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This invention relates to calculating in-
struments and- particularly to instruments
for performing the various logarithmic
operations of inultiplication and division
and calculations involving powers, roots,
proportions, trigonometric functions, ete.
'The chief object of the invention is to pro-
vide a device which is quick and simple in
operation and easily and accurately readable
for a relatively large number of decimal
places, that is, significant figures.

Prior instruments have either been very
limited in the number of decimal places de-
terminable, as in the case of the ordinary

» slide rulé, or they have involved expensive

and cumbersome’ complications.in attaining
greater accuracy as, for instance, in the case
of Thacher’s calculating instrument.

The device of this invention attains both
simplicity in construction and operation and
a high degree of accuracy in the reading of
the result. According to the principles of

" this invention logarithmic scales are com-

o
o

k1]

Y

4

)

bined together in g manner permitting them

5 to be divided into compactly arranged sec-

tions giving great length to the scales within
conveniently -limited .space, the calculations
being performed by a member moving into
various positions on the scales to give the
desired solution. ' l )

In the accompanying drawings illustrat-
ing the invention

Fig, 1 i1s a diagram illustrating in con-
venient form one relative arrangement of
the logarithmic scales,

Fig. 2 is a similar view more in detail of
a device embodying the invention. - -

Fig. 8 is a plan view of one form of mem-
ber adapted for cooperation with the scales
shown in Fig. 2.

Fig. 4 is a section on line 4—4 of Fig. 3.

Fig. b is a plan view of another form of

- member adapted for cooperation with the

60

scales of Fig; 2,
Figs. 6 and 7 are views of details of Fig. 5.
-Figs. 8, 9 and 10 are views similar to_Fig.

2 illustrating further embodiments of the

invention, and : :

Figs. 11 and 12 are elevational and sec-
tional views respectively of another form of
apparatus embodying the invention.

In describing the invention reference will

- first be made to Fig. 1 in which diagram the
two parallel lines A and C may be provided

. with logarithmic scales; in each scale the

 divisions are marked off 4 distance from the

line 0 proportionate to the logarithm of the
numbers marked alongside of the scale divi-
sions. 'Thus the point marked 2 in each
scale is spaced from 0 a distance of .301030
times the total number of units of any de-
sired modulus and similarly the point
marked 8 is .903090 times the total number
of modulus units from 0. For example, sup-
pose that the modulus chosen is 100 centi-
meters (that is the total logarithmic scale 1

80

38

to 10 is 100 centimeters long) then the point

marked 2 is 80.1080 centimeters from 0 and

‘the point marked 8 is 90.3090 centimeters

from 0. Now if line B is at the middle ex:
actly parallel to and equidistant from A and
C then a straight line 1, intersecting A and
C.will intersect B at a distance from 0 which
is equal to half the sum of the intersections
on A and €. 1If therefore the line B should
be provided with s logarithmic scale similar
to that of A and C then line L wiil cross the
line B at aypoint corresponding to the square
root of the product of the number inter-
sected on A by the number intersected on C.
Thus a line from A, to 2 on C would cross B
at +/2 and similerly a line from A, through
such an assurmed point 2 on line B would in-
tersect C at 22 In this way the squares and

square roots of single numbers or multiplied ¢

numbers could be obtained at a single setting
of a single line—for instance a halr line on
o transparent rule, .

_Usual calculations are not ordinarily so
concerned with operations. involving roots
and squares of products and dividends as
with the products and dividends themselves,

"To make the scale of line B read directly

the produet of two numbers instead of in the
square root thereof it is. only necessary to
change the modulus of the scale of B so that
its modulus is one-half the meduius of scales
A and C and its units are half the size of the .
units used in setting off the scales of the
lines A and . Then the numbers of the

" new scale will be the squares of the similarly -

situated numbers on the formerly assumed
scale and scale B will read directly the prod-
uct of the intersections of the line L, with
scales A and C. The numbers of scale B
furthermore will be the squares of the num-
bers of ‘scailes A and C and hence squares
or square Toots may be directly read off by
running line L through the same number on
scales A and C.

In Fig. 1 scale B is marked to this scale’
of squares so that point 4 on B is spaced
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from 0 the same distance as the point 2 is on

~ scales A and C and similarly the point 8 on

=t

10

A and C corresponds to 64 on B. To multi-
ply two by eight the line L is run through
2 on scale A or C and through 8 on scale C
or A in either case it will intersect scale B
at 16. To divide 16 by 2 or 8 the line L is
run through 16 on B and through 2 on A:
or C or 8 on A or C the result 8 or 2 being
read off in either case on C or A.

The arrangement of single line scales
above set forth is advantageous in permit-

_ting calculations to be made by a single set-

20

ting of a single straight line member and in
accordance with the principle of this inven-
tion the scales A, B and C may be length-
ened to any desired extent and divided into
sections to give the utmeost accuracy within
conveniently limited space in setting and
reading figures involving a‘large number of
significant figures or decimal places. As
shown in Fig. 2 the scales A’ and C” ave

composed of a series of sections arranged as.
- parallel lines with the scale divisions marked
'in sequence from the beginning of the first
Iine to the end of the last, the total effective

length of each scale being the sum of its sec-
tions between lines 0—0’ and Q—Q’. Thus

" with eighteen lines (as:shown in Fig. 2) the

40

size -of the modulus for the scale used is
eighteen times as large as the modulus for a
single line between-lires 0—0" and Q—Q’
and the accuracy of the readings is corre-
spondingly increased: The scale B’ is also

5 correspendingly divided into eighteen sec-
tions numbered 2, 4, 6, 8, 10, etc., to 36 and -

has auxiliary intermediate sections unevenly
numbered 3, 5, 7, ete., to 35. Fach evenly
numbered section 2, 4, etc., of scale B’ is
half way between an evenly numbered line

“ on scale A’ and an evenly numbered line on

50

Rl
&

scale C’ or between an unevenly numbered
line on scale A’ and an unevenly numbered
line on scale C’. Each unevenly numbered

section of scale B’ falls half way between an -
evenly numbered line of scale A’ and an un- .

evenly numbered line of scale C’ or between
an unevenly numbered line of scale A’ and
an evenly numbered line of scale C’. Thus’
for every pair of lines, one from sdale A’
and one from scale C’, there is an interme-.

diate line of scale B’ exactly half way be--

tween them and.numbered as the sum of the
number of the line of scale A’ plus the nnm-
ber of the line of scale C’, thus making a

~ sub-combination of three equally spaced par-

60
~is half as large and its numbers are the
-squares of the correspondingly placed num-
bers of scales A” and C”. The sections 1—18

85

allel lines diagrammatically explained in
connection with Fig. 1. The modulus of the
scale B” is (as'in B of Fig. 1) oné half of-
that of the scales A’-and C’ so that its unit

of scales A’ and C’ are each started from
line 0" ds equal length segments taken con-

~

1,855,819

‘secutively along the scale but it is not-neces-

sary ‘to have the last of these segments ter-
minate at the logarithmic end 1000 of the
scale.. This end of the scale may, for in-
stance, fall as shown in Fig.'2 somewhat
short of the last upper end section 18, Sim-

‘ilarly the.sections may for convenience be

irregularly extended at their upper and

lower ends to complete desired divisions, as
shown in Fig. 2. The lines 2, 4—36 of scale
B’ are similarly formed with the one half
modulus scale starting with 10 correspond-
ing to logarithmic mantissa 0 at point B";
and the lines 8, 5-—385 of scale B’ are sim-
ilarly formed with the one half modulus
scale starting from point B, at the point
of the scale corresponding to the linear mid-
point p, of the first line (2) of scale B’. In

U

80

the example given in Fig. 2 this midpoint is -

11377. With this method of formation it is
obvious that each line 3, 5—35 of scale B’
begins at the linear middle point of the pre-
ceding section 2, 4—34 duplicating at the
bottom the upper half of-said preeeding
section. These lines’8, 5—385 may be said to
be fitted between- the lines 2, 4—36 and at
the top duplicating the lower half of the
stcceeding section 4, 6—36. It is not neces-

_sary that the sections of a scale shall be

equidistant. They must follow some regu-
lar system of spacing of course but might,
for example, have the distance between sec-
tions decrease or increase from left to right.

‘Length -of segments need not be constant

either.

In using this device for instance to mul-
tiply 26 by 312 the left end of straight line
I/ may be placed on point 26 of line 8 of
scale A’ and the right end of line I/ on
point 812 of line 9 of ‘scale C’ and the result
8112 will -be read to all four places on line
8+9, or line 17, of scale B’ on a chart in
which the seale sections are eighteen inches

in. height. On the lower portions of such a .

scale 1t is possible to read the result to five
and- even six figures with accuracy. -

In determining the line of scale B’ which
must- be looked to for the result of any
given operation the above methiod- utilizes
the sum of the numbers of the lines on A’
and C’. This computation may be dispensed
with by constructing the device providing
the straight line relation 1./ so as to auto-
matically indicate the proper line on scale
B’. Tor instance inm Figs. 3 and 4 the
straight bar » may have fixed lines o for
scale A’ and lines & and ¢ on slides s, and s,

]

fidy

135

129 -

for scales B’ and C’ respectively. These -

slides are threaded onto a shaft ¢ having a

“helical screw thread of one piteh for slide s,

and another thread of half this pitch for -

slide s,. With the slide“s, set so that its
lines & are midway between lines @ and ¢
then this relation is maintained for all set-
tings of the slide s;, With this device the

132
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ends of lines @, 0% ¢ are in the same straight
line and line b will always indicate to the
result on scale B’ or the line ¢ will in-
dicate the result on scale ¢ in inverse opera-

§ tions. : »
Another device for accomplishing this re-

sult is shown in Figs. 5 and 6, providing

three lenses 1,, 1y, 1. always kept equidistant
and in the same straight line by linkages
16 d,.e, f and ¢ pivoted together so as to per-
mit the lenses to be spread to thé desired
figures on the chart. Kach lens carries
marking indicating the central point of the
lens and when any two lenses are positioned
15 on their respective numbers of a problem
the third lens will by its point indicate the
third number or angle to which is the re-
sult desired. ‘ \
Scales A and C do not have to have the
20 same modulus and the relative spacing of the
scales A, B, C may be altered so as to give
alto?2or1tod or any other instead of
the simpler 1 to 1 vatio adopted in the above
examples, and the markings »f any or all
23 of the scales may instead of numbers be in
terms of trigonometric functions, angles,
logarithms or any other system adapted for
special use. Various auxiliary scales may
also be-added for instance to give higher
30 powers and roots or other functions of the
systems of scales A, B, C. Forexample add-
ing alog log scale (the logarithm of the log-
arithm of a number) -to scale C will enable
us to read any roots and any powers of num-
23 bers. For log #* equals n log ®. Then log
(n log @) equals log n plus log log . Then
cet n on scale A and » on the log log scale
on C and read the vesult (2°) on scale C.
Invert the operation to read roots. Other
40 scales D, ¥ might be combined with the
scales shown (see Fig. 2), scale D might
lie {o the Ieft of A’ for instance and B to

the right of C!. The results of calculations

on scales D and I may then be read from
45 scale B’. Or auxiliary scale D may lay
above A’ while scale I lies below C’ and

again the results of calculation on the scales”

D and B will be read off on the scale B”.
The segments of the logarithmic ' scales
50 may be arranged at right angles to the seg-
ments as shown in Fig. 2, this being equiva-
lent to placing scale A’ above the scale B’
and . scale ¢’ below scale B’. Or the scales
-~ might each be turned through a certain angle
53 such as 45° or a combination of any of these
arrangements might be used which would
permit using a number of special’ funcifonal
gcales in combinatien. In any of these cases
the chart would function exactly as before,
80 some desired .regular refation. being main-
‘tained between the lines of the respective
scales. : Co '
In Figs. 8, 9 and 10 further and preferred
embodiments of the invention are shown in-
83 volving a super-position of logarithmic scales

side by side along the same or adjacent lines,
Referring to Fig. 8 this form of the device is
constructed by super-imposing scales’A” and
¢’ (Fig.2) upon seale B’, In éther words,

scales A7 and €7 (Fig. 2) have been moved T

closer and closer together until they meet
at the center and coincide with alternate
lines in scale B’. The graduations of scale
A’ are placed at one side of these lines

while the graduations of scale ¢’ are placed 1

on the other side of the lines. Caleulations

can be made in exactly the same manneyr as
upon the cliart shown in Fig. 2, since the
product of two numbers always lies half way
between the two numbers. In using the three
Iens arrangement for a reading device as
shown (Fig. 8) for instance to multiply 5 by
6 the product 30 will be read off on the cen-
tral lens but in order to multiply two num-
bers that are very close together, it is neces-
sary to duplicate the set of scales shown in

Fig. 8 s0 as to provide two such sets of scales

tide by side, then any desirved caiculation
may. be provided for and the’device as a
whole will oceupy. only about two thirds of

the space occupied. by the three scales of
Fig. 2. C

A straight line embodiment of the prinei-
ples of the invention is shown in Fig. -9.
From ¢ to d in this device of Fig. 9 a loga-

vithmic scale A, is provided below two log-.

arithmic scales B, and B, of one half the
modulus of scale A’. If two numbers to be
multiplied are set off on scale A, their prod-
net can be read from scales B,, B, at a point
half way between the two numbers to be
multiplied. Thus 2X5=10 in the example

shown in the drawing. From ¢ to ¢ the-

scales A,, B, and B, are duplicated at A/,
B/ and B, to enable two numbers of nearly

the same value to be set off on scales 4, A,”

by means of the three lens device. In this

s

a8}

N

3

case also the produect of the two numbers

can be read off from the scales B,, B,, B,
B, at a point one half way between the
aumbers. From ¢ to f the scales B, B,
are repeated and the lower divisions of seale

* A, are marked off as the signs of angles

instead of numbers. From f o ¢ the scales B,”

~and B,” are repeated and-scale 4, is marked
-off as the tangents of angles. It is, of course.
not necessary that the modulus of scales B,, -

B,, B/, B,” be one half of the modulus of
scale A;. Changing the ratio of the two
moduli means changing the position: of the
middle lens accordingly. " In Fig. 10 the
straight line device of Fig, 9 is shown cut

»into segments arranged side by side in par-

allel compact form, there being, of course,
two lines for the scales B,, B, for each line
of the scale A,. If the modulus of scale B,,
B, were two thirds of the modulus of scale
A, instead of one half, it- would be necessary
to have two instead of one intermediate seg-
ment between each pair of segments of scale

110
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120
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A, and the middle lens of the three lens de-
vice would be spaced from the left lens a dis-
tance equal to two thirds of the distance be-
tween the two opposite lens.
Another embodiment of apparatus utiliz-
ing the principles of this invention is shown
in Figs. 11 and 12 in which. the three rollers
X, Y, Z are arranged side by side with their
axes parallel. Each roller X, Y, Z has
wrapped around its cylindrical surface a
seale corresponding to scale A7, B’ -or ¢ re-
spectively, the ségments of each scale being
parallel to the axis of the roller on which
1t is wound.
A’ and C’, the proper segment on scale B’
being determined by adding the numbers of
the segments used.on scales A” and O’ and
the result read by means of a hair line as
in Fig. 1. The three rollers X, Y, Z are
preferably intergeared, as indicated, by dif-
ferential mechanism W, so that the proper
segment on the third scale will always he

automatically brought to the front when the

other two rollers are rotated.

I claim:— :

1. A caleulating device comprising a plu-
rality of logarithmic scales each comprising
a series of parallel line sections of the same
scale, and a meinber adapted to move to va-
rious angular positions with respect to said
scales and adapted to indicate in a single
position the ealculation and the result of the
calculation. o '

2. A calculating device comprising a plu-
rality of logarithmic scales each comprising
a series of parallel line sections of the same
scale, and a member adapted upen relative
movement between said scales to various an-
gular positions with respect to said scales
and adapted to indicate in a single position
the caleulation and the result of the calcu-
lation. .

3. A calculating device comprising a plu-
rality of logarithmic scales each comprising
a series of parallel line sections of the same

" seale, a scale between said plurality of scales
b < )

and a movable member adapted to move to
various angular positions with respect to
said first mentioned scales and adapted to
indieate in a single position the caleulation
and the result of the calenlation at a point
on said scale between said first mentioned
scales.

4. In a calculating device the combina- -

Numbers can be set on scales”

1,655,819

tion with a plurality of scales each scale
comprising a plurality of parallel equally
spaced straight line sections of the same
scale, of a single member movable to dif-
ferent positions on said scales and having
indicating means intersecting the result
comprising means for permanently main-
taining three points in a straight line.

5. In a calculating device the combination
with a plurality of scales each scale compris-
ing a plurality of parallel. equally spaced
straight line sections of the same scale, of
a member movable to different positions on
said scales and having indicating means au-
tomatically moving to point to the result
when said member is positioned to indicate
the calculation on said scales.

6. In a calculating device the combination

‘with a plurality of scales each scale com-
prising a plurality of parallel equally spaced

straight line sections of the same scale, of a
member movable to different angular posi-
tions on said scales and having indicating
means intersecting the rvesult when said
member is positioned to indicate the calcu-
lation on said seales. o

7. In a calculating device the combination
with a plurality of scales each scale com-
prising a plurality of parallel equally spaced
straight line sections of the same scale, of
a member movable to different angular po-
sitions on said scales and having indicating
means automatically moving to point to the
result, _

8. In a calculating device the combination
with scales each comprising a series of num-
bered parallel lines, of a member adapted. to
be set ‘with relation to noints on certain lines
of said scales and automatically intersecting
the result on another of said scales at a
iine thereon numbered in a manner corre-

_sponding to the setting of said member on

said points. ’
9. In a calculating device the combination
with scales each comprising a series of num-

‘bered parallel lines, of a member adapted to

be set with relationi to points on certain lines
of said scales and automatically intersecting
the result on another of said scales at a line .
thereon numbered to be the sum of the
numbers of the lines containing said first .

mentioned points.

CHARLES RODNEY NICHOLS.
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