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PROVISIONAL SPECIFICATION

An Improved Logarithmic Calculator

I, Hinry Jones, of 94, Arden Park,
Bredbury, Stockport, Cheshire, British
subject, do hereby declare the nature of
this invention to be as follows:—

is invention relates to an improved
caleculator of the kind employing a
logarithmic scale.

It is well known that a calculator, such
as a slide rule, employing the principle ot
logarithms in the form of a scale, is a
rapid geometric means of making caleu-
lations  involving multiplication and
division, especially in the hands of a
person familiar with its use. On the
other hand, the ordinary slide rule is of
limited accuracy, say to 2 or 3 figures, and
for many commercial purposes this is not
sufficient. The only alternative there-
fore to working out the calculation by
actual multiplication and division is to
use 7 figure logarithmic tables, and any
person who has handled these tables will
appreciate that for short calculations of
two or three factors there is little or no
saving of time.

Slide rules are made in different sizes
but the limiting factor in g slide rule is
its length. The ordinary or more common
size has the scale spread over 25 cms.
while half length, double length and other
sizes, as well as a circular disc type, are
not uncommon, but a slide rule of any
known kind becomes too cumbersome in
size before its scale can be sufficiently
elongated to obtain the required accuracy,

A calculating machine has been pro-
posed in which the scale has been arranged
spirally on a cylinder, but such g

. machine, while it can be sufficiently
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accurate to 4 or 5 figures, is mnot con-
veniently portable, requires some skill,
experience and practice in its use and
finally is expensive compared with log
tables or an ordinary slide rule.

The object of the invention is an
improved caleulator having in combina-
tion a geometric simplicity equivalent to
the slide rule wherein one graduated scale
is movable and comparable with another
together with portability, and cheapness
while possessing the Trequired greater
degree of accuracy,

The invention 1s based upon an appre-

[Price 1]-]

ciation of means whereby logarithmic
calculaiions can be made geometrically
by measurement over fractional lengths
of an elongated logarithmic scale instead
of by geometric measurements over whole
portions of the scale each complete from
the beginning and representing the com-
plete logarithmic value of each factor.
According to  the invention, the
improved calculator comprises a chart
having one or more logarithmic scales
thereon, one or more of which is divided
into a plurality of equal lengths, and
means for adding together and/or sub-
tracting one from another, fractiona] por-
tions of such equal lengths of the scale,
comprising a member preferably of unit
length or marked 1o indicate 2 unit
length adapted to receive pencil or other
markings or carrying a movable indieator,
whereby to register thereon the sum or
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difference of such fractional portions of 75

single lengths, with means for indicating
the unit length of the scale in which the
final result is ascertainable by direct
geometric comparison therewith of the
residual fraction of single length result-
ing from such geometrically obtained sum
or difference of fractional portions of the
scale,

In one example of the invention, the
improved calculator comprises a chart on
which are 50 parallel lines of 20 centi-
meters each in length, equally spaced and
representing 50 equal sections of a
logarithmic scale measuring 1000 centi-
meters. Movable to register with any of
such lines is a blank scale of 20 centi-
meters or unit sectional length on which
pencil or other markings may be made.
Conveniently the blank scale may be a
simple and unattached strip of opaque
celluloid having a straight edge and a
matt surface adjacent theretc on which
pencil or ink markings are easily made
and equally easily removed with an indig
rubber or damp cloth,

The blank scale provides a simple means
enabling the sum or difference of frac-
tional portions of such equal lengths to
be obtained and registered by simple
geometric means,

Having registered such length result on
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the blank scale the next problem is to
- know with which particular line or length
of the scale such fractional length result
must be compared to give the correct
result .for the calculation, being given
that there is one of the lines with which
such comparison can be made. -

There are several methods and means
of solving such problem.

In one method an approximate result
can be obtained from 2 slide rule or some-
times by mental arithmetic or by means
of a second complete logarithmic seale of
1 wunit or line lengih, from which, by
means of the same blank scale an approxi-
mate result can alsc be obtained
geometrically using the whole logarithmic
scale length proportional to each factor.
Then, knowing the approximate resulf it
is simple to find the line of the seale in
which such approximate result is found
and which result will be somewhere near
the registered fractional length result on
the blank scale when the latter is placed
along such line. The final accurate
result is then obtainable from such line
by reading the numerical value against
the registered length mark on the blank
scale. In such manner a 20 centimeter
complete logarithmic seale can be used as
a pilot scale to indicate approximate
results for an elongated scale measuring

50 times 20 centimeters and would be
satisfactory for a scale of 500 times 20
centimeters. Of course, the length of
such pilot scale need not be equal to one
line length of the elongated scale, nor
need there be any length relationship
between the two seales except that such
equality facilitates certain measurements

~ where the sum or difierence necessitates
the use of the other end of the blank

scale as an index, as occurs in using a

slide rule. The unit length of or unit
45 length markings on the blank scale are
then useful. ,

In an alternative and direct, not
approximate, method of solving the
problem of determining the line of the
seale in which the result is to be found,
the calculating device is further con-
structed as follows:—Af one side of the
chart is a channel in which is mounted a
perforated slide of length equal to 50
spaces separating the lines of the elon-
gated logarithmic scale, and having 48
pairs of holes equally spaced to divide
the slide into 50 equal divisions.

The perforations are arranged in two
rows at each side of the slide and the
slide is adapted to be moved by means of
a pencil point, pen point or stylus inserted
in any one of the perforations. Stops are
provided at the top and bottom of the
65 channel to provide upper and lower

55

limits for engagement by the pencil,
which for the left hand row of holes are
coincident respectively with the first line
of the scale, and vne line distance below
the last line, while for the right hand
row of holes the stops are each one line
higher.

In wuse, assuming one wishes to
multiply 139 by 23, the procedure is as
follows:—

1st locate the number 139 on the chart.

2nd place the blank scale along the line
in which such number appears and with
its left hand edge coincident with the
left hand end of the line. (The right hand
edge of or unit length mark on the blank
scale will also be coineident with the
right hand end of the line).

3rd. Make a pencil mark on the scale
coincident with the line mark for 139.

4th. By means of the pencil point,
bring the top edge of the slide to the level
of the same line. The number 139 may
now be said to be registered on the
caleulator.

5th. Loecate the number 28 which is the
next factor of the calculation, which
actually appears as 230 on the chart.

* 6th. Place the blank scale along this
second line with the peneil mark coinci-
dent with the left hand end of the line.
7th. Make a new mark on the scale
coincident with the line mark for 230 and
at the same time cancel the first mark by
striking a line through it.
the two fractional porticns of the two
lines is now registered on the blank scale.

Sth. Place pencil in the hole of the left

hand row coincident with the bottom stop
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The sum of 100

and move the slide until such hole is 105

brought level with the line from which
the last mark has been obtained.

The caleculation of 139x23 has now
been registered on the caleulator as the

relevant line and the sum of the frae- 110

tional portions are now both indicated
thereon, and such registration is read off
by the next action as follows:—

9th. Place the blank scale on the line

level with the lower end of the slide and 116

with its left hand end coincident with the
left hand end of that line. The answer
is found on such line opposite the last and
uncancelled pencil mark on the blank

70 |

scale, and this will be found to be 3197, 120

(The size of the divisions on this part of
the scale are such that one could say
readings could be taken to five figures with -
a reasonable degree of accuracy even

allowing for errors in the making of the 125§

marks on the blank scale).

As a further example of the use of the
caleulator take the simple multiplication
of 30 x 60. When 30 has heen registered

on the chart by steps 1, 2, 3 and 4 and 60 130
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has been located thereon it will be found
that if the mark on the blank scale is
placed against the left hand edge of the
chart, the scale does not reach far enough
5 to the right for the second mark to be
placed thereon. TFor the 6th step there-
tore, place the pencil mark in register
with the right hand edge of the chart, for
the 7th step make the new mark and cancel

10 the old as before, but for the 8th step
use the right hand row of holes, placing
the pencil in the lowermost visible hole
against the stop and bringing it up to the
level of the line last used, as before.

18 The calculation is read off by the 9th
step exactly as before and the answer ig
1800. This example shows the use of the
second or right hand row of holes in the
slide.

20 _ As a third example of use of the calcu-
lator take the calculation of 80 x 3.2 x 2.8.
For this proceed as in the 2nd example
up to the end of the Sth step, when the
calculation 80 x 3.2 will be registered on

25 the calculator. Then continue as
follows:

9th step. Locate 2.8 on the chart which
will be found as 280.
10th. Place the blank scale along this

80 third line with the second pencil mark
coincident with one edge of the chart as
before, In this case, the left hand edge
must be used in order to take the next
step.

85 llth. Make a 8rd mark on the scale
coincident with the line mark for 280,
cancelling the preceding mark,

12th. It will now be seen that the slide
is above the lowermost stop.  Therefore

40 place the peneil in the hole against the
uppermost stop, using the left row of
holes because the left edge of the chart
had been used in making the third mark
on the scale, and moving the slide until

45 the pencil reaches the line against which
the blank scale has just been marked.

13th. step. Place the blank scale on
line level with top of the slide and with
its ends coincident with the ends of the

50 line, and read off the result opposite the
3rd mark, which will be 2688.

From each of the above examples, it
- will be seen that the slide provides the
means for indicating the sum of two or

55 more overlapping groups of whole lines
while the blank scale provideg the
separate  means for  ascertaining
geometrically the sum or difference of
fractional lengths of single lines. In the

60 6th step of the 2nd ang 3rd examples, it
must be appreciated that although the
second mark is made behind the first and
appears to be a subtraction, this is not in
fact the case, because the slide ig then

65 worked from the right hand row of per-

forations so as to add the number of the
two groups of whole lines together while
simultaneously adding an extra line.
Thus the addition of the fraction of the
line is effected by adding a whole line 70
by means of the slide and subtracting the
complement of the fraction of the line on
the blank scale, and the register or mark
is again brought within the length of the
blank scale, 75

Division is effected in a similar manner
to multiplication except that the end of
the scale or end mark thereon is placed
in register with the divisor, the blank
scale is then marked to register the posi- 80
tion of the line end and the slide is moved
by placing the pencil or stylus in the hole
against the line in use, and taking it to
the top or bottom stop. These operations
are obviously exactly opposite to those for 85
multiplication. It still remains, how-
ever, that the left hand row of holes in
the slide is used whenever the left hand
end of the line is used in making the
register, and the right hand row of holes 90
whenever the right hand end of the line
is used.

Also, if at any time the slide is not
opposite the line for the purpose of insert-
ing a pencil it is only necessary to insert 99
the pencil in a hole adjacent to one stop
and move the slide until it reaches the
complementary stop at the other end of
the channel. ~ The one end of the slide
will then register with the line with 100
which the other end of the slide was in
register but a pencil can now be inserted
in a hole opposite the line containing the
divisor, and the manipulation of the
device can proceed without affecting the 105
final result.

Of course, as with the wyse of
logarithmic tables, it ig necessary to guess
the position of the decimal point or
obtain such position by the addition or 110
subtraction of the number of figures in
the factors before the decimal points
therein and the number of noughts
between the decimal point and the first
figure.

In another example of the invention,
and where still greater accuracy is
desired, a logarithmic scale is provided
consisting of 1000 lines each 20 cng. long.
In this case the same blank seale is 120
employed in the same manner for adding
or subtracting the fractions of whole lines
in which the numbers of the factors
appear, and the final result of such addi.
tions or subtractions registered as a mark 125
on the blank scale, The device is made
up in book form with 50 lines on each
page.  The identification of the
particular line in which the fina] result
1s to be found can be obtained by the use 180

115
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of a pilot device or logarithmic scale to
obtain the approximate result.  The
single page device first described with its
single line pilot scale would serve such
purpose, or a pilot scale of 5 or 10 lines
of 90 cms, would suffice.

On the other hand, absolute determina-
tion of the particular line in which the
result is to be ascertained, can be effected
in the following manner.

The lines are given consecutive
numbers, say 0 to 999 at their left hand
ends and from 1 to 1000 at their right
hand ends. The line numbers for each
factor are then noted by pencil, say on the
face of the blank scale, as the fractional
line length of each factor is registered
thereon, and each line number is added to
or subtracted from the preceding number
or the result of the preceding addition or
subtraction, as simple numbers according
to whether multiplication or division 1s
being effected at the time; or those to
be subtracted placed in another column
and the addition of such other column
subtracted from the addition of the first
column. These numbers are taken from
the left end or right end of the line
according to which end is used in
registering the mark. Finally the
«‘oharacteristic ’ taken from the number
of integers or noughts of the factors is
similarly entered in a column as if in the
ithousands column, and added and sub-
iracted in the same manner as one does
the characteristics of logarithms., If in
the addition or subtraction of the figure
in the hundreds column, the result is
greater than 10 or less than zero one
carries forward or brings down from the
thousands column and only in the
thousands column can the result be nega-
tive. The figure in the thousands eolumn
then gives the correct characteristie,
indicating the npumber of integers or
noughts before the decimal point for the
final result, while the three other figures
give the left hand number of the line in
whieh the result will be found. Two sets
of lines providing 4 columns to recerve
these figures could be permanently marked
on the blank scale.

For such use the number of lines or
their numbering must be such that they
represent a round figure, such as 10, 100,
1000, 10000 etc. so that the last figure may
add to the figures in the eolumn for char-
acteristics of the factors and provide a
correct final result. There may, however,
be 50 lines, marked 0, 2, 4, 6 . . . 98 at
their left hand ends, and 2,4, 6,8 . . . 100
at their right hand ends and similarly
with any other number of lines, such ag
925, numbered 0, 4, 8, 12 . .. 96, and
4,8, 12,16 . . . 100, or with 40 lines

numbered in multiples of 25 up to 1000,

Asa furthermodification of the device, or
extension of its use, there may be further
lines-drawn on the chart by which square
roots and cube roots or any other root of
a number may be extracted. A square
root of a number is, of course, obtained
geometrically by halving the logarithmie
value geomeirically. Ior that purpose
the chart of the first example is divided
diagonally with a line from a point one
line above the left hand end of the top
line to the right hand end of the bottom
line, which we will call line A, Further
lines B and C are drawn from the same
point to other points half way along and
one-third way along the bottom line.
These inclined lines are used to effect the
geometric division of the Iogarithmic
length representing any number into }
or ird corresponding to square root and
cube root respectively.

In use, to take the square or cube root
of a number, first find the number on the
chart, place the blank scale along its line
and register a mark on the blank scale.
Next bring the scale to a position on or
parallel with a line so that such mark
coincides with line A. Then register a
second mark on the blank scale, after
cancelling the first, to enincide with the
coincidence of line B or C according to
whether the square or cube root is required,
Then find the approximate value of the
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result by simple mental arithmetic to 100

obtain the first figure and place the blank
scale coincident with a line of the chari
so that such figure is indicated approxi-
mately by the mark registered on the
blank scale, when the accurate result can
be read on the chart.

It is necessary, however, to make fur-
ther and vertical dividing lines B! and C’
and D! at half way, one-third way and
two-third way respectively along the
lines, which lines must be used on the
single line pilot scale instead of the left
hand end of the line to obtain a correct
approsimate result, using B* except when
the characteristic of the number is
divisible by 2 for the square root, using
(t or D! for the cube root according to
whether the characteristic of the number
after division by 8 leaves the fraction rd
or 2rds. In obtaining the accurate result
on the elongated scale, the approximate
result is used as a guide as to whether the
end cr the intersection of B, C' or D*
with the line is to be used in setting the
blank scale.

Tt is also possible to work with a blank
scale neither of unit length nor marked
with unit length, so long as in its manipu-
lation the blank scale is long enough for
the addition or subtraction of all the part
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or fractional lengths of lines. For that
purpose a longish blank scale with a
single index line thereon could be used,
which line would have to be approxi-
5 mately central for general use. More-
over, the blank scale would have to be
about 4 or 6 times the length of a single
line-or even longer if more than 2 or 3
factors were to be provided for in the
10 calculation. Also, if the final registered
mark were more than a lines length from
the index, a second index mark, subtract-
ing a lines length would have to be made
in order that the result could be read off
15 on a line of the chart, The complica-
- tions thereby introduced would probably
be unwarrantable.
For eliminating one geometric mani-
pulation in effecting a calculation the
20 blank scale may be marked with such
common factors as = or 240, this latter
for calculation of pounds shillings and
pence.  When such factor oceurs in a
calculation as a multiplier it is taken first,
25 but when it occurs as a divisor it is taken
last and thig is effected by placing such
mark instead of the end of the blank
scale against the end of the line when
looking for the final result.
80  If one edge of the blank scale ig marked

with suitable divisions of the length of
the scale, in tenths, hundredths,
thousandths, ete., the scale could be used
as a log table for fiinding the log of any
particular number by using the left hand 85
numbering of the lines added to the
numbering on the blank scale to make up
the number for which the logarithmic
value is required and which value can
then be read off on the logarithmic scale. 40
There are obviously other forms than
above described of apparatus which could
be provided to carry out the invention,
the principle of which is the geometric
measurement of fractions of divisions of 45
a logarithmic scale, instead of geometric
measurement of whole portions of such
scale representing geometrically the full
logarithmic values of the factors of a
calculation, in combination with means 50
for ascertaining in which division of the
scale the answer to the calculation can be
ascertained from the resultant geometric
fraction,

Dated this 80th day of March, 1937.
For the Applicant,
WILSON, GUNN & ELLIS,
Chartered Patent Agents,

09, Market Street, Manchester, 1.

COMPLETE SPECIFICATION
An Improved Logarithmic Calculator

55 I, Henry Jongs, of 94, Arden Park,
Bredbury, Stockport, Cheshire, British
subject, do hereby declare the nature of
this invention and in what manner the
same 1s to be performed, to be particularly

60 described and ascertained in and by the
tollowing statement:—

This invention relates to an improved
calculator of the kind employing a
logarithmic scale.

65 It is well known that a caleulator, such
as a slide rule, employing the principle of
logarithms in the form of a scale, is a
rapid geometric means of making calcu-
lations  involving multiplication -and

70 division, especially in the hands of a
person familiar with its use. On the
other hand, the ordinary slide rule is of
limited accuracy, say to 2 or 3 figures, and
for many commercial purposes this is not

76 sufficient. The only alternative there-

fore to working out the calculation by

actual multiplication and division is to
use 7 figure logarithmic tables, and any
persen who has handled these tableg will
appreciate that for short calculations of
twe or three factors there is little or no
saving of time.

Slide rules are made in different sizes
but the limiting factor in a slide rule is

8

its length. The ordinary or, more com- g§
mon size has the scale spread over 25
cms, while half Jength, double length and
other sizes, are not uncommon, but a slide
rule of any known kind becomes too cum-
bersome in size before its scale can be 90
sufficiently elongated to obtain the re.
quired accuracy,

Circular dise type logarithmic caleu-
lators are also known, and it has been
proposed in such a calculator to provide 95
a ““Jong scale ”’, that is to say, a scale
consisticg of several concentric circles
each though different in length, repre-
senting an eyual portion of a logarithmic
scale, but such an arrangement also has 100
its limitations. The markings on each
circle are necessarily on different length
scales, such scales being in proportion to
their radii. Therefore, even if the scale
length can be increased by this means to
some 90 or 70 centimeters on a face of
2% inch diameter, its average accuracy
can only be proportional to the scale of
the mean circle, that is to say, to the
equivalent of a slide rule scale, of say 110
30 to 40 centimeters. In addition, to
such limitation, there is the fact that the
approximate answer must be known in
order to know on which circle the answer

105
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is to be found when working on the long
scale. -
single line pilot scale and the calculation
must be done twice if the long scale is to
be used, or the approximate answer must
be known or estimated by other means.

A calculating machine has been pro-
posed in - which the scale has been
arranged spirally on a cylinder, but such
a, machine, while it can be sufficiently
accurate to 4 or § figures, is not con-
veniently portable, requires some skill,

xperience and practice in its use and
finally is expensive compared with log
tables or an ordinary slide rule.

The object of the invention is an im-
proved caleulator having in combination
a geometric simplieity equivaleni to the
slide rule wherein one graduated scale is
movable and comparable with another
together with portability, and cheapness
while possessing the required greater
degree of -accuracy.

The invention is based upon an appre-
ciation of means whereby logarithmic
calculations can be made geometrically
by measurement over fractional lengths
of an elongated logarithmic seale instead
of by geometric measurements over
whole portions of the scale each complets
from the beginning and representing the
complete logarithmic value of each fae-
tor in combination with means whereby
the fractional length in which the
answer is to be found, may be positively
determined.

According to the invention, the im-
nroved ecaleula‘or comprises a chart hav-
ing one or more logarithmie scales there-
on, one or more of which is divided into
a plurality of equal lengths, and means
for. adding together, and/or subtracting,
one from another, fractional portions of
such equal lengths of the scale, compris-
ing a member relatively movable over
said scale and preferably of unit length
or marked to indicate a unit length and
adapted to receive pencil or other mark-
ings and/or carrying a movable indi-
cator, whereby to register thereon the
sum or difference of such fractional por-
tions of single lengths in combination
with means for indicating positively and
directly (as distinet frem indirectly by
ascertaining ‘the result or approximate
result), the unit length of the scale in
which the final result is ascertainable by
direct geometric comparison therewith
of- the residual fraction of single length
resulting {from such geometrically ob-
tained sum or difference of fractional
portions of the scale.

In the accompanying drawings:—

Fig. 1 illustrales one example of the
invention,

There must be, therefore, a

Fig. 2 shows the movable member
forming part of the calculating device
shown in Fig. 1.

Fig. 8 illustzates a mwodified and pre-
ferred form of the inveniion.

As illustrated in Figs. 1 and 3, the
logarithmic scale is shown divided into
10 lines each 20 ceniimeires long, mak-
ing a total lengch of 2 metres (20U centi-
meters) or roughly 80 inches and giving
8 to 4 figures accuracy for calculations.
This scale has now been adupted in place
of the 50 line seale of 20 centimetres each
(1000 centimeters) deseribed in the Pre-
visional Specification as it is found to
give sufficient accuracy for general pur-
poses. The principle is exactly the same
and the substitution of the smaller scale
fvr the purpose of illusivating the inven-
tion 1s not to be taken as heing in any
way an intention to abandon or disclaim
the examples described in the Provisional
Speecification.  The illustrative calcula-
tions have also been altered to suit the
different scale,

As shown in Fig. 1, the improved cal-
culator comprises a chart ¢ on which are
10 paraliel lines of 20 ceniimetres each
in length, equally spaced and represent-
ing 10 equal sections of a logarithmic
seale measuring 2 metres.  Movable to
regis‘er with any of such lines is a blank
scale (see Fig, 2) of 20 centimeters or

unit sectional length on which penecil or _

other markings may be made. Con-
veniently the blank scale is a simple and
unattached strip of opaque celluloid b
having o straight edge ¢ and a matt sur-
face adjacent thereto, on which peneil or
ink markings are easily made and equally
easily removed with an india rubber or
damp cloth. The blank scale provides a
simple means enabling the sum or differ-
ence of fractional portions of such equal
lengths to be obtained and registered by
simple geometric means. The blank
seale itself is conveniently longer than 20
centimeters and a unit length is indi-
cated thereon by lines d at each end.

In making a calculation having
registered such fractional length result
on the blank scale the next problem is to
know with which particular line or
leng*h of the seale such iractional length
result must be eompared to give the cor-
rect rvesult for the caleculation, being
given that there is cne of the lines with
which such eemparison can be made,

It is obvious that, if the approximate
result of the caleulation is lmown, such
knowledge can become an indirect means
of ascertaining the required line, but this
requires a second calculation, either
mental or otherwise, to determine such
result as distinet from any direct or
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positive method-of or means for deter-

mining the line itself independent of any

knowledge of the result.

There are several methods of and means
for solving the problem of determining
directly the line in which to seek the
result.

In one method of solving the problem
of determining the line of the scale in
which the result is to be found, the
calculating device is further constructed
as follows:—At one side of the chart is
a channel in which is mounted a per-
forated slide e of length equal to 10
spaces separating the lines of the
elongated logarithmic scale, and having
9 pairs of holes f and equally spaced to
divide the slide into 10 equal divisions.

The perforations # and #* are arranged
in two rows at each side of the slide and
the slide is adapted to be moved by
means of a pencil point, pen point or
stylus inserted in any ome of the per-
forations. Stops are provided at the top
and bottom of the channel to provide
upper and lower limits for engagement by
the pencil, which for the left hand row
of holes are ¢ and ¢* coincident respec-
tively with the first line of the scale, and
one line distance below the last line,
while for the right hand row of holes the
stops are h and h', each one line higher.

1n use, assuming one wishes to multiply
129 by 23, the procedure is as follows:—-

1st. Locate the number 129 on the chart.
This appears as 12.9 in the second section
or line of the scale,

2nd. Place the blank scale b along the
line in which such number appears and
with its left hand mark d coincident with
the left hand end of the line. (The right
hand unit length mark d on the blank
scale will also be coincident with the
right hand end of the line).

3rd. Make a pencil mark on the scale
coincident with the line mark for 129,

4th. By means of the pencil point
inserted in any convenient hole of the
slide e, bring the top edge of the slide to

the level of the same line. The number

129 may now be said to be registered on
the calculator.

5th. Locate the number 23 which is the
next factor of the calculation and is to
be found in the 4th line of the seale.

6th. Place the blank scale along this
further line with the pencil mark co-
i{lcident with the left hand end of the
ine.

7th. Make a new mark on the scale co-
incident with the line mark for 23 and

at the same time cancel the first mark by.

striking a line through it. The sum of
the two fractional portions of the two
lines is now registered on the blank scale.

8th. Place pencil in the hole f of the
left hand row coincident with the bottom
stop g* and move the slide until such hole
is brought level with the line from which
the last mark has been obtained.

The calculation of 129x23 has now
been registered on the calculator as the
relevant line and the sum of the fractional
portions are now both indicated thereon,
and such registration is read off by the
next action as follows:—

9th. Place the blank scale on the line
level with the lower end of the slide e
and with its left hand end coincident with
the left hand end of that line. The
answer is found on such line opposite the
last and uncancelled pencil mark on the
blank scale, and this will be found to be
2567. (The size of the divisions on this
part of the scale are such that one could
say readings could be taken to four figures
with a reasonable degree of accuracy even
allowing for errors in the making of the
marks on the blank scale.)

As a further example of the use of the
caleulator take the simple multiplication
0f 80 x 60. When 30 has been registered
on the chart by steps 1, 2, 8 and 4 and
60 has been located thereon it will be
found that if the mark on the blank scale
is placed against the left hand edge of
the chart, the scale does not reach far
enough to the right for the second mark
to be placed thereon. For the 6th step
therefore, place the pencil mark in
vegister with the right hand edge of the
chart, for the 7th step make the new
mark and cancel the old as before, but
for the 8th step use the right hand row
of holes f*, placing the pencil in the
lowermost visible hole against the stop A*
and bringing it up to the level of the line
last used, as before.

The calculation is read off by the 9th
step exactly as before and the answer is
1800. This example shows the use of the
second or right hand row of holes in the
slide,

As a third example of use of the calcu-
lator take the calculation of 80 x 8.2 x 2.8.
For this proceed as in the first example
up to the end of the 8th step, when the
caleulation 80 x 8.2 will be registered on

the caleulator. Then continue ag
follows : —

70

75

80

85

90

95

100

1056

110

115

120
9th step. Locate 2.8 on the chart which

will be found as 28

10th, Place the blank scale along this
line with the second pencil mark co-
incident with one edge of the chart as
before, In this case, the right hand edge
must be used in order to take the next
step.

11th. Make a 3rd. mark on the scale
coincident with the line mark for 28,

125

13b
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cancelling the preceding mark.

12th. Tt will now be seen that the slide
is above the lowermost stop. Therefore
place the pencil in the hole f* against the

5 uppermost stop &, using the right row of
holes because the right edge of the chart
had been used in making the third mark
on the scale, and moving the slide until
the pencil reaches the line against which

10 the blank scale has just been marked.
13th. step. Place the blank scale on line
level with the top of the slide and with
its ends coincident with the ends of the
line, and read off the result opposite the
15 8rd. mark, which will be 2688.

From each of the above examples, it
will be seen that the slide provides the
means for indicating the sum of two or
more overlapping groups of whole lines

90 while the blank scale provides the separate
means for ascertaining geometrically the
sum or difference of fractional lengths of
single lines. In the 6th, step of the
2nd. example and 10th, step of the

95 3rd. example, 1t must be appreciated that
although the second mark 1s made behind
(to the left of) the first and appears to
be a subtraction, this is not in fact the
case, because the slide is then worked

30 from the right hand row of perforations
# so as to add the number of the two
groups of whole lines together while
simultaneously adding an extra line.
Thus the addition of the fraction of the

35 line is effected by adding a whole line by
means of the slide e and subtracting the
complement of the fraction of the line on
the blank scale b, and the register or
mark is again brought within the length

40 of the blank scale b.

In obtaining the last figure of the
result, such as the 4th. figure in the chart
herein illustrated, the eye is required to
estimate the value of an intermediate

45 position of the mark between markings on
the chart. Actually, greater accuracy is
obtainable by this visible or geometric
method than is obtainable from the
arbitrary and approximate end figures of

50 say a 4 figure log table and on a thousand
line chart as described in the Provisional
Specification, the accuracy would be
greater and the result more easily and
quickly ascertained visibly than by

55 approximation from the adjustment figures
of a 7 figure log table.

Division is effected in a similar manner
to multiplication except that the end of
the scale or end mark thereon is placed in

60 register with the divisor, the blank scale
is then marked to register the position of
the line end and the slide e is moved by
placing the pencil or stylus in the hole

- for f* against the line in use, and taking

65 it to the top or bottom stop as may be

required for the mexi siep. These opera-
tions are cbviously exactly opposite fo
those for multiplication. It still remains,
however, that the leit hand row of Lioles f

in the slide e, is used whenever the left 70
hand end of the line is used in making
the register, and the right hand row of
holes f* whenever the right hand end of

the line is used.

Also, if at any time the slide is not 75
opposite the line for the purpose of
inserting a pencil it is only necessary to
insert the pencil in a hole adjacent to one
stop g or & and move the slide until it
reaches the complementary stop g' or A’ 80
at the other end of the channel or wvice
versa. The one end of the slide will then
register with the line with which the
other end of the slide was in register but
a pencil can now be inserted in a hole 85
opposite the line containing the division
and manipulation can proceed without
affecting the final result.

Of course, as with the use of logarithmie
tables, it is necessary to guess the position 90
of the decimal point or obtain such posi-
tion by the addition or subtraction of the
number of figures in the factors before the
decimal points therein and the number of
noughts ~ between the decimal point and 98
the first figure.

As shown in Fig. 3, the logarithmie
scale is the same as that shown in Fig. 1
but the lines are numbered consecutively
0 and 1 to 9 at their left hand ends and 1 100
to 9 and 0 at their right hand ends. Ai
the left hand side of the chart is a small
slider 7. This numbering of the lines and
the slider 4 takes the place of the
perforated slide e of the first esample. 105
Also, the scale b is replaced by a slide j at
the bottom of the chart, on which is
mounted a cursor : having a hair line I

The slider ¢ is adapted to form a stop or

abutment for the left hand end of the 110
slide j and facilitates setting of the end
lines m thereof in register with the ends

of the chart lines. The chart also has a
short logarithmic scale o and a metric
scale n, the purposes and uses of which 115
will be described later.

Tn use, the slider ¢ is employed for
adding together or subtracting the whole
lines or more correctly perhaps for
indicating such addition or subtraction 120
which is effected mentally from the
numbers at the ends of the lines. Taking
the same example 129 x 23, the operation
is as follows:—

The slider 7 is brought down to form a 125
stop for the slide j. The cursor is then

.moved along to bring the hair line [ into

register with 12.9 which is on the line
marked 1 at its left hand end. The slider
4 is then moved up so that its lower end is 130
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level with such line. The number 129

may now be said to be registered on the

calculator by the positions of the hair line

I of the cursor and of the slider i.
$ _ The slide j can now be moved to the
left to bring the hair line into register
with the left hand ends of the lines with-
out altering the position of the cursor on
the slide.

The next step is to locate the number 23
and, without moving the slide 7 to move
the cursor into register with the number
23. Note is then made of the number at
the end of the line from which this
. 15 operation has started, which happens to
' be 3. The answer of this calculation will

be found on the line marked 4, being the

addition of the numbers 1 and 8 marked

on the wused ends of the used lines in
90 which the numbers occurred. Assuming
no further calculation is required, the
slider ¢ is moved down to form a stop for
locating the slide j and the answer will
be found in line 4 1m the example above
given under the hair line and will be
2967.

If the calculation is to be carried
further, the slider ¢ is now brought down
to the line 4 to register that number, and
according fo whether the next step is
multiplication or division, the line
number taken from the end which is used,
is added to or subtracted from 4. If, in
addition, the number goes over 10 the
85 integer only is considered for determining
the line against which to place the slider,
or in which the answer will appear. If,
in subtracting, a negative figure would
result it is necessary to add 10 before
effecting the subtraction. Alternatively,
additional numbering for minus results
could be placed against the left hand line
ends, but these might lead to confusion.
If the right hand end of a line is used in
positioning the slide j by the cursor
previous to moving the cursor to its next
position, or in positioning the cursor in
division, then the number of the right
hand end of the line used is the number
to be added to or subtracted from the
previous total.

It is interesting to note that, when the
logarithmic scale is divided into 10 lines,
the operation of the calculator is in faet
a means of adding and subtracting
logarithms in two parts; the first figures
of the logarithms are represented by the
line numbers and are added and subtracted
by means of the slide e or mentally and
recorded by the slider 7 while the remain-
ing figures of the-logarithms are added
geometrically. If the logarithmic scale is
divided into 100 lines, then the frst 2
figures of the logarithms are added and
85 subtracted directly while the remaining

10

25

80

40

45

50

55

60

figures are added and subtracted geometri-
cally. In such manner it becomes
obvious that by lengthening the scale,
greater accuracy is obtainable, so that
with a scale of 1000 lines, each 20 centi-
meters long, an accuracy equal to a 7
figure log table is easily obtainable.

Actually, of course, the logarithmic
scale could be divided into any number of
lines, not necessarily a multiple of 10. 75
No special adjustment would be required
where a slide such as ¢ of Fig. 1 is used
but when making mental or direct
additions and subtractions, the determina-~
tion of the answer line might require
firstly the addition or subtraction of a
figure representing the number of lines
into which the scale is divided, say 8, or a
multiple thereof, to bring the result
within the numbers 0 and 1 to 7. These 85
numbers would then be a function of part
of the logarithm,

VWhere, however, as in the example
illustrated, the logarithmic scale is
divided into 10 lines, the logaritlim of any 90
number is easily ascertained by bringing
the hair line to the number on the logar-
ithmic scale, reading the left hand line
number as the first figure of the logarithm
and the hair line position on the metric 36
scale n for the rest of the logarithm. Thus
lug 4.5=.6530, as the number 45 appears
in line 6 and 1s .530 distance along that
line ag read on the scale o. )

In another example of the invention 10q
which requires no illustration, and where
still greater accuracy is desired, a
logarithmic scale is provided comsisting
of 1000 lines each 20 cms. long. In this
case the same blank scale is employed in 105
the same manner for adding or subtract-
ing the fractions of whole lines in which
the numbers of the factors appear, and
the final result of such additions or sub-
tractions registered as a mark on the blank 110
scale, The device is made up in book form
with 50 lines on eacl page.

The lines are given consecutive
numbers, say 0 to 999 at their left hand
ends and from 1 to 1000 at their. right 115
hand ends. The line numbers for each
factor are then noted by pencil, say on the
face of the blank scale, as the fractional
line length of each factor is registered
thereon, and each line number is added to 190
or subtracted from the preceding number
or the result of the preceding addition or
subtraction, as simple numbers according
to whether multiplication or division is
being effected at the time; or those to
be subtracted placed in another column
and the addition of such other column
subtracted from the addition of the first
column. These numbers are taken from
the left end or right end of the line 130

70

80

125
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according to which end is used in

registering the mark. Finally the

¢ characteristic ”’ taken from the number

of integers or noughts of the factors is
5 similarly entered in a column as if in the
thousands column, and added and sub-
tracted in the same manner as one does
the characteristic of logarithms. If in
the addition or subtraction of the figure
in the hundreds column, the resuli is
greater than 10 or less than zero one
carries forward or brings down from the
thousands column and only in the
thousands column can the result be nega-
tive. The figure in the thousands column
then gives the correct characteristic,
indicating the number of integers or
noughts before the decimal point for the
final result, while the three other figures
give the left hand number of the line in
which the result will be found. Two sets
of lines providing 4 columns to receive
these figures could be permanently marked
on the blank seale. The numbering of
the lines provides the means by which the
unit length ifor the answer is positively
obtainable.  Alternatively, any suitable
scoring or registering device may be pro-
vided,

For such use the number of lines or
their numbering must be such that they
represent a round figure, such as 10, 100,
16U, 166G ete. so that the last figure may
21d 10 the figures in the column for ehar-
acteristies of the factors and provide a
correct final resuli. There may, however,
be 9G lines, marked 0, 2, 4, 6 . . . 98 at
their le¥t hond ends, and 2,4, 6, 8. .. 100
at their right hand ends and similarly
with any other number of lines, such as
25, numbered 0, 4, 8, 12 . . . 96, and
4,8, 12, 16 . . . 100, or with 40 lines
numbered in multiples of 25 up to 1000.
In the case where the scale is divided into
50 lines, each line may be again divided
into half, thus making 100 divisions and
the scale can then be reduced to half line
length and so on in proportion- in other
cases above suggested. T T
50 Asafurthermodification-of thedevice, or

extension of its use, there may be further

lines drawn on the chart by which square
roots and cube roots or any other root of
a2 number may be exiracted. A square
55 Toot of a number is, of course, obtained
geometrically by halving the logarithmic
value geometrically. For that purpose

the chart of the first esample (Fig. 1)

ig divided diagonally with a line from a
60 point above the left hand end of the top

line to the right hand end of the bottom

line, which we will call line A. Further

Jines B and C are drawn from the same

point to other points half way along and
65 one-third way along the bottom line.

10

15

20

25

30

85

40

45

Thesg inclined lines are used to effect the
geometric division of the logarithmic
length representing any number into §
or 4 corresponding to square root and
cube root respectively.

In use, to take the square or cube root
of a number, first find the number on the
chart, place the blank scale along its line
and register a mark on the blank scale.
Next bring the scale to a posivon on or
parallel with a line so that such mark
coincides with line A. Then register a
second mark on the blank scale, uiter
canceiling the first, to coincide with the
coincidence of line B or C according 1o
whetherthe square or euberoot is required.
Then find the approximate value of the
resuit by simple mental arithmetic to
obtain the first figure and place the blank
scale coincideni with a line of the chart 85
so- that such figure is indicated approxi-
mately by the mark registered on the
blank scale, when the accurate result can
be read -on the chart.

‘It is necessary, however, to make fur-
ther and vertical dividing lines B* aud C*
and D' ai-half way, one-third way und
two-third way respeciively along the
lines, which lines must be used on the
single line pilot scale instead of the left
hand end of the line to obtain a correct
approximate result, using B! except when
the characteristic of the number is
divisible by 2 for the square root, using
C or D! for the cube root according to
whether the characteristic of the number
after division by 3 leaves the fraction %
or 2. In obtaining the accurate result on
the elongated scale, the approximate
resuli is used as a guide as to whether the
end or the intersection of B!, C* or D*
with the line is to be used in setting the
blank scale.

" Tt is also possible to work with a blani
scale neither of unit length nor marked 110
with unit length, so long as in its manipu-
Jation the blank scale is long enough for
the addition or subtraction of all the part
or fractional lengths of lines. For that
purpose a longish blank scale with a
single index line thereon could be used,
which line would have to be approxi-
mately central for general use.  More-
over, the blank scale would have to be
about 4 or 6 times the length of a single 120
line or even longer if more than 2 or 3
factors were to be provided for in the
calculation. Also, if the final registered
mark were more than a lines length from

the index, a second index mark, subtract- 195
ing a lines length would have to be made
in order that the result could be read off
on a line of the chart, The complica-
tions thereby introduced would probably
be unwarrantable.

70

75

80

115

130

90 |
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For eliminating one geometric manipu-
lation in effecting a calculation the
blank scale & or j may be marked with any
constant or such common factors as = or

5 240, this latter for calculation of pounds
shillingg and pence. When such factor
occurs in a calculation as a multiplier it
is taken first, but when it occurs as a
divisor it may be taken last and this is

10 effected by placing such mark instead of
the end of the blank scale against the
end of the line when looking for the final
resuli; or more conveniently its reciprocal
may be marked on the scale. The line
15 number in which such factor or reciprocal
oceurs should be noted againgt the mark,
the reciprocal marks being treated as
multipliers.

There are obviously other forms than
above described of apparatus which could
e provided to carry out the invention, the
principle of which is the geometric
meagurement of fractions of divisions of
a logarithmic scale, instead of geometric
measurement of whole portions of such
scale representing geometrically the full
logarithmic values of the factors of a
calculation, in combination with means by
simple addition and subtraction of the
80 whole portions for ascertaining in which

division of the scale the amswer to the
cdlculation can be ascertained from the
resultant geometric fraction.

It is to be noticed particularly that the

35 operation of the improved logarithmic
calculator does not involve the use of rela-
tively movable logarithmic scales as in a
slide rule.

Having now particularly described and

40 ascertained the nature of my said inven-

tion and in what manner the same is to
be performed, I declare that what I claim
igs—

1. An improveq calculator comprising a
chart having ome or more logarithmic
scales thereon, one or more of which is
divided into a plurality of equal lengths,
and means for adding together, and/or
subtracting, one from another, fractional
50 Dortions of such equal lengths of the scale,

comprising a member relatively movable
over said scale and preferably of unit
length, or marked to indicate unit length,
and adapted to receive pencil or other

55 markings and/or carrying a movable in-
dicator, whereby to register thereon the
sum or difference of such fractional por-
tions of single lengths, in combination
with means for indicating positively and

60 directly the unit length of the scale in
which the final result is ascertainable by
direct geometric comparison therewith of
the residual fraction of single length
resulting from such geometrically ob-

65 tained sum or difference of fractional por-

20

25

45

tions of the scale.

2. An improved calculator according to
claim 1, characterised in that the num-
ber of lengths inte which the scale is
divided is 10* where x is any positive 70

-whole number.

3. An improved calculator according to
either of the preceding claims character-
ised in that the member movable over the
scale is slidably mounted with respect to 79
the scale and also carries a cursor or slide
providing an index to co-operate with the
markings on the scale.

4, An improved caleulator according to
claim 38, characterigsed in that stop means 80
are provided to facilitate location of the
sliding member in a zero position with its
length in register with the ends of equiva-
lent lengths on the scale.

5. An improved calculator according to 85
any of the preceding claims, characterised
in that the means for indicating posi-
tively the unit length of the scale in
which the answer is to be found comprises
a slide movable across the ends of the 90
lines to register therewith.

6. An improved calculator according to
claim 5, characterised in that the slide
is perforated for movement by a pencil or
other pointed article inserted selectively 96
in such perforations and movable thereby
selectively to positions to or from the
line end immediately in use and from or
to a stop, as set forth.

7. An improved calculator according to 100
claim 1, characterised in that the line
ends are numbered for the purpose of
numerical addition and/or subtraction of
such members.

8. An improved calculator according to 105
claim 2 and 7, characterised in that the
line ends are numbered consecutively from
0 and 1 to 10® at the left hand end and
from 1 to 10* and 0 at the right hand end,
whereby such numbering corresponds to 110
x of the first figures of the logarithm,
while any fraction of the line to a given
mark on the scale corresponds to the
following figures of the logarithm repre-
sented by such mark.

9. An improved calculator according to
claim 8, characterised in that it is also
marked with a single line which, for ex-
ample, may be marked on the chart or on
the relatively movable member and 120
divided into decimal divisions and
adapted to be compared geometrically
with any of the lengths of the logarithmic
scale, for the purpose set forth.

10. An improved calculator according 125
to claim 7 or 8, characterised by a slide
movable across the ends of the lines to
register therewith to indicate the line
immediately before used or the line num-
ber representing the result of the addition 130

115
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and [or subtraction previously made of the as illustrated in the accompanying draw-
line numbers plus or minus a number ing.

<gual to the number of lengths into which ]

the scale is divided .or some multiple =~ Dated this 25th day of February, 1938,

5 thereof, as set forth. : , - For the Applicant,
11. The improved logarithmic caleula- ~  WILSON, GUNN & ELLIS,
tor constructed, arranged and adapted for Chartered Patent Agents,

-use substantially as herein described and 54/56, Market Street, Manchester, 1.

. Leamington Spa: Printed for His Majesty's Stationery Office, by the Courier Press, 1938,

10
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[This Drawing is a reproduction of the Original on a reduced scale,]
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