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© PROVISIONAL SPECIFICATION. .
. Improvements in and connected with Slide Rules and the like.
"1, A’LBERT'J oun Awivo, of 69, 'E.arls éﬁitéble cursor or movable index may be

Court Road, London, W. 8; ‘of British applied to any slide-rule as a universal
nationality, do hereby declare the nature method for the evaluation of numbers

of this fivention to be as follows:— raised- to any power, positive or negative,
5 This invention relates to improvements integral or fractional. i .50
in and conxiected with slide-rules and the  Since the ordinary scales of a slide rule

like and has for its-object to provide an consist of logarithms drawn to some scale,
improved arrangement facilitating the it follows that the distance from-the end
evaluation of powers of numbérs without of the scale to any given division. is pro-

10 the ~Ttecessity for the use of scales- of portional to the logarithm of the number 55
logarithms of logarithms (log-log-scales). ~which that division represents. If a

Tn accordance with the invention there positive scale is placed side by side with,

is provided on the slide rule or the like say, scale D, d.e.” the lower scale, of an
in addition to the usual scale of equal ordinary slide rule, there is at once

15 parts and the logarithmic scale a scale of obtained a means of calculating with a 60
equal  parts- representing. - negative considerable ~degree “of accuracy any-
logarithms and graduated in the negative desired positive power of a number
direction. S greater than 1. , )

Tn the preférred embodinient of the The positive scale of this rule is

90 invention applied to the ordinary form of gpraduated from 1 to 100, so that a read- 65
dlide tule the three scales, wiz., the ing of-100 corresponds to log. 10. Simi-
lt)gar’i‘chmic' scale and the ~two. s_males of lal'lya, read'i'ng' less than 100 on the pﬁosi-
equal parts are of the same length with tivé scale corresponds to the logarithm of
the scales of equal parts on opposite sides a number between 1 and 10. In the case

95 of the logarithmic scale, the two scales of numbers greater than 10, e.g. 0, since 70
of -equal parts being rélatively stationary. log. 20~is equal to log. 2 +16g. 10, and
The scales of equal parts, as stated, are log. 2 is represented by 30.1 divisions and
graduated to-read in opposite divections, log. 10 4s represented by 100 divisions,

. that which is gmduaté'd in the same ‘direc- lvog" 20 is - therefore re'presen{}'ed by

30 tion as the logarithmic scale béing-used  30.1'95100 or 130.1° divisions. Generally, 75
where the logarithm of the result is a° if the characteristic of the logarithm of
positive quantity, while the second lifiear g number is ““ a i*~then ‘“a”’ hundreds
seale is used where the logarithm of the gape addéd to the reading of the positive
result is negative. ' ~ scale, so that the hundreds digit of the

© 85  The scales of equal parts may, however, yreading is"the value of ‘the “characteristic 80.

be relatively slidable. o of the logarithm of the number. A num-
The reversal of the graduations of the Per of examples are given below:
cecond scale of equal parts provides in AR -
conjunction with the logarithmic scale, a .
40 divect-reading proportional  scale of o (31.4) [s
logarithms having a negative character- ; IR
istie.  “These scales of equal parts are IS
hereinafter referred to as positive and under the cursor.on the positive scale the

i reading: i Since the charac-
negative scales. o reading 49.8 is found. . Since ! :
45  This combination: supplemented by a teristic of log. 31.4.1s.1, 100 is added to,

 [Price 1]

Txavrre 1. To Fixp THE VALUE oF

.'M'.o-vej t{he cursor to 314 onscale D, and 85.
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the reading, which is therefore taken as
149.8. Now 149.8 is multiplied by 5/,
using scale C (i.e. the ordinary  slide
scale) and scale D for this purpose,
obtaining 2£0 which is the number of
divisions on the positive scale, which
represents the logarithm of the answer.
The hundreds digit 2, shows, as explained
above,  that -the characteristic of the
logarithm of -the answer is 2. Moving
the cursor to 50 on the positive scale,
3160 is read on scale D. Since the charac-
teristic is known- to be 2, the answer is
316. ' '
A further example is eiven to show that
the method is general for numbers not
less than 1 raised to positive powers.

P I .o 1 .

"To Finp 1HE VALUE oF 6780 fs:
~-With the cursor at 678 on scale D the
corresponding reading on the positive
scale is 83.2. The characteristic of log.
6780 is 3. and 883.2 must therefore be
taken as the reading. Divide 883.2 by 36,
the result being 10.65. which is propor-
tional to the logarithm of the answer.
Since 10.65 is less than 100. the charac.
teristic is zero, and with the cursor at
10.65 on the positive scale, 1.28 is read

1
on scale D. 6780 / % is therefore equal
to 1.28. = -

The preceding examples deal with posi-
tive powers of numbers greater than 1,
and it is clear that some modification of
-the methods eiven is necessary if numbers
less than 1 and negative powers are to be
dealt with effectively, since in such cases
the logarithms become negative.

In the present slide rule the system
adopted is that of placing a negative scale
side by side with scale D. There is now
available & ‘means of representing
negative logarithms, as will be seen by a
consideration of the following case.

" If the cursor is moved to 2.0 on scale’
D. there is read on the positive scale the’

value 30.1 which is proportional to log. 2.
Now log. 0.2 is equal to (= 1+log. 2) and
since 100 divisioris on the scale represent
one unit of the logarithmic scale, the
logarithm =~ whose value ig -1, is
represented bv —100. Tog. 0.2 is there-
fore represented by (-100+80.1 divi-
-69.9 divisions. It will be seen
that the division on the négative scale
under the cursor reads 69.9. Similarly
log. 0.02 is represented by -169.9 divi-
sions, and log. 0.0002 by -369.9 divi-
sions. In the case of the negative scale
therefore the hundreds digit assigned to
the reading is equal to the number of
noughts which follow the decimal point.
The, divisions of the negative scale are
thus proportional to” yalues of negative

logarithms, and may be used precisely in
the same manner as those of the positive
scale, provided only that it is borne in
mind that the readings of the negative
scale are minus quantities, while those of
the positive scale are positive quantities.

ExAMPLE DF THE USE OF THE NecaTIVE

ScaLE.

- To find the value of 0.04750'127.-
Move the cursor to 475 on scale D. The

_corresponding reading on the negative

scale is -82.3. As there is one nought
Immediately after the decimal point in
0.0475, the reading is taken to be - 132.3.
Multiplv -182.3 by 0.127. using scales
C and D. The product is —16.8. This

. value being less than.100. the vesult is a

quantitv whose first significant figure is
in the first decimal place. Move the
cursor to 16.8 on the negative scale, and
the answer is found to be 0.679.

" ExAMPLES oF THE CoMmBINED UsEk OF
PosITive axD NEGATIVE ScALES.

(I). To find the value of 5.2572

The reading of the positive scale cor-
responding to 5.25 is 72. TRa(~8)=
~ 216 and is negative). Corresponding to
16 on the neeative scale, is read 692 on
scale D. The answer is therefore
0.00692. ,

(IT). To find the value of 0.525 .

Corresponding to 525 on scale D, the
reading on the negative scale is .- 98,
-R8r-3=+84, and is positive.  The
characteristic of the logarithm of the
result is, therefore, zero. Moving the
cursor to 84 on the positive scale, the
answer 6.90 is read on scale D.

(ITT). Tt will be clear that values of
@ in expressions of the form N*=M can
be readily found, no matter what values
be assiened to N and M. Example
0.525*<=6.92.

On +ve scale read
to 6.92 on seale D.

On - ve scale read (- 28)
to 0.5256 on scale D.

Then divide (+84) by (-28).
result = —3=g.

(IV). Reciprocals can be found by the
combined use of the positive and negative
scales, since the number on scale D which
corresponds to say, N divisions on the
positive scale, is the reciprocal of the
number on scale D opposite N on the
negative scale. '

Dated this 28th day of April, 1922,
CRUIKSHANK & FATRWEATHER,

(+84) rcorresponding

corresponding

65/66, Chancery Lane, London, W.C. 2,

and
62, Saint Vincent Street, Glasgow,
" Agents for the Applicant.
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COMPLETE SPECIFICATION.

Improvements in and connected with Slide Rules and the like.

I, Ausert Jomn Axno, of 69, Earls
Court Road, London, W. 8, of British
nationalitv, do hereby declare the nature
of this invention and in what manner the
same is to be performed, to be particu-

larly described and ascertained in and by .

the following statement:— .
This invention relates to improvements
in and connected with slide rules and the
like and has for its object to provide an
improved arrangement facilitating the
evaluation of powers of numbers without
the necessitv for the use of scales of
logarithms of logarithms (log-log-scales).
Tn accordance with the invention there
is provided for this purpose on the
slide r1ule or the like in addition
to the wusual scale of equal parts
and the logarithmic scale, a scale of
equal  parts  representing negative
logarithms and graduated in the negative
direction. '

Tn the preferred embodiment of the
invention applied to the ordinary form of
slide rule the three scales, wviz., the
logarithmic scale and the two scales of
equal parts are of the same length with.
the scales of equal parts on opposite sides
of the logarithmic scale, the  two scales
of equal parts being relatively stationary.
The scales of equal parts, as stated, are
graduated to read in opposite directions,
That which is graduated in the same direc-
tion as the logarithmic scale being used
where the logarithm of the result is a
positive quantity, while the second linear
scale is used where the logarithm of the
vesult is negative.

The scales of equal parts may, however,
be relatively slidable.

The preferred embodiment of the
invention is illustrated in the accompany-
ing drawing, in which the slide rule is

shown, for convenience of illustration
, in two halves, the Fig. 1 represent-

only

ing the left hand and Fig. 2 the right

. hand half of the scale.

As shown, and in accordance with the
invention, there is applied to the usual
slide rule, in addition to the ordinary

scales which include a scale of equal

parts such as A, the ordinarv slide scale

" and the logarithm or lower scale D, a
scale of equal parts B eraduated in the

opposite direction to scale A, ‘the scales
A ‘and B being disposed on opposite sides
of scale D. @ and H are the usual
logarithmic scales graduated to half the
linear scale of Cand D, -

The reversal of the oraduations of the -

second scale of equal parts E provides in
coniunction with the logarithmic scale D
a direct-reading proportional scale of
logarithms havine a mnegative character-
istic. These scales of eaual parts A and
E are hereinafter referred to as positive
and negative scales respectively.

This combination supplemented by 2
suitable cursor or movable index T mav
be avplied to anv slide rule as a universal
method for the evaluation of numbers
raised to anv power, positive or negative,
integral or fractional.

Since the ordinary scales of a slide rule
consist of logarithms drawn to some scale,
it follows that the distance from the end
of the scale to any given division is pro-
portional to the logarithm of the number
which that division represents. By plac-
ing positive scale A side bv side with, say,
scale D. d.e., the lower scale of an
ordinarv slide rule, there is at once
obtained a means of calculating with a
considerable degree of accuracy any
desired Dositive power of a number
greater than 1.

The positive scale A of this rule is
oraduated from 1 to 100, so that a read-
ing of 100 corresponds to log. 10. Simi-
larly, a reading less than 100 on the posi-
tive scale corresponds to the logarithm of
a number between 1 and 10. In the case
of numbers greater than 10, e.g. 20, since
log. 20 is eaual to log. 2+log. 10, and
log. 2 is represented by 30.1 divisions and
log. 10 is represented bv. 100 divisions,
log. 20 is therefore represented by
30.1+100 or 130.1 divisions. Generally,
if the characteristic of the logarithm of
a number is < a?’ then ““a ' hundreds
are added to the reading of the positive
scale, so that the hundreds digit of the
reading is the value of the characteristic
of the logarithm of the number.

- A number of examples are given below.

To FiND THE VALUE OF
5
31’ ly
Move the cursor F to 314 on scale D,

ExaMPLE 1.

and under the cursor on the positive scale.

A the reading 49.8 is found. Since the
characteristic of log. 81.4 is 1, 100 is
added to the reading, which is therefore
taken as 149.8.  Now. 149.8 is multi-
plied by [ using scale C and scale I
for this purpose, obtaining 250 which 1s

the number of divisions on the positive
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scale A, which represents the logarithm
of the answer. The hundreds digit 2

shows, as explained above, - { hat - the - Exuifim OF THE TUSE OF THE NEGATIVE

characteristic of the logarithm of the
answer 1s 2~ Moving the cursor to 50 on
the positive scale A, 3160 is read on scale
D, Since the characteristic is known to
be 2, the answer is 316.

_ A fdrther example i given to show that
the method is, general for numbers not
less than 1 raised to positive powers.

- Examrre 2 To Fino Tun VALUE op -

_ o780 Tt

With the cursor at 678 on scale D, the
corresponding reading on the positive
scale 1s 83.2. The characteristic’ of log.
6780 is -3. and 383.2
taken as the reading. Divide 383.2 by
36, the result being 10.65, whichis pro-
portional to the logarithm of the answer.
Since 10.65 is less than 100, the charac-
teristic:is zero, and with the cursor at
10.65 on the -positivs. scale A, 1:28 is read
on scale D, 6780 /
to 1.28.. . - . .. .

The preceding examples deal with posi-
tive powers “of “numbers gregter than 1,
and it is clear that some modification of
the methdds’ given is necessary if numbers
less than 1 and negative powers are to be
dealt with effectively, since in such cases
the logarithms become negative. -

In the present slide Tule the system
adopted is that of placing a negative

% is therefore equal

scale E side by side with scale D. There

is now, available a means of representing
negative logarithms, as will be seen by a
consideration of the following case. ;

If the cursor is moved to 2.0 on scale
D, there is read on the positive scale A the
value 80.1, which is proportional to log.
2. Now, log. 0.2 is equal to (~1+1log.
2), and since 100 divisions on the scale
represent one unit -of the logarithmic
scale, the logarithm whose value is - 1, is

" represented by -100. Tog. 0.2 is there-

fore represented by (-100+30.1 divi-
sions)= ~69.9 divisions. It will be seen
that the ‘division on the negative scale E
under the cursor reads 69.9.  Similarly
log. 0.02 is represented by - 169.9 divi-
sions, -and log. 0.0002 by -369.9 divi-
sions. In the case of the negative scale

B, therefore, the hundreds digit assigned

55

60

to the reading is equal to the number of
noughts which follow the decimal point.
The divisions of the negative scale F are
thus proportional to values of negative
logarithms, and may be usel precisely in
the same manner as those of the positive
scale. provided only that it is borne in
mind that the readings of the negative

scale B are minus.quantities, while those

-must therefore be-

of the positive scale A are positive
quantities.

SCALE,

To find the value of 0.04750-1
- Move the cursor to 475 on scale D. The
corresponding reading on- the negative
scale is —32.3. - As-there is one ‘nought
immediately after the decimal point in
0.0475, the reading is taken to be — 132.3.

Multiply —1382.3 by 0.127. using scales .

C and D. The product is —16.8. This
value being less than 100, the result is a
quantity whose first significant figure is
in the first decimal place.  Move the
cursor to 16.8 on the negative scale, and
the answer is found to be 0.679.

Exampres or toe Combinep USE or
Pos1T1vE AND NEGATIVE SCALES.

(I). To find the value of 5.25-%

The reading of the positive scale cor-
responding to 5.25 is 72. Ra(-3)=
-216 and is negative. Corresponding to
16 on the negative scale, is read 692 on

scale D. The answer is therefore
0.00692.
(IT). To find the value of 0.5253

. Corresponding to 525 on scale D, the
reading. on the negative scale is - 28.
-282~3= 184, and ig positive.  The
characteristic of the logarithm of #he
result is, therefore, zero. Moving the
cursor to 84 on the positive scale, the
answer 6.92 is read on scale D.

(III). Tt will be clear that values of

‘# in expressions of the form N*=M can

be readily found, no matter
be assigned to N and M.

EXsMPLE. - (.525°=6.92.

On the positive scale read +84, corre-
sponding to 6.92 on scale D. On the
negative scale read - 28, corresponding to
0.525 on scale D.
~28. The result = -38=x.

IV. Reciprocals can be found by the
cembined use of the positive and negative
scales A and E, since the number on scale
D, which corresponds to, say, N divisions
on the positive scale, is the reciprocal
of the number on scale D opposite N on
the negative scale E.

aving now particularly deseribed and
ascertained the nature of mv said inven-
tion and in what manner the same is to
be performed, I .declare that what I
claim 1s:— -,

1. A slide rule in which there is pro-
vided in association with a scale of equal
parts and a logarithmic scale, a scale of
equal parts graduated in the opposite
direction to the first, for the purpose of

what values

facilitating the evaluation of powers of
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numbers without the necessity for the use arranged substantially as described with
of scales of logarithms of logarithms (log-  reference to the annexed drawing.
log-scales). Dated this 26th day of January, 1923.
o A slide rule as claimed in Claim 1 (RUIKSH ANK & FATRWEATHER,
5 in which the two scales of equal parts are  65/66, Chancery Lane, London, W.C. 2,

disposed on opposite sides of the and
logarithmic scale. _ 62, Saint Vincent Street, Glasgow, 15
3. A slide rule constructed and Agents for the Applicant. -

Redhill: Printed for His Majesty’s Stationery Office, by Love & Malcomson, Litd.—1923.
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