle under the cursor is T.

~The angles T and R and the side ¢ being now known, the
side r is calculated by the usual formula. See Ex. 9.

Thus, if b and ¢ are 5,000 yds. and 900 yds. respectively,
and R is 40°.

The ratio m=35.555, and T=7° 38"
The range r is therefore 4,350 yds.
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Usually the answer is known with some degree of approx-
imation, or can be determined from inspection of the factors,
and when the operator is famuliar with a loganthmic scale
(straight or circular), he generally decides in this way, as
being the safest and quickest.

The writer is not enamoured of Rules however and prefers,
as nearly every user of a logarithmic rule does, to work out the
position of the decimal point from first principles by mental
arithmetic and rough cancelling. Tn his opinion arbitrary
rules are a tax on memory, and liable to mislead.

In such a case as the following, which may be taken as an
ordinary calculation, rules would be of little help in deciding
the position of the decimal when writing down the answer.

6.92 x 746 x 19.2 x 9
2876 x 92.5

Whereas, we could reason mentally about it thus :—
6.92 is practically 7.

7 into 2876 is roughly 400,

400 into 746 is roughly 2.

2 into 92.3 is roughly 45,

This would be in the denominator, and in the numerator
there would still be left 19.2x9, which is rougly 170 ; and
170 divided by 45 would obviously have a value less than 10
though more than unity.

Therefore, in writing down the three or four significant
figures given I:;-}f 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 a

hard rule, which may be imperfectly remembered and liable to
mislead.
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Use of Proper Units.—When making calculations, the
quantities should be expressed in proper units.

Different things often require to be multiplied together
but the answer has only one qualityv. It may be money, weight,
force, area, etc.

If an area is desired in square feet as a product of linear
dimensions, these dimensions must be expressed in feet. If
this is not done, account must be taken of the fact in the answer.

It 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 inattention to the basis on
which it is measured. If A’s salary is £75 and B’s £30, it would
be true to sayA’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 different ways.,

There can be no misapprehension in any case if the quanity
representing the 100 is made clear. Set the question as a
problem in fractions, thus ;(—

FxaMrLE.—In an examination 27 scholars pass 1st class :
35, 2nd class ; and 63, 3rd class. Express the various numbers
as percentages of the whole.

Here 27435+ 63==125.

and this total must be regarded as a 100 base which has to be
divided into three similar proportions.

Therefore if x, ¥, z are the three percentages, we have the
following relationship :(—

4 X 100 % 27
_— = = e, RS LU =T F B Der-cent,
123 T s P

48 PROBLEMS IN PROPORTION.

ExampLE 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 done, and
therefore :—

36=§_andx:36>‘:]8

i =24 men.
27 18 27
Practice in Reading and Setting Scales.—To get accustomed
to reading the Primary Scale No. 1 and the Long Scale No. 4,
and their graduations, the learner will find it good practice to
work through a multiplication table, thus :—

Set 2 on Scale 1 under Datum.
Set Cursor to 1.
Turn, in succession, all figured graduations past Cursor

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

Thus 2x11=22: 2x12=24; 2x13=26; etc.

Do the same for 3 or other simple number, and proceed
to such multipliers as 3.1, etc. This teaches the learner to
read parts of the scale not figured, or where the graduations
are counted as 1, 2, or 5, according to their nature.
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35 ¥ 100 x 35

= = _—_ and y= —28 per cent,

BE 100 h 125 s

63 Z 4 100 = 63

borie 2 ==t gt == el ==Sﬂ.4 v

R e 175 gt

For this class of guestion the mstrument is very convenient.
Set 1.0 on Scale No. | under datum line and set cursor to
125 (i.e., 12.5). Rotate dial until the several figures 27, 33,

63, come under the cursor and read the several percentages
under the datum.

Problems in Proportion.—Set the question in simple factional
form as follows : Where A, B, C are certain known guantities
and x 1s the unknown guantity.

R
B X

Each of these quantities may be in the numerator or the
denominator, as the operator finds it convenient in setting down

their relationship, but must, of course, be done correctly.
Then by cross-multiplication we have :—

Axx=BxCand xx BXC

ExampPLE 1.—If 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 x is the number of days, then

x 15

M: 20 da}as_

28 21 21




