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1

This invention relates to iinprovements in slide ™

rules and the general object of the invention is
to provide a slide rule of greater capacity and
flexibility than slide rules heretofore produced.

Another object of the invention is to provide
a slide rule of the character described herein
which will enable computations to he made with
- greater facility and accuracy than by slide rules
heretofore produced.

Usual slide rules in general use are of three.
types; onhe comprises a body having a single face

provided with a longitudinal channel in which
the slide is' movable longitudinally and provided
with logarithmic scales which cooperate. with
complementary scales upon the upper and lower
sections of the face of the body. In some rules
of this type the slide is reversible and different
logarithmic scales provided upon each side of
the slide. - Another slide rule comprises spaced

side bars having their inner edges recessed to

provide a guideway for a longitudinally movable
slide, the upper and lower faces-of the body being
respectively provided with logarithmic scales and
the slide provided with-logarithmic scales com-
plementary to a certain scale or scales upon the,
front and/or reverse faces of the side bars. The
third slide rule is of a cylindrical type comprising
a cylindrical slide rotatable about its axis upon
which are scales complementary to one or more
scales upon the face of the body.

One of the objects of the present invention is
to provide a slide rule having a polygonal rotat-
able -slide provided with several flat faces each
preferably bearing a plurality of logarithmic,

and/or trigonometric scales complementary to -

the logarithmic scales upon the front face or the
front and back faces of the body and adapted to
be positioned in substantially flush cooperative
relation thereto, thereby enabling a greater num-
ber of scales to cooperate with the scales upon the
body in performing a computation, and also en-
abling a greater number of full length scales to
be employed in such manner as to increase the
accuracy of the computation.’ Such scales give
values which may be used directly. Slide rules
not employing this feature of the present inven-
tion impose the necessity of making a preliminary
solution, viz. either of rewriting and substituting
known equivalents of a factor or factors, or of
actual computation of any equivalent necessary
to the stuiccessiul solution of a problem.

A further object of the invention is to provide a
slide rule comprising a body having parallel side
bars having front and back faces with logarithmic
. scales thereon and having oppositely disposed
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guideways along their inner edges with a muiti-
faced polygonal slide rotatably mounted in a
housing which is movable longitudinally of said
guideways and which is provided with diametri-
cally opposite flat faces having logarithmic,
and/or trigonometric scales thereon adapted to
be adjusted rotarily into the planes of said front
and back faces and substantially flush therewith,
and comprising g runner having like indexes co-
operating respectively with the front and hack
faces of the body thereby enabling the result of
the computation performed upon one face of the
slide rule to be continued upon the reverse face
thereof by a suitable manipulation of the slide
housing and the positioned scales contained
therein. .

A further object of the invention is to eliminate
the limitations of conventional slide rules relat-
ing to trigonometric functions. The conven-
tional rule usually identifies two of the functions
directly and other functions by color coded dou-
ble numbered scales or complementary angles or
both to denote cosines the tangents greater than
45° and also cotangents from these same scales,
while the secant or cosecant are not assigned to
any scales but must be derived by “identity” either
by the reciprocal pair form or by their natural
value which must be computed. Such elimina-
tion of limitations is accomplished by the present
rule by presenting each of the six trigonometric
functions on separate scales and plainly identi-
fied, so as completely to avoid any of the con-
fusion usually experienced by slide rule operators
when dealing with complementary angles. By
reason of the present invention the complement
of any angle may be read directly by referring
to the complementary function with the natural
value of any function on the C scale, its value
squared on the B scale, or its value cuked on the
KS scale. This eliminates reading the values of
tangents greater than 45°, and cotangents less
than 45° on a reciprocal scale. This further
allows the option of reading the reciprocal of all
six trigonometric functions on the CI scale to
obtain the natural reciprocal value, or of using
the direct reading scales in solution of trigono-
metric problems. _

A further object of the invention is to increase
the value of the slide rule by the introduction of
log log scales and KS scales on g face or faces
of the rotatable slide and also full unit length
radian and log log scales of decimal -quantities
as will more fully appear from the detail con-
struction and method of operation and the illus-
trative problems hereinafter set forth.
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A further object of the invention is to provide
a slide rule of the character above described hav-
ing a rotatable polygonal slide mounted in g slid-
ing housing with means for releasably locking a
selected face of the slide in a position flush with
the face of the body having a scale complemen-
tary to that upon the selected face.

A further object of the invention is to provide
adjustable means for accurately centering the ro-
tatable polygonal scale in the heads of the hous-
ing and preferably also providing means for easily
rotating the polygonal slide to present the scales
upon a selected face thereof in proper correla-
tion to a scale or scales upon the body.

These and other objects and features of the
invention will more fully appear {rom the follow-
ing description and the accompanying drawing
and will be particularly pointed out in the claims.

A preferred embodiment of the invention is
illustrated in the accompanying drawing, in
which

Fig. 1 is g plan view of the front face and the
runner slidably mounted thereon;

Fig. 2 is a plan view of the back of the slide
rule illustrated in Fig. 1 illustrating also the re-
verse side of the runner with a hairline indicator
in alinement with that upon the side of the run-
ner which cooperates with the front face of the
rule thereby enabling the computation performed
upon one face of the cooperating scales to be con-
tinued upon the other face;

Fig. 3 is a detail perspective view partially in
section illustrating the body of the slide rulé, the
rotatable slide and the housing therefor slidably
mounted in the body, with the bottom face of the
slide rule uppermost;

Pig, 4 is a Dperspective view of the rotatable
polygonal slide enclosed in the housing;

Pig. 5 is a transverse vertical sectional view
showing also the brackets connecting the side bars
of the body and means for adjusting the same to
compensate for distortion and to provide proper
frictional engagement between the housing and
the sideé bars of the body;

Fig. 6 is an end view, partially in section, of
the rotatable slide and its housing and illustrat-
Ing means for releasably locking the slide when
a Seélecteéd face thereof is in cooperative relation
to a face or faces of the body;

Fig. 7 is a detail side elevation of the construc-
tion Mustrated In Fig, 6;

Fig. 8 1s 3 median loneitudinal sectional view
eentrally broken away of the rotatable polyzonal
slide and the heads of the housing therefor show-
ing the means for accurately centering the ro-
tatable <lide. the means for rotating it, and means
for locking it In selected position:

Fig. 9 is a schematic drawing showing the rela-
tivé position of the various scales. their first and
last graduations and the direction in which the
values Increase.

The sHde rile embodying the present invention
comprises essentially a body having a flat face
provided intermediate of its width with a longi-
tudinal undercut recess in which is mounted a
rotatable polygonal slide having flat faces selec-
tively rotatable into the plane of the body. The
face of the body is provided with a logarithmic
scale or preferably a plurality of logarithmic
Seales upon either side of the entrance to the
recess and the flat sides of the polygonal slide are
provided with a scale or a plurality of scales
mainly full length sealés complementary to one
or more of the scales upon the body. Means are
provided for releasably locking the slide against
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rotation when the scale bearing face thereof is
flush with a face of the body so that computations
may be made by manipulating the slide longitu-
dinally of the body as in usual slide rules, it being
apparent however that the capacity of the slide
rule is greatly increased by reason of the multi-
plicity of scales provided upon the several flat
sides of the polygonal slide.

Desirably the polygonal slide is rotatably
mounted in a housing which is slidably movable in
ways in the body and suitable means are provided
for rotating the slide to position a selected face
thereof in the plane of the face of the body and
in suitable cooperative relation to a ccmplemen-
tary scale upon the face of the body.

In the construction illustrated in the drawing
the body comprises parallel side bars | and 2,
preferably of wood or plastic composition, which
are suitably spaced apart to provide a recess there-
between in which the slide and its housing are lon-
gititdinally movable in either direction. As illus-
trated in Fig, 1 the upper and lower faces 3 and 4
of the side bars I and 2 are provided with a plu-
rality of suitable se¢ales and the lower and upper
faces 5 and 6, Pig. 2, of the side bars | and 2 are
likewise provided with & plurality of suitable scales
as will hereinafter more fully appear. Suitable
front arid back plates or L-shaped brackets T and
8 with a concavity on one side of each bracket
connect the ends of the side bars together. De-
sirably these brackets are provided with means
for adjusting the spacing of the side bars, such as
screws 9 mounited in suitable slots in like end por-
tions of each of the brackets, the L-shaped brack-
ets belng provided for the purpose of enabling the
ends of theé slide to be readily grasped by the op-
erator.

The innet edge of each side bar is provided with
& re-entrant preferably angular channel or groove
having upper and lower walls 10 and {1 converg-
ing from the inner edges of the side bars and de-
sirably are provided with flat end walls 12 pro-
vided with a longitudinally inwardly extending
tenon 13 providing a guideway for the housing of
the slide. 'The slide housing comprises like longi-
tudinally extending side members {4 complemen-
tary to thé channél or groove in the side bars the
ends of which are secured by sultable means, such
a5 sérews 15 to heads (6§ the walls of which are
continuations of the walls of the side members
of the housing. The housing members {4 inter-
mediate of the heads (& are provided with cy-
lindrically concave faces 1T within which a polyg-
onal slide 18 is rotatably mounted in such a man-
ner that the flat faces of the slide I8 may selec-
tively be rotated into the plane of and fit within
the space between the inner edges of one or pref-
erably both faces of the side bars.

Desirably means are provided for accurately
centering the rotatable polygonal slide in the
heads of the housing with means for enabling the
opérator readily to rotate the slide and means for
releasably locking the slide when a selected face is
properly positioned in the plane of the face or
faces of the side bars.

A preferred construction for accomplishing this
purpose is illustrated in Figs. 6-8 inclusive in
which each head is shown as a chambered mem-
ber having an outer end wall 19 the inner end
wall 20 and an intermediate wall 24. A sleeve
22 having an inner peripheral flange 23 seated
in the intermediate wall 2 extends throuegh the
outer wall {9 and is provided with an internal
serew thread in which a centering screw 24 hav-
ing a conical point is adjustably mounted. The
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polygonal slide 18, which desirably is of wood,
plastic composition, or other suitable material,
has preferably metal blocks 25 axially mounted
in its ends and secured therein by axial screws
26. A narrow cylindrical wheel or disk 27 having
a milled periphery is mounted upon the block
25 and secured to the slide by screws 28, as shown
in Pig. 6. The block 25 has a cylindrical end por-
tion or journal 29 which is journaled in a suit-
able bearing in the inner end cf the sleeve 22
and is provided at its end with a conical recess
which is engaged by the conical end of the adjust-~
ing screw 24.

‘Suitable means are provided for releasably
locking the slide against rotation when a selected
face thereof is properly positioned with respect to
a face of the side bar. As illustrated in Figs. 6-8
the block 25 is peripherally recessed to provide a
series of equally spaced teeth 30 which are
adapted to be engaged by the recessed end of &
pawl 31 the opposite end of which is pivotally
mounted upon one of the screws 15 which secure
the head to the side members of the housing and
a spring 32 serves to maintain the pawl 81 releas-

ably in engagement with one of the teeth 39 cor- :

responding to the selected face which is to be po-
sitioned in cooperative relation to the face of the
slide.

Preferably, but not necessarily, each face of the
polyzonal slide is provided with a plurality of
longitudinally extending scales adapted to.coact
with a complementary scale upon & face on the
side bars.

A guitable runner is slidably mounted upon and
movable longitudinally of the side bars and pro-
vided with like alined indexes cooperating respec-
tively with the scales upon the front and back
faces of the side bars. The runner desirably com-~
prises parallel transparent plates 33 of suitable
width extending across the front and back faces
of the side bars with suitable means connecting
the same to cause them to move in unisen longi-
tudinally of the rule. The transparent plates are
provided with transverse hairlines 34 in the same
vertical plane adapted to cooperate with scales
upon opposite sides of the rule so that when a
computation is made upon one side of the rule
it can be readily transferred to the other by mere-
Iy reversing the rule.

Any suitable means may be provided for rigidly
connecting the plates 33. It is desirable however
that suitable means be provided which will so sup-
port the plates that they will pass over the scales
on the respective sides of the rule without fric-
tional engagement therewith and more important
to provide yieldable means to permit the plates
to be separated sufficiently to enable the rotation
of the polygonal slide to present different faces in
substantially the planes of the upper and lower
faces of the slide rule.
accomylishing this purpose comprises comple-
mentary pairs of brackets 35 of rectangular cross
section of suitable material, such as aluminum or
plastic, and of the same length as the width of

the plates 33 which are secured to the respective:

plates 33 by screws 36 and the adjacent edges of
which are connected by suitable coiled springs 37
adapted to yield when the polygonal slide is ro-
tated to position different faces of the slide in
parallelism with the faces of the side bars.
Desirably the brackets 35 are retained in place
by rectangular housings 38 which serve as guides
for the brackets during the separation and the re-
turn thereof by the springs 37, the housings being
of such vertical width as to position the plates 33

A preferred means for:
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in close proximity to but not in frictional contact
with the upper and lower faces of the side bars |
and 2.

Desirably the ends 389 of the housings extend be-
yond the ends of the brackets 35 and are tapered
to provide a streamline construction which will
avoid the catching of the ends of the runner upon
the clothing of the operator or upon a case enclos-
ing the slide rule.

Suitable means such as leaf springs 40, which
are secured centrally to the inner side walls of the
housing 33, are provided to engage the longitudi-
ral grooves &1 in the side bars | and 2. By reason
of the construction described the housings 38 are
guided in exact parallelism and are retained from
upward and downward displacement when the
transparent plates are separated and returned to
a position as the polygonal slide is rotated to bring
opposite faces thereof into parallelism with and
substantially flush with the upper and lower faces
of the side bars.

By reason of the spring connection 37 to the
brackets 35 the transparent rlates also serve to
prevent undesirable rotation of the polygonal slide
when the oprosite faces thereof are substantially
flush with the upper and lower faces of the side
bars thereby enabling the omission if desired of
the toothed locking block 30 and the locking pawl
31.

In the preferred embodiment of the invention
llustrated herein the polygonal slide {8 is of an
hexagonal cross section, diametrically opposite
walls of which are adapted to be positioned flush
with the upper and lower faces of the side bars,
but it will be understood that by suitable adjust-
ment or construction other forms of rotatable
polygonal slides having symmetrical faces may be
employed such as triangular or preferably octag-
onal or other even numbered symmetrical faces
may be employed.

The respective faces of the rotatably polygonal
slide may be provided with any suitable longitu-
dinally extending standard logarithmic and/or
trigonometric scales adapted to coact with a se-
lected legarithmic scale or scales upon the face or
faces of the side bar or body of the rule and the
scales upon the respective faces of the polygonal
slide may be arranged in any desirable order or
sequence, and it will be noted that all the scales
illustrated herein excepting only usual A, B, KS
scales are of full unit length so as to provide maxi-
mum accuracy in computation of the problem and
for purpose of brevity in this description the
phrase “full unit length” will be omitted but un-
derstood unless obtherwise specified. Such “full
unit length” scales may also be termed “one cycle”
scales as these terms are used synonymously in
the art.

On the front face 8 of the side bar { the top
scale is identified as a log log scale LI.0: and is
continued in the log log scale beneath it iden-
tified as LLO2 to form one-half of the continuous
log log scale of decimal quantities. The other
half of this continuous log log scale is located
upon the lower front face 4 of the side bar 2
being the scales identified as LLO0z and I.L0s which
is immediately beneath it. These four scales
constitute a continuous log log scale of decimal

“quantities of full unit length representing log-

arithms of cologarithms of the numbers between
0.000045 and 0.999 and are employed both to find

‘cologarithms to any base of numbers below unity

and to find pvowers and roots of numbers below
unity. The LLO: scale covers the range closest
to unity i e. .9990 to .9905, the LL0z scale the
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next range from .9905 to .9048 and so on for the
LL0r and LLO:+ respectively to .0000454. Unlike
the log log scales of decimal quantities on the
conventional slide rule which are referred to a
two unit length scale, these scales are referred
to the D scale of full unit length for greater
accuracy.

The D scale which appears upon the front face
4 of the lower har 2 represents the natural co-
logarithms of the numbers on the LLO0i;, LLO:,
LI.0z:, LLOs scales and is a standard logarithmic
scale with graduations from 1 to 10 and a replica
of scale C on one of the faces of the polygonal
slide with which it coacts.

Immediately below the LLO0z scale on the upper
face 3 of the side bar { and adjacent to the
inner edge thereof is a folded scale identifled
as DF and is a standard scale similar to the
D scale except that it is folded with the value of
» at the indices of the rule. It is designed to
coact with the CPF and CIF scales upon the com-
plementary face of the slide as shown in Fig. 1.
The reverse or back face of the side bar 2 (Flig. 2)
is provided with scales identified respectively as
follows: On the face 6 of the bar 2 as 2», LOG,
and A and on the back face of the side bar |
with scales identifled as D, DI, and DF. The
scale identifled as 2» at the upper edge of the
side bar 2 is g single indexed standard logarithmic
scale folded at the value of

1
2x

and is invaluable for use in any type of problem
in which this constant is used, such as radio,
electrical and mechanical engineering, etc., for
example, by placing the runner at any number
on this scale that number automatically multi-
plied by 2= will be found without moving the
runner on the D scale. The scale LOG just below
the 2r scale is an equidivided scale of ten parts
from 0.0 to 1.0 and is used in finding common
logarithms of the numbers on the D scale, The
scale A which is below the LOG scale is a two
unit length scale of standard logarithmic type
designed to coact with the B scale and represents
the value (squared) of numbers on the D scale
or the value (squared) of any trigonometric func-
tion (f the indexes of the A scale and the B scale
upon a face of the polygonal slide are alined
it is exactly like and registered with the B scale
thereof.)

The following scales are also on the back face
5 of bar 1. The scale identified as D is exactly
the same as the D scale already described on
the front face. The scale identifled as DI (pref-
erably printed in red) is beneath the D scale and
is a standard reciprocal logarithmic scale like D
but inverted, the graduations being from 10 to 1
reading from the left. The DF scale which is
below the DI scale is identical with the scale DF
on the front face heretofore described.

The hexagonal rotatable slide is shown herein
as having the flat face 42 flush with the back
faces 5 and 6 of the side bars | and 2 and bears
the scales identifled as B, 8T, COS, and SIN, as
shown in Figs. 2 and 3.

The scales appearing upon the several faces of
the rotatable hexagonal slide appear in the fol-
lowing sequence as the slide is turned in a coun-
terclockwise direction, it being understood that
each of the scales rotates through 360°.

The scale which appears on the face 42 and is
identified as B is a two unit length scale of stand-
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ard logarithmic type, and identical with A, ex-
cept that it rotates. Its property of rotation
makes it invaluable for use as a means of finding
squares or square roots, regardless of which side
of the rule the operator is working with, and
serves as an automatic computor of the value
squared of each of the trigonometric functions,
irrespective of the position of the slider section.
Its principal function however is coacting with
scales A and D in the solution of problems in-
volving squares and square roots, in simultaneous
progressive operations.

The scale identified as S—T is a scale of sines
and tangents whose natural value is less than
0.1. It is numbered from 0° 34’ to 5° 44",

The scale identified as COS is a scale of cosines
from 84° 16’ to zero degrees. This scale elimi-
nates the necessity of reading the cosine of an
angle, as a complement to the sine. Where re-
writing a problem is desirable the cosine scale
gives the exact reciprocal value of the secant
function, completely avoiding the confusion
which often arises in conversion from the secant
to a complementary angle of the sine. It is de-
signed primarily to coact with D, and permits
undisturbed progression of operations of solution,
if cosines are involved.

The scale identified as SIN is a scale of sines
from 5° 44" to 90°. It may be used to give the
exact reciprocal value of the cosecant function
if desired. Designed to coact with D scale, it
permits undisturbed progression of the operations
of g solution if sines are involved.

The scales which appear on the next adjacent
face 43 are as follows:

The scale identified as COT< is a scale of co-
tangents from 45° to 5° 43’

The scale identified as TAN> is a scale of
tangents from 45° to 84° 17’.

The scale identified as COT> is a scale of co-
tangents from 84° 17’ to 45°. Together with
COT< this scale forms a continuous scale of co-
tangents from 84° 17’ to 5° 43’.

The scale identified as TAN< {s a scale of
tangents from 5° 43’ to 45°. 'Together with
TAN> this scale forms a continuous scale of tan-
gents from 5° 43’ to 84° 17",

The scales which appear on the next face 44
(Fig 3) are identified as follows:

The scale identified as CF is a standard folded
logarithmic scale, single indexed, and is exactly
like DF. It alliows factors to be used which are
“off scale” and would require resetting the slider.
It is designed to coact with DF.

The scale identified as CIF is a standard loga-
rithmic reciprocal, folded scale, representing the
reciprocals of numbers on the CF scale.

The scale identified as CI is a standard recip-
rocal logarithmic scale. It is the same as C
but inverted, with graduations from 10 to 1.

The scale identified as C is a standard loga-
rithmic scale exactly like D with which it co-
acts, providing means whereby factors which are
given, or are roots, either square or cubic, auto-
matically extracted from values on B or KS
scales, or represent the natural values of any of
the six trigonometric functions, may be used in a
continuous progressive solution.

The scales which appear upon the next face 45
are B which is exactly like the B scale already
deseribed on face 42 and the scales Lla, Lln,
LIa, which are convenient continuations of each
other and represent the logarithms of logarithms
of the numbers from 1.01 to 22,000 or e {o elo,
The Ll: scale covers the range closest to unity,
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the LLz scale the next range and the LIz scale
the next range away from unity.

The scales which appear on the nexi face 46
are exactly the same as the set of scales on the
face 44 already described, and perform the same
functions, the purpose of duplication is to reduce
to a minimum the amount of rotation necessary
to bring these scales into register with either face
of the rule,

The duplicated scales may be replaced if de-
sired by other scales suitable to individual re-
quirements of the operator and this would add five
more scales to the rule, giving it additional flex-
ibility.

The scale which appears on the face 47 is iden-
tified as RAD ¢ (radian ) and is a standard
logarithmic scale folded at the value of 572 (57.2)
which is the equivalent of the degree value of one
radian, and is designed to coact with D scale in
problems involving radians in simultaneous
operations. 'The value in radians of the angle
given in degrees or decimal fraction thereof and
conversely the angle in degrees or decimal frac-
tion thereof subtended by N radians is automati-
cally given. If desired the radian value may be
read at any time on the C scale regardless of the
position of the slider.

The scale on face 47 identified as KS is a stand-
ard three unit length logarithmic scale identical
with the K scale on conventional slide rules ex-
cepting that it is on the sliding section which
greatly increases its ability to handle factors in-
volving cubes or cube roots, regardless of how
many times they appear in a problem. It is
designed to coact with D and C scales in the solu-
tion of problems by progressive simultaneous
operations.

The scale on face 47 identified as CSC (cose-
cant) is a scale of cosecants from 90° to 5° 44’,
This scale eliminates the necessity of reading
the cosecant, as the reciprocal of the sine func-
tion, which is the practice on conventional slide
rules, and completely avoids the possible confu-
sion which often accompanies a handling of the
cosecant function, If necessary in rewriting
problems the CSC scale gives the exact reciprocal
value of the sine function. It is designed to coact
with D, in permitting simultaneous progressive
operations in the solution of problems involving
this function. The natural value of the function
may be had at any time by referring to the C
scale, regardless of the position of the slider.

The scale on face 47 identified as SEC (secant)
is a scale of secants from zero degrees to 84° 16’.
This scale eliminates the necessity of reading the
secant function as an identity, which is the re-
ciprocal of the cosine function which is in turn
read as the complementary angle of the sine on
‘the conventional slide rule. This completely
avoids the possibility of confusion which often
accompanies the conversion from one function
‘to the reciprocal of another which in turn is the
complement of another function. If necessary in
rewriting problems, a secant scale will give the
exact reciprocal value of the cosine function. It
is designed to coact with the D scale, in permit-
ting simultaneous progressive operations in the
solution of problems invelving this function, the
natural value of the function may be had at any
time by referring to the C scale regardless of the
position of the slider.

It is to be noted from the above description
that identical scales appear upon the faces 44
and 46 and one scale B upon faces 45 and 42 of
the rotatable hexagonal slide (and are therefore
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10
not positioned as might be assumed from the
illustrations in Figs, 1 and 2).

It will be seen from the above description that
all the scales are logarithmic or frigonometric
and appear in either single decade or unit, double
decade or unit, and triple decade or unit, and
that angular functions are given in degrees and
minutes with the title of each function appearing
at the left of each scale.

The slide rule above described possesses all of
the features of the conventional slide rules in-
cluding appearance and is simpler in operation,
but with a scope immensely greater than that of
conventional slide rules, which makes it an in-
strument capable of use in all engineering profes-
sions as well as by the student, navigator or
merchant. The scope of this slide rule can be
realized by comparing the space available on the
slide of the ordinary slide rule which is usually
equipped with three or four scales, whereas the
slide rule embodying the present invention has
six sides upon which each of three or four scales
are present, any one of which may be put in regis-
ter with the logarithmic scales on either face of
the rule and without removing the slide from the
body of the rule and turning the slider over to
place it in register with the other face of the rule.
Thus any problem may be set up in the usual way
and its result may be read as an integer multi-
plied by 10 to the plus or minus of Nth power, (it
being understood that 10 to the zero power equals
1) and results in a direct reading. The result
thus obtained can be immediately translated into
the value of any trigonometric function with
direct reading in degrees and minutes of the
angle involved in the trisonometric function.

The operation of the slide ruile embodying the
present invention follows accepted practice of
good slide rule proficiency by writing or rewrit-
ing the probiem so that it is presented as a prob-
lem invo.ving division and muluplication so that
tne rinal product is the result. In order to per-
form the evoiuilons of the sowtion by a minimum
number of operations it is essential that: (@) the
numerator siall nave one more factor than the
denominator; (b) that tne condition (@) may be
satistied by using the number 1 as a factor, as
many times as i1s necessary to satisfy the condi-

tion (a), or, by the removal of any ractor tfrom

eitier the numerator or aenominator, and the
repiacement of tne removed ifactor with its re-
clprocal in the opposite side of the ratio from
tnat which contained the original factor.

The present slide rule takes full advantage of
the presence on the rovating siiae of scaies B g
two unit logarithimic scale aesigned to coact with
scaie A, buc, due to iis ability to rotate can be
used to gwve values of the square of any of the
trigonometric ifunctions which appear on the
same rocatlilg member, as also the squares of any
number on scale C, without the necessity of re-
moving the siide or reference to the reverse side
of tne rule or of bringing the indices of the slide
and the complementary scaie on the body of the
ruje in regisier., Thus at any time during the
process of solution, the natural value squared of
any of the trigonometric function, or the value
squared of any number on the C scale can be
automatically substituted at will by simply rotat-
ing the scaie until scale B appears.

A similar advantage holds for the scale KS.
Where heretofore the K scale appears on the
body of the rule, this slide rule makes full use
of the KS scale on the rotating member, making
it available as a factor involving cubes and cube
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roots in the most flexible manner, namely, that
of its presence on the sliding section. This also
provides for substitution of cubes or cube roots
of any of the trigonometric functions or of values
of numbers on the C scale without the need of
removing the sliding section, or bringing the in-
dices of the body and the sliding section in
register. The manner is the same as that already
described by simply rotating the slide until the
KS scale shows on the face of the rule.

It will be noted that in many of the problems
which follow valuable use is made of the recipro-
cal pair identities of trigonometry, viz.

R TR R S
Sm—csc. Cos—sec. Tan—cot. Cot=

1 1 1
Tan' Sec-(j«()s: Cscxs—ﬁ

Extended use of these identities, in writing or
rewriting the problems encountered in slide rule
practice, will result in a proficiency which is not
common to most users of the slide rule. For this
reason full scales of all the trigonometric
functions, each of which is identified by name,
rather than by color coded or double numbered
complementary scales, present in some slide
rules, is a feature of this slide rule and completely
avoids all confusion. .

The greater capacity and flexibility of the rule
embodying the present invention and the greater
accuracy thereof by reason of the presence of full
length scales as compared to conventional scales
is illustrated in the following sample problems, it
being understood that certain of the scales ap-
pearing respectively upon the opposite faces of
the body and certain of the faces of the polygonal
slide may be and desirably are similar to or
identical with those of conventional slide rules.

The following problems 1 and 2 are compara-
tively illustrative of one of the advantages of the
present rule as compared with conventional slide
rules.

Problem No. 1.-—Evaluate:

26.5X3.27
19

This satisfies the condition (a) aforesald, namely,
that of having one more factor in the numerator
than in the denominator.

Solution:
Push hair line to 26.5 on1 D,
Draw 1.9 on C to hairline,
Push hairline to0 3.27 on C.
Real result 45.6 on D.

the position of the decimal point being deter-
mined in the usual manner. Since the numbers
on the slide rule are represented as integers it
is always necessary to place the decimal point.
This may be simplified by use of the powers of
“ten” (10+n). Some problems can be done by
inspection, others may necessitate writing. It
is understood that (10°) ten to the zero power=1.
A suggested procedure in the above problem
(which may be done mentally) might be:

26.5X3.27
e -

=4.5X10¢

. 30X3__3xX3xX1ot
approximately =TT g

2

and since 10! means to move the decimal one
place to the right, the approximate answer
would be 45.0, and my answer 45.6 would be cor-
rect.
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Problem No. 2.—Evaluate:
8.27X3265
Cse 31° 45/
Solution:

Push hairline to 3.27 on D
Draw 31° 45’ on Csc scale under hairline
Push hairline to 26.5 on C

Read result 45.6 on D.

The result is the same as for problem No. 1 as
the natural value 1.9 of the function ¢31° 45°
Csc) could have been substituted by simply turn-
ing the rotating slide section to scale C when
Csc 31° 45’ was under the hairline in the sec-
ond operation of the solution.

SQUARES OF FUNCTIONS
Problem No. 3.—Evaluate:

(2.5)% cot? 28° 50/
Csce? 30°

Solution:

Hairline to 2.5 on D,

Draw 30° on CSC scale to hairline,

Push hairline to 28° 50" on COT seale,
Read result—b5.16 on A scale, under hairline,

It will be noted that this problem does not re-
quire rewriting as would be necessary to a con-
ventional slide rule solution in which this neces-
sity arises because the cosecant function is not
represented on the rule. So we rewrite

_(25)2 cot? 28° 507
1
sin? 30°
Furthermore reciprocals of functions are not
given in conventional slide rules thus requiring
an additional rewriting.

It is obvious that the transposition of factors
from the numerator to the denominator and vice
versa may result in error, in any event, the fact
that the problem must be rewritten discloses
a limitation of the conventional slide rule, which
the rule of this invention eliminates.

Problem No. 4 —Evaluate:

165X v0.37 X v23 X 126.5
52.8X y65.4X v36

Push hairline to 165 on D,
Draw 52.8 on C to hairline,
Push hairline to 0.37 on KS (right),
Draw 65.4 on KS (middle) to hairline,
Push hairline to 23 on KS (middle),
Draw 36 on KS (middle) to hairline,
Push hairline to 1265 on CF.

Read result—60.7 on DF.

The problem above demonstrates how factors
involving cube roots, regardless of how many
times they appear in the numerator or denomi-
nator lend themselves to automatic progressive
computation, requiring no rewriting or grouping
of radicals with “like indexes.”

Problem No. 5.—Evaluate:

sin 13° sec 60° log, 350 tan 27° 50 cos 34° 40’4 39.93
log. 48.8v/36.63/128.78 cot 82° 50 csc 10° 52

Solution:
Push hairline to 0.2250 on D (value of sin
13 taken from C or D},
Draw 48.8 on LL3 to hairline,
Push hairline to 60 on secant scale,
Draw 36.6 on B to hairline,
Push hairline to 350. on LL3,
Draw 128.78 on KS (right) to halirline,
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Push hairline to 27° 50’ on TAN<,
Draw 32° 50’ on COT, under hairline,
Push hairline to 34° 40’ on COS to hairline,
Draw 10° 52’ on CSC to hairline,
Push hairline to 39.93 on KS (middle).
Read result 0.00402 on D.

Sin 13° was purposely used as the first factor
in this problem to show that its value could be
taken from scale C.

It is important to note that in this problem
every one of the six trigonometric functions are
given; yet in no case was it necessary to sub-
stitute a reciprocal function, such as would
usually be necessary if either the secant or co-
secant functions are factors in the problem, Nor
was it necessary to read the cosine or cotangent
functions by color code or as complements of
other functions. It is true that this or other
problems involving these . functions of trigo-
nometry can be solved on other slide rules but
the correct solution imposes a secondary solu-
tion of either related angles or proper conver-
sion of reciprocal equivalent functions, or both,
and which the rule of this invention eliminates.

The importance of being able to substitute the
natural value of any trigonometric function at
any time during the solution without referring
to the reverse side of the rule or disturbing the
progression of operation or the necessity of writ-
ing down a previous computation is another of
the limitations of the conventional slide rule that
this invention eliminates. -

Log log and cubic root factors, whether they
appear in the numerator or denominator, auto-
matically convert themselves to produce a sim-
ple progressive sequence of operations in the solu-
tion of the problem.

Prgblem No. 6.—A vessel, known to be 325 feet
long, with a beam of 84 feet, heading straight in
our direction; observation from the point 0
reveals that the angle subtended by the arc S,
which approximates the beam of the ship is 0.344

degrees. Approximate the distance to the ship.
From Trig. formula:
s

b=+
where
6 is angle in radians
S the are
r the radius

Multiplying by r, and dividing by ¢, we get

r which is the distance=

8 I _ 84x1
n substituting values—m
Solution:
Draw hairline to 84 on D.
Optional:

Draw .344 on Rad ¢ scale to hairline (or equiv.
radian value on C).
Read 14,000 feet on D (opposite index of slider).

Note: If the slide were rotated to C in the
second operation we would read .006 or 6 milli-
radians; the equivalent radian value of .344 de-
gree.

From this it is obvious that the value in radians
may be derived automatically when the angle in
degrees and minutes is given and conversely the
value in degrees and minutes, when the angle is
given in radians.

Problem No. 7—Right angled and oblique tri-
angles, solution by law of sines.—From trigonom-
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etry: “In any triangle, the sides are proportional
to the sines of the opposite angles.” This law of
sines may always be used, when the information
known about the triangle includes: a pair of
opposites, and one other element.

Example: A=62° 10’; B=38° 40’; a=18.7; to
find: C; ¢, b. C=180° minus (A4-B)=79° 10’
by definition,

e b
sin A sin B
and b sin A=aq sin B; solving for
p? sin B__18.7 sin 38° 40’
~ sin A~ sin 62° 10/
This conforms exactly to the condition (a)
aforesaid.

Slide rule solution:
Push hairline to 18.7 on D,
Draw 62° 10’ on SIN scale under hairline,
Push hairline to 38° 40’ on SIN scale.
Read b=13.2 on D scale,
Push hairline to 79° 70’ on SIN scale.
Read ¢=20.8 on D scale.

Problem #8—Right angled triangle—Comput-
ing the tangent and solving by an optional func-
tion. Given: C=90°; ¢=5.92; b=12.7; to find:
A; B; c

Solution:
By inspection arc tan
_5.92
A=137

is <1, angle is less than 45°.
Draw index of TAN scale to 12.7 on D, push
hairline to 5.92 on D.

Read A=25° on TAN<scale under hairline,
and B (cotangent of A=65°) on
COT>scale.

Draw 25° on SIN scale under hairline.
Read ¢=14.01 on D scale opp. 90° (index of SIN
scale).

VECTORS

This slide rule is especially adapted to problems
in electrical and radio engineering where vectors
are used to facilitate analysis of A. C. circuits.

These vectors are expressed in terms of the
rectangular components, by a complex number
such as 12-4-79; or by the equivalent of the com-
plex expression in “polar form.”

VECTORS
Method of conversion

Problem No. 9—Convert to polar form the
complex number 1279,

Graphically this would suggest a coordinate,
with an abscissa of 12 with a projection of 79 on
the ordinate axis.

If we form g parallelogram of the two projec-
tions, the resultant 2 will be the diagonal of the
parallelogram and ‘“alpha” will be the phase
angle.

From trigonometry:

h=side opp angle 9

sin angle sin
and
_sideopp_ 9
ton e=Gqe Adi 19

Since the polar form consists of these two
components, namely, the resultant (2) and the
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angle (), the slide rule solution which follows
s simple.

Solution:
By inspection arc

tan a=%

is less than 1, and angle is less than 45°.
Draw index of TAN<scale to 12 on D, push
hairline to 9 on D.
Read tan=36° 52’ on TAN<scale under hairline,
draw 36° 52’ on SIN scale to hairline.
Read h=15 on D opp. 90° (index of SIN scale).

Thus the polar equivalent of
12479=15/36° 52’

It will be noted that the computation of tangent
and the resultant were accomplished in simul~
taneous progressive operations, as though it were
a single problem.

Multiplication of vectors

Multiplication of vectors may be performed in
two ways, (¢) by multiplying the complex bino-
mials, and (b) by multiplying the magnitudes of
the polar form and then adding the angles. (I
should be noticed that the angles are treated as
exponents, viz. to multiply exponents we add
them). The latter form however lend itself more
readily to the slide rule.

Problem No. 10.—Find the polar equivalent of
each term and express the product in polar form
(12479) (20-1418),

Solution:
Draw index of tan<scale t6 12 on D, push
hairline to 9 on D.
Read tangent=36° 52’ on tan<scale under hair-
line, draw 36° 52’ on sin scale to hairline.
Read result=15 on D opposite 90° (index of SIN
scale).
Therefore

(12449) =15/36° 52/

Draw index of tan<secale to 20 on D, push
hairline to 18 on D.
Read tangent=42° on tan<scale under hairline,
draw 42° on SIN scale under hairline.
Read result=26.9 on D.
Therefore

(204718) =26.9/42°
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This gives us the expression 55
(15/36°52") (26.9@)
Multiplying the magnitudes
60
15x26.9=12X1
26.9
Push hairliné to 15 on D____._.
Draw 26.9 on CI to hairline___}__ Adding the angles 65
Read result 403.6 on D_______ 36° 527
49°
78° 52/
Thus the answer
70

=403.6/78° 527

The result may be checked by multiplying the
complex binomials, algebraically and then con-
verting to polar form,

75
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Angular velocity

Problem No. 11.—~A flywheel has a speed of 5
revolutions per second.

Find:
(@) The angular velocity in radians per
second,
(b) The angle generated in % second,

Solution:
Angular velocity=w=2r X frequency of revo-
tion per second
=27 X b
(with indexes of C and D in register).
Set hairline to 5 on 2= scale.
Read answer (a)=31.4 radians per second, on
“D'”
Read answer (b) =180° on “Rad 6" scale.
Problem No. 12. Calculating the value of a
reactance A series circuit, resonant at 1500 kilo-
cycles, has a condenser capacity of 250 micro-
microfarads, with an unknown inductance.
What is the capacitive reactance?
from formula:

R
Xe=oscinyw
where
Xc=Capacitive reactance in ochms
w=0mega=2r X frequency in eycles per second=
27 X 15 ¢ (10)5
C=Capacity in farads=25 x (10)-11
(10)»=Powers of ten
If Xe=

1
wCX (10) Xec

wCX (L0)»= (27X 15X 105 X (25X 10~11)
and for the slide rule we write

; then

1 _(@rX15)X10—6
Xc 1
25

Set hairline to 15 on 27 scale.
Read »"=94.2" on D,
Draw 25 on CI scale to hairline.
Read Xc==424.4 ohms on DI scale (opposite index
of C scale).

It is significant that we deliberately ignored
the value

1
Xc

on D because it is a reciprocal value, the reciprocal
of which is read directly on the DI scale.
Problem No. 13.—What is the value of the un-
known inductance in problem No, 12?
From formula, at resonance

Xe=Xr=wL=424.4 ohms
Then

4244 424.4X1075

L=="=""g42

w
Solution:
Hairline to 4244 on D. Draw 94.2 on C to
hairline.
Read answer L=45 micrchenries on D.

From the above it is evident that this slide
rule is admirably adapted to handle all types of
resonant frequency problems.
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Problem No. 14—

Find - v .
7.35(——(0. 150
Solution: '

- rewrite 20.83 log 0.45
7.25

Set hairline to 0.45 on LLO3. Draw 7.25 on
C to hairline. Set hairline to 20.83 on C.
Read answer=.101 on LI.O4.

Since 0.45 is raised to a power greater than
unity, the answer is smaller than .45.

Problem No. 15.—Finding the value of a nega-
tive power of e

_ (colog ¢ 0.45 log e 25 tan 45°)
¢ sin 3°22 CSC 10° 217

(@) Find the negative power of e~
() Find the value of e—= :
Solution: i

Set hairline to 0.45 on LLO3,

Draw 3° 22’ on S & T scale to hairline,

Set hairline to 25 on LLs,

Draw 10° 21’ on CSC to hairline,

Runner to 45° on TAN scale (index).
Read ans. (@) =787 gn D scale (under hajrline).
Read ans. (b) e—"-867-=0,000383 on LLO« (also un-

der hairline).

The full unit scales LLOi—2-3~¢ of this invention
referred to full unit D scale eliminates the neces-
sity of moving the runner to find the various
negative powers of e. This can not be done on
conventional slide rules because Log log scales
of decimal quantities are referred to the two unit
“A” scale on the conventional rule.

Example: If the hairline is set to 5 on the rule
of this invention directly under hairline we read:

e-5  =0.0067
e~05 =0.6065
€—0.05 ==0,9512

e~0.005—0,99501

whereas two settings of the rumner, one on the
left, and one on the right side of “A” scale; are
necessary on the conventional rule, and because
the readings are read on a two unit scale, the an-
swer cannot be read as accurately as on the rule
of this invention,

It will be obvicus from the foregoing descrip-
tion and solutions of illustrative problems that
the present invention embodies new scales of full
unit, or one-cycle, length used in association with
usual scales which permit continuous and accu-
rate computation of problems resulting in a com-
plete solution without the necessity of such pre-
liminary rewriting of the problem as is required
in the use of scales of the prior art.

All of the novel scale arrangements and new
scales may obvicusly be employed in a double face
slide rule in the manner herein described having
two relatively movable straight members, a one-
cycle logarithmic scale on each member which
comprise also (@) trigonometric scales on one
of said members giving readings of the values
of trigonometric functions on said logarithmic
scales, a logarithmic scale of the logarithms of
numbers greater than unity the numerical values
of such logarithms being read on said one cycle
logarithmic scale and a logarithmic scale of the
cologarithms of numbers less than unity the nu-
merical values of such cologarithms being read on
said one cycle logarithmic scale; (b) trigonomet-
ric scales on one of said members giving readings
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of the values of trigonometric direct functions on
said logarithmic scales, and trigonometric scales
on one of said members giving readings of the
values of trigonometric co-functions on said loga-
rithmic scales; (¢) a sine scale, a co-sine scale,
tangent scales of angles respectively greater and
smaller than 45°, a co-secant scale, a secant scale
and co-tangent scales of angles respectively
greater and smaller than 45° all giving values of
the corresponding trigonometric functions on
said one cycle logarithmic scales; (d) trigono-
metric scales on one of said members giving read-
ings of the values of trigonometric functions on
said logarithmic scales, a logarithmic scale of the
logarithms of numbers greater than unity the
numerical values of such logarithms being read
on said one cycle logarithmic scale, the value e
on said logarithmic scale of the logarithms of
numbers greater than unity being at the index
of said one cycle logarithmic scale, and a loga~
rithmic scale of the cologarithms of numbers less
than unity the numerical values of such cologa-
rithms being read on said one cycle logarithmic
scale; (e) a logarithmic scale on said body mem-
ber of the co-logarithms of numbers less than
unity, the numerical values of such co-logarithms
being read on said one cycle logarithmic scale;
() a one-cycle logarithmic scale folded with the
value of 572 at the index of said one-cycle loga-
rithmic scale, said folded scale representing
values in degrees, of values in radians on the one-
cycle scale which is on the same member with said
folded scale; and (¢) a one-cycle logarithmic
scale folded with the value 572 at the index of
said one-cycle logarithmic scale, said folded scale
representing the values in degrees and decimal
fractions thereof. of values in radians on the one
cycle scale which is on the same member with
the said folded scale, and also the values in de-
grees or fractions thereof of the values of sines
and tangents which are less than a magnitude of
5° 44’ which is read on the same member with
the same folded scale,

By reason of the present invention the faces on

5 the body of the slide rule and the several faces

of the polygonal slide rule may be provided with
complementary scales suitable for the computa-
tions to be progressively made and the proper
face or faces of the slide readily moved by rota-
tion of the slide into proper cooperative relation
nd into the plane of the complementary scale
upon the face of the rule. The slide may also
he rotated during the computation to continue
the computation from the result obtained upon

5 cooperating faces to different cooperating faces

until the solution is complete without the neces-
sity of removing the slide from the body and re-
placing it with another selecteq face bearing a
selected scale in cooperative relation to that upon
which the partial solution has been effected.

It will be undetrstood that while the faces of
the body as illustrated and described herein are
provided respectively with certain designated
logarithmic scales that additional logarithmic

5 scales may be substituted for or added to the

scales herein designated and thereby adapt the
scales to solution of special problems for which
those above described are not applicable, or which
may simplify the procedure in solving a problem.

It will therefore be understood that the par-
ticular embodiment of the invention shown and
described herein is of an illustrative character
and that various changes in the construction of
the rule and particularly the number of faces of
the polygonal slide and the scales applied thereto
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may be - made within the spirit and scope of the
following . claims;

Havmg thus described the inventlon, what is
claimed as new, and desired ‘to he secured by Let-
ters Patent, is:

1. A slide rule. comprising a. body having a
straight flat faee provided with a recess extend-
ing. ]ongltudmally intermediate of the width
thereof and’ dividing said face into spaced parallel
stalé. sections lying in the same plane, scales on
the- respective scale sections, a polygonal slide
longitudinally and rotatably movable in said re-
cess- having: flat faces carrying scales selectively
movable into-the space between and into the
plane- of the scales of said body section and a
runner having a-flat plate provided with a hair-
line cooperating with suitable scales on said body
and slide to perform a computation and yieldable
means-normally holding said plate in close prox-
imity to- the plane of the cooperating scales but
enabling’said plate to be raised and lowered rela-
tively: thereto to permit rotative positioning of
another face: and-the scale.on said face of said
polygonal slide in said plane.

2;- A -slide -rule.in accord with claim 1 having"

means for-holding said slide against rotation when
a'selected flat face of-said slide is in the plane of
the face.of said body.

3. A slide rule comprising a body -having a flat
face and-an undercut recess extending longitudi-
nally: medially of the width thereof dividing said
face-into sections having spaced inner thin par-
allel edges in the same plane, scales on said sec-
tions; a- slide housing mounted in and movable
lengthwise of sald recess, a poylgonal slide rotat-
ably mounted in said housing having a plurality
of flat faces carrying-scales selectively rotatable
into the space between the edges of said body and
into the plane of the face sections thereof where-
by different.scale bearing faces on said slide may
be-positioned to-co~act with a scale upon a body
section to enable successivé computations to be
performed, and cooperating means on said hous~
ing‘and.-rotatable slide for releasably locking the
shde against rotation when a selected face there-
of. hes in the same palné as the face of said body
and- a runner having a flat transparent plate
provided with a-hairline adapted to cooperate
with the selected co-acting scales and having
vieldable means normally holding the plate in
proximity to the plane of the cooperating scales,
but enabling said plate to be raised and lowered by
rotation of the slide to position different scale
bearing faces thereof in said plane.

4. A slide rule comprising a body having spaced
parallel side bars with parallel front and back
flat faces with complementary inner guideways in
the side bars, scales on each face of sajd side bars,
a polygonal slide mounted in said guideway and
longitudinally and rotatably movable therein hav-
ing symmetrical flat faces selectively and rotat-
ably movable into the plane of either the front
or back flat faces of said body and provided with
scales and a yieldable runner carried on said par-
allel side bars having a hairline to cooperate with
the scales on the flat faces of said parallel side
bars and the scales upon the respective faces of
said slide which are in the plane of the front and
back flat faces of said parallel side bars.

5. A slide rule comprising a body having spaced
parallel side bars with parallel front and back
flat’ faces with complementary inner guideways
in the side bars, scales onl each face of said side
bars, a polygonal slide mounted in said guideway
and longitudinally and rotatably movable therein
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having symmetrical flat faces selectively and ro-
tatably movable into the plane of either the front
or back flat faces of said body and provided with
scales adapted to cooperate with a scale upon one
of the face sections of said body to perform =z
computation, ahd a runner.slidably mounted on
said body having hairlines cooperating respec-
tively ‘with scales upon . the front and back faces
of said:body and . with.co-acting scales of said
slide and means yieldably connecting said hair-
lines to permit rotation of sald polygonal slide
thereby enabling a-computation to be performed
by co-acting scales on one side of the slide rule
and to be transferred to the reverse side of the
rule and continuing computation performed upon
said reverse. side.

6. A slide ‘rule:-comprising a body having par-
allel side bars presenting flat front and back
parallel faces provided with scales and having in-
ner opposing guideways, means rigidly securing
said side bars in predetermined spaced relation, a
slide housing mounted in said guideway and mov-
able longitudinally thereof having oppositely dis-
posed inner cylindrical concave surfaces, a polyz-
onal slide rotatably: mounted in said housing
having flat faces adapted to be selectively posi-
tioned in the plane of the respective faces of said
body and having scales respectively adapted to co-
act with one or more of the scales on the respective
faces of the body, a runner having transparent
flat plates provided with hairlines normally held
in close proximity to the respective planes of the
front arnid back faces of the side bars, and means
vieldably connecting said flat plates to enable sep~
aration of the platesrelatively to said plane by ro-
tation of the polygonal slide and thereby position
other faces of the slide in the respective planes.

7. A slide rule comprising a body having paral-
lel side bars presenting flat front and back paral-
lel faces, means connecting the ends of said side
bars in suitably spaced relation, scales on the
faces of the respective side bars, complementary
re~entrant guideways along the inner edges of
said side bars, a slide housing having spaced side

% members connected at their ends by heads fitting

and ‘movable longitudinally in said guideways and
having complementary cylindrical concave inner
walls, a rotatable polygonal slide axially journaled
in. said heads having flat faces provided with
scales to coact with the scales on said side the
scales on said side bars when positioned in the
spaces. between and respectively in the planes of
the front and back faces of said side bars a runner
having.transparent flat plates provided with hair-
lines normally held in close proximity to the re-
spective planes of the front and back faces of the
side bars, and means yieldably connecting said flat
plates to enable separation of the plates relative-
ly to said plane by rotation of the polygonal slide
and thereby position other faces of the slide in
the respective planes.

8. A slide rule comprising a body having par-
allel:side bars presenting flat front and back par-
allel faces, scales on the faces of the respective
side bars, complementary re-entrant guideways
along the inner edges of said side bars, a slide
housing having spaced side members connected
at their ends by heads fitting and movable longi-
tudinally in said guideways and having comple-
mentary cylindrical concave inner walls, a rotat-
able polygonal slide axially journaled in said heads
having flat faces provided with scales to coact
with the scales on said side bars when positioned
in the'space between and in the plane of the faces
of said side bars, and means connecting the ends
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of the side bars having central arched portions to
permit rotation of the polygonal slide, and for
adjusting the connections of said side bars to pro-
vide proper frictional engagement between said
Housing and said side bars, while allowing for ro-
tation of the polygonal slide.

9. A slide rule comprising a body having paral-
lel side bars connected at their ends in suitably
spaced relation and having front and back par-
allel flat faces each provided with scales, the inner
‘edges of said side bars having complementary lon-
gitudinally exfending re-entrant recesses form-
ing guideways and providing said side bars with
thin inner edges, a housing mounted in and mov-
‘able lengitudinally of said guideways, a polygonal
slide rotatably mounted in said housing having a
plurality of diametrically opposite parallel flat
faces adapted substantially to fit the opposite
spacés hetween the faces of said side bars-and to
lie respectively in the planes of the front and back
faces thereof, scales on each of the faces of said
slide adapted to co-act with one or more scales
upon the respective faces of the side bar to per-
form the computation, a runner having relatively
vieldable parallel members, provided with means
for allowing rotation of the polygonal slide, slid-
ably mounted on said side bars and having like
hairlines cooperating with the seales upon the up-
per and lower faces of the side bars and the scales
on the faces of the slide positioned therebetween,
and means for releasably holding the rotatable
slide against rotation when selected faces thereof
are positioned in the spaces between the front and
back faces of the body. )

10. A slide tule comprising a body having
spaced parallel side bars with parallel front and
back flat faces with complementary inner guide~
ways in the side bars, scales on each face of said
side bars, a polygonal slide mounted in said guide~
way and longitudinally and rotatably movable
therein having symmetrical flat faces selectively
and rotatably movahle into the plane of either
the front or back flat faces of said body and pro-
vided respectively with scales complementary to
‘and adapted to cooperate with a scale upon the

‘face of said body to perform = computation, a
runner slidably mounted on said side bars having
‘coraplementary hairlines cooperating respectively
with the scales on the respective faces of the side
bars and of the slide, and resilient means con-
necting said index members yieldably to permit
rotation of the polygonal slide.

11. A slide rule comprising a body having
spaced parallel side bars with parallel front and
back flat faces with complementary inner guide~
ways in the side bars, scales on each face of said
side-bars, a polygonal slide mounted in said guide-
way and longitudinally and rotatably movable
therein having symmetrical flat faces selectively
and rotatably movable into the plane of either
the front or back flat faces of said body and pro-
vided respectively with scales complementary to
and adapted to cooperate with a scale upon the
face of saild body to perform a computation, a
runner slidably mounted on said side bars having
parallel transparent plates provided with comple-
mentary hairlines cooperating respectively with
the scales on the respective faces of the side bars
and of the slide, spacing members normally posi-
ticning the ends of said transparent plates in
close proximity to the respective faces of the side
bars, and resilient means in said spacing members
yieldably connecting the ends of the transparent
Dplates to permit rotation of the polygonal slide.

12. A slide rule comprising a body having
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spaced parallel side pars with parallel front and
back flat faces with complementary inner guide-
ways in the side bars, scales on each face of said
side bars, a polygonal slide mounted jn said guide-
way and longitudinally and rotatably movable
therein having symmetrical flat faces selectively
and rotatably movable into the plane of either
the front or back flat faces of said body and pro-
vided respectively with scales complementary fo
and adapted to cooperate with a scale upon the
face of said body to perform a computation, a
runner slidably mounted on said side bars having
parallel transparent plates provided with comple-
mentary hairlines cooperating respectively with
the scales on the respective faces of the side bars
and of the slide, complementary brackets mount-
ed on the respective ends of the transparent
prlates, springs connecting the complementary
brackets, housings enclosing the respective com-
plementary brackets normally spacing the trans-
parent plates in close proximity to the respective
faces of the side bars, and resilient means fric-
tionally engaging the respective outer edge of one
of the side bars.

13. A slide rule comprising a body having
spaced parallel side bars with parallel front and
back flat faces with complementary inner guide-
ways in the side bars and longitudinal grooves in
the outer edges of sald side bars, scales on each
face of said side bars, a polygonal slide mounted
in said guideway and longitudinally and rotatably
movable therein having symmetrical flat faces
selectively and rotatably movable into the plane
of either the front or back flat faces of said
body and provided respectively with scales com-
plementary to and adapted to cooperate with a
scale upon the face of said body to perform a
computation, a runner slidably mounted on said
side bars having transparent plates provided with
like hajrlines located in a plane normal to the
faces of said side bars cooperating respectively
with the scales on the respective faces of the side
bars and of the slide, complementary rectangular
brackets mounted on the respective ends of said
plates, springs connecting said complementary
brackets, rectangular housings enclosing the re-
spective complementary brackets mnormally
spacing said plates in close proximity to the re-
spective faces of the side bars and leaf springs on
said housings engaging respectively the outer
grooves in the side bars.

14, A glide rule comprising a body having
spaced parallel side bars with parallel front and
back faces and having complementary inner
guideways, a polygonal slide mounted in said
guideway longitudinally and rotatably movable
therein, having symmetrical flat faces selectively
and rotatably movable into the plane of either
the front or back faces of said body without re-
moving the slide from the body, logarithmic scales
on each face of said side bar including continuous
log log scales of decimal quantities of full unit
length on one face and representing logarithms
of cologarithms of numbers less than unity, log-
arithmic scales upon the respective faces of said
slide including scales of one, two and three unit
length, logarithmic scales representing loga-
rithms of logarithms of numbers, direct reading

scales representing the sine, co-sine, tangent, co-

tangent, secant, and co-secant functions, all of
which are full unit length and & runner slidably
mounted on said body, and yieldably constructed
to allow rotation of the polygonal slide, having
hairlines cooperating respectively with comple-

5 mentary scales upon the front and back faces of
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said body and co-acting scales-of said slide:there-
by. enabling: a, computation to be.performed by
co-acting. scales.on one side.of -the body and the
adjacent face:of-the slide and thereupon to-be
transferred -to .co-acting.scales upon the reverse
slde -of said body and the.face.of the slide adja-
cent thereto without interrupting the. sequence
of progressive operations necessary to the solu-
tion of a-problem.

15. A slide. rule- comprising. a: body having
spaced -paralle] side bars with parallel front and
back. faees and having complementary inner
guideways, a. polygonal slide. mounted In said
guideway longitudinally. and rotatably movable
therein, having symmetrical flat faces selectively
and rotatably movable.into the plane of either the
front-or back faces.of said body without removing
the slide from the body, lcgarithmic scales on each
face of said side bar including continuous log log
scales of decimal quantities of full unit length on
ore face-and representing logarithms of cologa-~
rithmg. of numbers.less. than  unity, logarithmic
scales upon the respective.faces of sald slide in-
cluding scales of one, two and three unit length,
scales of the-logarithms.of logarithms of numbers,
direct reading scales. representing the sine, co-
sine, tangent, co-tangent, secant, and co-secant
functions, all of which are full unit length and
also folded and folded-inverted logarithmic scales
of: full unit.length, and a runner slidably mounted
on said body, and yieldably constructed to allow
rotation- of the polygonal slide, having hairlines
cooperating respectively: with complementary
scales upon the front and back faces of said body
and co-acting scales.of sald slide-thereby enabling
a computation to be performed by co-acting scales
on one side of the-body and the adjacent face of
the slide and.-thereupon to be.transfered to co-
acting scales upon the.reverse.side of said body
and the face of the slide adjacent thereto without
interrupting the sequence of progressive opera-
tions necessary to the solution of a problem.

16. Tn a-sliding bar slide rule having two rela-
tively movable straight members, a one cycle log-
arithmic  scale on.each member and a one cycie
lcgarithmic scale folded with the value 572 at the
index of said one-cycle logarithmic scale, said
folded scale representing values in degrees, of
-values in radians on the-one cycle scale which is
on the same member with the said folded scale.

17, In a slide rule having two relatively mov-
able members, a one cycle logarithmic scale on
each member, a folded one cycle logarithmic scale
on.one cof said members, a logarithmic scale of

the ce-logarithms.of numbers less than unity on.

the.one of said members other than that carrying
said folded one cycle logarithmic scale, the nu-
merical values of such co-logarithms of numbers
less than unity. to a predetermined selected base
being read on a cne cycle logarithmic scale, the
numerical values of such co-logarithms.to any
other desired base being read on the folded one
cyclz logarithmic scale when the graduation rep-
resenting unity on said folded scale is in align-
ment with the graduation representing the re-
ciprocal of the desired base on said logarithmic
scale of the co-logarithms of numbers less than
unity,. a logarithmic scale of the logarithms of
numbers greater than unity on one of said mem-
bers the numerical values of such logarithms to.a
predetermined selected hase being read on. a one
cycle logarithmic scale..

18. In a slide rule having two relatively mov-
able members, a. one. cycle logarithmic scale on
each. member, a folded one cycle logarithmic
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scale on one of said members, a logarithmic scale
of the co-logarithms of numbers less than unity
on the one of said members other than that car-
rying said folded one cycle logarithmic scale, the
numerical values of such co-logarithms of num-
bers less than unity to a predetermined selected
base being read on a one cycle logarithmic scale,
the numerical values of such co-logarithms to any
other -desired base being read on the folded one
cycle logarithmic scale when the graduation rep-
resenting unity on said folded scale is in align-
ment with the graduation representing the re-
ciprocal .of - the desired base on said logarithmic
scale of the.co-logarithms of numbers less than
unity, a. logarithmic scale of the lozarithms of
numbers greater than unity on one of said mem-
bers-the numerjcal values of such logarithms to
the predetermined selected base being read on a
one.cycle logarithmic scale, said logarithmic scale
of the logarithms of numbers greater than unity
having opposite the index of a one cycle loga-
rithmic scale the graduation which corresponds
to.the reciprocal of the graduation of the value
on the logarithmic scale of the co-logarithms of
niumbers less than unity which is opposite the in-
dex of its one cyele logarithmic scale.

19. In.a slide rule having two relatively mov-
able members, a one cycle logarithmic scale on
each member, & series of scales graduated in the
angular values cf the trigonometric functions
the numerijcal values of which trigonometric func-
tions are read on the one cycle logarithmic scale
which is on the same member, a folded one cycle
logarithmic scale on one of said members, a log-
arithmic scale of the co-logarithms of numbers
less than unity on the one of said members other
than that carrying said folded one cycle loga-
rithmic scale, the numerical values of such co-
logarithms of numbers less than unity to a pre-
determined selected base being read on a one
cycle logarithmic scale; the numerical values of
such co-logarithms to any other desired base be-
ing read on said folded one cycle lIogarithmic scale
when the graduation representing unity on said
folded scale is in alignment with thz graduation
representing the reciprocal of the desired base on
said- logarithmic scale of the co-logarithms of
numbers less.than unity, a logarithmic scale of
the logarithms of numbers greater than unity on
one of said members the numerical values of such
logarithms to a predetermined selected base be-
ing read on a one cycle logarithmic scale.

20. In a slide rule having two relatively mov-
able members, a one cycle logarithmic scale on
each member, a series of scales graduated in the
angular values of the trigoncmetric functions the
numerical values of which trigonometric func-
tions are read on the one cycle logarithmic scale
which is-on the same member, a logarithmic scale
of the co-logarithins of numbers less than unity
on one of said members, the numerical values of
such co-logarithms of numbers less than unity to
a predefermined selected base being read on a
one cycle logarithmic scale, a logarithmic scale of
the logarithms of numbers greater than unity on
one of sald members, the numerical values of
such logarithms to the predetermined selected
base being read on a one cycle logarithmic scale,
said logarithmic scale of the logarithms of num-
bers greater than unity having opposite the index
of the one cycle logarithmic scale the graduation
which corresponds to the reciprocal of the grad-
uation of the value on the logarithmic scale. of
the co-logarithms of numbers less than unity
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which 1s opposite the index of its one cycle log-
arithmic scale.

21. In a slide rule having two relatively mov-
able members, a ohe cycle logarithmic scale on
each member, a series of scales giving values of
the trigonometric functions on the one cycle log-
arithmic scale which is on the same member, said
trigonometric scales comprising a scale gradu-
ated in angles up to 90° giving the value of trigo-
nometric sine functions on said one cycle loga~-
rithmic scale, a scale graduated in angles up to
45° giving the values of the trigonometric tangent
function on said one cycle logarithmic scale, and
a scale graduated in angles above 45° giving the
values of the trigonometric tangent function on
said one cycle logarithmic scale.

22, In a slide rule having two relatively mov-
able members, a one cycle logarithmic scale on
each member, & series of logarithmic scales of the
co-logarithms of numbers less than unity on one
of said members, the numerical values of such co-

logarithms of numbers less than unity {o a pre-

determined selected base being read on one of
said cycle logarithmic scales, each scale of the se-
ries of logarithmic scales of the co-logarithms of
numbers less than unity being identified by a
common symbol and by one of a series of ordinal
symbols which denotes the relation of each scale
of the series with respect to unity, a series of log-
arithmic scales of the logarithms of numbers
greater than unity to a predetermined selected
base on one of said members the numerical values
of such logarithms of numbers greater than unity
being read on one of said one cycle logarithmic
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scales, each scale of the series of logarithmic
scales of the logarithms of numbers greater than
unity being identifled by a common symbol differ-
ent from the first mentioned common symbol and
by one of a series of ordinal symbols which de-
notes the relation of each scale of this series with
respect to unity.
JEREMIAH F, AILINGER.
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