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. MECHANICAL ANALOG COMPUTER
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15 Claims. {Cl 235—61)

This invention relates to computers, and more particu-
larly to mechanical analog computers which reproduce a
mathematical equation of a particular family or simul-
taneous systems of several such equations having one or
more variables in common and which provide specific
numerical solutions of such equations and systems of
equations.

Many types of scientific and industrial activities are
based upon processes which require one or more standard
equations to be solved for particular numerical values
many times over in the ordinary course of the work.
Even though pencil and paper computation of a particu-
lar numerical solution may not be involved, it may be
time consuming. The task becormes particularly tedious
in situations which require that the same general equation
or family of equations be solved often using different
values of the variables involved. There are, of course,
many mechanical methods for computing the values of ex-
pressions involving the sums or differences of two or more
variables. There are also mechanical computers which
are generally adapted to perform the other arithmetic
operations of multiplication and division. While such
general purpose machines may be, and commonly are,
used to compute numerical values of standardized equa-
tions they are not particularly well adapted to the pur-

pose, and they generally require a skilled operator to per-.

form the several steps of the calculation in a properly
ordered sequence. Moreover, because of their general
applicability to all types of arithmetic calculations they
cannot be adopted so efficiently to any particnlar equation
as a more specialized instrument.

Where the nature of the scientific or industrial activity
is such that certain mathematical - expressions. become
standardized and their exact numerical values must be
computed many times over, it is desirable to have a com-
puter especially adapted to the particular equation in-
volved and to the numerical ranges of the variables likely
to be encountered. = A particular type of expression fre-
quently encountered, either alone or as a factor, is that
involving the product of two or more independent vari-
ables where one or more of the variables is raised to an
integral or fractional power. Expressions of this kind
are often found in such general fields as thermodynamics
and mechanics and in the more specialized fields such as
textile production. Numerical values of such products
may be compuied with the aid of a conventional slide rule.
However, this generally requires a skilled operator who
must follow an especially ordered procedure and the only
way of checking the results is to repeat the entire
computation,

I have invented a mechanical analog computer which
in its basic form reproduces the relationship between the
variables A, B, C, . . . in many equation conveértible to
the general type 4-Bb-Cc¢ ., .. =constant, where the
exponents b, ¢, . . . may have any constant positive or
negative values; either integral, fractional or irrational.
This: general expression comprehends a large family of
specific-equations of great practical usefulness. Since the
exponent for each of the variables is assumed to differ
from zero, an equation of this type can always be written
in such a form that the exponent for any one preselected
variable becomes 1." As an arbitrary convention to fa-
cilitate the description of my invention, it may be assumed
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that A is the dependent variable, and that the exponent

- for A is 1.
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According to my invention, I provide a continuously’
variable or movable mechanical input means for each
variable of the particular expression, to which means
there is coupled a graduated indicating means for relating
the variation or motion of the input means to the loga-
rithm of the particular value of the variable. I also pro-
vide a variable or movable output element having a
logarithmically graduated indicating means coupled there-
to. The movable input and output elements are coupled
together by trains of mechanical elements for altering the
variation or motion produced by the input means in ac-
cordance with predetermined ratios, and of differential
transmission means for combining in predetermined pro-
portions the altered displacements of the several input
means, to the end that the resultant of the displacements
of the input means finally is indicated by the graduated
means associated with the output means.

The general principle upon which my invention is based
is that a change in one variable of the general expression
given above necessitates a change in one or more of the
other variables. Assume for the moment that the vari-
ables A and B are the only ones that are changing. The
general equation will then be reduced to 4 -BY=constant.
The symbol M(B, A) may represent the ratio of the
change in the logarithm of the variable A to the change
in the logarithm of the variable B, i.e., the ratio of the
change.in the displacement of the output element for A
to the change in the displacement of the input element for
B. Mathematically the ratio M(B, A) is the negative ratio
of the respective exponents for the two variables, i.e.

Alog A 2=—b »

The mathematical validity of this equality may. be
demonstrated as. follows:

A,2BP=Constant=K

likewise,
AzaB2b=
Then, .
a Log A1—|-b Log B1=‘—L0g K
and,
a Log Ax+b Log By=Log K -
Therefore,

a Log A;+b Log By=a Log A4s-+-b Log B,
b[Log B1—Log By]=a[log As—Log 4,1
—b[Log By—Log Bil=a[Log A;—Log A,]

b Log AQ_LOg A;
a Log By—Log B

I have previously defined tlﬁe function, M(B, A), as

follows: )
__Log A;—Log 4,
M(B, A)_Log By—Log B
Therefore, :
b
M(B, A)=~—;

When the exponent a has the value 1, then
b
M(B, A)=——1-=-—b

Physically the ratio M(B, A) is reproduced as the over-
all transmission ratio in the train of mechanical elements
coupling the input element for the variable B to the out-
put element for the variable A, It is apparent that simi-
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lar ratios may be computed for any other pair of vari-
ables, ie.

M(B, C)A_=._.,.’cl

etc.

As a particular embodiment of my invention a com-
puter may be built to reproduce any -particular equntlon
involving the product of two or more. independent vari-
ables with constant positive or negative fractional or
integral exponents.

A number of the basic units of the computer I have
invented may be combined to reproduce two or more
simultaneous equations’ of the above-mentioned type,
each of which has at least one variable in common with at
least one of the others. Provided only that the indicat-
ing means for the several variables have appropriate
ranges, a computer according to my invention will' con-
tinuously 'solve the expression for any numerical values
of the variables. By the use of special scale graduations
the variables may be transformed in various manners as
they enter into the computer or as they emerge from it.
A feature of my invention is that it will equally well in-
dicate the values of the independent variables for each
particular value of the dependent variable, Of great
significance is the fact that the operation -of the com-
puter according to my invention requires no particular
ordered -sequence of operations. .Moreover, the particu-
lar -values -of the variables are -always apparent to the
operator -and provide ‘means for 'instantly checking the
accuracy of the-computation.

In the following specification I -give a detailed descrip-
tion of a preferred -embodiment of ‘my -invention ‘to en-
able -one :skilled ‘i the art to -completely understarid its
prmmples and features. In .the -course -of -this descnp-

tion reference i$ had to the accompanying drawings, in

which:

~ FIG. lisa paruajlly schematic Tayout of a mechanical
analog computer

FIG. 2 is ‘a sectional view taken along the lihe 2-—2
of FIG. 1;

FIG. 3 is a sectlonal view taken .along the line 3—3
of FIG. 1;

FIG. 4 is a sectional view taken along the line 4—4
of F1G. 1; ‘ )

FIG. 5 is a-sectional view taken along the line 5—5
of FIG. 1; )

FIG. 6'is a-sectional -view taken along the line 6—6
of FIG. 1; and

FIG. 7 is an illustration of the face of a logarithmical-

ly graduated dial to be uséd in conjunction with the
computer of FIG. 1.

The iparticular computer ‘which 1 ‘have chosen to illus-
trate my invention is one based on the set of twist and
production -equaticns “of ‘the Universal Percent Twist
System which is a-new method of expressing the amount
of twist in textile yarns., The word “yarn” is here used
in"an extended sense to include single yarns as spun on
‘a spinning frame, ply-yarns being twisted on a. twister,
and rovings asprepared on a roving frame. )
 ‘Whenever  two yarns -of different number are made
~from the same textile material to be used for the same
" purpose, their construction must in some way be made
- equivalent, The twist*of the yarn'may be related to the
yarn count in weight per unit length or length per unit
weight by a principle of -equivalence which may take the
form of a mathematical formula. ‘For many years the
well-known square root formula has been widely used
for- this purpose. In_any indirect yarn™count system;
such as Cotton or “Worsted, this formula may be written
_as: X=m-N/2 where X is the nominal or actual turns
per inch, N is-the yarn number.and m is the square root
multiplier.
- square root formula is very inaccurate.  Experience has

shown that: 1f 4t-is desired to-make a series of eqmvalent

Howcver, it ‘has been recognized that the
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yarns, differing in number only, it is usually necessary
to increase the value of the multiplier m, with increasing
yarn count N. This indicates that an exponent for the
yarn count greater than one-half might have given better
results.

The Universal Percent Twist System discards the
square root formula and adopts another function of the
yarn number based on a more rational concept in order
to obiain the desired equivalence. A careful study of
the available evidence has led ‘to the conclusion that a
value of two-thirds is as close to a universally correct
value of the exponent of the yarn number as is possible.
Therefore, in the Universal Percent Twist System the
conventional square root formula is replaced by a new
twist equation, namely X=a-N2/3, To arrive at a meas-
ure of twist independent of the yarn numbering system,
the twist coefficient a is-written as a product of two fac-
tors a=p-I, where p is the Percent Twist as a decimal
fraction, and I is the System Factor. The value of I is
adjusted to each yarn numbering system so that the
Percent Twist p remains invariant from omne yarn num-
bering system to another. Thus the twist equation in the
new system becomes X=p-I-N2/3.

To give this new expression practical significance
for any of the many different yarn numbering .systems
in use in the textile industry it is only necessary to fix
arbitrarily the value of the System Factor I in amy par-
ticular -system. -Arbitrarily, twenty-four turns per inch
has been designated by -definition as being 100 percent
twist for 36s Cotton -count. From ‘this definition fol-
lows the value-of the System Factor for the Cotton num-
bering system;

X 24
p-N2371,0:(36)2/3

The determination of the System Factor for all other
yarn numbering systems then becomes -a matter -of sim-
ple substitution.

The importance of the innovations of this new system,
which leads togreater accuracy and predicability, is ‘ap-
parent in view of the fact that decisions pertaining to the
amounts of twist to be used in -a roving or a yarn are
among the most frequent and most important decisions
made in any textile mill.

For purpose. of twist and production computations
which must be made constantly in a textile mill the fol-
lowing equations are basic to the Universal Percent Twist
System. For indirect yarn count systems, such as Cot-
ton, Worsted, or Metric, the equations are:

K=X-1t o
X=p-I-N213

K=p-t-1-N2/3

K=m N2

‘m=p-I-N/¢

D E+S H=631/6p-I5/2-N5/3. Y

These equations -may also be used with the direct yarn
numbering systems, such as Tex or Denier, provided
the exponent for the yarn number N-is given a ‘negative
sign, the equations otherwise being written -as above. In
these equations the symbols have the following mean-

I= 2:201285

. ing: N is the yarn number in any system; I is the System

Factor for any system, either direct or indirect; p is the
Percent Twist-as. a decimal fraction; m . is -the multipler
in the conventional square root twist formula; X is the
nominal twist in turns per inch, i.e., the number of -
spindle revolutions per inch of material delivered by the
front rolls of the machine; K is the twist constant for the

machine; ¢-is the number of teeth in the twist change
gear; n is' the spindle speed .in revolutions . per minute;” .
E‘is the percent: efficiency which is -introduced in the

- equations‘ as the equlvalent decimal “fraction; S-is the

75 .

number of spindles; H is the number of productlon hours;
Y is the number of pounds. of production.
The particular “computer T have ‘chosen "to~ ﬂlustrate
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my invention is constructed to solve the set of equations
given above for the indirect Cotton yarn numbering sys-
tem, for which the System Factor 1 is 2.201285 when the
twist is given in turns per inch.  The System Factor, and
other numerical factors appearing in the equations, are
set into this particular computer after it has been assem-
bled. This procedure will be described in detail later.
The distinction between dependent and independent vari-
ables is an arbitrary one. Generally, the most common
factors to be determined in textile mill computations are
the number of teeth in the twist change gear ¢; the nominal
twist in turns per inch X; the multiplier in the conven-
tional square root twist formula m; and the number of
pounds of production Y. On the other hand, the factors
most commonly known to the person in charge of produc-
tion are the twist constant of the machine K; the yarn
count N; the Percent Twist p; the spindle speed n; the
efficiency E; the number of spindles to be used S; and
the number of production hours available H. Therefore,
I have selected K, N, p, n, E, S, and H as the independent
variables, whereas ¢, X, m, and Y have been selected as
the dependent variables.

In all, there are eleven such variables and, as shown
in FIG. 1, there is a separate indicating means for the
value of each variable, In this embodiment, each indi-
cating means is a logarithmically graduated clock. The
clocks for the independent variables are indicated at 1
through 7, respectively, and the clocks for the dependent
variables are indicated at 8 through 11, respectively. - All
of the clock dials are identical and their appearance is
shown in detail in FIG. 7. The periphery of the dial is
graduated logarithmically from 1 to 10 with appropriate
subdivisions, 1 and 10 being represented by the same point
on the circular scale. A smaller concentric scale is
graduated frem 1 to 1,000,000, 1 and 1,000,000 being
represented by the same point. The point representing
100,000 may =also represent 0.1, the 10,000 point may
represent 0.01, and so forth. The long indicating hand
12 indicates the numerals of the variable, while the short
hand 13, which makes only one revolution for every six
revolutions of the long hand, indicates the decimal point.
The mechanisms of the clocks are reducing gear trains;
the constructions and functions of which will be described
later..

The computer is provided with means for independently
driving each of the independent variable clocks to any
desired value within the available range. The means I
employ for this purpose in this embodiment are small elec-
tric motors 1b-7b, incl., for the clocks 1-7, respectively.
Preferably these motors are the reversible type and sepa-
rate energizing circuits (not shown). are provided so that
each motor may be caused to run in either direction at
will. The motors are connected to their clocks through
shafts 1a—7a, respectively.

I have found it convenient to mount the components
of the computer in a suitable cabinet with the clocks ar-
ranged in ‘an external wall thereof substantiaily in the
positions shown. All of the shafis 1a-7a connecting the
motors to the clocks are preferably mounted in the same
plane inside the cabinet.

For the purpose of this description it may be assumed
that in FIG. 1 all the motor shafts 1a-7a are parallel
to the plane of the paper, and that likewise the cross
shafts connecting the differential ‘gears are parallel to
the paper. The clocks are assumed to lie face up.

With further reference to FIG. 1, the positive direc-
tion of any shaft or gear will be defined as the clockwise
direction when viewed from the right, from' the bottom,
or from above the plane of the drawing. The opposite
direction of rotation will be called negative.  The trans-
mission ratio between any two shafts will be considered
positive if their rotations are either both positive or both
negative. A transmission ratio which reverses the direc-
tional sign of the rotation will be considered negative.

It is easier to follow the description of the gearing if
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6 .
it is remembered that all rotary motion originates in the
motors, and that in each separate transmission element
the faster shaft is always driving the slower shaft. The
only exception to this rule is that when the sun wheel of
a differential gear is driving a side shaft, the sun wheel
is the slower of the two.

Consider first that portion of the computer which is
adapted to reproduce the equation m=p-I'N%. As
previcusly stated the System Factor, I, for any particular
yarn count system, is a constant factor, and as such it is
set into the instrument by a simple adjustment of the
clock hands only after the instrument has been assem-
bled. Therefore, the instrument must actively respond
only to the independent variables p and N, which alone
determines the value of the dependent variable m. For
the present purpose it is convenient to write the equation
in the form m—1-p-N*%=constant, from which the trans-
mission ratios M(p, m)=1 and M(N, m)=1/6, may
be deduced directly. As the description of the trains of
transmission elements proceeds, it will be seen that the
transmission ratios do in fact have the specified values.

As shown in FIG. 1 and FIG. 6, the shaft 3a for the
variable p has a worm 14 fixed thereto. This worm coop-
erates with a gear 15 mounted above the shaft 3a and
the combination provides a fransmission ratio of 5 to 1.
This ratio is indicated by the notation 1/5 to the upper
left of the gear in FIG. 1 and is to be understood to
mean that five revolutions of the driving worm 14 resulis
in one revolution of the driven member—in this case, the
gear 15. Transmission ratios for the other gear combina-
tions of the comiputer are indicated at similar locations
in the drawing. ‘

The shaft 3a for the variable N has fixed thereto a
worm 16 which ccoperates with a gear 17 as best seen
in FIG. 6. The reduction ratio of this combination is
—1/60, that is to say for every sixty clockwise revolu-
tions of the driving shaft 22 and worm 16 the gear 17
makes one revolution counterclockwise when viewed
from the right of FIG. 1 in accordance with the above
rules.

The gear 17 is a component of a gear differential,
Planetary gears 18 and 20 are mounted internally of the
sun gear for rotation about axes which are radii of the
gear 17. A pair of crown gears 21 and 22 cooperate with
the gears 18 and 20 and drive, or are driven by, side
shafts 23 and 24, respectively. - The shaft 23 is coupled
to the shaft 25 of the gear I5 by means of a semi-rigid
coupling 26 of any suitable type. Similar couplings are
used throughout the computer wherever it is desirable to
obviate the need for precise axial alignment of driving
and driven members.

The side shaft 24 of the gear differential is coupled to
a shaft 27 by coupling 28 and this latter shaft carries a
worm 39 which cooperates with a gear 31. The latter
gear is mounted on the input shaft 18a of the clock
18 for the dependent variable m. The worm 30 and gear
3% combination provides a reduction ratio of —1/5 be-
tween the shaft 27 and the shaft 10a.

All the clocks are alike, except that those for the inde-
pendent variables K, N, p, n, E, S, H, have reduction
ratios of 1/300, while those for the dependent variables
t, X, m, Y, have reduction ratios of 1/12, The clock
gear train shown in FIG. 2 is typical even though it spe-
cifically illustrates the clock gear train for the independent
variable X. The shaft 1g carries the worm 32 which
cooperates with the gear 33 fixed to the shaft 34. The
fong hand 12 is fixed to the top of shaft 34 by means
of a screw in such a manner that the hand may be
adjusted in relation to the shaft by loosening the screw,
and subsequently after the adjustment has been completed
the hand may again be firmly fixed to the shaft by tighten-
ing the screw. The shaft 34 also carries a 12T pinion
gear 35 in mesh with the 36T gear 36. Shaft 37, driven
by gear 36, carries a 16T pinion gear 38 in mesh with
the 32T gear 40¢. The gear 49 is attached to the sleeve
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41-which turns freely -on shaft 34. The short hand 13
is attached to the sleeve 41. In the case of the variables
t; X, m, Y, N, provisions are made for the possibility
of adjusting the position of the short hand 13 in relation
to the sleeve 41. For'the other variables no such adjus-
ment is ever needed. As may be seen from the gear ratios,
the short hand 13 will always turn one revolution for
_every six revolutions of the long hand 12.

A ‘1712 reduction gear-train typical of the independent
_ variable-clocks is shown in FIG. 5 which specifically illus-
trates -a cross-section taken along the line 5—5 of the
.- drive mechanism for the clock indicating the value of the
independent variable . Here the shaft 8a drives a worm
49 which cooperates with a gear £6 mounted on the main
shaft 51 of the clock 8. This worm and gear combina-
tion effects the requisite 1/12 reduction ratio.. Therefore,
the longhand 52 of this clock is connected directly to the
shaft 51.

The ‘main shaft also carries a pinion 53 which cooper-
ates with the gear 54 mounted on shaft 55. This latter
shaft drives another pinion 56 cooperating with gear
57 mounted on a sleeve 58, the sleeve being coaxial with
the main shaft §1. The hand 60 of this clock is mounted
on the sleeve 58. Beginning with the pinion 33, the
gear train further reduces the revslutions of the main
shaft 51 by a 1/6 ratio so that the short hand 66 makes
one revolution for each six revolutions ‘of the long
hand 52,

As stated, the gear trains 1llustrated in FIG. 2 are typical
of the gear trains of each of the clocks for indicating the
values of the dependent variables K, N, p, n, E, S, and H.
Similarly, the gear trains in [FIG. 5 are typical of the
clocks for indicating the values of the independent vari-
ables ¢, X, m, and Y. “Throughout the remainder of the
description of the computer mechanisms the specific clocks
will not be separately -described in detail.

Returning now.to the mechanism. described to repro-
duce the equation m—1-p-NY/¢==constant, it is known that
a gear differential is characterized by the fact that the
angular displacement of the sun gear 17, which displace-
ment will be designated ds, is the means of the angular
displacements of the two side shafts which will be desig-
nated d; and .dy, respectively; thus dy=% (d;-+d3).
Therefore, if one of the side shafts is held motionless,
ie., d3=0, then dy=2d, or if d;=0 then dy==2d,. This
means that the angular displacement of the ‘sun gear 17
undergoes a multiplication of 2 as it is transmitted through
the differential to either. one of the side shafts while the
other ‘side shaft is held stationary. = Of course, this is a
unilatéral transmission inasmuch as no motion can. be
transmitted from one-of the side shafts back through the

differential and.the sun gear to the worm on the drive-

shaft. From the relations given above it is also clear
that if the sun ‘wheel is motionless, i.e., do=0, then
dy=—d,.- This means that any angular displacement im-
parted ‘to one of the side shafts is transmiftted through
the differential gear to the -other side shaft, without any
reduction or multiplication,:and only undergoes a reversal
of the direction of rotation; specifically, if the side shaft
23 is rotating in the-clockwise direction when viewed from
the right in FIG. 1 or FIG. 6, then the side shaft 24 will
rotate in a counterclockwise -direction when viewed from
the ‘same side in these figures.

The equation m—!-p-N/6=constant calls for a value
of the ratio M(p, 'm) equal to'1. Consequently, the me-
chanical transmission’ elements must be selected so that,
with the ‘other variables at rest,-one complete:revolution
of the long hand on.the clock for the. variable p will

result in one complete revolution in the same ‘direction ,

of the long hand on the clock for the variable m. .-An
_analysis of the geanng will show that this is md“ed the
case.

Since ‘the. shaft 3« is geared to the- long hand of the -

clock'for: the variable p in the ratio 1/300, it takes 300
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positive revolutions of the shaft 3a to produce one positive
revolution of the long hand of the p-clock. Since the
worm 14 in mesh with the gear 15 gives a reduction of
1/5, the 300 revolutions of the shaft 3a results in 60 revo-
lutions ‘of the crown gear 21. Passing through the dif-
ferential -the directions of the motion is reversed to be-
come —60 revolutions of the crown gear 22 to which
the worm 30 is attached. Since the worm 30 in mesh
with the gear 31 gives a reduction of —1/5, the —60
revolutions of the crown gear 22 results in 12 revolutions
of the shaft 10a leading to the clock 16 for the variable
m, and, as this clock has a reduction ratio of 1/12, the
long hand on the m-clock will make one positive revolu-
tion as a result of the 300 revolutions of shaft 3a cor-
responding to one revolution of the long hand on “the
p-clock. In condensed form these statements .may be
written M(p, m)=300-1/5:-(—1)-(=1/5)-1/12=1. 1t
is thus seen that the mechanical elements do indeed give
the value of the ratio M(p, ») that the equation calls for.

Similarly the equation m—!-p N¥/S=constant calls for
a value of M(N, m)=1/6, which is obtained as follows:
One revolution of the long hand on the N-clock corre-
sponds to 300 revolutions of the shaft 2¢. The worm
16 in mesh with the gear 17 gives a reduction of —1/60
resulting in —35 revolutions of the sun wheel assembly
attached to the gear 17 and carrying the planetary gears
18 and 28. ‘Transferred to the crown gear 22 which drives
the worm ‘39, the motion is multiplied by 2 -and becomes
—10 revolutions. The ratio of —1/5 of the worm 30
in mesh with gear 31 results in 2 revolutions of the
shaft 1a, equivalent to 2-1/12==1/6 revolutions of the -
long hand on the m-clock. Therefore '

M(N, m)=300-(—1/60)-2-(—1/5)-1/12=1/6

as required by the-equation.

The operation -of the remaining portions of the com-
puter is typified by the operation of the parts just described
in detail.. The equation X=p-I-N2/3, which for the
present purpose more conveniently may be written

X~1.p-N2/3=constant
requires - the ‘transmission ratios M(p, X)=1,

M(N, X)=2/3
M(N, m) 300 (—1/60) -2+ (—1/5)- 1/12——1/6
In this case the shaft 3a drives a worm 61 which co-
operates with a gear 62 to effect a transmission ratio. of
—1/5 between the shaft 34 and the shaft 63, and the latter
shaft: drives one side shaft 64 of gear differential A5.
Shaft 2a has fixed thereto a . worm €6 which cooperates
with a sun gear. 67, carrying the pinions. of the gear dif-
ferential 63, and the transmission ratio is 1/15 as indi-
cated in FIG. 1. The output of the differential 65 is the
side shaft 68 which drives a worm 7¢ and gear 71 com-:-
bination having a transmission ratio of 1/5. The gear 71
is fixed to shaft. 9¢ which, in turn, drives the gear train
of clock ¢ for the dependent variable X. Since the gear
train in this clock provides a reduction ratio of 1/12, it

I8 seen that

M(p, X)==300-(—1/5)-(—=1)-1/5-1/12=1
and
M(N, X)==300- 1/15-‘2-1/5-1/12:2/3

as required by the equation.
The equation K==p-#-1-N2/3 may for the present pur-
ose be written' K—1: p-¢- N2/3=constant, where ¢ is con-
'dere'd the dependent variable. - This equation requires
MK, 8)=1, M(p, t)=—1, M(N, 1)=~2/3, which are
obtained as follows: In addition to being transmitted to the
shaft: 9« through the worm 76 and gear 71 ¢ombination,
the rotation of shaft 68 is also transmitted directly.to one
side shaft 72 of another gear differential 73. While under-
going a change in direction of rotation. they are trams-

mitted through this differential to the side shaft 74 which * °

is coupled to:the worm'75 cooperating with the .gear 76
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as seen in FIG. 5. The latter gear is fixed to the shaft
8a which drives the gear train of the clock 8 for the de-
pendent variable z.

Angular displacements of the shaft 1« which are re-
Iated to the value of the independent variable K drive the
worm 78 and gear 80 combination (see FIG. 2) which
has a transmission ratio of 1/10. The gear differential
73 multiplies the number of revolutions of the sun gear
80 by 2, as previously explained. From these gear ratios
follow: ‘

M(K, t)=300-1/10-2-1/5-1/12=1
M(p, t)==300-(—1/5)(—1)(—1)-1/5-1/12=—1
M(N, ¢)=300-1/15-2-(—1)-1/5-1/12=--2/3

as required by the equation.
The right-hand portion of the computer as shown in
FIG. 1 reproduces the equation

n-E-S§-H=63:\/6-p-I5/2-N5/3. 7

which for the present purpose may be written
Ni/8-p.p=-1. F-1.8—1. H—1. Y =constant, where Y is con-
sidered the dependent variable. The equation calls for
the following transmission ratios M(Y, N)=—35/3,
MY, py=—1, M(Y, n)=1, M(Y, E)=1, M(Y, §=1,
M(Y, H)=1, which are obtained as follows: Shaft 2a
drives a worm 8% and gear 82 combination having a trans-
mission ratio of :1/3. The gear 82 is fixed to a shaft 83
coupled to the side shaft 84 of gear differential 85.  The
rotation of shaft 83 is transmitted to the side shaft 86
which is, in turn, coupled to the side shaft 87 of gear
differential 88, the operation of the gear differential caus-
ing a reversal in direction of the rotation of the shaft.
The rotation of the side shaft 87 is transmitted through
the gear differential 88 to the other side shaft 90 which
is coupled to side shaft 91 of gear differential $2. Again,
the direction of rotation undergoes a reversal of direc-
tion. The rotations of side shaft 91 are transmitted
through the differential 92 to the side shaft 93 while
undergoing a change in direction and are coupled to the
side shaft 94 of gear differential 95. Once more the rota-
tions of shaft 94 undergo a reversal of sign as they are
transmitted to the other side shaft 96 of gear differential
95. Shaft 96 is coupled to side shaft 97 of gear differen-
tial 98 and the direction of rotation is once again changed
as the motion is {ransmitted to the side shaft 160. The
latter side shaft is coupled to the shaft of worm 101 which
cooperates with gear 102. This worm and gear combina-
tion has a reduction ratio of 1/5. The latter gear is fixed
to shaft 11a which drives the gear train for clock 11 for
the dependent variable Y. The gear train of clock 11
has a reduction ratio of 1/12. These gear ratios give

M(N, Y)=300-1/3-(—~1)%-1/5-1/12=—5/3

The shaft 3q drives the worm 183 and gear 164 com-
bination having a transmission ratio-of —1/10. The ro-
tation of sun gear 104 is transmitted to side shaft 86 of
gear differential 85 with a multiplication factor .of 2 and
is then transmitted through each of the gear differentials
88,92, 95, and 98 to the worm 181 and gear 182, result-
ing in ,

M(p, Y)=300-(—1/10):2:(—1)¢:1/5:1/12=—1

In like manner, shaft 4e, which drives the clock 4 for
the independent variable n, drives a worm 106 and gear
167 combination having a reduction ratio of —1/10.
While undergoing a multiplication of 2 the rotations of
the gear 197 are transmitted to the gear differential side
shaft 90 and subsequently through the gear differentials
92, 95, and 98 to the worm 101 and gear 162 combination
and thence through the shaft 1%a to the clock 11, result-
ing in

M(n, Y)=300-(~1/10)-2-(—1)3-1/5-1/12=1

Similarly: Shaft Sq driving the worm 108 and gear 110
combination having a transmission ratio of 1/10, gives
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M(Y, E)=300-1/10-2+(~1)2-1/5-1/12=1

Shaft 6z driving the worm 111 and gear 112 combination
having a transmission ratio of —1/10, gives

M(Y, §)=300-(—1/10)-2-(—1)-1/5-1/12=1

Shaft 7a driving the worm 113 and gear 114 combination,
having a transmission ratio of 1/10, gives

M(Y, H)=300-1/10-2-1/5-1/12=1

As previously stated the System Factor I and other
numerical factors contained in the equations are intro-
duced into this embodiment of my invention only after
the instrument has been assembled. The adjustments are
carried out as follows: On each of the clocks for the
independent variables K, N, p, n, B, S, H, the long hand
12 is first adjusted correctly in relation to the short hand
13 in such a manner that if the short hand exactly indi-
cates either 1, 10 or 100, etc., the long hand will simul-
taneously indicate exactly 1. The clocks are then set for
an arbitrarily selected set of values of the independent
variables K, N, p, n, E, S, H, from which the correspond-
ing values of the dependent variables z, X, m, Y, are
calculated by conventional means of computation. The
long and the short hands on each of the clocks for the
dependent variables are set for the values of these vari-
ables so calculated, and are then locked in place in rela-
tion to the shafts 34 and sleeves 41, respectively. This
completes the adjustment.

If it is desired to change from one yarn numbering
system to any other yarn numbering system, the readjust-
ment may be accomplished by readjusting only the hands
on the N-clock, provided the two numbering systems are
either both direct or both indirect. In order to change
from a direct to an indirect system, or reverse, the sign
of the reduction ratioc of the N-clock must be reversed.
This may be accomplished by the insertion of an idler
gear in the clock gear train, or by equivalent means,
The direction in which the rotation of the motor 2b for
the variable N responds to the manipulation of the electric
controls must also be reversed. :

Now the operation of the computer may be illustrated
in arithmetic terms with the aid of the rules given above
for denoting positive and negative directions of rotation
and positive and negative transmission ratios. For par-
ticular values of p and N the computer will solve the
equation m=p-I-N* in the following manner. Assume
as a starting point that the hands of the respective clocks
are set to the graduation marks corresponding to m=1,
p=1, N=1. A number of revolutions of the motor 3§
will drive the shaft 3a until the clock 3 indicates the par-
ticnlar value of the independent variable p. In fact, be-
cause of the 1/300 ratio of the p-clock gear train, the re-
quired number of revolutions of the shaft 3a will be
equal to 300-log p. Similarly the number of revolutions
required for the motor 2b will drive the clock for the
independent variable N to the particular value and the
number of revolutions required is equal to 300 log N.
At the worm 14 and gear 15 combination the number
of revolutions of the shaft 3a is effectively divided by 5
as the displacement of the shaft 34 is transmitted to the
shaft 25. The transmission ratio of the worm and gear
combination being positive, the direction of the displace-
ment of the shaft 25 is clockwise. As explained above,
the rotation of shaft 25 is transmitted through the gear
differential to the shaft 27 with a change in direction so
that the latter shaft rotates counter-clockwise. The dis-
placement or rotation of shaft 27 now Trepresents
(—1/5)-300-log p revolutions. At the worm 30 and
gear 31 combination the rotation of the shaft 27 under-
goes a further reduction and reversal of direction in ac-
cordance with the transmission ratio of —~1/5. There-
fore the angular displacement of the shaft 10a due to the
rotation of shaft 3a equals (—1/5)-(—1/5)-300-log p
revolutions. As the rotations of shaft 104 are transmitted
through the gear train of the clock 19 they undergo a
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further reduction .of 1/12. The displacement of the long
hand of clock 1& due to the rotations of shaft 3a there-
fore equal 1/12-(—1/5)-(—1/5)-300-log p=log p révo-
lutions.

The rotation of the shaft 2 is ‘transmitted to the
m-clock 10 in the following manner and added to the
indication thereon resulting from the rotation of shaft
3a. The worm 16 and sun gear 17 combination reduces
the rotations of shaft 2a by —1/60 and, because the trans-
mission ratio of the combination is negative, the sun gear
rotates in the counter-clockwise direction. The rotation
of the sun gear thus represents (—1/60)-300-log N revo-
lutions. Now the shaft 25 and gear 21 are stationary, there
being no further change in the value of the independent
variable -p, -and the -angular .displacement of the sun gear
due to rotation -of shaft 2q is effectively multiplied by 2
as it is transmitted to the shaft 27. Thus, the rotation of
shaft 127 ‘due to the rotation of shaft 24 is equal to
2-(=1/60)-300-log N revolutions . Proceeding along 10-
ward the clock 16, the rotation of shaft 27 is reduced by
the transmission ratic —1/5 of the worm 3% and gear 31
combination -and the direction of rotation is reversed.
The displacement of the shaft 10a therefore becomes
(—1/5)-2-(—1/860)-300-log N. This displacement is
further reduced by 1/12 by the gear train in the m-clock
so that the displacement of the long hand of clock 16 due
to the rotation of shaft 2a is

1/12-(—1/5)-(—1/60)-2-300-log N=1/6 log N

The combined: displacement of the long hand of the
m-clock 10 resulting fromthe rotations of the shafts 2a
and -3a will therefore equal (log p-}1/6-log N) revolu-
tions. Since ‘the hands for the respective clocks initially
were set to indicate m=1 for p=1 and N=1, this com-
bined displacement therefore equals log m revolutions.
On account of ‘the logarithmic. graduation of the dial of

the m-clock 10, the hands of this clock will therefore
indicate the particular value of m which solves the equa-
tion m=p-I-N*, Although the foregoing explanation is
in terms of a sequence of operations, the p:and N clocks
may be driven to their particular values simultaneously
and the results will be identical.
- The basic operation of the remaining portions of the
computer are typified by the operation of the parts just
described in detail, and the analysis of the operation of
the computer to provide specific solutions of the other
equations it reproduces may be made in exactly the same
manner,

In accordance with the disclosed pr1nc1ples the em-

bodiment of my invention described above may be modi-
fied or expanded in many respects to adopt it to special
situations. In some cases, for example, it may be de-
sirable: to introduce the front roll diameter of the yarn
spinning machine as an additional indepeadent variable
in order to- obtain the speed of this roll in revolutions
per ‘minute .as another -dependent variable. In other
cases provisions may be made to enable the operator to
change from any direct or indirect yarn numbering sys-
tem “to any other such. system without readjustment of
the computer. To ‘this end the System Factor, I, may
be: introduced: as an independent variable, and the N-
clock may be equipped with two scales, one running in
- the opposite direction of the other.

At present I believe that toothed -gearing provides the
most accurate and reliable transmissions.
other mechanical means may be utilized to the same end.
Whatever the type of mechanical elements employed, ‘it
should be noted -that arrangements must be made so that
- nomovement of the hands on any of the clocks can occur
as-an accidental result of the movements of the various
parts .of the computer. Toothed gearing is desirable in
this :tespect for the reason that the differential transmis-

However, g;
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Precautions- should also. be ‘taken to -insure that .the

75

12 . :
driving ‘motors do ‘not have any -appreciable tendency to
overrun when the power is cut off.  Generally, small
motors having low inertia w111 be best smted to this
application.

A substantial advantage is derived from the high trans-
mission ratios of the clock gear trains which minimizes
the effect of .any backlash in the differential gears. This
makes it possible to use relatively inexpensive differential -
gears without any appreciable sacrifice of overall ac-
curacy.

In the particular embodiment of ‘my mventlon de-
scribed above nothing -will be changed if the -short hand
on the ¢lock for any of the variables, except N, is made
to complete any whole number of revolutions in the same
direction. In the case of the variable N, however, the
criginal situation will only be restored after a whole
multiple of six revolutions of the short hand. To safe-~
guard against -the confusion which this condition might
cause, suitable mechanical or electrical means may be
employed to make it impossible for the short hand of
the N-clock to pass an arbitrarily selected point of the
scale, for example the point representing 10,000 or 0.01.

The principal ‘feature of my new analog computer is
that it takes the computational toil -out of caleulations of
the type described. The operator does not need to. give
any attention whatsoever to the particular forms of the
equations since they have been built into the computer.
Moreover, there is no sequence of operations to be kept
in mind, and there .is no distinction to be made between
the ‘arithmetic operations of division and multiplication.
Fach one of the independent variables is set on its own
separate dial, and the correct values of the correspending
dependent variables appear automatlcally, each on its own -
dial. The variables may be set in any order and any one
of them may be changed afterwards.

My invention has been described in connection® with
an embodiment especially adapted to perform the ‘twist
and production calculations made in a textile mill. Tt'is
obvious, however, that a very large number of practical
designs are p0s51ble Therefore, I do not propose to be
limited to the precise details set forth above. = Generally,
a computer may be designed in accordance with the prin-
ciples 1 have given for all problems which may be re-
duced to one or -more equations of the mathematical
form A-Bb-Ce , . . =constant, where for the particular
embodiment of my invention described above ‘the ex-
ponents b, ¢ must be positive or negative, either integral
or fractional. However, there are many other types of
equations to which other modifications of my ‘invention
may be applied. For example, in the general equation
given above the exponents b, ¢, . . . may have irrational
values, and they do not necessarily need to be constant.
Although the invention is based on the use of logarithmic
scales, the scales may be modified to reproduce a large
variety of trigonometric and other mathematical func-
tions. For -example, the exponential function A-Bz=
constant, where not only A and B, but also the éxponent
z are variables, may ‘be reproduced by using a regular
logarithmic scale for the exponent, z, and log-log scales
for the variables A and B.

In general, I believe a computer of this new type-can
be used for the solution of any equations where the ratio
of ‘the logarithmic- differential of the wvariable (above re-
ferred to as the M— ratios) .can be produced by mechan-
ical means.

Having fully described a partlcular embodiment of my
invention, I claim: )

1. Apparatus for evaluating a dependent variable A for
particular:values of one or more independent variables
B, C . . ., the variables' being related by: an expression
of the general form A-BY-Ce=constant, where at least’
one of the.exponents b, ¢'. . . is rational or irrational

~‘and other than 1, which apparatus comprises a displace-

able input-element for each of ‘the variables B, C .. ., .
means for producing a displacement of each.input ele-
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ment related to the logarithm of the associated independ-
ent variable, a displaceable ouiput element for the de-
pendent variable A, means for relating the displacement
of the output element to the value of the dependent vari-
able A, and means for communicating the displacement
of each input element to the output element, said com-
municating meaas operating te multiply the displacement
of each input element by the negative ratio of the ex-
ponent- of the independent variable associated with that
input element to the exponent of the dependent variable
and to sum algebraically the multiplied displacements.

2. Apparatus according to claim 1 in which the com-
municating means between the input element for the vari-
able C and the output element comprises means for dif-
ferentially combining the displacements transmitted from
two of said input elements and means for transmitting
the combined displacements to said output element.

3, Apparatus according to claim 1 in which the com-
municating means comprises first gear means for multi-
plying the displacement of a first input element, second
gear means for multiplying the displacement of a second
input element, differential gear means for algebraically
summing the multiplied displacements produced by said
first and second gear means, and means for transmitting
the summed displacements to said output element, the
overall transmission ratio of the communicating means
"between the input element for each independent variable
and the output element for the dependent variable being
equal to the negative ratio of the exponent of that inde-
pendent variable to the exponent of the dependent vari-
able.

4. Apparatus according to claim '1-in which the com-
‘municating means comprises first gear means for multi-
‘plying the displacement of a first input element, second
gear means for multiplying the displacement of a second
input element, differential gear means for algebraically
summing the multiplied displacements produced by said
first and second gear means, third gear means for multi-
plying the summed displacements produced by the dif-
ferential gear means, and means for transmitting the mul-
tiplied displacement produced by said third gear means
to said output element, the overall transmission ratio of
the communicating means between the input element for
each independent variable and the output element for
the dependent variable being equal to the negative ratio
of the exponent of that independent variable to the ex-
ponent of the dependent variable.

5. Apparatus for evaluating a dependent variable A for
particular values of one or more independent variables
B, C. .., the variables being related by an expression
convertible to the general form A - B?-Co=constant, where
at least one of the exponents b, ¢ .. . is rational or
irrational and other than 1, which apparatus comprises
a displaceable input element for each of the variables
B, C . . . means for producing a displacement of each
“input element related to the logarithm of the value of the
associated independent variable, a displaceable output
element for the dependent variable A, means for relating
“the displacement of the output element to the value of
the dependent variable, and ‘means for communicating
‘the displacement of each input element to the output
element, said communicating means comprising a gear
means for each input element for multiplying the displace-
-ment of that element, one differential gear means for
-algebraically summing the multiplied displacements pro-
duced by the gear means for two of said input elements,
another differential gear means for algebraically summing
the multiplied displacement produced by another of said
gear means and the summed displacements produced by
said one differential gear means, an additional differen-
tial gear means for each of the other gear means for
algebraically summing the multiplied displacement pro-
duced by each other gear means and the summed dis-
" placements produced by the preceding differential gear
.means and means for transmitting to the output element
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the summed displacement produced by the last of said
additional - differential gear means, the overall transmis-
sion ratio of the communicating means between the input
element for each independent variable and the output ele-
ment for the dependent variable being equal to the nega-
tive ratio of the exponent of that independent variable to
the exponent of the dependent variable.

6. Apparatus for evaluating a dependent variable A for
particular values of one or more independent variables
B, C . . ., the variables being related by an expression
convertible to the general form 4 - B*-Ce==constant, where
at least one of the exponents b, ¢ . . . is rational or
irrational and other than 1, which apparatus comprises
a displaceable input element for each of the variables
B, C . . . means for producing a displacement of each
input element related to the logarithm of the associated
independent variable, a displaceable output element for
the dependent variable A, means for relating the dis-
placement of the output element to the value of the de-
pendent variable, and means for communicating the dis-
placement of each input element to the output element,
said communicating means comprising a gear means for
each input element for multiplying the displacement of
that element, one differential gear means for algebraically
summing the multiplied displacements produced by the
gear means for two of said input elements, another dif-
ferential gear means for algebraically summing the mul-
tiplied displacement produced by another of said gear
means and the summed displacements produced by said
one differential gear means, an additional differential
gear means for each of the other gear means for alge-
braically summing the multiplied displacement produced
by each other gear means and the summed displacements
produced by the preceding differential gear means, a final
gear means for multiplying the summed displacements
produced by the last of said additional gear means and
means for transmitting to the output element the multi-
plied displacement produced by said final gear means,
the overall transmission ratio of the communicating
means between the input element for each independent
variable and the output element for the dependent vari~
able being equal to the negative ratio of the exponent of
that independent variable and the exponent of the de-
pendent variable.

7. Apparatus according to claim 1 and another appa-
ratus of substantially similar character for evaluating a
dependent variable S for particular values of one or more
independent variables T, U . . ., the variables being re-
lated by an expression convertible to the general form
§-Tt-Un=—=constant, where at least one of the exponents
%, u, . . . is rational or irrational and other than 1, at
least one of the input elements and the associated relat-
ing means for the variables B, C, . . . also being the in~
put element and associated relating means for one of the
variables T, U, . . . -

8. Mechanical analog computing apparatus for solving
equations reducible to the form A4 - B®: Cc=constant, where
at least one of the exponments b, ¢ . . . is rational or
irrational and other than 1, which apparatus comprises
a rotatable input shaft for each of the independent vari-
ables B and C and a rotatable output shaft for the de-
pendent variable A, an indicating means for each input
and each output shaft, said indicating means being cou-
pled to its shaft through a reducing gear train, each of
said indicating means being graduated so that the angu-
lar displacement of the shaft may be related to the log-
arithm of the variable represented thereby, a differential
gear transmission comprising a ring gear and planet gears
carried internally of the ring gear and a pair of opposed
crown gears, the ring gear being driven from the input
shaft for the independent variable B through a reducing
gear transmission having a transmission ratio k,, one
crown gear being driven from the input shaft for the in-
dependent variable C through a reducing gear transmis-
sion having a transmission ratio k5, and the second crown
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‘gear -driving the output shaft for the dependent variable
A through a .reducing .gear transmission having a trans-
mission ratio k,, said transmission ratios being related by
the equations 2ky ky=—b and ky-ks=c.

9. Mechanical -analog computing apparatus for solving
-equations reducible to the form 4 -Bb-Ce- Dd=constant,
where at least one of the exponents b, ¢, d . . .isrational
-or'ifrational and other-than 1, which apparatus comprises
:a rotatable-input shaft for each of the independent vari-
:ables B, C, D-and a rotatable output shaft for the de-
pendent -variable A, an indicating means for each shaft,
-said indicating means being coupled to its shaft through
-a reducing gear train, each-of said indicating means being
-graduated so that the angular displacement of the shaft
:may ‘be. related to the logarithm of the variable repre-
sented thereby, a first differential gear transmission com-
‘prising a ring gear and planet gears carried internally
-of said ring gear and a pair of opposed crown gears mesh-
-ing with said planet gears, the ring gear of said first trans-
-mission being driven by the input shaft for the independ-
.ent-variable B through a first reducing gear transmission
having a transmission ratio k,, one crown. gear of said
first: differential transmission driving the output shaft for
the dependent variable A through a second reducing gear
Aransmission having a transmission ratio &y, a second dif-
ferential gear transmission having a ring gear and planet
-gears carried internally -of the ring gear and a pair of
:opposed crown gears meshing with said planet gears, the
:second crown gear of said first differential transmission
"being -coupled to one of the crown gears of said second
-differential gear transmission, the ring gear .of said sec-
-ond differential gear transmission being driven from the
-input.shaft for the independent variable C through a third
reducing gear transmission having a transmission ratio ks,

-and-the second.crown gear of the second differential gear

‘transmission -being driven by the input shaft for the in-
-dependent variable D through a fourth reducing ‘gear
transmission having a -transmission ratio %,, -and -said
-transmission ratios being related by the equations

2k1'k2=—3b, Zkl‘k3=C, and ’kl'k4=—d

10. Mechanical analog computing apparatus-for solving
.equations of the form

3
X=.prb

which apparatus comprises a rotatable input shaft for
-each of the independent variables p and N and a rotatable
-output shaft for the dependent variable X, an indicating
:means for each shaft and coupled thereto through a re-
:ducing gear train, each of said indicating :means being
graduated to express the displacement of the shaft cou-
-plied thereto as the logarithm of the valuie of the variable
..represented-thereby, a first worm and gear transmission
" driven by the shaft for the variable p and having a trans-
mission ratio k;, a second worm and gear transmission
«driven by -the input shaft for the variable N and having
.a transmission. ratio
k2=kl"2%

‘a differential gear transmission comprising ‘a ring gear
-and planet gears carried internally of the ring gear and
-a pair of opposed crown gears meshing with said planet
‘gears, the ring ‘gear being driven by the worm of said
-second transmission, means for coupling the gear of said
first transimission to one crown gear of said differential
‘transmission,-a-third worm and gear transmission having
-a-transmission ratio k; and having its worm coupled to
. .-the-other crown -gear of said differential transmission,.the

- -gear-of said third transmission being coupled to said out-

put shaft, and the ratios -of the reductions, effected by the
_.-.input indicating means gear trains to the reduction effected
" by the output indicating means gear-train being. the prod-

: et of kl an.d.k;;.
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11. ‘Mechanical analog computing apparatus for solv-
ing equations of the form

=2
t=K-p=t.N

which apparatus comprises a rotatable input shaft for
each of the independent variables p, N and K and a

_rotatable output shaft for the dependent variable ¢,
-an indicating means for .each shaft and coupled thereto

through a reducing gear train, each of said indicating
means being graduated to express the angular displace-
ment of the shaft coupled thereto as the logarithm of the
value of the variable represented thereby, a first worm

‘and gear transmission driven by the input shaft for the

variable p and having a transmission ratio %;, a second
worm and gear transmission driven by the input shaft for
the variable N and having a transmission ratio

‘ a
25’
a third worm and gear transmission driven by the input
shaft for the variable X and ‘having a transmission ratio

k

763 =‘9"'

]C2=

differential gear transmissions driven by said second .and
third transmissions, each of said differential gear trans-
missions comprising a ring .gear carrying internal planet

.gears and a pair of opposed crown gears meshing with
-said planet gears, the ring gear of each differential trans-

mission being the gear of the associated worm and gear
transmission, means for coupling the gear of said first
transmission to one crown gear of the differential trans-
mission associated with .said second transmission .and
means for coupling the other crown gear to one crown
gear -of the differential transmission  associated with said

third transmission, & fourth worm and gear transmission
having a transmission ratio k; -and .means for coupling

the worm thereof to the other crown gear of the differen-

+tial transmission associated with said third transmission,

means for coupling the gear of said -fourth: transmission
to the output shaft for the variable 7, the ratio of the
reduction effected by the input indicating means gear
train to the reduction effected by the output indicating
means gear train being equal to:the product of k; and k.
12. Mechanical analog computing - apparatus for si-
multaneously solving expressions reducible to.the form
A-Bb-Ce=constant, and S§-Bm-Tt=constant, where at
least one of the exponents b, ¢, . . . m, ¢ is rational or
irraticnal and other than -1, which apparatus comprises .a .
displaceable ‘input element for each of the independent
variables B,C . . .,.8, T, .. ., and a displaceable output
element for -each of the dependent -variables A,-S,

. v ey

means for effecting a -displacement of each input ele-

ment related to the logarithm of the value of the-asso-
ciated independent. variable, means.for relating the dis-
placement of each output element to the value of the
associated dependent variable, means for communicat-
ing- the displacement of each of ‘the input elements- for
the independent variables B, C, . . . to the output ele-
ment for the dependent variable A and:other means for

-communicating the displacement of each of the input

elements for the independent variables B, T, . . . to
the output element for the dependent variable S, -each
of said communicating means operating -to multiply the
displacement of the particular input element by the nega- -
tive ratio of -the exponent of the independent variable as-
sociated with that input element to the exponent-of the:
dependent variable to which the multiplied displacement
is'.communicated, and each of said communicating means

further operating to sum algebraically the multiplied dis-

placements -communicated to the output element. -

13. Computing - apparatus according to: claim™ 12 :in"
which each of said communicating means comprises sep-
arate gear means for multiplying. the displacement of each
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of the input elements the displacement of which is com-
municated, and differential gear means for summing
algebraically the multiplied displacements of said input
elements, the overall transmission ratio of the com-
municating means between each of the input elements and
the output element being equal to the negative ratio of
the exponent of the independent variable associated with
the particolar input element to the exponent of the de-
pendent variable associated with the output element to
which the displacement is communicated.

14. Mechanical analog computing apparatus for si-
multaneously evaluating dependent variables A, M, S
for particular values of independent variables B, C, . . .,
M. N,...T, U,. .. the variables being related by
expressions reducible to the general forms

- A-Bb-Ce==constant
M-Be-Cf-No—constant, and S§-B°-CP-Tt-Ui=constant

where at least one of the expouents b, ¢, ¢, f, n, o, p,
t, u, . . .1Is rational or irrational other than 1, which ap-
paratus comprises a displaceable input element for each
of the independent variables B, C, . . . M, N, ... .
T, U, ... and a displaceable output element for each
of the dependent variables A, M, S, . . ., means for ef-
fecting a displacement of each input element related to
the logarithm of the value of the associated independent
variable, means for relating the displacement of each out-
put element to the value of the associated dependent
variable, means for communicating the displacement
of each of the input elements for the independent varia-
bles B, C to the output e¢lement for the dependent varia-
ble A, other means for communicating the displacement
of ‘each of the input elements for the independent vari-
ables B, C, N to the output element for the dependent
variable M, and further means for communicating the
displacement of each of the input elements for the in-
dependent variables B, C, T, U to the output element for
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the dependent variable S, each of said communicating
means operating to multiply the displacement of the par-
ticular input element by the negative ratio of the ex-
ponent of the independent variable associated with that
input element to the exponent of the dependent variable
to which the multiplied displacement is communicated,
and each of said communicating means further operating
to sum algebraically the multiplied displacements com-
municated to the output element.

15. Computing apparatus according to claim 14 in
which each of said communicating means comprises sep-
arate gear means for multiplying the displacement of
each of the input elements the displacement of which is
communicated, and differential gear means for summing
algebraically the multiplied displacements of said input
elements, the overall transmission ratio of the communi-
cating means between each of the input elements and the
output element being equal to the negative ratio of the
exponent of the independent variable associated with
the particular input element to the exponent of the de-
pendent variable associated with the output element to
which the displacement is communicated.
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