FOWLER'S
LONG-SCALE g,ALCULATOR

VEST POCKET :MODEL (RX)
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For Engineers, Draughtsn
(Supplied Complet:

Fowler's Calculators, like all Slide L 3) on which the engraved scales are
Rules, are based on the properties !' printed. These scales are operated
of logarithms, which enable Multi- !Y by thumb nuts outside the case.

plication to be effected by addition,
and Division by subtraction. These

On each cover glass there is a fixed

. . ~ radial datum line. The front dial is
aperatians are made me.chaﬂlcall by . also provided with a rotating radial
moving circular scales with logarith- = | iy ‘5_ i

mic distances marked on them, 7
which can be added or subtracted . No Cursor is fitted to the back dial.

rom one another. 4 I
f g The instrument is contained in a

The instrurhents are all/of standard g s-parate velvet-lined ”'Cker protec’r-

size and price, and consist of a cir- | ing case.

cular nickel case fitted at front and i Every detail is made in our own fac-

wBaskawithoglass -cover. “Withiin “the ® iy by the aid-of-spesial machinerv .
case are two rotating metal dials 22 to secure the greatest accuracy and

ins. diameter (see Figs. 1 and 2, page excellence of workmanship.

Je(xﬁc-é‘@ 0/ -.ﬁam/(f’f- - ggc&é?((’/cafaéd.
E ]

Dials Synchronised.—The instru- Advantages over Straight Slide Rules
‘ments are so constructed that when ! Scales always clean. No slides to
the zero line of front dial is set un- stick or become slack. No switching
der Front Datum line, the Frqnt of slide; quicker to set. Results
Cursor line and Back Datum line

always give similar readings on the | TIQFE accurate. Instrument goes in \,]3
outer scale. This is sometimes con- | Waistcoat pocket, and not affected %
venient for directly transferring val- | by temperature, dirt or moisture. !
ues of functions from Back dial to |

Front dial, and is specially handy for | The makers recommend the “Long- -k
determining Cube Roots. | scale” type of instrument (here illu- |
Accuracy of Results.—With the strated) to Engineers, Draughtsmen i

culg;;ons ?;]f all l<nr1d:=i can be made purposes as the most comprehensive
;fslugnﬁn the:f;(;u;?tg#lcg% tﬂﬁoufgsd and accurate pocket calculator ever
4 Y g g made. Other special types are more

lf greater accuracy is required, the . .
“Long-scale”” can be used, which convenient for special purposes, and

will give results accurate to three descriptive circulars of these will be
and often four significant figures. sent free on application. 5 |

i
5 l
‘Short-scale” of the front dial cal- and Science Students for all-round
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DESGRIPTION OF DIALS !
} of Fowler's ‘* Long-scale ' Galculator. X

The Front Dial, Fig. 1, comprises an outer *' Short
geale ".complete in a single circle 6:7” in circumference,
which can be used for Multiplication and Division in
the same way as in other types of Fowler's Caleulators.

The six inner circles form a similar continuous
* Long-scale '’ 30" in total circumference. It is used-
just like the single circle or ** Short-seale,” though the
" Short-seale” is sometimes convenient for finding an
spproximate result to determiue the precise circle of
the ** Long-scale " on which to read the very accurate
resulf. -

Whether to use the ** Short-scale ™ or the " Long-
seale "' is entirely at the choiee of the operator
according to his convenience and the degree of accuracy
required. .

The Back Dial, Tig. 2,
reckoning inwards as follows :—
. No, 1.—A scale similar to the multiplying and.
dividing scale of the front dial. | e

comprises seven scales,

geale extends continuously twice round the cireum- -

ference. =
No. 5.—A scaleof Log. Sine Values from 545" to H0”.
From 5° 45’ to 8° graduations every 5.
8° to 12° graduations every 10°.
12° to 30° graduations every 20"
307 to 60° graduations every 1°.
60° to 80° graduntions every 2°.
No. 6.—A scale of Log. Tangent Values from 5° 43
€0 45° - ) )
From 5 45" to 8° graduations every &'
8° to 12° graduations every 10°.
12° to 80° graduations every 20°.
30° to 45° graduations every 307,
No. 7.—A scale of Log. Sines from 35" to 5° 43’
From 35 to 1° graduabions every 1'.
1° to 3° graduations every 2.
3° to 57 45" gradnations every &'.

Rote.—The wvalues of all the functions given on

Seales No. 3 to No. 7 can be read direetly on Seala-No.-1
—%m-ineans of the Datum line, or their inverse values by
'reé?:lling on Seale No. 2. i

" Gauge Points—Tor facility in setting, -both the
_*“Bhort-seale " and the ** Long-scale ™’ of the front dial
as well as outer scale of the back dial have the following
‘values specially indicated :—+/2; /3 loge 10;
7; gB (gravity Tinglish); E.H.P. (clectrieal horse-
power) ; 7/4; gF (gravity French).

Operating NMuts.—The thumb nut X, Fig. 1, operates
the front dial only.

The thumb nut ¥, Vig. 1, operates the Cursor E of
the. front dial and also the back dial.

HINTS ON THE USE OF CALCULATOR.

Use of Scales.—All the Scales of the dials are
logarithmie, and as the distance hetween the figures
3.2 8 4 o 10 gradually diminish, so does the
possibility of sub-division and consequent accuracy of
reading. Hence the advalitage of a
over a ** Short-scale.” . 5

Readings and settings of sub-divisions depend
¢ntirely on the judgment of the observer, and in
edtimatinig frictional values the difference between
togarithmic distance and actual distance should .be’
neted.. Thus for caleulation -25 is more than a quarter
end 5 more than half way. ) s

Any value may Dbe assigned to the figures of the
“Beales, but proportionate values must then be accorded

~ the sub-divisions. Thus 6 may stand also for -6, -06,
-006, 60, 600, etc., but if taken, say, to represent 60,
the sub-divisions would then represent 61, 62, ete.,
and similarly for.any other value accorded to the prime
number. A
- Selection of' Proper Uniis of Measurement.—In
making ealeulations by whatever method or instrument,
care should be taken to express the guantities in proper
units.

If an area is desived in square feet as a product of
ilnear dimensions, these should be expressed in feet,
It %e,sirud in gquare yards the dimensions should be in
yerds, : .

It does occasionally happen that some dimensiona
pre in one unit and others in a different unit. For
example, in formul® for beams, breadth and depth
are usually expressed in inches, and span in feet.
Again, the weights of bars are generally given per foot
tun, although the sectional dimensions are in inches
“istakes occur through nverlooking these-paints. '

No. 2.—A scale of Reciprocals exactly similar to
Bcale No. 1, but graduated contra clockwise instead
. uf elockwise. : S i
', No.3.—A seale of Logarithms graduated at intervals:
of -01. :
No. 4.—A scale of Square roots from 0 to 100, (The -
walues of the squares are read on Scale No. 1.) This
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Simplifying Decimals.—In simplifying decimal values
regard should be paid to the valuz of any terminal
figures that-may be struck off.

For example, If we wish to contract a value such
as 15647, then 15-65 is n nearer approximation than
1564, becanse the figure 7 is nearer 10 than 1. If the
last figure had been 2 instead of 7, then 15-64 would
have been more approximate than 1565,

-If a repeating decimal is less than 5, wriie it twice
E’;-nq%lnt'rensc ‘the last figure by one.  Thus 6-Z2 becomes
"t

If n repeating decimal is greater than 5, it need only
be given once, but increased one in_value. Thus 6-77
may be written as 68,

A misconception of the fractional value of ¢ecimals
sometimes causes mistakes, especially if tliere are
cyphers to the right of the decimal point.

~To avoid confusion, remember that when cxpressed
as & fraction the number of cyphers in the denominator
is !Jht(: same as the number of figures after the decimal
point.

_ For example—

“and dried rule.

-eircles of the front di

. mines the position o
—of the following fir

: _ih _ S04 a6 : 2
BOL=3 j5; T 100 9= ggp 002 7000
Fixing Decimal Point. Menfal Caleculation.—When
possible, put all caleulafions in a simple fractional form.

The correct position of the decimal place in the
answer can be best delermined by rapid inental
multiplication and division I'here are rules for doing
this, but they are more trouble to remember than they
are worth, and liable to cause mistakes. 1t is much
better for the operator to depend on first principles
and a little mental arithmetic,

For example, suppose value of following required :—

6-02 3 746 % 10
247

we conld reazon mentally as follows :(—6:9 is p:‘aatimﬂf
7, and 7 iufto 2876 is roughly 400 ; 400 into 746 le
roughly 2 2 into 82-5 is roughly 45. This would be
in the denominator, and-for the numerator we should
still have left 192 b, roughly 170.  This divided by
45 would obvious give a value less than 10. In
putting down the answer, therefore, we should write
all figures after the first one to the right of the decimal
point. A rough estimate like this occupies less time
to make than to describe, and is safer than any cut

ARITHMETICAL EXAMPLES.

' Multiplication.—I"ront dial. Bither {he * Short-
seale ” or the * Long-scale” may be used, but for
purpose of illustrating the principle, the description
will be first confined to the single outer circle or
“ Bhort-scale " No. 1.

Suppose the factors are ¢ =D -r, ete.

Set @ under Datum F by nnf X.

Set Cursor E at 10 by nut Y. &

Set dinl by put X till # is under Cursor E.

Read axb under Datum F.

If there is a third fictor ¢

Set Cursor again at 1-0 by nuf Y.

Set dial by nut X till ¢ is upder Cursor E.

Read axbxe under Datum F, and g0 on for any
number of factors.

In using the © Long

ale ™ formed by the six i
. the setting is pre
samre as described above for the ™ 3
the factors . b, e, ete., are, of course, r
from the *' Long-scale.””

In reading the
and hence, the par
it, may be defermine
on the ** Short-scale,
as indicated under ** Hints thie Use of (
The value of the first figy hie nlswer, and whether
it Tepresents units, ¥ is, thousands, ete., deter-

of the result,
I to look for
1Ty working
timation

wer. the first fig
cular eirele on w
 cither by a prelimir
or by rapid menial

swer from the sub-
divisions of the scalc, =
Division :  Fracticno.—If division of simple form o
use Seale No. L.
Set ‘@ under Tintum ¥ by nub- X
Set Cursor E to m by nut Y.
Set dial by nut X till 1-0 s under Cursor.

13
Read'ﬁ undder Datwn Fo

Ly N axh 5
Ii division oi form T proceed thus:—

Set ¢ under Datum F by nut X.

Set Cursor E to m by nut Y.

Set dinl by nut X till # is under Cursor B
Bead answer uzder Dab ¥

oiat and the reading,



The numerator of the fraction must contain one nore

Tactor than the denominator.  If there are not cniough
multipliers or divisors in the fractlon insert the figure
1 as often as reqmred C.B. ¢

. ®xbx>e axbxe
Ul)emte — a8 Tl
STESS operate ——Ab i 6-:( bl
m xR 7 AN

‘The position of the decimal point in a calculation, if
one js required, is found as explained. above, either hv
inspection or rapid mental caleulation.

Note.—The Datuin F is only used for first mulhphcr

and answer.

The Dial is turned ouly for multipliers.

The Cursor E is turned only for divisors,

Instead of operating as deseribed, a cnmplete fraction
may, of eourse, be worked by multiplyving all the figures
in the numerator and divi ding this product hy the
product of all the fignres in the denominator. The
<hoice is i matter for the operator. .

Squares and Square Rnots —These ‘are given by a
single setting of the back dial mid Tcnldmf, dirvectly
with the Datum line from Seale No: 1 to Scale No 4,
or vice versa. The numbefs on Scale No, 4 are the
syuare roots of those on Scale Nn 1.

; IltJ fixing magnitude of square of a number remember
that—

Sepuare of any number between 1 and 10 lies between
1 and 100.

Square of any number between 10 and 100 lies
between 100 and 10,000,

Sqmare of any number less than unity is less than
1119 nnmber.

Sguare root of any number ]oxs*th-ln unity
thau the number. For example :-
g1 1-:;)'—' 0 e i s |

= = — . (%) = : Hd=-n =
(m) 100 ( aors ¥ . Voo T 10

Rule.—1If the number has an odd number of digits,
read the square root on the smaller cirele of syuare root
seale,

If the number has an even number’of digits, read
ront on the Lirger cle of square root scale,

Cubes, Gube Roats, Mth -Powers, Mth Roois,—If the
Cyleulator happens to be fitted with a Cube Root back
dial, instead of the one shown in Fig. 2, the values of
cubes and cube roots ean be read direetly
setting, as explained in the case of sguures and Sguare
roots. Remembering tha : L

Cube of any number between 1 and 10 lies between
1T and 1,000.

Crube ol any number between 10 and 100 lies between
1.000 and 1,000,000,

greater

£y
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Fig. 1

Front Dial.
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Cubo of any number less than unity is lessthan the
mimber.

Cube root of .my number ]e«s than unity is greater
than the number,

( ) o WL
10 10 nuu Var 3

If the Caleulator is not fitted with a Cubie Root hack
dial, the cube root value can be ohtained like that of
any Nth Root (where N may be whole or fractional) by
means of logarithis from the following relation ;—

I1f A is a number and x= An.

Then x=n xlog, ‘!

The fact that the front and back dinls of the
a0 Lnng-smh} - r“\lu:l'l.tor are synchronised, and tnat
the ** Long-scale " extends over 6 cireles, engbles cubes
roots to be got by direct readmg hecause

\‘2. == \JJ:A.

Tor example, let « be the Inmnimr whose cube root,
[\ is' required.

'IJunder Datum Tline on cover glass

I
Second :

di:tI under Datum line, then (lie
'

“ First ;- Set zero-line on front (Lomg-scale) dml

Set number x on square root scale of back

19’1dsucr under datum
on outer scale of back dial 2, so also is the

~reading on outer scale of front dial under Civsor line,
and the sixth root of this number i,

2 LB iy
is on one of the six circles of the Long-
dial.

The preeise rm'lr’ is easily determined by IwﬁranL in
mind that 10%=1.000, 203 <5000, 307 =27,000,
107 =4,000, et amd therefore that for any nmllhl‘i

Between 1 and I.UHH thet

uhu root is between 1 and ]()

. 1,000 s000. " w20

R.000 . . . 20, 30

L 27000 s @ - 30 0, 40
(it L]

Thus the fifding oI the cirele on which to read the
result presents no diffieulty.

Logarithms.—The characteristic of a'log. is the part
to the left of the deciimal point. It may be positive or
negative.

The mantissa of a log. is the part to the right, of the
_decimal point; and it is alwa positive.  When
multiplying or Jdividing for pow s, or roots, theue
points must be borne in mind. [

The characteristic of the log., if ;msif,ivn, is one less
than number of figures to lelt of decimal point; @ if
negative, one more than number of cyphers to ng,ht.
of decimal point.

ale of front
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Example.—Find 1

. nf 20675,
Seale 1.
n log. scale.  The characte
A and the log, of 2675 =3:427
Example —Find log. of 50-75.
Bet Cursor to 507D «n Scule 1.
7055 .on the

Set Cursor to
log. viz. 42
the log.

ic of

3, N “

Fhe " Mantissa "' part of the log. of a given numhber
18 independent of the position of the decimal point,
bub €he . characteristic changes if the decimal point
changes position, e.g —

Log. 280 ix 2:46241. Log. 20 is 1-4624,
Log, 20:0 is 11621, Log. 020 Is 2
Log. 2:4 is 0-4624, Log -0029 is 3 4624,

Logarithms aré very convenient for finding powers
and roots of numbers,  See Nth Powers and Roots,

Reciprocal 8cale. ale 2 of the bick dial alfords a

very eonvenient-way of obtaining such values as - —
Lr 2 1.» A= ;4 i
« at Vi sina COS i1 tan a

by simply setting the Datum line ovey these respective
values and reading the corresponding values on Scale
No. 2. It will be noted further that with these two
seales the decimal value of any fraction having 1 as
& numerator, and any number as a denominator, can
be instantly read. It matters not which scale is taken
to represent. the denominators, the other scale gives
the declmal value. The produet of any two epposed
numbers on Scales No. 1 and No. 2 is, of course, equal
to unity.

Percentages.—In the expression of percentages,
attention should be paid to the basis on which it is
measured.  For instance, if A's salary is £75 and B's
£60, it would be true to say that A's salary was H0
per cent greater than B's, taking B's salary as 100 per
cent, and equally true to say that B y was 33k
per cent, less than A's, taking A's sa
cent. ‘The fact is only expressed in two different. we
There " can  be no misapprehension in any
if the quantity representing the 100 i§ made clear.
Sel the question ag a problem in fractions, thus:—

Example—In an examination, 27 scliolars pass 1st
class : 30, 2nd class; and 63, 3rd class, Kxpress the
varipus. numbers as percentages. .

The total number of scholars is 27+ 35+ 063~=125.

1f x, », & are the three percentages, we-have the
following relationship i—

P 100 % 27

1,215 =700 and £ = —{g =21-6 per cent.
15 u 100 x 35

i = ibe and y= 735 =28 per cent.

63 _ =z 10063

95 ¥ 00 and z= |9 =504 per cent.

For this class of question the instrument is very

convenient. The fraction 1o5 occurs in each, and by

selting 1:0 under the Datum line and Cursor E to 125
‘(i.e., 12:5) on Scale 1, the several percentages can be

read off at the Datum line F by rotating the dial until -

e several figures 27, 35, 63, on Scale 1, come under
Cursor E. |

Proportion.—Set- the question in fractional form,
a_7

b e
-
Where v is the unknown, and may be the numerator or
denominator, as the operator finds convenient in setting
the =um for aolution.  Then, by cross-multiplication,
axc

axec=bxx.and r= =y

In how

Iixample 1.—15 men do a task in 28 days.

many days should 21 men do it ?

Read mantissa of |

1
——= gl

Ubviously more men will do the work in less time
and we have the proportion :—

21 28 2
1 T

Example 2.—1f a task takes 40 days for 12 men, how
many men will be required to do it in 24 days ?

5 =20 days.

. Gbviously more men will be required to do the task
in less time, in the ratio of 40 to 24,

Wwx1z
= Tgy =20 men.

Natural, or Log. Bine; Cosine; Tangent, ete.—Use
Datum Jine to read across from given angle on Scales
Nos. 56, 7, to Seale No. 1 for natural value of sine,
tangent, ete., or to Scale No. 3 for log. values. Note
following :—

Cos=sin of complement.
Cot=tan of complement.
Cos 60°=sin (90—60)°=sin 30°,
Cot 60°=tan (90—G0)°=tan 30°.

All sines of angles on Scale No. 5 lic between 0-1
and 1-0 in value on Seale 1. .

All sines of angles on Seale No. 7 (which are found on
Scale 1 in a similar manner) lie between 0-01 and (-1
in value on Scale 1.

Triangles; Useful Notes.—Ii A, B, ('is u {riangle,
the angles of which are A, B, C, and the sides opposite
these angles are respectively a, b, ¢,

Then A+ B-+(=180° z

@ _sin A

__8in b sin B o sinC

b sin B e sin C a_ sin A
4?=b24c*>—2 be cos 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.

Cos (1B0—A)=—cos A.

Cotan A=tan (90—A).

b gin C
Aren of a triangle= {Li_)i
A-B  a—Db (o] o A+B
tan Tl cotan'z— cotan 5 = tan o

These last two formul® are much used jor solving
triangles when two sides and included angle are known.

If in a triangle A, B, C, the angle C is a righl angle
(907), and the sides opposite the angles are respectively
a, b, c letters arranged clockwise

. 1] i ia‘_ b . a
Sin A:c sin B:u o] A:c coB B:c
@ b b

tan A= i cotan A= - secant A=
( [ €

e
cosecant A = &

I C is not a right angle, the siné, cosine, etc., still
have same values, but g and b are not now the sides of
the actual triangle, but of an imaginary triangle with
B C perpendicular to C A.

A circle is divided into 360 degrees. Iach degree is
divided into 60’ (minutes) ; each minute is divided inte
60~ (seconds), but seconds are rarely considered.

For angles below about 6° tangents can be read off
on the sine scale for emall angles (Scale 5).

The tangent is very slightly, greater than the sine, '
but at 2° the error is only about one-sixteenth of one
per cent, which is too small to be read on the ealeulutor
or any ordinary slide rule.

If the sine or tangent of an angle is less than 0-01,

use sine Scale 7, but divide the angle by 10. Thus

the angle whose tan is 0-00407 is one-tenth of 2° 20 ;
that is, 14 minutes. This is specially used in solving
trinngles with either two angles almost equal or with
one very small angle.
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