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9 Claims,

Our invention relates to calculating devices and
more particularly to calculating devices or com-
puters of the slide rule type adapted to solve di-
rectly equations which are incapable of direct
solution with known types of such devices.

The known examples of the slide rule type of
calculating device, whether rectilinear, circular
or cylindrical, all operate on the principle of ad.
dition and subtraction of l-argument functions,
Hence such devices or computers can solve di-
rectly only those equations which are in or con-
vertible to a form involving the addition and sub-
traction of such functions. For example, the most
commonly known type of slide rule is that de-
signed to solve equations of the type

=2
z 3 c
which can be converted to the form

log z=1log a—1log b-+log ¢ -

Such coniputers, however, are incapable of solv-
ing directly equations of the form

a
g==+c
While the value of :

ola

niay be determined with the known type of slide
rule, the relative displacement of the scales fur-
nishes & measure of i )

: log%.
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30 8 suitable center rivet or eyelet 4.

“an example of the second. The direct aélutlon

embodied in this invention not only simplifies the
process or method, but it also wholly eliminates
the chances of error heretofore present where an
intermediate reading and transfer of values is
required.

While the invention as herein disclosed was
developed for the solution of the so-called “time
to turn” equation encountered in aircraft radius -
of action problems, it is to be understood that
the principles involved may be used in devising
slide rules for solving an infinite variety of equa-
tions. These more or less hasic principles, as
well -as further objects of the invention, will be
apparent from the following description when
considered in connection. with the accompany-
ing drawing, wherein: "-

Fig. 1 is a top plan view of the calculator show-
ing the relative arrangement and construction of
the various calculator parts and the preferred
arrangement of the cooperatlng Juxtaposed scales,
and

Fig. 2 i3 an edge view of the calculator.

In the embodiment of the invention selected for
fllustration the base member of the calculator is
designated as 1, the intermediate or actuating
member as 2, and the top or follower member as
3. Said members are preferably directly super-
imposed and rotatably connected by means of
The interme-
diate or actuating member 2, so that the scale
therebeneath may be visible at all times, is pref-
erably constructed of transparent material. ~

The base member § has formed therein a slot -

to which ¢ cannot properly be added. It 13 hec- gg §; the intermediate member 2, a slot €; and the
' " top member 3, & slot 1. Slots § and § are essen-

essary, therefore, to read the value of
a

b

tially spiral in shape, although reversed as to di- -
rection, whereas slot T is radial. All three slots
are of the same width.

and set it up on another slide rule having um— 40 Projecting through the three members and fit-

form rather than logarithmic scales for proper
addition to ¢ or to make the addition mentally
.OT ONl P&per.

The principal object of our 1nvention is to
provide a calculating device or computer capable
of solving directly a wide variety of equations not
susceptible of solution with computers of known

types because of the presence in the equations

of mixed rational operations and/or certain kinds

of 2-argument functions. The above clted equa- 5,

tion
a
za—b--*- ¢

-is s simple exdm;ale of the first case and the

45

ting snugly but freely within the three slots is
a floating pin 8 in the form of a suitable rivet
or eyelet. This pin 8 controls the relative move-
ment of the top or follower member 3 with re-
spect to the intermediate or actuating member
2 as the latter is moved relatively io the base
member {. In operation, the adjustment of the
members 2 and 3§ is effected by movement of the
intermediate member 2 through finger pressure.

A scale 8 isg inseribed along a portion of the
edge of the top or follower member 8 and a co-
operating scale {0 (visible through the trans-
parent intermediate member 2) is inscribed on
the base member {. "Along another portion of

“time to turn” equation hereinafter discussed is 55 the edge of the follower member 8 there is in-




2

scribed another scale I{. For cooperation with
this latter scale, a scale {2 is Inscribed on the
intermediate member 2.

On the equation which the calculator is de-
signed to solve will depend the shapes of the
slots § and 8 and the markings of the several
scales. For example, for solution of the equa-
tion

z—%+c

the scales 9 and 18 are ordinary clockwise loga-
rithmic scales on which values of a and b, res-
spectively, are indicated, whereas the scales I}
and 12 are clockwise uniform scales on which
the values of ¢ and z, respectively, are indicated.
The range of these scales s such as to encompass
the extreme values of the several variables which
may be encountered.

The slot § in the base member is a logarithmic
spiral defined by the general polar equation

log "L'-.-M

in which r and ¢ are the radial distance and the
angular displacement respectively, and m and n
are constants selected to give the desired scale
proportions. The slot € in the intermediate
member i3 an Archimedes spiral, the general
polar equation of which is

r = ko

in which k is a constant likewise selected to ob-
tain suitable proportions.

From the foregoing it will be apparent that if
the actuating member or disc 2 is rotated to
bring the value of a on scale 9 opposite the value
of b on scale 18, the angular position of the
follower member or disc 3 with respect to the
base member | will correspond to

a
log Ny
This may be mathematically expressed as
e .
nh =log

The floating pin'8 moving in both spiral slot
§ and radial slot T will be moved to a radial dis-
tance r from the center such that

log #-Mn

This distance r then equals

a
93
where g represents the scale modulus reflecting
the effect of the other scales involved. At the
same time, the floating pin 8 must move also in
the spiral slot 8 in the intermediate member 2,
thereby causing the member 2 to roiate with
respect to the follower member 3 through an
angle

-lfado
a=ZI=%7D

that is to say-—the angular displacement repre-
sents the value of
a

b

In other words, the logarithmic angular motion
of the follower disc 3 with respect to the base
member | has been converted through the me-
dium of the pin 8 and the slots 8, € and 7 into
uniform angular motion of the follower disc 3
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with' respect to the intermediate or actuating
disc 2. In this connection, it should be noted
that the acales I{ and (2 are so laid out that
the zero mark on scale {1 is opposed to the unit
mark on scale 12 when r=m, so that the value
of z is read on scale 12 opposite the value of ¢ on
scale fI.

If the equation to be solved is one such as the
so-called “time to turn” equation previously re-
ferred to as used in aircraft radius of action
problems, the arrangement of the scales and slots
is somewhat different. In this equation

HER]
83
wherein
t =time to turn
T=total hours of usable fuel capacity

s1=rate of departure, and
s1=rate of return

which expression may be reduced to

log tmlog T-—log(:—’;-+1>

Moreover, the scales 9 and 10 are clockwise loga-
rithmic scales of s1 and s3, respectively, so that
the angular displacement of the follower disc 3
with respect to the base member { represents the

8
log i

whereas spiral slot 6 in the actuating member 2
i3 a spiral, the equation of which is

log %;—1 =nf,

and the spiral slot 5 in the base member { {s a
logarithmic spiral having the equation

""1_:_‘1=q.03

It is obvious from the foregoing that when the
value s1 on seale 9 is brought opposite the value
of s2 on scale 10, the follower member or disc 3
will be displaced with respect to the interme-
diate member 2 through an angle representing

log

log :—;+1)

And since the scales I and 12 are clockwise
logarithmic scales of “time to turn” and *“total
hours of usable fue} capacity” respectively, it is
further obvious that if the scales are so located
that their indices coincide when r=m+1, the
“time to turn” may be read on the scale {{ oppo-
site the pertinent value of total hours on scale 12,

While the conflguration of the arcuate or spiral
slots § and 6 has been described above by refer-
ence to the mathematical expressions deflning
them, probably the easiest procedure for laying
them out is the simple mechanical one. For
example, in the case of the calculator for solving
the equation

f=

8

81+1
& construction disc is pivotally mounted on the
member. This disc has inscribed thereon a scale
corresponding to scale 9 on follower disc 3 and

is cut away to provide a radial edge correspond-
ing to the center line of the radial slot 1. Along
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this edge Is marked a uniform scale covering the
range of probable values of

81

3;+1
These values are then computed for various com-
binations of s; and sz, and the construction disc
is then rotated to bring these combinations suc-
cessively opposite each other on the respective
scales. A series of marks is then made on the
base member | opposite the corresponding values
of co

8
s,+1

on the radial edge scale, and the line joining
these points is the center line of the slot in the
base member, S8imilar procedure is then fol-
lowed in carrying out the spiral or arcuate slot
in the {ntermediate or actuating member 2. The
above mechanical procedure can also be used to
advantage in laylng out computers according to
the present invention for solving problems work-
ing directly from empirical data in cases where
it is not possible to set up a mathematical equa-

3

at least one of said slots being a radial siot, and
means engaging in and movable lengthwise said
slots adapted to produce a prescribed relative mo-
tion between two of said members in response to

B8 relative movement of one of said two members

10

o4
(-2

with respect to the third thereof.

5. A calculating device comprising three rela-
tively movable members having cooperating jux-
taposed scales thereon and slots formed therein,
at least two of sald slots being arcuate slots ar-
ranged to intersect, and means engaging in and
movable lengthwise said slots adapted to produce
a prescribed relative motion between two of said
members in response to relative movement of one
of said two members with respect to the third
thereof.

6. A calculating device comprising three rela-
tively movable members having cooperating jux-
taposed scales thereon and slots formed therein;
one of said slots being a radial siot and the re-

_ maining two being arcuate slots arranged to in-

tion showing the relationship between the vari- 28

ables,

In conclusion, it may also be pointed out that
there are an infinite number of pairs of spirals
which will produce a particular angular move-
ment of the follower disc 3 with respect to the
intermediate member 2 in response to & given an-
gular movement of the follower disc 3 with respect
to the base member {. The combination selected
should, in every case, be such that the two spiral
slots meet at an angle as near 90° as possible in
order to minimize side play binding of the floating
pin 8.

‘While we have described our invention in detail
in its present preferred embodiment, it will be
obvious to those skilled.in the art, after under-
standing our invention, that various changes and
modifications may be made therein without de-
parting from the spirit or scope thereof. We aim
in the appended claims to cover all such modifica
tions and changes. :

We claim as our invention:
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1. A calculating device comprising three rela- -

tively movable members having cooperating jux-
taposed scales thereon and guideways formed
therein; and means engaging in said guideways
adapted to produce a prescribed relative motion
between two of said members in response to rela-
tive movement of one of said two members with
respect to the third thereof.

2. A calculating device comprising three rela-
tively movable axially aligned members having
cooperating juxtaposed scales thereon and guide-
ways formed therein; said guideways being adapt-
ed to intersect, and means engaging in said guide-
ways adapted to produce a prescribed relative mo-
tion between two of said members in response to
relative movement of one of said two members
with respect to the third thereof.

3. A calculating device comprising three rela-
tively movable members having cooperating jux-
taposed scales thereon and slots formed therein,
and means engaging in and movahle lengthwise
sald slots adapted to produce a prescribed relative
motion between two of said members in response
to relative movement of one of said two members
with respect to the third thereof.

4. A calculating device comprising three rela-
tively movable members having cooperating jux-
taposed scales thereon and slots formed therein,
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tersect each other and said radial slot, and means
engaging in and movable lengthwise the slots at
the point of intersection thereof adapted to pro-
duce a prescribed relative motion between two of
said members in response to relative movement of
one of said two members with respect to the third
thereof. ) i

7. A calculating device comprising a hase mem-
ber having a scale. thereon and a slot formed
therein, an actuating member mounted on and
rotatable with respect to said base member, said
actuating member having & scale thereon and a
slot formed therein, a follower member mounted
on said actuating member and rotatable both with
respect to said actuating member and to said base
member, said follower member having scales
thereon adapted for cooperation respectively with
the scale on the base member and the scale on
the actuating member and having a slot formed
therein, and a floating pin engaging in and mov-
able lengthwise said slots adapted by its engage-
ment with the slot walls to produce a predeter-
mined movement of the actuating member rela-
tively to the follower member in response to move-
ment of either the actuating member or the fol-
lower member relatively to the base member,

8. A calculating device comprising a base mem-
ber having a scale thereon and an arcuate slot
formed therein, a first movable member having a
scale thereon and an arcuate slot formed therein,
said slots being arranged to intersect and the ar-
cuity thereof being reversed, a second movable
member having scales thereon adapted for coop-
eration respectively with the scale on the base
member and the scale on the first movable mem-
ber, and having a substantially radial slot formed
therein arranged to intersect the two arcuate slots
at the point where the two arcuate slots intersect,
said movable members being movable relatively
to each other as well as with respect to said base
member, means joining the three members and
providing for the two movable members a com-~
mon axis of rotation, and a floating pin engaging
in and movable lengthwise the total number of
slots adapted by its engagement with the walls
thereof at said point of intersection to produce a
predetermined movement of the first movable
member relatively to the second movable member
in response to movement of either movable mem-
ber relatively to said base member.

9. A calculating device comprising three rela-
tively movable members having cooperating jux-
taposed scales thereon, each said member having
formed therein a slot, two thereof being arcuate
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glots and the third a radial slot, sald slots being
arranged to provide a common point of intersec-
tion and the two arcuate slots having their arcuity
reversed, & pin engaging in all three slots at said
common point of intersection adapted by its
movement lengthwise the slots to produce a pre-
determined movement between two of said mem-

bers in respect to relative movement of ons of
said members with respect to the third thereof,
and means connecting all three members and pro-
viding therefor a common axis of rotation.



