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SLIDE RULE OF CIRCULAR TYPE,
SET FOR EQUATIONS -
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Filed June 9, 1965, Ser. No. 462,514
2 Claims. (ClL 235—84)

This invention relates to slide rules for performing
mathematical functions.to obtain a more accurate solu-
tion than what was previously possible- in conventional
slide rules, and more specifically is an improvement over
slide rules of the type disclosed in the United States
Patent No. 3,071,321.

At the present time, slide rules, either straight line
or circular, can solve only sunpler problems of quad-
ratic and cubic equations, being not capable of solving
polyriomial equations in x of higher degree.

Accordingly, it is an object of this invention to provide
a circular rule of simple construction that is accurate
and can be used with facility for various polynomials in x,
finding real and imaginary roots and solving given equa-
tions.

Another object of this invention is to provide a slide
rule by means of which a given equation of higher de-
gree can be transformed into another equation of lower
degree, defining coefficient for every new term.

A further object of this invention is to provide a slide
rule carrying out separate calculation for every term
of equation on base of ordinary value of x for every
term, while other values, as x2 and x3, for example, are
obtained automatically on account of special combina-
tion of ordinary, square and cubic scales.

Still another object of this invention is to provide a
slide rule for simultaneous observation of calculation for
every term-of equation for given root and for synchro-
nous rotation of corresponding disks to avoid errors
which can occur in rotation every disc separately.

Still further object of this invention is to provide a
slide rule for solution equations of Pythagorian type
known as R2=424b2 and applicable in calculation of
imaginary roots or sides of a right-angle triangle, even
avoiding squaring of numerical values.

Still further object of this invention is to prov1de a
slide rule which by way of practical proof contrib-
utes to mathematics as for example in analyzing of equa-
tions of 5 and higher degrees, in solution of equations
for imaginary roots and in carrying out four basic math-
ematical operations on the same pair of Jlogarithmic
scales.

And still another object of this invention is to provide
aforesaid slide rule which in addition of being accurate
for solving equations, will be specifically adapted to uti-
lize the advantages disclosed in the slide rule in Patent
No. 3,071,321 of the same inventor:

These and other objects of the hereinbelow disclosed
novel slide rule, will become apparent to those skilled
in the art by referring to the following description taken
together with the attached drawings. It is to be under-
stood, however, that the drawings are for illustrative
purposes only, and are not to be used as limiting the
scope of this invention.

FIGURE 1 is a plan view of a circular slide rule,
set for an equation that is construed in accordance with
the invention;

FIGURE 2 is the backside view of the novel slide
rule of FIGURE 1.

FIGURE 3 is an elevational view of the novel slide
rule of FIGURE 1 and FIGURE 2. _

To facilitate the description of the invention it will be
noted that a limited number of scales are shown in the

attached- drawings and will be described. This limita-
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tion, however, should not be construed as defining a
limitation of the invention, inasmuch as the number
of sets and scales can be varied in accordance with the
desired degree and type of equation.

Now referring to the drawings and specifically to the
drawings FIGURE 1 and FIGURE 3, the novel slide
rule as shown has five separate slide rules placed on the
front side of plate 01. Each of these slide rules, which
will be referred to as sets 1, 2, 3, 4 and 5, are pro-
vided for calculation of corresponding term of given
equation comprising values of x with different exponents:
x3, x2, x, x~1 and x—2, as shown on said plate 01,  Each

set 1 ... 5 of the novel slide rule is composed -of
three concentrlc discs, two of each “a” and “b” are for
scales “a” and “b” and third “c” is provided mainly

for aligning numbers on diﬁ'erent scales and will be re-
ferred to as searcher disc “c.” Every disc of a set to-
gether with plate 01 have aligned central openings 154,
b, ¢, d; 25a, b, ¢, d; 35a, b, ¢, d; 45a, b, ¢, d; and
554, b, ¢, d and pivot-pins 16, 26, 36, 46 and 56 respec-
tively which fasten said sets together and to common
plate 01 and permit the rotation of discs relative fo each
other.

The discs “a” and “b” (1 ... 5) progressively de-
crease in diameter, and are provided with periferal loga-
rithmic scales 11a, b, 21a, b, 31a, b, 41a, b and 51a, b
respectively. Scales 11a, 21a and 31a, b, are provided
for multiplication and disposed in opposition to each
other, whereas scales 414 and b and scales 51a and b
are provided for division and disposed in the same di-
Each disc 1b, 2b, 3b, 4b and 5b has reading
tab 12b, 22b, 32b, 42b and 52b respectively with cor-
responding reference hairline 135, 23b, 33b, 43b and 53b
which will be referred to as reading tabs.

The discs “c” have searcher tabs 12¢, 22¢, 32¢, 42¢
and 52¢ with reference hairlines 12¢, 23c¢, 33c¢, 43¢ and
53¢ respectively. Tabs “c” and “b” are transparent for
reading numbers on scales “a@” and “b.” REach of discs
“c” (1 ...5) is provided with a hole in radial di-
rection of hairlines 13c, 23c, 33c¢, 43¢ and 53¢ respec-
tively located on the same distance from corresponding
centers. They are provided for synchronous rotation
of all discs “¢” (1 ...5) by means of a common
bar 02 with five axes 024 located on the same distance
one from other as corresponding holes in discs “c.” - Simi-
larly disecs “b” (1 .. . 5) have three holes each for
synchronous rotation discs- “b” by one other bar (not
shown) similar to bar 02 for, selecting such a group of
holes which will not interfere with operation of bar 02.

Referring now to the drawings, FIGURES 2 and 3, the
novel slide has other five separate slide rules, which will
be referred to as sets 6, 7, 8, 2 and R placed on back
side of common plate 01. Sets 6 . . . 9 each have two
discs “a” and “b” with logarithmic scales 61a, b; 71a, b;
81q, b and 91q, b respectively, Discs “a” are not real
movable discs but drawn pictures on plate 01 together
with scales 61a, 71a, 81la and 9la, reference lines 63a,
73a, 83a and 93¢ and corresponding reference boxes
64a, 74a, 84a and 94a, which can be seen only through
transparent disc “b” and searcher tabs “c.” Searcher discs

<.6¢, Tc, 8¢ and 9c¢ have reference hairlines 63c, 73c, 83¢
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and 93c respectively. Each of discs is provided with.
a hole in radial direction of hairline “c” for their syn-
chronous rotation by means of bar 02, using only 4 axes,
or by a similar bar. All discs of a set (7 .. . 9) have
aligned central openings 65, b, c; 75a, b, c; 854, b, ¢
and 95q, b, ¢ and pivot-pins 66, 76, 86, and 96 respec-
tively. Openings 65¢, 75¢, 85¢ and 95¢ coincide with
plate openings 55d, 45d, 35d and 25d respectively, while
plvot pins 66, 76, 86 and 96 are contmua’uons of pivot-
pins 56, 46, 36 and 26 respectively, as shown.
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Two arrows at each set 6, 7, 8 and 9 relate to one factor
and sum of addition as it is explained by way of an
example for every set and can be found in continuation
of this description.

Set R, which is provided to carry out equation of type
R2=424-b? known as Pythagorian equation, has one non-
movable disc R1a with ordinary scale R11a, square scale
R11ag, hairline R3a, reference box Rda, all drawn on
back side of plate 01 and two real discs R1b and Rle.
Disk R1b has square logarithmic scale and tab R2b with
reference hairline R3b at index 10 of scale R115. Disc
R1c is provided with reference line R3c and will be re-
ferred to as searcher disc. All discs Rla, R15 and Ric
have aligned central openings R5a, b, ¢ and -pivot-pin
R6. Opening RS« coincides with opening 154 of plate
01, while pivot-pin R6 is the continuation of pivot-pin 16.
Two arrows shown at set R relate to one factor -and sum
of addition as it is explained in continuation by means
of an example.

Referring again to the drawing FIGURE 1 with loga-
rithmic scales 11a . . . 51la and 115 . . . 51b, the novel
slide rule is used for solution of polynomial equation in x.
To solve for example an equation of fifth degree by means
of five pairs of scales “a” and “b” as shown, consider
equation:

x8—3x4—47x34-27x24622x-1-840=0

This equation as known is a particular case of a gen-
eral equation of fifth degree which can be expressed as:

X5 prxt-tsexd L t5x2 U+ g5=0

where —ps is the sum of five roots x;, X3, X3, x5 and x5
which equals --3, g5 is the product of the same roots
and equals 840, while s5, #; and u; are coefficients which
equal —47, 27 and -4-622 respectively as given in the
particular equation.

Before proceeding to the work with the novel slide
rule it will be of certain use to divide both sides of given
equation by x2 gelting new form of equation with dimin-
ished values of x and rearranged as follows:

x8—3x2—47x1622/x+ 840/ x2=—27
or generally:
X3 psx®4-s5xt 15/ X g5/ x2=—1;

To start working on the novel slide rule certain value
of x has to be chosen, no matter which one. If so chosen
value is wrong, then the sum of all terms of the given
equation will not be equal —27 ‘as given. Consider now
solution of the equation with x=>5, which will be referred
to as root x;. Align, by hand or by a bar similar to
bar 02, all hairlines 13b, 23b, 33b, 43b and 53b in corre-
sponding tabs “b” of discs 1b, 2b, 3b, 4b and 5b with
middle line LL of plate 01. Then, holding all discs “b”
in the obtained position by hand or by said bar to pre-
vent their rotation, align by hand or by bar 02 all hair-
lines 13c¢, 23c, 33c, 43¢ and 53c of searcher discs 1c, 2c,
3¢, 4c and 5c¢ with numbers 5 of corresponding scales
115 . . . 51b. In next step rotate one by one discs “a”
to put in alignment coefficient of every term with 5 of
corresponding disc “b,” still holding all'5 discs in the
same position by said bar as shown. A term such as x3
is said to have coefficient 1. So align now index 1 of
scale 11a with 5 of scale 11b, number 3 of scale 21a with
5 of scale 215 number 47 of scale 31a with 5 of scale 315,
number 622 of scale 41a with 5 of scale 415 and num-
ber 840 of scale 51a with 5 of scale 51b. All results
now appear in reading tabs “b” on line LL. It is under-
stood to be known how to read place-value of every
vesult on ordinary, square and cubic scales. Supply
shown results with plus and minus signs taking them for
positive root x;=>35 directly from the equation. It will be:

125—75—-235--124.4+4-33.6=—27

The equality of the left-hand and right-hand sides of
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the equation is a proof that root xs=35 satisfies given
equation. '

As described each one of the five roots of the given equa-
tion can be found. To do it easier and more quickly
keep every “a” disc from moving, fastening them to plate
in shown position, for example by means of paperclips
(not shown). Then proceed as follows. Rotate all five
discs 1b . . . 5b simultaneously using one bar for their
rotation and hold all five searcher discs 1c . . . 5¢ in
shown position by means of bar 62. Then number 5 of
scales “b” will be changed on one other but the same
number on scales “b.” The set of scales “b” by means
of hairlines “c” will be shown in alignment with the same
given coefficients as it is shown on scales “a” for number
5. The reading tabs 12b . . . 52b will be all shifted
on the same angle from middle line LL of plate 01 show-
ing new results for every term of the equation. The
user of the novel slide rule will learn very soon to quickly
add the last digits as soon as possible to get —7 the last
digit of given. —27. Then the user will realize also that
the difference between both sides of one equation will
first increase slowly then decrease slowly until it becomes
0 and new root discovered. If said difference increases
fast, no root to be expected. Some of roots will negative,
in which case plus and minus signs will be changed only
at terms having odd exponents as for example at terms x
and x3. In such a case the sequence of shown signs will
be —, —, +, —, . The roots x4, X3, X and x; which
are +7, —4, —3 and —2 (not shown) can be easily
demonstrated on in a similar manner as root x;=S5.

In some cases the obtained result is not precise enough
and has to be rechecked on some other way. This is
also provided at novel slide rule.

Referring now to the drawings FIGURE 2 and FIG-
URE 3, the root x5=5 will be checked at given equation
of fifth degree

© x8—3x4—47x3-27x24622x4840=0

The checking will be performed by elimination root 5
from every term. of given equation, getting a new equa-
tion of fourth degree as shown. The procedure is the
following. Align reference hairlines 63c, 73¢, 83¢ and
93¢ of searcher discs 6¢, 7c, 8¢ and 9¢ with correspond-
ing numbers 5 of scales 61a, 71a, 81a and 91a respec-
tively using bar 02 or alike for synchronous rotation of
said four discs “c.” Hold discs “c” in obtained posi-
tion by means of the same bar and rotate now one by
one discs “b.” Align 840 of scale 61b with 5 of scale
61a. Read the quotient of division 840/5 on line 63a
in box 64a, which is 168, as shown. Add now next co-
efficient 622 to 168 which equals 790. This addition
is also shown on logarithmic scales 61a and 61b. The
distance between numbers 168 and 622 in logarithmic
units amounts 3.7 (scale 61a4) in alignment with 622 of
scale 610 (see arrow). Add +1 to 3.7 getting 4.7.
Read opposite to 4.7 of scale 61a the sum 790 on scale
61b (see other arrow). .

Now align number 5 of scale 7la with number 790
of scale 715, rotating scale 710, and holding discs “c”
in obtained position. Read the quotient of division
790/5 on line 734, box 64a. It amounts to 158 as shown.
Add next coefficient 27 to 158 what equals 185. Show
this addition on scales 71a and 71b, defining distance
between 158 and 270 (caution, it is not 27) of scale 715
with logarithmic units of scale 71h. It amounts ap-
proximately 1.7 at 270 (see arrow). Diminish ten times
this amount for addition of 158 and 27 getting .17.
Add now +-1 to .17 getting 1.17. Read opposite to 1.17
pf scale 71a the sum 185 on scale 71b (see correspond-
iNg arrow).

Now align number 185 of scale 815 with number 5 of
scale 8lg, moving scale “b” and holding scale “c¢” in
shown .position. Read the division of 185/5 as 37 of
scale 81b aligned with line 834, box 84a. Add next co-
efficient —47 of given equation to 37. Get —10: Show
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this addition (subtraction) on scales 81a and 815 defin-
ing distance between 37 and 47 (caution, it is not —47)
of scale 81b in logarithmic units of scale §1a. Get 1.27.
Having difference instead of ‘a sum subtract 1 from 1.27
obtaining .27. Multiply .27 times 10 which equals 2.7.
Read opposite to 2.7 of scale 81a the difference 10 of
scale 81a (see corresponding arrows for 2.7 and 1.27).

Now align number 10 (it is 10) of scale 91b with num-
ber 5 of scale 9$1a, moving scale “b” and holding scale
“c” in obtained position. Read the division of —10/5
as —2 (shown 2) on line $3a, box 94a. Add next co-
efficient —3 to —2. Get —5. Show this addition on
scales 91g and 915 defining distance between —2 and—3
(scale 81b) as 1.5 in legarithmic units (scale 8ia). Add
plus 1 to 1.5 obtaining 2.5. Read in opposition to 2.5
of scale 91a the sum 10 as —10 for negative numbers
(see arrows at 1.5 and 2.5). This satisfies the equation,
because —5/5 is —1 what with next coefficient -1 make
0. The root x; on this way is eliminated, creating new
equatica of fourth degree with new coefficients for every
term of equation as shown on lines 61a, 71a, 81a and
914, so the new eguation is:

x44-2x3—37x2—158x—168=0

It is properly to be noted that every coefficient (nu-
mercial value) changed its sign from what was shown
at checking of the equation. In general terms this equa-
tion is:

x4 pya® s tyx+s=0

The root x; can be found from this equation and then
eliminated from it getting new cubic equation of general
form:

X34 pax?4s3x-tq3=0

The root x; can be found from  the obtained cubic
equation, which again can be transformed in new square
equation:

X2 4-pox+gy=0 .

It is apparent, that performing of the equation of di-
minished degree on the novel slide rule demands less
and less sets to be engaged, dealing in the same time with
smaller numbers. How simple it can be for a square
equation, consider a problem to find roots x; and x,, hav-
ing equation:

x24+52x-4235=0

Referring now to the drawing FIGURE 1 set x, put
reference line 33b in alignment with number 235 of
scale 31a. Move now searcher disc 3¢ back and forth
until by means of reference hairline 33c¢c two opposite
numbers are found, whose sum is 52. Those numbers
are 47 and 5 as shown. Having positive term x and
positive constant term 235 roots x; and x, will be nega-
tive as known.

Referring now again to the drawings FIGURES 2 and
3, consider a problem to solve an equation, having imagi-
nary roots, as shown on scales Rila (R11aa) and R11b:

x2—6x+25=0

This equation may be both independent and the rest
of an equation of a higher degree after other real roots
are found. No real roots can be found for this equa-
tion, but the rule, that —p is the sum of roots x; and x,
and g is the product of x; and x; will be applied now to
the complex roots known as a8/ and a—bi. Their
sum is 2a, their product is as known

(a+4-bi)y (a—biy=a2+4b2
This is expressed on the drawing FIGURE 2 as
R2=q2 - p?
where R has the same meaning as product g. So 2a==6,
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a==3 and R?=25 as given. To find now value of b put
3 of scale Rilg in alignment with reference hairline
R3b in tab R25, rotating disc R1b because disc Rla is
drawn on plate 1. Put 25(R?) of scale Rilag, which
equals 5(R) on scale Rila, in alignment with reference
hairline R3¢ of disc Ric.. Read now distance between
3 and 5 of scale R1l« in logarithmic units as 27.8. Sub-
tract 10 from 27.8, obtaining 17.8. Opposite to 17.8
read 4 on scale R11b, which is b. Now complex roots
are known, they are 34-4i and 3—4i. Their sum is
—py=3-+4-4i4+3—4i=6, their product

@i=(3+4i) (3—4i)=25

Set R can be used for rectangle and triangle, as well,
finding out one side if two others are known (squaring
will be avoided). In the same time other calculations
are shown on the same scales R1la and R11b. For ex-
ample, division of 10 by 32 (see reference hairline R3b)
or division of 27.8 by 52 (see reference hairline R3c) is
1.11 as shown on scale R11b in alignment with line R3a
in box Rda. Some other calculations can also be shown
on other sets, particularly on sets x3 and x2 what only
makes the novel slide rule more attractive.

Having thus described my invention, I claim:

1. A slide rule calculator comprising a plurality of
circular slide rules mounted on a common base, wherein
the axis of each said slide rule, falls on a straight line,
and wherein each slide rule comprises a plurality of cir-
cular discs of decreasing diameter mounted on a com-
mon axis, the largest disc being mounted closest to the
base, with the discs of smaller diameter superimposed con-
centrically thereover, each slide rule including a searcher
tab mounted over the said discs, and about the same axis
wherein said tab is provided with a hairline for aligning
predetermined portions of the concentric discs, each of
said discs being provided with logarithmic scales, and
wherein at least one scale on one of the said slide rules,
has a logarithmic scale in a reverse direction than on
the other slide rules, one of said discs including an index
tab with a hairline to align the said disc with a specific
predetermined portion of the scale on the adjoining con-
centric disc in - combination with means joining the
searcher tab on all the slide rules, so that all searcher
tabs can be set simultaneously upon the setting of one
of the searcher tabs, thereby coordinating the function-
ing of all the slide rules into one calculating unit facili-
tating the necessary computations to ascertain the roots:
of equations of varying degrees.

2. A slide rule calculator as in claim 1, wherein the
said means comprises holes provided in the searcher tabs
along a radial line equidistant from the centers of the
axis of each of the slide rules, in combination with a
rod having a plurality of pegs adapted to be inserted
into each of said holes, whereby movement of any one
of the searcher tabs will cause all of the searcher tabs
to be moved simultaneously, due to the rod, and further-
more permitting the searcher tabs to move rotatably with
respect to the said pegs.
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