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4 Claims.

The invention described herein may be manu-
Tactured and used by or for the Government, for
governmental purposes, vithout the payment to
me of any royalty thereorn,,

This invention relates to manually operated
mathematical computers. for solving mathemati-
cal and complex algebraic or vectorial problems,
without requiring special scales for these func-
tions..

A commonly used manual computing device is
known as the logarithmic slide rule. It is capa-
ble of providing solutions to problems in arith-
metical multiplication and division; derivation of
roots and powers; determination of trizonometri-
cal evaluations; multiplication. and division of
vectors; and the resultants of complex algebraic
computations.. However, it. has the disadvantage
of requiring the remembering of complicated for-
mulas and also of requiring the visual reading
and recording by pencil of results of partial an-
swers for use in subsequent steps of a given oper~
ation. In addition different parts of the loga-
rithmic scales permit different: degrees of accu-
racy in reading results. An even more serious ob-
Jection is the mecessity for several operations or
settings to attain results that are attainable with
one operation or setting, by use of the present
invention.

It is an object of this invention to provide a
new and improved computing implement that will
avoid one or more of the disadvantages and lim-
itations of instruments used for a similar purpose
in the prior art, and permit appreciably greater
scale accuracy than obtainable with a similar size
of scale members in comparable computers.

An additional object of the present invention is
to provide a new and improved computer that can
perform the operations of multiplication, division,
finding roots, powers, triconomestrical solutions,
vectorizing in various ways and other mathemati-
cal processes, in an effective and convenient man-
ner; requiring a minimum of mathematical train-
ing or understanding on the part of the user.

For a better understanding of the invention,
reference is made to the appended drawings and
following description, illustrating a general struc-
ture and operation of an appliance involving its
principles, while the scope and spirit of the in-
vention is particularly pointed out in the claims.

In the drawings—.

Figure 1 is a general perspective view of a cal~
culator embodying this invention,

PFigure 2 is a detail of the pivot mechanism used
in the structure shown in Figure 1,

Figure 3 is a diagrammatic outline of the cal-
culator being employed for multiplication and
division (67,

PFigure 4 is a diagrammatic outline of the cal-
eulator heing employed for multiplication and
division (6X7) using another method,
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Figure 5 is a diagrammatic outline of the cal-
culator being employed for multiplication and di-
vision (6=+-2) in the areas adjacent to the pivot,

Figure 6 is g similar diagram, for finding (72)
or roots of a number,

PFigure 7 is a diagram for calculating trigo-
nometrical values (sin., cos., tan.),

Figure 8 is a diagram for converting polar to
rectangular vectorial coordinates, or the reverse,

Figure 9 is a diagram of another method for
polar to rectangular vectorial coordinate conver-
sions,

Figure 10 is a diagram showing a first step in
adding two angles on the upper scale,

Figure 11 is the second step in such an addi~
tion, :

Figure 12 is a diagram indicating a first step
in an alternate method of adding or subtracting
angles on lower scale, ‘

Figure 13 is a second step in this alternate
method of angular addition or subtraction.

Figure 14 is a final step in this alternate
method,

Pigures 15 to 20 are diagrams illustrating a
combination of the angular addition and scalar
multiplication methods shown above in the steps
employed in a numerical example for multiplica-
tion or division of vectorial quantities by the use
of this invention.

Like reference characters pertain to like parts
throughout the drawings.

Referring especially to Pigure 1, wherein is
shown the structural composition of a manuzlly
operated computing implement, the implement
comprises primarily, a pair of flat cross-sectioned
rectangular plates 30 and 31 respectively of plas-
tic, cardboard, metal or other suitable material,
that is relatively thin, strong, moderately flexible
and capable of being legibly marked or printed
on to designate the computing characteristics of
the device. The plate 30 is termed the upper
plate, while plate 3! is termed the lower plate.
The characters marked on the plates are arith-
metical indicia, and rectangular coordinates.
The ordinates 37, designated by indicia 32 on
the plate 30, are parallel to the straight edge 33
of the plate 39 and cross the plate from the top
edge to the bottom edge of the coordinate system
of markings. From the straight edge 33, abscissa
lines 34 are projected at right angles to ordinate
lines 37 and cross the plate to ordinate 35. The
top and bottom abscissae are designated the “a”
base lines. Right and left ordinates are desig-
nated the “/b” base lines. The graduations 36
The abscissae 34 and
ordinates 37 form a cross-sectioned picture simi-
lar to that printed on conventional, rectangular
coordinate plotting charts. On the “jb” hase line,
the graduations are printed 0, 2, 4, 6, 8 and 10
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with subdivision abscissae in between to permit
reading in between to decimal values. Likewise,
the “a” edge is graduated and printed 0, 2, 4, 6,
8 and 10, with the ordinates 37 developed there-
from.

The upper plate 30 has its corner portion 38
enlarged and apertured to form a pivot center
on which to rotate it. A stationary protractor
seale 39, marked from 0° to 90° in angular meas-
ure is printed about this corner and is of suffi-
cient size to make it easily used and read. The
plates are preferably of white polished surfaces
with the markings in black or red or a combina-~
tion thereof. Their computative faces are termed
their operating planes, as'a matter of identifica-
tion.

" The lower plate 31 is similar in form, size, grad-
uations and markings and rotates about the same
pivot center. Its “jb” edge is designated 41; the
radial edge 48; abscissae lines 42, its “a” edge 43
and the ordinates 48. Likewise, its enlarged pivot
corner is designated 85 and its protractor 46.
The plate §! is the foundation and is surmounted
by the plate 30, slidable across it in arcuate man-
ner. A rotary magnitude scale 59 which is pref-
erably of rectangular form and narrow width
extends from its enlarged pivot corner across and
rotates about both plates 30 and 81. It is marked
and spaced with graduations 47 similar to those
used on the plate edges, that is, 2, 4, 6, 8, and 10.
The scale is of similar material to that of the
plates, its edge 48 is used as a straight edge for
alignment with the markings on the plates dur-
ing the process of computing.

An angular scale 5{, preferably of transparent
plastic,. having an alignment edge 49 without
graduations, is likewise enlarged at one corner
52 and pivoted at the pivot center to rotatably
slide over the plates 3¢ and 31, and coordinate
with the markings thereon for computing pur-
poses. This scale is not necessarily marked with
graduations, but may have its radial edges at
an angle of 45° for ease in mechanical opera-
tions. The plates 30 and 31 and scales 50 and 5!
revolve about the same common pivot center and
are held together by the use of a grommet or
rivet as indicated in the drawings, although a
conical form of perforation with corresponding
conical pivot member and a spring member T8
is preferable as allowing means to minimize lat-
eral displacement due to wear. Friction or spring
washers 7§ or similar means are used to prevent
relative displacement of the members as desired,
during rotation. The scale 51 is known as the
angular arm. The pivot portions of all the pre-
viously mentioned parts are enlarged and aper-
tured to facilitate their common attachment by
means of the gsrommet or rivet or other pivot
member.

The magnitude scale 50 has a right angled fri-
angular slider 5T of transparent plastic, clipped
and mounted so it can travel longitudinally along
on the graduated edge of the magnitude scale
at right angles to the magnitude scale, but is
easily removable. Its perpendicular side gen-
erally faces toward the pivot center and the hy-
potenuse 57 away from same. It rides on the
base 58 which may also have a vernier 59 on it.
In addition, a marker 60 of rectangular contour
as indicated, serves as a vernier slidable on the
same scale 50 on the edge generally used to reg-
ister the angular values. Other similar markers
80 of vernier character may be provided on other
edges as noted: L o
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Various computations and calculations can be
made on the implement by the proper manipula-
tions of the plates and arms in coordination with
each other. Some of the principal computations
made for conventional requirements are illus-
trated in the following description of operation in
connection with the various diagrams concerned.
Additional computative processes will occur to
the user familiar with the mathematical prin-
ciples involved.

Examples are briefly detailed in the follow~
ing paragraphs.

By mastering five simple steps in the opera-
tion of this calculator, the student, engineer, or
physicist is enabled to find fast, accurate graphic
solutions of most complex vectorial problems
without the necessity of recalling complex formu-
las or constants. e Co :

The fundamental operations shown below are
few and simple; by application of common sense
they may be extended to cover practically any
vectorial or similar problem. Decimal places may"
be determined by inspection, as with the
logarithmic slide rule. o

While accuracy of one part in one hundred is
sufficient for many engineering applications, an.
accuracy of one part in one thousand may be
obtained generally by careful manipulation of
the calculator. )

1. Multiplication and division

A first method of multiplication and division:-

To multiply one number by another, one rotary
arm is rotated until its “10” index is opposite to
(parallel with) the first number (multiplier) on
the desired plate “jb” scale, as shown in Fig, 3,
for the case 6X7=42. The product is read on
the “jb” scale, opposite the second number (mul-
tiplicand) on the arm. This product is mul-
tiplied by 10 to compensate for the mechanical
decimation applied.

To divide one number by another, steps of the
above operation are merely reversed. The “10”
index of the rotary magnitude arm is placed op-
posite the divisor number on the plate “jb” scale,
and the dividend is read on the rotary mag-
nitude arm, opposite the number to be divided
(multiplied by one tenth) on the plate “5b” scale.
This operation is also shown in Fig. 3. '

A second method of multiplication and division:

Ancther more aceurate method of multiplica~
tion is to use a straight-edge or triangle at right
angleés to the rotary magnitude arm, and slidable
along its length, to establish parallel lines con-
necting the desired values on the rotary mag-
nitude arm and plate scales. 'This is shown in
Tig. 4 for the case 6X7=42.

To multiply by this method, the normal edge
of the straight edge or triangle is held at right
angles to, and opposite, the first number (mul-
tiplier) on the rotary magnitude arm 5@, and ths
rotary magnitude arm 50 is rotated until the
edge of the straight edge 55 crosses the plate
scale 33 at its “10” index. The triangulayr slider
57, Fig. 1 is now slid along the rotary magnitude
arm 58 (being careful not to change the angle
between the rotary magnitude arm 58 and fixed
seale) to intersect the multiplicand on the plate
seale 23. The produet (divided by 10). is found
opposite the straight edge.reference line 56 .on
the rotary magnitude arm 58 and multiplied by
10, mentally. C ! o

To divide by this method, steps of the previous
operation are reversed,-as shown by Fig. 4.. The
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straight edge 56 is: held at right angles tg, and
opposite, the divisor on the rotary magnitude
arm 50, and the rotary magnitude arm 80 ro-
tated until the straight edge 56, Fig. I, intersects
the “10” index on the plate scale 33. The tri-
angular slider 57 is now slid along the rotary
magnitude arm 50 until opposite the number to
be divided, on the roftary magnitude arm 50, and
the answer read at the intersection of the plate
scale 33 and triangular slider 57.

Where numbers with widely differing decimal
places are used, the “1” index instead of the
“10” index of either scale may be used, fo se-
cure more accurate readings, as illustrated in
Fig. 5.

2. Roois and powers

The square of a number is determined by mul-
tiplying the number by itself, by either of the
metheds previously shown. As shown by Fig. 6,
the “10” index of the rotary magnitude arm 50
is placed opposite to the number desired to be
squared, on the plate “Jb” scale 33, and the
square of the number (divided by 10) is read on
the plate scale 33, opposite the number being
squared on the rotary magnitude arm 50.

While the square root of a a number may he
extracted by formula, or by logarithmic means,
for most purposes a reversal of the steps shown
in squaring above will be preferable. The ap-
proximate square root of the number is deter-
mined by inspection, and the rotary magnitude
arm 50 slowly rotated until the same number
may he read simultaneously (@) on the. plate
scale 33, opposite the “10” index on the rotary
magnitude arm 58, and (b) on the rotary mag-
nitude arm 50 opposite the number whose square
root is required, on the plate scale 33.

3. Trigonometric functions

Trigonometric functions of angles may be
found as shown in Fig. 7. The sine of angle ¢
may be read on the vertical plate scale 33, oppo-
site the “10” index on the rotary magnitude arm
50, when the rotary magnitude armx 58 is set to
angle ¢ on the protractor scale 39.

The cosine of angle ¢ may be read on the hori-
zontal plate scale 36, opposite the “10” index on
the rotary magnitude arm 59, when the rotary
magnitude arm 50, Pig. 1, is set to angle ¢ as
above.

The tangent of angle ¢ may be read on the
vertical plate scale 33, copposite the intersection
of the rotary magnitude arm 50, with the 10 line
of the vertical scale 35 for angles under 45°,
For angles over 45° the tangent is read, similarly,
on the 1 line of the vertical scale.

The secant, cosecant and cofangent may be
found by using the reciprocal relations, usually
employed, or read directly.

To multiply, or divide a number other than 10
by the trigonometric function of an angle, it is
merely necessary to use the absolute value of the
number, in place of the index “10,” in the opera-
tions above shown.

4. Vectors

A vector quantity has two dimensions, angle
and magnitude. It may be expressed either in
polar coordinates (stating its angle and magni-
tude), written M/4, or in rectangular coordinates
(stating the lengths of the base and side of a
right triangle whose hypotenuse the polar vector
is, written a¢-4-4b). The operator j§ implies a ro-
tation counterclockwise of 90°. " These elements
are shown in Figs. 8 and 9. - :

H

20

3o

4k

55

60

70

%

6

For most operations except addition or -sub~
traction, the polar form is preferable. )

To. convert a. rectangular vector or complex
guantity of the form (a--7b) to polar coordinates,.
the quantity “a” is located on the horizontal
scale 32 and the quantity “b” is located on the
vertical scale 33 cf the plate scale 30. The ro-
tary magnitude arm 59; Fig. 1, is rotated to the

point of intersection of these two quantities on

the plate scale 30. The magnitude of the polar
form: of this vector may now be read on the ro-
tary magnitude arm 50, opposite this intersection,
and its angle may be read from the protractor
scale 39 on the plate 39, Fig. 1, at the point

- where rotary magnitude arm 59 crosses protrac-

tor scale 39.

Conversely, to convert a polar vector of the
form M/4¢ to rectangular coordinates, steps
shown: above are reversad. The rotary magni-
tude arm 88 is set to the angle 6, on nrotractor
scale 38, and opposite the magnitude M on the
rotary magnitude arm %30 the value “a” is read
from the horizontal plate scale 38, and the value
“jb” is read onm the vertical plate scale 35.

5. Combination of angles

Angles may be added or subtracted mechani-
cally by use of the rotary magnitude and angu-
Iar arms 5% and B! without requiring readings
of values on the protractor scale 38 between the
initial and final operations..

In Fig. 10, the rotary magnitude arm- 58 is set
to the first angle, and the angular arm 5 set
to 0°. Now the angular arm 5§ is advanced to
the second angle involved, without changing the
angle between the rotary magnitude and angu-
lar arms 5t and §0. As shown in Fig. 11, 20° and
30° are added to give a sum of 50°.

To sublract angles, the steps above are re-
versed. The rotary angular and magnitude arms
B{ and 58 are set to a separation of 30° and the
angular arm 51 set to 50° on the plate protractor
scals 39. Thea difference, or 20° is read frem the
pozition of the rotary magnitude arm 58. If the
angular arm &1, Fig. 1, is now set to coincide with
the left edge of the plate scale 33, the rotary
magnitude arm 59 will indicate the sum of the
two angles, as shown by drawings 10 and 11.

For operations involving the angles of vector
quantities, the actual angles need not necessarily
ke read fromx a scale, as protractor 39. Locating
the rotary arm 52 at the intersection of the “a”
and “7b™ gquantities will define the angle me-
chanically. Conversely an angle and magnitude
mechanically obtained by manipulation of rec-
tangular or “o” and “/b” quantities may be con-
verted back ta rectengular quantities without ae-
tualt reading of the polar magnitudes or angles
invalved or mechanically operated upon.

An alternate method of adding or subtractmd
angles is shown in Figs. 12, 13 and 14. The left
edge of the upper plate scale 33 is rotated to a
desired angle on the lower plate scale 31, and the
angular and rotary magnitude arms 5+ and 50
adjusted to coincide with the left edges 33 and
40 of the two plate scales 39 and 3¢. . The angu-
lar and rofary magnitude arms 5{ and 50 now
describe the difference between 90° and the first
angle.. Next the rotary magnitude arm 50 is
moved 1o coineide with the zero degrees hor-
izontal line of the upper plate scale 38, as shown
in Fig. 13. The angular arm 5{ is now clamped
to the scales 30 and 34, Fig. 1, with the operator’s
thumb; and the rotary magnitude srm 50 moved
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to the second desired angle, as shown on pro-
tractor scale 39 on the upper plate 36, Fig. 1.
The angle between the angular and rotary mag-
nitude arm 5f and 58 is now equal to 90° minus
the sum of the two angles.

Vectorial operations

Vectorial operations, using the five steps just
shown, can be solved by graphic means more
rapidly and with less risk of operational error
than if undertaken by formula. As most opera-
tions with this calculator are graphic and seli-
explanatory, any tendency to mis-application of
prineiples will be self-evident and automatically
self-correcting. .

Multiplication of vectors

As polar vector quantities have two dimensions,
magnitude and angle, they cannot be directly
combined arithmetically. In order to multiply or
divide two complex quantities by one another, it
is necessary to multiply or divide their magni-
tudes, and to add or subtract their angles. This
is done ‘by simultaneous application of several
of the steps already shown. An example is shown
in Figs. 15 through 20.

Problem: (6-4-74) (14-3) =2

(1) The left edge 33, of the upper plate scale
30 is rotated to intersection of §, on horizontal
scale 43, and 4 on vertical scale 48, Fig. 1, of the
lower plate 3f,asin Fig. 15,

(2) The angular 51 is set to coincide with the
left edge 40 of the lower plate scale 31, Fig. 1, and
the rotary magnitude arm 50 is set to coincide
with the left edge 33 of the upper plate scale 30,
recording 90° minus the angle of the first vector.

(3) The angular and rotary magnitude arms
54 and 50 are rotated (without changing their
angular separation), until the rotary magnitude
arm 59 coincides with the 0° axis of the upper
plate 30, as in Fig. 16. _ ,

(4) The angular arm 3 is held : clamped .t0
the plate 80 with the operator’s thumb, and the
rotary magnitude arm 50 Is rotated to the inter-
section of the second pair of rectangular coordi-
nates, in the illustration shown, 74173, on the up-
per plate 30. This operation has mechanically
added the angles of the two vectors involved, and
subtracted their sum from 90°.

(5) The marker 62 on the rotary magnitude
arm 50 is adjusted so that its upper edge 81 re-
cords the magnitude of this second polar vector,
and without altering the angle between the ro-

tary arms 51 and 80 the triangular slider 97, ¢

placed at right angles to the rotary magnitude
arm 50, is slid along the rotary magnitude arm
50 until its edge 56, Fig. 1, meets the edge of the
marker 60 at the second magnitude value found.
The triangular slider §71 and rotary magnitude
arm 59 are now held together and rotated (still
without altering the angle between the angular
and rotary magnitude arms 49 and 58) until the
edge 56 of the triangle 57 intercepts the “10” in-
dex of the upper plate scale 83, as shown in Fig.
18. i ‘
(6) Without altering the positions of the angu-
lar and rotary magnitude arms 5{ and 50 or the
plates 30 and 31, the triangular slider 57, Fig. 1,
is now slid along the edge &8 of the rotary mag-
nitude arm 59, moving the marker 68 on this
arm 50, Fig. 1, with it, until the edge 56 of the
triangular slider 57, intersects the magnitude
value of the first vector, found in step 2 above.
By moving the marker 60 on the rofary mag-
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nitude arm 56, together with the movement of
the triangular slider 57, the product of the two
magnitudes has been mechanically determined,
and is shown by the position of this marker 60,
in Fig. 19.

(7). The triangular slider 57 s now ignored,
and the rotary angular and magnitude arms 51
and 50 rotated until the angular arm 5{ coincides
with the left edge 33 of the upper plate 30,
Fig. 1. :

The marker §0 and the angular position of the
rotary magnitude arm 58 now indicate the magni~
tude and angle of the complex product of the
two vector quantities. By reading the “g” and
“jb” scales 32 and 3% opposite the marker 60 on
the rotary magnitude arm 50 (Fig. 1) the rec-
tangular coordinates, in the form (a--jb) may be
read directly from the upper plate scale 30 (Fig.
1) with proper adjustment of decimal places, as
noted previously, and indicated in Fig. 20.

For division, as in previous illustrations shown,
the steps in this process are reversed.

Tt is to be noted that the operation just illus~
trated can be completed entirely by reference to
the “a” and “§b” scales, and that intermediate
reading of angles involved, on protractor scales
29 and 46, or of magnitudes found on the rotary
magnitude arm 50 are not required for such
solutions.

For reciprocals, of the form

(#5)

the expression is considered to be rewritten as
» 1-+jo

a-jb

and solved as before. The expression 1--jo means
a vector having a horizontal extension of 1 unit,
and a vertical extension of zero units, or,
graphically expressed, a horizontal line extending
from the zero graduation on the “jb” scale 33 for
a distance of one unit to the right from the zero
graduation on the “a” scale 22.

The implement has a number of valuable fea-
tures, it reduces the solution of complex quanti-
ties involved by mechanical placement of the arms
and scale in the time required to 2 small propor-

_ tion of that needed in the normal arithmetical or
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algebraic methods.w The device can ke manu-
factured economically. Itinvolves few parts rela-
tively. . Tt is compact and can be readily carried
in the pocket in ordinary sizes. The operator need

_not have special training in higher mathematics

to be able to use it, but may be of ordinary quali-
fications. 'The understanding of its operations
and use, is easily acquired . without technical
training, and such. use and results will afford
aceurate results. At the same time the extent of
accuracy may be made greater than is possible
in other equipment of about the same physical
size. :
While there has kbeen deseribed what is at pres-
ent, considered to be a new and improved embodi-
ment of this invention, it will be noted that
various changes and modifications may be made
thereon without departing from the principles
and spirit of the invention, as-sought to be defined
in the following claims. . -
What I claim is: ) S
1.Ina mechanical calculator, the combination
of .graduated approximately coplanar and quad-
rantaily shaped plates having a system of pro-
tractor and abscissa and ordinate markings
thereon, and having certain edges accurately
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shaped for coordination with other elements of
the structure, a graduated and a transparent non-
graduated scale means operating in coplanar
manner over said plate arrangement in prede-
termined relation to the markings and values
thereof in conjunction with a slideable scale
means mounted on said graduated scale means
and marker means also slideable on said gradu~
ated scale means in conjunction with the mechan-
ical positions of said scale to predetermined
graduations on said plate, means for mechanically
adjusting and retaining said graduated and non-
graduated and slideable scale means in desired
angular and linear coordination to facilitate
calculations.

2. The combination of at least two approxi-
mately rectangular plates, having the approxi-
mately angular dimensions of a guadrant of arc,
having abscissa and ordinate markings, and bear-
ing protractor markings centered about the com-
mon zero markings of said abscissa and ordinate
markings, said plates being rotatably arranged
in substantially coplanar manner on a common
pivot axis centered at the common zero markings
of the abscissa and ordinate scales of each plate,
each plate having reference edges shaped and ac-
curately trimmed radially in relation to the com-
mon pivot axis, along the zero ordinate, o permit
the use of the plate edge to indicate values such
as the polar magnitude and angle corresponding
to the rectangular coordinates of a vector es-
tablished on another plate, or member, generally
beneath it, and to permit the accurate determina-
tion of and operation upon vector and other
values located in any of the four quadrants of
arc by coplanar rotation of the plates and other
members, graduated scale means also rotatably
mounted on the pivot axis common to said plates,
at the zero marking of the scale graduations,
and trimmed accurately along a scale edge radial
to the common pivot axis, permitting interde-
pendent operations on a plurality of vector values
established with regard to said plates and means,
a removable and reversible triangular member
slidably mounted on said graduated scale means,
to permit alisnment of a value on said scale
means, established by said graduated scale means
and plates, with values indicated on other scales
and plates, to effect parallel transference of the
alisnment so established to other sets of values
on the scales and plates, transparent marker
meauns slidable on the scale means for recording
and mechanically transferring values on said
graduated scale means, transparent quadrantal
angular means rotatably mounted upon, and hav-
ing accurately aligned edges radial to, the com-
mon pivot axis, and separated from each other
by 90 degrees of are, for indicating angles de-
termined by operation of the plates and scale
members, and for transferring said angles from
one member to another, and adding and sub-
tracting said angles to and from other angles
previously and subsequently determined, and for
mechanically adding to and subtracting from
given angular values a fixed value of ninety
degrees of arc, and for accurately positioning any
plate in any desired quadrant of arc with regard
to any other plate,

3. In a mechanical calculator, the coaxially
rotatable combination of a plurality of super-
posed scale plates, pivoted at their common point
of scale origin, sfraight edged rotatable scale
means operating on said plates in predetermined
relation to said plates, pivotal means for mechan-
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ically adjusting said rotatable means in angular
and rectilinear coordination, protractor means on
said plates usable in conjunction with said plates
for indicating the values of angular coordination,
slidable marker and slidable straight edge means
on said scale means for evaluating the arithmet-
ical values of the angular and rectilinear adjust-
ments, said scale means operating over the plates
cooperatively therewith, said pivotal means being
located at the points of origin of the coordinates
of said plates and the zero position of said scale
means.

4. A calewlator of the class described compris-
ing in combination, a double component chart
having its linear markings extending at right
angles to each other across the face of the chart,
forming intersections, said markings representing
abscissa and ordinate evaluations respectively,
with indicia to designate said evaluations, a
straight edge scale rotatably connected with said
chart on a center adjacent to one corner of said
chart pivoted at the zero marking points of said
chart and arranged to swing across said chart
providing means whereby readings may be taken
by following the lines from said intersections to
other points on said chart and back in essentially
parallel lines to appropriate graduations on the
scale to obtain arithmetical products in accord-
ance with given values of said selected gradua-
tions and intersections, a protractor on said chart
having its center at the zero marking points of
said chart, a slidable arm on said straight edge
scale providing mechanical straight edges for
connecting said graduations and intersections, a
second double component chart rotatably oper-
able at the zero marking points of the first
mentioned chart.
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972,134 SWett e Oct. 4, 1910
1,003,857 Adams e Sept. 19, 1911
1,043,605 Kendrick. oo Nov. 5, 1912
1,201,334  Nielsen .___..______ Cct. 17, 1916
1,226,141 Sterling . __.__ May 15, 1917
1,409,342 Hendricks oo Mar, 14, 1922
1,644,791 Pelschenig . ____ Oct. 11, 1927
1,652,980 GIASS — e Dec. 13, 1927
1,730,852 JENNY e Oct. 8, 1929
1,808,981 Glass oo June 9, 1931
1,854,437 WoOQd moee Apr, 19, 1932
2,238,190 Sawtelle o oeve = Apr. 15, 1941
2,307,584 Harris oo Jan, 5, 1943
2,350,424 Smith e June 6, 1944
2,408,357 Wolfe o Sept. 24, 1946
2,408,571 Mitehell oo Oct. 1, 1946
2,433,249 Van Sciever _.______ Dec. 23, 1947
2,465,481 Reich€ oo Mar, 29, 1949
FOREIGN PATENTS
Number Country Date

133,642 Austria oo June 10, 1933
595,046 GEermany coeeeeecw- Mar, 15, 1934



