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PROVISIONAL SPECIFICATION,
“ Improvements relating to Mathematical Caleulating Devices.”

I, ¥Francis James Axpemson, Major, R.E., Reconstruction Officer, of The
Barracks, Waterford, in the County of Waterford, Ireland, do hereby declare
the nature of this invention to be as follows:— .

This invention: has reference to mathematical calculating devices and 1is
founded on the prineiple of the well-known slide-rule.

'he object of the invention is threefold: : L

(@) To increase the accuracy and capacity of the ordinary decumally-divided
sliae rule without any corresponding increase in the length of the instrument.

(b)) Lo do away with the necessity of the mental or mechanical calculation,
necessary to obviate ambiguity as to the position of the decimal point, by
giving each graduation on-the scales a definite or absolute vdiue that never

" varies.
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_ immediately above or below them from which they are separated by a
5 ratio” of 10 or of some foot of 10.
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(¢) To render it possible, if desired to subdivide units on the slide rule
into other parts than tenths (such as twelfths, or sixteenths, for example)
thereby making it available for quantity surveyors, mechanical engineers,
accountants, freight clerks and others to wliose work it is not at present
applicable. The ovdinary rule is graduatéed on the face with 2 ‘scales, ome
on each limb, which are duplicated on the slide as shewn in Kigure 1 Sheet 1
of the accompanying drawings, where the upper limb is marked A the slide B
and the lower limb C. ' : - ' -

According to my said invention, however, eich of the scales (instead of being
n a continuous line) is split up into a series of equal parallel lines, the figures
on each line being in geometrical progression with those of the adjacent lines
** common

If, for example, the geowmertrical ratio of ,/l0 is selected, the- upper scale
would be graduated as shewn in Figure 2 Sheet I and the lower scale as shewn
in Figure 3 Sheet I of the drawings, (omitting sub-divisions) the commo
ratio between lines in the upper being /10 aud in the lower %/{0. '

The number of-lines in each scale may be increased downwards.as necessary -
according to the height to which calculations are to be carried, and upwards
(if desired) to read numbers less than unity to any required degree of accuracy.

The face of the instrument may be graduated as shewn in Figure 4 Sheet 11
of the accompanying drawings, in which A and C are the upper and lower
Limbs respectively and B is the slide; and it is evident that the atcuracy and
capacity of the ordinary slide rule has here been increased four fold, without
any increase in length of the instrument, the only limit to this increase of

~accuracy and capacity being the number of lines, which can be graduated on

a limb or slide of a given width. _

It will be noticed in the drawing that the units are subdivided to twelfths
for part of the scale by way of illustration, but they may be equally well sub-
divided_to eighths, tenths, sixteenths or any desired iraction and the ‘larger
subdivisions (on the upper lines) may be again subdivided to forty-eighths,
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hundredths,
ment. ) ) -
The slide bears on its face the same scale as the upper limb, but an inter-
changeable slide may also be providéd with trigonometrical and other scales as
hereinafter ‘described. ' ' :

Figure 5 Sheet IIL of the drawings illustrates a decimally subdivided rule

sixteenths or any desired parts within the goinpass of the instru-

- with a scale of natural sines and cosines, (multiplied by. 100) on the face of,

and Figure 6, Sheet III, a similar scale of tangents and cotangents (multiplied
by 1000) on the back of the interchangeable slide. . :

“ Gauge points” can be used at pleasure’ on- all' scales: :

The instrument, which may be of wood, brass, celluloid, vulcanite, or other
su‘table material or materials, aloné or in combination, is, with the important
exceptions noted above, similar in construction to the ordinary slide-rule, having
a body with upper and lower limbs between which works a slide, said limbs
and slide being graduated as -above described. o

Over all and overlooking all s¢ales is a traveller working in grooves on tho
sides of the body of the instrument and carrying a cross-hair or cross line om
its glazed surtace to give the alignment of the various readings. The glazed
surface may be wholly or partially of magnifying glass, or may have a travelling
magnifying glass attached to it to ensure finer. readings and may ‘also have

auxiliary lines parallel to the cross-hair or cross line to' serve as a guide to the

eye in estimating unmarked divisions. _
Numbered cross-lines on said traveller indicate the positions of the various

graduated lines. on the rule and slide. Figure 7.Sheet IV of the drawings’

1llustrates the general arrangement, the lines of the upper and lower edges
of the body of the instrument being indicated respectively by the letters A
and D, and the upper and lower edges of the slide by the letters B and Q

“respectively.

In graduating the instrument uniis may be numbered in different colours
from those of subdivisions, as a” guide to ready identification.

The slide has at each end, and in such a position as not to interfere with
the lengthwise movement, a bevelled mefal arm corresponding with the index-
line and extending upwards and downwards to the full width of the rule. -

These arms have marked on them the line' numbers of the scales. on the
upper and lower limbs. By their help the indices can be set without the
necessity of using the traveller.  The drawings Figures 8 and 9 Sheet IV shew
ithe arrangement. L L

The said arms may be so arranged as to be detachable, and are capable of
reing re-fixed on the reverse side of the slide when the latter is in use.

The method of using the instrument is simple in the extreme. _

The left side of the slide which has the numbers 1 — /{0 — 10 — and so of
vertically over one another in the sketches may be called the left index, while
the right-side bearing the numbers ,/10, 10, 10 /10 &c, may be called the
right index.

Similarly the left and right sides of both the upper and lower limb may be

"known as left and right indices.

The traveller is used to indicate the alignment of the scales and to show
by its numbered cross-lines the line of the scale on which the answer will be
found. _ ’ '

A few simple éxamples will best illustrate this.

-

‘MOLTIPLICATION.

To obtain the results of multiplication:—
() Set index of slide (by means of its arm) o -
(b) To first factor on upper limb. 3
() Above second factor on slide, ‘ .
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(d) Read answer on the line (of the upper limb) whose number is the total
of the three numbers of the lines in- (a), {b) and (o). .
--(I) Thus to multiply 18/5 x 21/, S
On slide—(a) Set left index (line-No. 0} : (¢) Over 2/, (l-ne-Nq. 0) ‘
On. upper limb (5) To 1%/,, (line-No. 0): (d) Read answer 3%/, (line-No.. 0}
The answer is read on the O line of the limb because the sum.of the various
lines used in the operation (a), (b) aud (¢).is0 + 0 + 0 = 0. : :
(II) To multiply 50%/,, x 6. - <
On slide—{a) Set left index (line-No. 0): (¢) Over 6 (line-No. 1). .
On upper limb (&) To 50Y,, (line-No. 3): (d) Read answer 300"/, (line-No. 4)
since 0 + 3 + 1 = 4, : : ' E ) . oo
(IIT) To multiply 2 +7 - : ' o b © - s
. On setting the left index. of slide to 2 on the upper limb we find that the:

7 on slide has travelled beyond the limb and thus has no reading_over it..

Reconrse is therefore had to the right index of tlide (vertical line /10, 10, 10
~’10 &c.) which is set to 2 on the limb, but 1 is added to- the number of
its line (calling it 1 instead of 0). ' ) S ’

The setting is then as follows: - __—

On slide (@) Set right index (line-No. 1): (¢) Over 7 {line-No. 1J.

On limb (3) To 2 (line-No. 0): (d) Read answer 14 (line-No. 2.) since.
I'+0+1=2" - : . :

Drvisiow

This operation is the exact converse of multiplication and therefore the line-

number of the divisor (on slide) is called — (minus) and that of the dividend -

{on limb) 4 (plus) inereasing the former bv 1 in every case where recourse

_ig taken to the right index i.e. calling the right index-1 (the left index being

" “alwavs 0).
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(YV) Thus to divide 72 by 6. ' ) ’

On slide (a) Set 6 (line-No. 1): (/) Over left index (line-No. 0). -

On limb () To 72 (line-No. 8): (d) Read answer 12 (line-No. 2.) since
3 - 1 = 2. ) L3 -

(V) To divide 24 by 8 . '

On slide (a) Set 8 (line-No. 1): (¢) Over right index (line-No.-1.).

2-1—-1=0.

"We can express the above rule differently thus:—

To obtain “line-number of answer on limb. g -

(a) When left index is used deduct “line-number” of divisor from  line<
number of dividend. | .

(b) When right index is used, deduct “line-number ”. of divisor increased by
1 from “line-number” of dividend. ' .-

Sausres & Sauame Roors.
Squares and square roots are obtained by inspection as the numbers on the

On limb (5) To 24 (line-No. 2): (d) Read answer 3 (line-No. 0), since

- ulide are the squares of the corresponding numbers (on the same lines) on
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the lower limb, while conversely the numbers on the lower limb are the square
roots of those in a corresponding position on the slide. By sefting the slide
immediately over the lower limb there is thus formed a ta%le of squares and
square roots. : . ,

Cuoses.

(VD Cube 4. = ' . ': — T
On slide—(a) Set left index (line No 0): (¢ Over 4 on slide (line-No. 1) o

On _lower limb (8) To 4 (line-No. 2): (d) Iead answer on upper - limb' 64

(line-No. 3) since 0 + 2 + 1 = 3, :
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The rule is: ' Co o

If left index be used the sum of the lme-numberg ‘m (a), (B): and (c) gives
the number of the line in which the answer is to be read, but if the rlght
index be used it" musf be called & 1 as in anmple Vi - )

(OVII) Cube 7. 3

n slide—(a) Set right index (line-No. + 1): (c) Over 7 on slnde (lme-No 1)

On lower limb (#) Te 7 (line-No. 3): {d) Read answer 3&3 (lme-No 5) since:

1+1+3=4 .

e ,G‘UBE Roots : Lo

In extracting cube roots the rule is to move the slide to the right -or left. 10
(as may be required) until the same number on the slide appears under the
number, . (whose .cube root is to be extracted) on the upper limb, as appears -
on the lower limb under thie index of the slide. :

If the left index be used the line-number of the upper limb, less- the line- _
number of the slide, gives the line-number of the lower limb where the answer 13
will be found, but if the right index be used 1 must be deducted from the
resulting line-number. B :

(VIII) Thus if the cube root of .27 is required. '

The slide is moved to the left until the same number (in’ this case 3) appears. .
on the slide under 27 on the upper limb, and on the lower limb ‘under the 20
right hand index of the slide. The setting stands thus: )

On upper limb (a) To 27 (line No. 2). -

( (8) 8Bet 3 (line-No. 0)
- On’ slide -
(¢) Under right index (lme-No —1). : ' .

Oun lower limb (4) Read answer3 (line-No. 1)since 2 — 0 —1 = 1. i

‘(IX) To find the cube root of 1331: , 25

On upper limb (2) To 1331 (line-No. 6). o . -

{ (0) Set 11 (line-No. 2) S
On ' slide’
o ' 1 (c.) Left indéx (line-No. 0)
On lower luub L“') Read answer 11 (Line-No. 4).

J ‘ . =+ Ammas or CImCLES.

'Set s on the slide to either the right or left index of the upper llmb as 30
may be necessary, calling the “line number ? 0 if to the Jeft index and + 1
if to the right index.
Then above the radius on the lower limb read the area of the circle on ihe
slide in the line indicated by the sum of the hne-numbers :
Thus 3 . L . a5
: X) Rddius 49 feet. Find area. ' L . } )
Un slide (@) Set  (line-No. 0) : '
On upper limb (6) To right index (line-No. 1)
- On lower limb (¢). Over 49 (line-No. 6).
On slide (d) Read answer, area 7543 sq. 1t. (line-No. 7) since 0 + 1 + 6 =7 40
(XI) Radius 31.65 feet. Find area. g
0n slide (@)_Set o (line-No. 0). _ ‘
"On upper limb (b) To left index (line-No.-0), . . ' K
*On lower limb (¢) Over 31.65 (line-No. 6). :
- On slide (d) Read answer area 3147 (line-No. 6) since 0 + 0 + 6 = 6, '45
Note. By setting = on slide to the’indices of the upper (mstend of the lower)
Yimb the necessity for using the traveller to give the alignment is avoided.
Owing tfo the proximity of = to the right index it .will .rarely . be
to set the slide to ‘the left index of ‘the upper limb.
The value of the line numbers to be assigned to the mdlces for the varioug 50
o])eratlons may therefore be expressed thus:

IIGCE“SﬂTy
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Left index. + O in all operations, . .
Right index. + 1 in all operations iuvolving multiplication including there-.
fore cubing, and areas of circles and i : ’
. —1 in all operations involding division including cube roots.

TRIGONOMETRICAL JFUNCTIONS.

The interchangeable slide -may have any useful scales on its face or back
as illustrated in Figures 5 and 6 (Sheet I1II, where the face bears a scale of

sines ranging from 35' to 90° and of cosines ranging from 0° to 89° .25
The corresponding figures (on the same lines) on the scale of the lower limb
give the values of the natural sines and cosines (multiplied by 100) while the

scale on the upper limb similarly gives the values of their squares (multiplied

by 10,000). - _
The back of the slide (as shewn in Figure 6 Sheet III) has a similar scale

- of tangents from 4! to 84° 17! and of contangents ranging from 43! to 8B9° 56

Above them on the upper limb can be read their values (multiplied by 1000},
This slide has no indices. o ] T S
The instrument may be of any convenient size according to the purpose for

" which it is required to be used.
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. to be particularly described and ascertained in and by the_following state-
‘ment:— . :

30 .

Dated this 22nd day of April 1903.

HASELTINE, LAKE & Co,
© ¥6 Southampton Bmildings,” London, W.C.
Agents for the Applicant.

COMPLETE SPECIFICATION.

‘¢ Improvements relating to Ma.the_ma.tic_al Calculating Dev’ices."’_

I; chls James Anpemson, Major, R.E.,, Reconsﬁ:rﬁction Officer, of The-
Barracks, Waterford, in the County of Waterford, Iréeland, ‘do hereby declare

the nature of this invention and in what manner the same is to be performed,

. founded on the principle of the well-known slide-rule.

" slide rule without any corresponding increase in the length of the instrument. -
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The object of the invention is threefold; -
(@) To increase the accuracy and capacity of the ordinary decimally-divided

() To doaway with the necessity of the mental or mechanical calculation hereto-

fore necessary to obviate ambiguity as to the position of the decimal point, by-
giving each graduation on the scales a definite or absolute value that never:

varies.

(¢) To render it possible, if .desired ~ to subdivide units on the slide rule

into other parts than tenths, such as twelfths or sixteenths, for example,
thereby making it available for quantity surveyors, mechanical engineers,
accountants, freight clerks and others to whose work it is not at presént

applicable. The ordinary rule is graduated on the face with two scales, one on -

each limb, which are duplicated on the slide.

According to my- said invention, however, each of the scales (instead of being -

in a continuous line) is split up into a series of equal parallel lines, the figures

on each line being in geometrical progression with those of the adjacent lines

immediately above or below them from which they are separated by a *“ common
ratio” of 10 or of some root of 10. ) o
The number of lines in each scale may be increased in ome direction as

This invention has reference to mathematical calculating devices and is’
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necessary according to the height to which calculations .are to be carried,: and
in the other direction (if desired) to read numbers less than unity to any
required degree of accuracy. e . .

The apparatus embodying the features of my invention comprises a slide rule
graduated as above indicated and provided with a slide having transverse end-
pieces or lateral extensions that extend across the face of the rule, and with
a traveller carrying a hair or other line that extends across all th_e "scales to
give the alignment of the varicus readings, The said lateral extensions of the
slide, and the traveller, are adapted to distinguish, by any appropriate means
such as markings, the various lines or.similar parts of the scales. )

In order that my invention may be.clearly understood and readily earried
into effect I will now describe. the same more fully with- reference to the
drawings accompanying my Provisional Specification, in which:— T

Figure 1 illustrates the manner in which the scales have been distributed on.

slide rulés of the type heretofore ordinarily employed.

Figures 2 and.8 illustrate in a simple form examples of the manner in which
I propose to distribute the scales on the limbs of the rule, Figure 2 representing
the upper, and Figure 3 lower, limb. : T :

Figures 4 and b give two more complete examples of scales distributed in
accordance with my present practice; Figure 5 also exemplifying a somewhat
modified form of the apparatus. -

Figure 6 shows sepatately another scale useful for the slide. -

Figure 7 is a view showing the traveller by itself.

Figures 8 and 9 are views, partly broken away, showing separately the oppo-
site ends of the slide: -

A represents the body of the rule, B the slide and C the traveller.

The ordinary slide rule has each of its limbs graduated with a scale (Figure 1)
which is comprised in a single or continuous line and which is repeated on
‘the slide, and it has for its graduations values that are only relative.

The scales shown in Figures 2 and 3 however are each split up into five
portions or lines between which are common - ratios. If, for example, the
geometrical ratio-of (/10 is selected, the upper scale would he gradusted ns shewn

[+ ]
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in Figure 2 and the lower scale as shown in Figure 3 (omitfing sub-divisions), .

the common ratio-between lines in the upper being /10 and‘in the lower Y10

" The face: of -the -instrument may be graduated as shewn in Figure 4, in
which. A and C are the upper and lower limbs respectively and B is the slide;
and it is evident that the accuracy and capacity of the ordinary slide rule has
here been increased four. fold, without any increase in-the length of the instru-
ment, practically the only limit to this increase of accuracy and capacity being
ihe:l - 1111111’1r1‘t)er of lines which can be graduated on a limb or slide of a -given
width. . .o : - - :

It will be noticed in the example shown in the drawing that th€ units are
subdivided to twelfths for part of the scale by way of illustration, but they
may be equally- well subdivided to eighths, tenths, sixteenths or any desired:
fraction, and the larger subdivisions (on the upper lines) may be again sub-
divided to forty-eighths, hundredths, sixteenths or any deésired parts within
the compass- of the instrument. '

In the above example the slide bears on its face-the same scale as the upper
limb, but an interchangeable slide may be provided, having trigonometrical
ana other scales- as hereinafter described. . - -

Figure 5 of the drawings illusirates a decimally subdivided rule with a seale
of natural sines and -cosines, (multiplied by 100) on the face of, and Figure G

a similar scale .of tangents and cotangents (multiplied by 1000) on the back of

the interchangeable slide.
“Gauge points” can be used at pleasure on all secales.

The instrument may be of any convenient’size afccordi'ng to the purpose for-
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which it is requlred and also of any appropriate material such as wood, brass,
celluloid, vulcanite, or other. suitable material or materials, alone or in -com-
blnatxon, and it is, with. the important exceptions noted above, - similar in
construction to the ordinary slide-rule, having a body with upper and lower
limbs between which works a slide, said limbs and slide being graduated as
above described.

Over all and overlooking all scales is the traveller working in  grooves on
the sides of the body of the instrument and having a glazed surface provided
with the aforesaid cross-bar or cross line. Said glazed surface may -be wholly
or partially of magnifying glass, or may have a travelling magnifying glass
attached to it to ensure finer readings and may also have auxiliary lines parallel
lo the cross hair or cross line to serve as a guide to the eye in estlmatmg
unmarked divisions.

Numbered cross-lines on the traveller indicate the positions of ‘the Vanous
graduated lines on the rule and slide. Figure 7 illustrates the general arrange-
ment, the lines of the upper and lower edges of the body of the instrument
bemg indicated respectively by-the letters A and D, and the upper and lower
edges of the slide by the letters B and C respechvely

In graduating the instrument units may be numbered in dlﬂelent colours
from those of subdivisions, as a guide to.ready identification.

The slide_has at each end, and in such a position as not to 1nterfere w1th
the lengthwise movement, a lateral extension comprising a bevelled metal arm
corresponding with the- 1ndex-1me and extendmg upwards and downwa.rds to the
full width of the rule. ‘

These arms have marked on them the line numbers of the scales oun the
upper and lower limbs. By their help the indices -can be set without the

‘necessity of using the traveller. Figures 8 and 9 shew the arrangement..

The said arms may be so arranged as to be detachable, and are capable of
being re-fixed on the reverse side:of the slide when the latter is in use.

The method of using the instrument is simple in the extreme. .

The left side of the slide, wh:ch has the numbers 1, .\/lu 10 ... . and so
on vertically over ome another in the sketches, may be called the left index,
while the- rwht side bearmg the nuambers /10, 10, 10 /10 may be cailed the
right index.

Similarly the left and right sides of both the upper and lower limb may be
kpnown as left and right indices.

The traveller is used to indicate the ¢\11gument of the scales and to show
Lv its numbered cross-lines the line of the.scale on- ‘which the answer will be
found.

A few simple examples will best illustrate this,

. MULTIPLICATION

. To obtain the results of multiplication :—

(a) Set the index of slide (by means of its arm)

(b) To first factor on upper limb.

(¢) Above second factor on slide.

Read answer on the line (of the upper limb) whose number is the total

of the three numbers of the lines in («). (b) and (¢).

(I) Thus to multiply 1, by 2 1a:

On slide («) Set left index (hne > "No. 0) (¢) Over 21/, (line No. 0)

On upper limb (b) To 1%, (line No. 0): (d) Read answer 3%/, (line No. 0)

The answer is read on the 0 line of the lmb because the sum of the, various
Jines used in the operation (a) (b) and (¢) is 0 + 0 + 0’ = 0.

(I) To multiply 50%/,, by 6.

On slide (@) Set left 1nde'( (line No. 0): (¢) Over 6 (line No. l) :
. On upper Timb (b) To 50,5 (line No. 3): (d) Read answer 300"/, (hne No. 4)
Qt+t3+1l=4
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_ (IIT) To multiply 2 by 7. — oo .
. On setting the left imf;x of slide to'2 on the upper limb it is found that the
7 on slide has travelled beyond the limb and thus has mo reading over it.

Recourse is therefore had to the right index of slide (vertical line 4/10, 10,

10 /10 &ec.) which is set to 2 on the limb, but 1 is added to the number of
its line (calling it 1 instead of 0). - ,
The setting 1s then as follows: : ' T

On slide (@) Set right index (line No. 1): (¢) Over 7 (line No. 1).
On limb (6) To 2 (line No. 0): .(d) Read answer 14 (line No. 2) since
1+0+1=2" . : :

DrvisioN.

This operation is the exact converse of multiplication and ‘therefore the line-
number of the divisor (on slide) is called ~ (minus) and that:of the dividend
(on limb) + (plus),- increasing the former by 1 in every case where recourse

is taken to the right index, i.e.calling the right index — 1 (the left index being °

always 0). :
(IV) Thus, to divide 72 by 6. .
On slide (a) Set 6 (line No. 1): () Over left index (line No. 0)."

©.On limb (3) To 72 (line No. 3): (d) Read answer 12 (lLine No. 2.) since

3-1=2 | _
- (V) To divide %4 by 8. = .
On slide (@) Set 8 (line No. 1): (¢) Over right index (line No. 1).

5

10

2)

On limb (3) To 24 (line No. 2): (d) Read answer 3 (line No. 0) since °

2 -1 -24=0.

The above rule can be-expressed differently-thus:—

To obtain “line-number” of answer on limb. L

(2) When left index is used deduct “line-number.” of divisor from “line-
number” of dividend. - . :

(5) When right index is used, deduct “line-number ”’_ of divisor increased by
1 from “line-number” of dividend. .

Baquares & Square Roots.

Squares and square roots are obtained by inspection, as the numbers on the
glide are the squares of the corresponding numbers (on the same lines) on
the lower limb, while conversely the numbers on the lower limb are the square
roots of those in a corresponding position on the slide. By setting the slide
immediately over the lower.limb there is thus formed a table of squares and
square roots.

CupEs. '

(VI) Cube 4. ' C

On slide: (a) Set left index (line No.'0): (¢) Over 4 on slide (line No. 1).

On lower Limb (b) To 4 (line No. 2): (d) HRead answer on upper limb 64
(line No. 3), since U + 2 + 1 = 3. : ;

The rule is:. : - .
- If léft index be used the sum of the line-numbers in (a), (b)) and () gives
the number of the line in which the answer is {0 be read, but if the right
index be ured it must be called + 1, as iz Example VII, '

\ II% Cube’ 7. ! '

On slide? (@) Set right index (line No. + 1): (¢) Over 7 on slide (line No. 1)..

On lowér limb () To 7 (line No. 3): (d) Read answer 343 (line No. 5) since
1+1+3=5. _ , - Ve
. ) Cuse Roorts. . )

" In ‘extracting cube roots the rule is to move the glide to the right or left
(as may be required) until the same number on the ‘slide appears under the

30
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number whose cube root is to be extracted on the upper limb, as appears
on the lower limb under the index of the slide. .

If the left index be used the line-number of the upper lunb, less the line-
number of the slide, gives the line-number of the lower limb where the answer
will be found, but if the right index be used 1 must.be deducted from the
resulting line-number. ’ .

(VIII) Thus if the cube root of 27 is required. .

The slide is moved to the left until the same number (in this case 3) appears
on the slide under 27 on the wupper limb and on the lower limb under the,
10 right index of the slide. The setting stands thus: .

On upper limb (¢) To 27 (line No. 2). '
( (b) Set 3 (line No. 0)

™

Ou slide '[ : :

(¢) Under right index (line No. 1) -
On lower limb (d) Read answer 3 (line No. 1) since 2 ¢ — 1 = 1,
(IX) To find the cube root of 1331. -
15 On upper limb (a) To 1331 (line No. 6).

( (b) Set 11 (line No. 2)
On slide 4 ]

: L (¢) Left index-(line No. 0)

On lower limb (d) Read answer 11 (Line No. 4).

Annas or Crmcres.

Set 7 on the slide to either the right or left index of the upper limb, as.

20 may be necessary, celling the “line number” 0 if to the left index and + 1
3% to the right index.

Then above the radius on the lower limb read the area of the circle om the
slide in tho line indicated by the sum of the line-numbers. -
Thus: -
25  (X) Radius 49 feet. Find area.
On slide (@) Set 7 (line-No. 0). .
On upper limb (5) To right index (line No. 1) .
On lowér limb (¢) Over 4¥ (line No. 6), :
On slide (d) Read answer, area 75643 sq. ft. (live No. 7) siuce 0 + 1 + ¢ = 7.
20 (X1) Radius 31.66 feet. Find arvea. .
On slide (¢) Set 7 (line No. 0). .
On upper Limb (&) To left index (line No. 0),
On lower limb (¢) Over 31.66 (line No. 0),
. On slide () Read answer aiea 3147 (line No. 6), since 0 + 0 + 6 = ¢.

84  Note. By setticg. 7 on slide to the indices of the upper (instead of the lower)
Limb the necessity for using the traveller to give lhe alignment js aveided.
Owing to the yproximity of « to the right index it will rarely be necessary
t6 set the slide to the left index of the upper Hmb. _

Tho value of the line numbers to be assigned to the indices for the various

40 gperations may therefore be expressed thus:

Left index: + O in all operations. .

Right index: + 1 in all operations involving multiplication, including there-
fore cubing, and aveas of circles and :

=1 in all operations involving division including cube roots.

-
-
™

45 TricovoMrrrical FuNcrrons.

The interchaugeable slide may have any useful scales on its face or buck ns
illustrated in Figures 5 and 6, where the face bears w scale of sities ranging from
357 to 90° and of cosines ranging from 0° to 83° 25/, :

The corresponding figures (on the same lines) on the scale of the lower limb

50 give the values of the natural sines and cosines (multiplied by 100) while the
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lcale on the upper limb similarly gives ‘the values of their squares (multlphedr
by 10,000).
The back of the slide (as shewn in Fxguw 6) has a smulal scale of fangeut:
from 4/ to 84° 17’ and of contagents ranging from: 43’ to 89° BH('. _
Above them on the upper limb can be read their values (multr.phed by 1000) b
This slide has no indices.

- Having now particularly described and ascertained the nature of my sald
invention, and in what manner the same is to be performed, 1 declare that
what I claim is:—

‘1. A slide rule graduated as above described and having the slide furnished 10
wlth lateral cxtensions as and for the purposes set forth. :
The improved slide rule having its parts constructed and arranged sub-
stantlally as herein described. ,

Dated this 30th day of November 1903. -

HA,bluL'l‘I\IL LAKE & Co. 15
45 Southampton Buildings, London, W.C.
Agents fm the Applicant.

Redhill: Printed for His Mujosty’s Stationery Offie, by Tove & ‘Malcomson, Lid.—1904,
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