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10 Claims,  (Cl. 235-—89)

This invention relates to slide rules for solving equa-
tions and more particularly to such devices which. are
suitable for solving cubic and higher degree algebraic
equations.

It is often necessary to solve for the roots of a cubic or
higher degree equations, for example, in making a me-
chanical vibration analysis or in determining the compo-
nents of an electrical signal. While quadratic equations
can readily be sclved by means of the well known formula
therefor, cubic and higher ‘degree equations can only be
solved by considerable computations, utilizing for the
most part trial and error techniques.

The device of this invention enables the determination
of a real root of cubic or higher degree equations in a
relatively short period of time and with relatively little
effort as compared with prior art techniques. - Such roots
can be obtained to an accuracy high enough for most prac-
tical purposes.

In-the device of the invention, a base plate is utilized
having ' horizontal and vertical axes drawn -thereon.
Linear scales are drawn along each of said axes, one of
these scales representing “X” and the other scale repre-
senting functions of “X.” In a first embodiment, a curve
is drawn between the two axes to represent the log of the
functions of “X.” In a second embodiment, such a curve
representing the log of functions of “X™ is drawn on one
of the slide means to be described below.

Slide means may comprise a pair of transparent sliders,
each having a hair line-or a curve as indicated above,
scribed thereon are mounted along the sides of the base
plate for - sliding movement along one of the axes.
Mounted on one of these sliders for sliding motion is a
third slider having a scale indicating values of “X” each of
which appears at a point corresponding to the logarithmic
length of the indicated value of “X” to a predetermined
integral power greater than one. Additional sliders simi-

lar to the third slider and representing values of “X” cor-

responding to logarithmic lengths for other functions of
“X” may be used for solving equations higher than third
degree. The linear factors of the particular equation to
be solved which can readily be extracted therefrom, are
plotted on the-base plate.. By manipulation of the sliders,
as to be illustrated further on in the specification in con-
nection with the various illustrations, a real root of the

particular equation in question can readily be determined.’

It is therefore ‘an object of this invention to facilitate
the solution of cubic and higher degree equations.

It is a further object of this invention to provide a
unique -slide rule device for facilitating the solution of
algebraic equations. :

It is another object of this invention to provide a slide
rule device which greatly cuts down the time required for
the solution of cubic-and higher degree equations.

Other objects of this invention will become apparent
from the following description' taken in connection with
the accompanying drawings of which

FIG. 1 is an illustration of a first embodiment of the
device-of the invention for solving cubic equations, and

FIG. 2 is an illustration of the second embodiment of
the device of the invention for solving quartic equations.

Referring to FIG. 1, a first embodiment of the device of
the invention is illustrated. Base plate 11 which may be
fabricated of plastic or other suitable material, has a
series of lines 24 permanently scribed thereon to form a
checkerboard pattern. Along the edge 16 of the checker-
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board pattern which represents one axis, a linear scale rep-
resenting functions of “X” is permanently scribed on base
plate 11. On the edge 17 of the checkerboard pattern
which represents the other axis, a linear scale 19 and a log
scale 20 are permanently scribed. Permanently scribed
on the checkerboard pattern is a line 21 representing “Y”
which is equal to the log of functions of “X.” This line
represents the plot of values on the linear scale along edge
16 against the log scale 20. Thus, for example, the pro-
jection of “20” on the scale along edge 16 intersects the
“Y” curve (line 21) opposite “2” on the 2nd decade of
the log scale 20 which reprents “20” on this scale.

Mounted for sliding motion on base plate 11 along edge
line 17 are two sliders 30 and 31. These sliders may be
attached to base plate 11 for sliding motion along the
edges thereof by any suitable means such as, for example,
spring slips (not shown) which slide in grooves (not
shown) along the edges of the base plate. - Sliders 30 and
31 have knobs 33 on the ends thereof to enable the desired
manipulation thereof.,

Slidably mounted on slider 30 is a third slider 35.
This slider is mounted for movement relative to slider 39
parallel to the axis established by edge line 16. Perma-
nently scribed on slider 35 is a scale representing the
length of the log of X2 FEach numeral on this scale
designates a value of X which represents a logarithmic
length which is the same logarithmic length as that on
scale 20 designated by a numeral which is the square
thereof. Thus, for example, the length on scale 35 desig-
nated as 2 is equal to the length designated on scale 20 as
the square of 2 or 4; and the length designated 3 on scale
35 corresponds to the length designated 9 on scale 20, etc.

Each of sliders 36, 31 and 35 is made of transparent
material such as for example clear plastic. Sliders 30
and 31 each have hair lines 37 and 38 respectively scribed
thereon.

Base-plate 11 is fabricated of a material on which lines
can readily be drawn and erased therefrom such as, for
example, a roughened non-transparent plastic. -~ This is to
enable the drawing-in of lines 42 and 43 which represent
linear factors of the particular equation to be solved.
These lines are drawn in for each particular equation and
once the equation has been solved they are erased to allow
for future utilization of the device.

The device of the invention as illustrated in FIG. 1 is
utilized as follows. Let us assume that the following
cubic equation is to.be solved:

11X34-10X24-8X —120=0 (1)
As a first step, this equation is separated so that one

half the equation is on one side of the equals sign and the
other half on the other side as follows:

11X34-10X2=—8X+120 2)
The equation is then transformed as follows:
_ —8X+120
X=T1%+10 (3)

The linear factor 11X4-10 is now plotted on base plate
11 which is shown in FIG. 1 as line 42. Similarly, the
factor- —8X-120 is plotted as line 43. These two
lines are plotted for values of X as indicated on scale 19
against the functions of X as indicated on the scale along
edge 16. This can readily be achieved by merely finding
two points for-each line.

In solving the equation, slider 31 is first arbitrarily
positioned with its hairline 38 intersecting lines 42 and 43
and scale 19.  The intersection points are projected onto
curve 21, the intersection point for line 42 being indicated
in FIG. 1 as “W” and the intersection point for line 43
being shown as “V.” The slider 30 is then positioned
until its hairline intersects points “W.” Slider 35 is then
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moved until its scale Iine intersects point “V,” the origin
of this scale (marked “1”) passing through hairline 37.
If the reading on the scale of slider 35 where the scale
intersects curve 21 is the same as the reading on scale 19
where hairline 38 passes therethrough, this value is a root
of the equation. As can be seen slider 31 is positioned
experimentally until the identical reading for the particular
position assumed is obtained where slider 35 intersects
the projection point “V.” After one or two tries the direc-
tion one must go to obtain the correct solution will readily
become apparent and the operator will converge on this
solution in short order. It is to be noted that scale 35 is
positioned so that its origin indicated as “1” coincides with
the position of hair line 37.

The device is shown in FIG. 1 with the sliders almost
in position for the solution of the exemplary equation.
As can be seen, hair line 38 intersects scale 19 at 1.8 on the
scale. Points “W” and “V” are determined as herein-
before indicated as the projections of the intersections of
lines 42 and 43 with hairline 38 respectively onto curve 21.
With hair line 37 passing through point “W,” the scale
line of slider 35 passes through point “V” at 1.92 on this
scale. This indicates that the correct solution is some-
where between 1.8 and 1.92. Inspection of FIG. 1 will
indicate that when slider 31 is moved until it intersects
scale 19 at a point corresponding to 1.86, the scale of slider
35 will intersect point “V” at 1.86, thereby giving the cor-
rect real root, X=1.86. The embodiment of FIG. 1 can
thus be utilized to rapidly solve a cubic equation for a
real root.

Referring now to FIG. 2, a second embodiment of the
device of the invention is illustrated. This embodiment,
as shown in the illustrative example, may be uiilized for
solving quartic equations. The embodiment of FIG. 2
differs from that of FIG. 1 in that the “Y” curve represent-
ing the log of functions of “X” is drawn on one of the
sliders rather than on the base plate. Also, in this embodi-
ment, a pair of differential measurements are utilized in
arriving at the solution.

Base plate 11 has a linear scale 19 plotted along edge
line 17 and a scale representing functions of “X” plotted
along edge line 16, similar to the base plate described in
connection with FIG. 1. A first slider 3¢ having a hair-
line 37 thereon is mounted on the base plate for sliding
motion along the axis defined by edge line ¥7. Mounted
for sliding motion on slider 39, is slider 53. Slider 53 is
mounted for motion both along hairline 37 and normal
thereto. Slider 53 has a scale scribed thereon to represent
the logarithmic lengths of values of “33.” The numerals
on this scale indicate values of “X” representing lengths
corresponding to the log of “X3” similarly to the way
scale 35 in the embodiment of FIG. 1 represents values of
the log of “X2” These represented lengths are directly
related to “Y” curve 51 which is drawn on slider 50. Thus,
for example, the length from the origin to “2” on the scale
of slider 53 is equal to the length between the sliding
abscissa hairline 52 and sliding curve 51 as measured
vertically opposite “8” on the f(X) scale (along edge line
16).

Slider 50 is mounted for sliding motion on base plate
11 along the axis defined by edge line 17. Slider 50 has
a hairline 52 defining the abscissa of “Y” curve 51 which
is scribed thereon. “Y” curve 51 represents the plot of
functions of “X” (scribed along edge line 16) against a
log scale which is in conformity with the represented
values of log “X3” shown on the scale of slider 53. Thus,
for example, the length indicated by “2” on the scale of
slider 53 is equivalent to the length indicated by log “X3”
or log 8 on the log scale against which “Y” curve 51 has
been plotted. “Y” curve 51 is thus plotted similarly to
the “Y” curve of FIG. 1.

Lines 57, 58, and 59 each represent a linear factor of
the particular equation to be solved and are erasably
scribed on base plate 11 in making such a solution.

Let us now illustrate how a typical quartic equation
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is solved with the device of the invention shown in FIG. 2.
The illustrative equation is as follows:

X441 9X3—7X2—22X—12=0 4)

This equation is first separated so that one half thereof
is on one side of the equals sign, and the other half is on
the other side as follows:

X449X3=7X21.22X 412 (5)
This equation is then transformed as follows:

X 3X+7.32 )
2.333X-+-1.64 X149

The linear factors of the equation, 2.333X--1.64, X-}-9,
and 3X--7.32 are plotted on base plate i1 as lines 59, 57,
and 58 respectively. Each of these linear factors can
readily be piotted by merely finding points for two values
of “X” on scale 19 as plotted against the functions of “X”
set forth along line 16.
The equation is now solved as follows:
Slider 39 is first arbitrarily positioned so that its hair-
line 37 intersects lines 59, 57, and 58. These intersec-
tion points are designated in FIG. 2 as “g,” “b,” and “c”
respectively. Slider 83 is then positioned until curve 51
intersects point “c.” Slider 53 is then positicned so that
its scale line passes through point “4” and line 52 passes
through a point on its scale corresponding in its reading
to the scale reading of scale 19 where hairline 37 runs
therethrough. If the distance represented by the vertical
projection from point “b” and “Y” curve 51 is equal to
the vertical distance between the origin of the scale
scribed on slider 53 and “Y” curve 5% as measured along
the scale line, then a real root of the equation is the value
for “X” indicated by both the intersection point of hair-
line 37 and scale 19 and the intersection point of line 52
and the scale on slider 53. After a few experimental tries
with the sliders, the direction one must go to find the
root will become apparent, and the operator will rapidly
converge on the right answer.
The sliders as shown in FIG. 2 are positioned in the
correct position for the solution of the equation which
shows that a real root of the equation is “1.85.” As can
be seen, the vertical projection from point “5” to line 51
is equal in length to the distance between the origin of
the scale on slider 53 and “Y™ curve 51.
The same basic structure and techniques as illustrated
in FIG. 2 and described in connection therewith can be
utilized in solving fifth and higher crder equations with
but slight modification to the device.
The device of the invention thus provides relatively
simple yet highly effective means for solving algebraic
equations in a relatively short period of time as compared
with prior art techniques.
While the invention has been described and illustrated
in detail, it is to be clearly understood that this is intended
by way of iliustration and example only and is not to be
taken by way of limitation, the spirit and scope of this
invention being limited only by the terms of the following
claims.
Iclaim:
1. A slide rule for solving algebraic equations com-
prising
base plate means having horizontal and vertical axes
represented thereon, a linear scale being drawn along
each of said axes to represent “X” and functions of
“X” respectively,

first and. second transparent horizontal slider means
slidably mounted on said base plate means for move-
ment parallel to said vertical axis,

one of said aforementioned means having a curve

drawn thereon to represent the log of said functions
of ‘5X.7,

a third transparent slider means slidably mounted on

said first slider means for movement parallel to said
horizontal axis, said third slider means having a scale
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thereon representing the log of an integral power of
“X” greater than 1,

whereby- in achieving a solution to an equation, lines
are drawn on said base plate means between the axes
to represent linear factors of the equation, one of
the horizontal slider means is positioned to intersect
the lines so drawn, the other of the horizontal slider
means is positioned to relate the curve to the inter-
sections obtained with said one of the horizontal
slider means, and the third slider means is positioned
to obtain a reading on its scale corresponding to the
reading obtained between said one of the horizontal
slider means and the linear scale representing “X.”

2. The rule as recited in claim 1 wherein said curve
representing the log of said functions of “X” is drawn on
said base plate means, a log scale being drawn along the
axis on which said scale representing “X” is drawn.

3. The rule as recited in claim 1 wherein said curve
representing the log of said functions of “X” is drawn on
said second slider means, said first slider means having
a hair line drawn thereon.

4. A slide rule for solving algebraic equations com-
prising

a base plate having horizontal and vertical axes repre-

sented thereon, log and linear scales being drawn
along one of said axes, a linear scale being drawn
along the other of said -axes to represent functions
of “X,” a curve drawn between said axes to represent
the plot of said functions of “X” against said log
scale,

first and second transparent slider means having indi-

cator lines thereon slidably mounted on said back
plate for movement parallel to said one of said axes,
a third transparent slider means slidably mounted on
said first slider means for movement parallel to the
other of said axes, said third slider means having
a scale thereon representing the log of an integral
power of “X” greater than 1,

whereby an equation is ‘solved by drawing lines on said
base plate base between the axes to represent linear
factors of said equation, positioning the indicator line
of said second slider means to intersect said linear
factor lines, the intersections with said linear factor
lines providing projections ontco said curve represent-
ing the plot of said functions of “X,” positioning the
indicator line of said first slider means to intersect one
of said projections, and positioning said third slider
means to intersect the other of said projections, such
positioning being experimentally varied until coinci-
dence is achieved between the reading at the inter-
section of the indicator line of said second slider
means and said linear scale drawn along said one of
said axes and the reading at the intersection between
the scale of said third slider means and said curve
representing the plot of said functions of “X.”

5. The device as recited in claim 4 wherein said third
slider scale represents the log of X2,

6. A slide rule for solving algebraic equations com-
prising

a base plate having horizontal and vertical axes repre-

sented thereon, a linear scale being drawn along
each of said axes to represent “X” and functions of
“X?” respectively,

first and second transparent slider means  slidably

mounted on said base plate for movement parallel
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to one of said axes, said second slider means having
a curve drawn thereon to represent the log of said
functions of “X,” said second slider means having a
hair line scribed thereon,

a third transparent slider means slidably mounted on
said first slider means for movement along both said
axes, said third slider means having a scale thereon
representing the log of an integral power of “X”
greater than 1,

whereby in achieving a solution to an equation, lines
are drawn on said base plate means between the
axes to represent linear factors of the equation, one
of the slider means is positioned to intersect the
lines so drawn, another of the slider means is posi-
tioned to relate the curve to the intersections ob-
tained with said one of the slider means, and the third
slider means is positioned to obtain a reading on
its scale corresponding to the reading obtained be-
tween said one of the slider means and the linear
scale representing “X.”

7. The rule as recited in claim 6 wherein the scale on
said third slider means has a scale thereon representing
log X3, '

8. In a slide rule for solving algebraic equations,

base plate means having vertical and horizontal axes
scribed thereon, one of said axes having a linear scale
representing values of “X” scribed therealong, the
other of said axes having a linear scale representing
functions of “X” scribed therealong,

first and second slider means mounted on said base
plate means for slidable motion along said one of
said axes, and

third slider means for representing lengths correspond-
ing to the log of a predetermined function of “X,”
said third slider maens being mounted on said first
slider means: for slidable motion normal to said one
of said axes,

one of said aforementioned means having a curve
scribed thereon corresponding to the log of said
functions of “X” scribed along the other of said axes,

whereby in achieving a solution to an equation, lines
are drawn on said base plate means between the axes
to represent lincar factors of the equation, one of the
slider means is positioned to intersect the lines so
drawn, another of the slider means is positioned to
relate the curve to the intersections obtained with
said one of the slider means, and the third slider
means is positioned to obtain a reading on its scale
corresponding to the reading obtained between said
one of the slider means and the linear scale repre-
senting “X.”

9. The rule as recited in claim 8 wherein said curve
corresponding to the log of said functions of “X is
scribed on said base plate and said second slider means
has a hair line scribed thereon.

10. The rule as recited in claim 8 wherein said curve
corresponding to the log of said functions of “X” is
scribed on said second slider means.
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