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22 Claims.

Prior to the development of modern keyboard
types of computing machines, the trend of de-
velopment in various types of slide rules was

toward the attainment of greater and greater -

mathematical accuracy, wherein the speed of
operation of the devices produced was considered
to be of secondary importance.

In order to attain greater mathematical ac-.

curacy in a slide rule, it is necessary to lengthen
the logarithmic scales thereon, and since ex-
tremely long scales are cumbersome to operate,
various arrangements were devised to accommo-
date long scales in relatively shorter spaces. For
example, a long scale may be divided into sev-
eral parts, and these parts arranged in parallel
formation with other coacting scales between
them; or the long scales may be arranged spirally
around a cylinder; or they may be carried upon
the rims of coacting wheels of relatively large
diameter. In any case where long scales have
been used, it is to be noted that their primary
purpgse has been to furnish increased mathe-
matical accuracy, and that this can be attained
only with at least some decrease in the speed

with which mathematical results can be pro- :

duced with the instrument.

At the present time however, if a relatively
great degree of mathematical accuracy is neces-
sary, computations are customarily made upon
some modern keyboard type of computing ma-
chine, or with the aid of logarithmic tables, or
otherwise than by slide rule. Slide rules of the
extremely long scale variety are now very sel-
dom used, for even extremely long scales can-
not provide nearly the degree of accuracy at-
tainable by use of certain keyboard computing
devices, and such slide rules are more cumber~
some and slow to operate than are these modern
keyhoard computing machines.

In many cases however, a relatively small de-
gree of accuracy, such as that given by the first
three or four significant figures in a result, is
sufficiently close for the purpose. In such cases
a relatively short slide rule will give sufficiently
accurate results much more quickly than those
obtainable with a keyboard type of computing
machine or otherwise. ' Also, such relatively short
slide rules are commonly used at the present time
for approximate but rapid checking of calcula-
tions previously made in some other manner.
And further, due to their portability, relatively
short slide rules are very practical for field work;
whereas it would be impractical for such work
to attempt to transport a keyboard type of com-
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requiring a base for its support when in opet-
ation.

And so it is believed that the trend of develop-
ment in modern slide rules should be primarily
toward the attainment of greater speed in pro-
ducing mathematical results with the instru-
ment, while retaining only that degree of mathe-
matical accuracy sufficient for present day needs
in a slide rule.

For modern demands of accuracy, rectilinear
slide rules of approximtely ten inches in length
are usually found to be quite satisfactory, and
where they comprise a sliding element between
two fixed elements, as is customary, a wide vari-
ety of coacting scales can be arranged thereon.

Such slide rules however have certain inherent
disadvantages which retard their speed of opera-
tion, among which disadvantages are: )

(1) They operate by a method of “push-and-
pull” which is a physically awkward procedure
and which makes smooth action and rapid set-
ting of the scales rather difficult.

(2) The sliding element is customarily sup-
ported directly by the stationary scale bearing
elements, as in tongues and grooves or the like,
such that the amount of friction between these
elements increases as they are pushed together
and decreases as they are pulled apart, thus
making smooth action still more difficult.

(3) Only one hair line index is customarily
provided.

(4 Tt is frequently necessary to transfer read-
ings to so called folded scales where such scales
are provided, or, where they are not provided, it
is often necessary to reset the scales so that the
result of a calculation will not lie beyond the
end of the scales.

The primary purpose of this invention is to
overcome these disadvantages in rectilinear slide
rules while retaining their advantages; and a

. further purpose is to provide additional advan-
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tages -which combine with the whole to afford
greater speed of operation and greater durabil-
ity than is customary in slide rules. To attain
these and other purposes I provide my slide rule
in cylindrical form, such that the circumference
of the scales is approximately ten inches, or
slightly more than three inches in diameter.
However, nothing stated herein is to be con-
strued as confining my device to any exact dl-
mensions.

This invention therefore relates to cylindrical

. slide rules and has for an object to provide a

puting machine, or some large type of slide rule 58

cylindrical slide rule which operates by rotation
while suspended between the hands of the oper-
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ator, this object being based on the belief that
it is easier to rotate the elements of such a
device between the hands than it is to push a
rectilinear slide rule together and pull it. apart.
A further object is to provide a slide rule in
which the movable scale bearing element is op-
eratively supported independently of the fixed
scale bearing elements, thereby virtually elim-
inating friction between these elements. This
makes possible smoother action between these
elements than is customary in slide rules.

A further object is to provide a cylindrical

slide rule having a rotary fransparent hollow
cylinder covering the scales, which cylinder car-
ries a plurality of hair line indices to facilitate
reading and aligning the scales, and also carries
conventional letters or insignia designating each
of the several scales. Thus the desired scale to
be selected at any time may be readily identified
by its letter or insignia on the transparent cover;
and since the nearest of the several hair lines
can always be used, the operation of setting the
hair line index can usually he made more gquickly
on my device than is customary in rectilinear
slide rules.

A further object is to provide a slide rule hav-
ing endless scales so that the result of a calcula-
tion never lies beyond the end of the scales, as it
irequently does in rectilinear slide rules. 'This
provision for endless scales consequently obviates
the necessity for so called folded scales provided
on ceriain types of rectilinear slide rules, and
further increases the speed with which mathe-
matical results can be obtained.

A further object is to provide a cylindrical slide
rule such that the scales thereon can be arranged
in practically the same combinations in which
they are arranged upon rectilinear slide rules.

A further object is to provide a cylindrical slide
rile such that its portability is practically equiv-
alent to that of rectilinear slide rules.

A further object is to provide a cylindrical slide
rule such that no portion of its scales is ever
obscured from view by a base or any framework
or housing of the instyument.

A further object is to provide a cylindrical slide
rule such that no portion of its scales need be
ever obscured from view by the fingers of the
operator.

A further object is to provide slight but con-
stant frictional resistancs to rotation of the parts
motivating the rotary scale bearing element, so
that the rotary scales will remain in any set
position while other parts of the instrument are
heing operated.

A further object is to provide compensatory
adjustment for shrinkage or swelling due to at-
maspheric changes or ntherwise which might in-
terfere with the smoothness of operation of the
vetary scale bearing element.

A further object is to provide adjustment
whereby the scales on one of the two fixed scale
bearing elements may be accurately aligned with
those on the other fixed scale bearing element.

A further object is to provide the aforesaid
transparent hollow cylinder fo completely cover
the scales, so that necessity for cleaning the
scales is virtually eliminated, and so that the
surface of the scales is protected from wear and
tear, thus rendering my device more durable than
is customary in cylindrical slide rules.

A further cbject is to provide the transparent
evlinder to rotate arvound the scales without
iouching the surface of the scales, so that the
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scales will not be worn away or marred by rota-
tion of the transparent cylinder.

A further object is to provide slight but con-
stant frictional resistance to rotatiom of the
transparent cylinder, so that the hair line indices
thereon will remain in any set position while oth-
er parts of the instrument are being operated.

A further object is to provide external manual
controlling elements to operate the transparent
cylinder and the rotary scales at full speed.

A further object is to provide an auxiliary slow
motion control knob to operate the rotary scales
at reduced speed, thus facilitating accurate set-
ting of the movable scales more quickly than is
possible in rectilinear slide rules.

With the foregoing and other objects in view,
the invention consists of certain novel details
of construction and combinations of parts here-
inafter fully described and claimed.

In the accompanying drawings forming part of
this specification:

Figure 1 is a front elevation of a preferred em-
bodiment of the cylindrical slide rule with a por-
tion of the transparent hollow cylinder broken
away.

Figure 2 is an end elevation of the same em-
bodiment of the slide rule looking at the right-
hand end thereof.

Figure 3 is a cross sectional view taken on the
line 3-—3 of Figure 4 showing one of the holding
rings and its adjacent springs.

Figure 4 is a longitudinal sectional view taken
on the line 4—4 of Figure 2 showing parts in ele-
vation.

Figure 5 is a detail longitudinal sectional view
taken on the line 5—5 of Figure 2 showing the
slow motion knob and parts operated thereby.

Figure 6 is a cross sectional view taken on the
line 6—6 of Figure 1 showing one set of the fric-
tional rollers for motivating the part carrying
the rotary scales.

Referring now to the drawings in which like
characters of reference designate similar parts
in the various views, Pigs. 1 to 6 inclusive illus-
trate a preferred embodiment of my invention in
which 10 designates a supporting cylinder upon
which are mounted two fixed scale bearing rings
{1 and 2. A rotary scale bearing ring i3 is lo-
cated between the two fixed rings. The station-
ary scale bearing ring t1 at the left-hand end of
the cylindrical slide rule is adjustable longitudi-
nally and circumferentially with relation to the
cylinder {8, and for this purpose the securing
bolts 4 are loosely fitted in openings {5 in the
stationary ring and throusgh spacers 6 disposed
on the inner surface of the cylinder. There are
preferably three of these bolts disposed 120 de-
grees apart, By loosening the bolts the station-
ary scale bearing ring ({1 may be moved toward
or away from the rotary scale bearing ring 3
or may be moved slightly circumferentially of the
cylinder until the desired adjustment is obtained,
whereupon the bolts may be retightened.

A transparent cylinder 11 surrounds the scale
bearing rings, the inside diameter of the cylinder
peing slightly greater than the diameter of the
scales. The left-hand edge portion of the cylin-
der is rotatively seated in a slot 18 formed in a
flange 19 which projects from the fixed scale
bearing ring ({; while the right-hand edge por-
tion of the transparent cylinder is fixed by screws
20 to the peripheral edge of a ring 21 which is
rotatively mounted on the aforesaid supporting
cylinder {0 of the slide rule. Thus the trans-
parent cylinder does not touch the scales, and
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when rotated it will not rub nor mar the scales.
A flange 45 on the ring 2! facilitates rotation of
the cylinder, which completely covers the scales,
as shown.

The said transparent cylinder is provided with

conventional letters, as shown at K, A, B, C/I,
C, D, and L in Fig. 1. These letters indicate the
various scales, and are located on the transpar-
ent cylinder so as to appear directly over the cor-
responding scales. It is to be understood how-
ever that the scales shown in Fig. 1 are for the
purpose of illustration only, as any other pre-
ferred scales or combinations thereof may be
used.
" The transparent cylinder 171 is also provided
with a plurality of hair lines 22 to facilitate align-
ing and reading the scales. There are preferably
three of these hair lines disposed 120 degrees
apart on the inner surface of the cylinder. In
order that the setting of the hair line used will
remain stable during operation of the rotary
scales, or until it is desired to change the set-
ting of the hair line, frictional resistance to ro-
tation of the ring 21 supporting the transparent
cylinder 17 is provided by balls 46 and compressed
coil springs 41 held by screws 20 and exerting
pressure against the outer surface of the sup-
porting cylinder 10, as best shown in Fig. 4.

For supporting and motivating the rotary scale

bearing ring 13, a plurality of shafts 21, prefer- .

ably three in number as best shown in Fig. 6,
are journaled in a pair of holding rings 23 which
are clamped stationary to the inner surface of
the supporting cylinder (@ by brackets 24 which
are secured in place by the beforementioned bolts
4, as best shown in Fig. 4. The holding rings
are provided with slots 25, best shown in Fig. 3,
to receive the shafts 21. Leaf springs 26 are dis-
posed across the shafts 27, adjacent to the slots
25. Said leaf springs exert outward radial pres-
sure against the shafts and provide frictional re-
sistance to rotation of the shafts. Said leaf
springs are secured in place by the bolts 14 which
are passed through the springs and through the
supporting cylinder 10.

As best shown in PFigs. 4 and 6 the supporting

cylinder 10 is provided with pairs of spaced open- -

ings 28 and 29, the openings 28 being spaced cir-
cumferentially apart in the cylinder in a row, as
are also the openings 29. Friction rollers 30 are
secured to the shafts 21 by screws 31 and pro-
ject through respective ones of the openings 28.
Likewise friction rollers 32 are secured to the
shafts 27 by screws 33, as best shown in Fig. 4,
and project through the openings 29. The three
rollers 30 bear against the inner periphery of
the rotary scale bearing ring {3 and are under
constant compression due to the leaf springs 26
which thereby provide frictional resistance to ro-
tation of the ring 13 so that the scales thereon
will remain in any set position while other parts
of the instrument are being operated.

It will here be noted that the rotary scale bear-
ing ring 13 is supported upon the three rollers 30,
.and that the rotary scale bearing ring is not
therefore dependent for support upon the fixed
scale bearing rings {1 and 12, in tongues and
grooves or the like, as is customary in slide rules.
Hence, in operation the rotary scale bearing ring
i3, although confined between the fixed scale
bearing rings {1 and 12, is driven by and sup-
ported upon the rollers 30 in such manner that
friction between the rotary and the fixed scale
bearing elements is virtually eliminated.

For rotating the shafts 27 a motivating ring 34
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is rotatively mounted upon the rollers 22 and is
confined between two stop rings 35 and 36 which
are anchored stationary to the supporting cyiin-
der 10 by respective holts 37 and 32. The inner
periphery of the motivating ring 34 frictionally
engages the three rollers 32, Thus when the ring
is rotated the rollers 32 impart corresponding
movement to the shafts 21 which in turn rotate
the rollers 30 which frictionally engage the inner
periphery of the rotary scale bearing ring 13
with resultant rotation of the latter. The ring
34 provides full speed adjustment.

A slow motion adjustment is accomplished by
means of a knob 39 which is secured to the end of
one of the shafts 2T by a screw 40. By turning
the knob carefully an accurate adjustment is
obtained more rapidly than is customary in rec-
tilinear slide rules. .

The scale bearing rings 1, 12, and 3 may be
rotated in unison within the transparent cylin-
der 1T in order to bring the scales into align-
ment with one of the hair lines 22, by holding the
flange 45 and rotating the flange 19, in which case
the ring 13 Is carried in unison with the rings it
and 12 by the friction rollers 30. The ring 13
may then be rotated relatively to the rings {{ and
12 for any required setting of its own scales on
the hair line, by holding the flange 19 and rotat-
ing either the motivating ring 34 or the knob 39,
in which case the ring 3 is actuated by, and ro-
tates upon, the friction rollers 30. Thus the frie-
tion rollers 30 serve both to rotate the ring 13

* in unison with, and relative to, the rings {f and
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End plates 41 and 42 are secured at the ends
of the supporting cylinder 10 by screws 43 and 44
respectively, as best shown in Pig. 4.

This completes the description of a preferred
embodiment of my invention.

It is thought that the accompanying drawings
and description of a preferred embodiment of my
invention are sufficient for the purposes of this
specification, it being understood that various
modifications of the invention may be resorfed

5 to within. the scope of the appended claims.

In mathematical operation the cylindrica] slide
rule works in practically the same manner as
rectilinear slide rules, except that the scales on
the cylindrical slide rule are read vertically in-
stead of horizontally. Since there is therefore
practically no difference from a mathematical
standpoint between the operation of the cylin-
drical slide rule and that of a rectilinear slide
rule, anyone familiar with the use of a rectilinear
slide rule will encounter no difficulty in the math~
ematical operation of the cylindrical slide ruie
and will require practically no instruction thers-
in. Hence if is' believed unnecessary to describe
in detail here any illustrative mathematical ex-
amples. ) .

It has been noted that the scales on the cylin-
drical slide rule are endless and that the result
of a calculation therefore never lies bevend the
end of the scales; however, certain scales for
special purposes, such that they may not need
to be extended around the entire circumference
of the instrument, may also be provided if de-
sired.

" In fact, this invention is not intended to be
limited to use with logarithmic scales., While
mathematical computations made by slide rules
are customarily accomplished with logarithmic
scales, special scales other than logarithmic ones
may obviously be used on my device if desired for
certain purposes. The term “slide rule” in the
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appended claims is not therefore to be construed
as limiting my device to logarithmic scales.

It may be noted that in the operation of the
" instrument approximately one-half of the scales
is always out of sight, being on the opposite side
of the instrument from the eyes of the operator;
whereas in rectilinear slide rules every portion of
the scales is usually always visible. This fact
however is of no disadvantage in reading the
scales on the cylindrical slide rule because that
portion of the scales to be used is always made
the visible portion by rotating the scales when
necessary, ahd the operator is not at the same
time interested in the invisible portion on the op-
posite side of the instrument,

In mechanical operation the entire instrument
may be rotated between the hands by means of
the flange 19 and the ring 35; or the fixed scales
may be held stationary by means of the flange 19
while one of the rotary scales is being set by
means of the full speed controlling element
thereof; or both the rotary scales and the fixed
scales may be held stationary by means of the
flange {9 while the hair line index is being set by
means of the flange 45; or the hair line index
may be held stationary by means of the flange
45 while all of the scales are being rotated in uni-
son by means of the flange 19; and accurate and
rapid final adjustment of the rotary scales may
be facilitated by use of the auxiliary slow motion
control knob, while the fixed scales are being held
stationary by means of the flange 19.

Thus in the mechanical operation of the in-
strument the operator’s left hand may grasp the
flange 18 while his right hand may grasp either
the flange 48, the ring 35, or the preferred ele-
ment controlling the rotary scales, the instru-
ment thereby being rendered capable of all ma-
nipulations necessary in a slide rule, and in such
manner that the operator’s fingers need never
obscure any portion of the scales. By providing
an external manual controlling element to oper-
ate the rotary scales at full speed and without
obscuring any portion of the scales, my device is
rendered capable of operating at greater speed
than has heretofore been customary in cylindri-
cal slide rules.

It will be noted from the foregoing description
that my slide rule has no base to support it in op-
eration, and that it requires no exterior frame-
work or housing to hold its elements together.
Thus it is not necessary for example to view the
scales on my slide rule through vision windows
in an exterior casing sueh as required in some de-
vices. In fact, there are no exterior elements of
any kind about my slide rule that could ever ob-
scure even & portion of its scales. This contrib-
utes greatly to the speed with which the scales
can be aligned in operation.

In conclusion of this description it may be
noted that the left-hand end plate #1 of the cy-~
lindrical slide rule forms s base upon which the
instrument may be stood on end upon a desk, ta-
ble, or other support when not being used tem-
porarily. i

From the foregoing description it is thought
that the construction and operation of the inven-
tion will be fully understood without further ex-
planation. :

The invention claimed is:

1, In 8 cylindrical slide rule including a plural-
ity of rings bearing cooperating scales and dis-
posed side by side upon a common axis, means
disposed within said rings and upon which said
rings are mounted for rotating said rings in uni-
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son, one of said rings being moiinted for rota-
tion independently of the other rings, and motl-
vating elements forming part of said means en-
gaging said one ring for enabling rotation thereof
relative to the other rings.

2. In a cylindrical slide rule including cooper-
ating scales disposed upon three circular ele-
ments mounted side by side upon a common axis
and which consist of a rotatable scale bearing
element between two relatively fixed scale bear-
ing elements, the combination with the rotatable
scale bearing element of motivating elements
supporting the rotatable scale bearing element
for actuating the rotatable scale bearing element.
~ 3. A cylindrical slide rule including two rela-
tively fixed rings laterally spaced apart on the
axis of said slide rule, a rotatable ring co-axially
disposed and laterally confined between said fixed
rings, all of sald rings bearing cooperating scales,
& motivating ring rotatably mounted on the axis
of said slide rule beyond one of said fixed rings,
and means disposed within said slide rule con-
necting the motivating ring and the rotatable
scale bearing ring for actuating the rotatable
scale bearing ring.

4. A cylindrical slide rule including two rela-
tively fixed rings laterally spaced apart on the
axis of said slide rule, a rotatable ring co-ax-
ially disposed and laterally confined between said
fixed rings, all of said rings bearing cooperating
scales, & motivating ring rotatably mounted on
the axis of said slide rule beyond one of said
fixed rings, and means disposed within said slide
rule supporting the motivating ring angd the ro-
tatable scale bearing ring for connecting these
rings to actuate the rotatable scale bearing ring.

5. A cylindrical slide rule including a rotatable
scale bearing element, a driving shaft encircled
by the rotatable scale bearing element adapted
to actuate the rotatable scale bearing element for
moving the scales thereon to set positions, and a
spring mounted on said slide rule in frictional
contact with said shaft for resisting rotation of
said shaft and thereby holding the rotatable scale
bearing element in said set positions.

6. A cylindrical slide rule including a rotatable
ring, a shaft eccentrically disposed within said
ring, a friction roller fixed on said shaft engaging
said ring, and a spring mounted within said slide
rule exerting pressure on said shaft for holding
the said friction roller thereon engaged with the
aforesaid ring.

7. A cylindrical slide rule including a rotatable
ring, a friction roller engaging the inner periph-
ery of said ring, a driving shaft upon which said
friction roller is fixed, a bearing member disposed
within said slide rule having a slot therein, said
slot rotatably holding said driving shaft, and a
spring disposed within said slide rule in contact
with said driving shaft for holding said shaft
within the aforesaid slot.

8. A cylindrical slide rule including a hollow
cylindrical supporting member having an opening
in its arcuate surface, a rotatable scale bearing
ring encircling said opening and mounted on the
axis of sald member, and means disposed within
sald member projecting through the said open-
ing therein and engaging the sald rotatable scale
bearing ring for actuating said ring.

9. A cylindrical slide rule including a hollow
cylindrical supporting member having an open-
ing in its arcuate surface, & rotatable scale bear-
Ing ring encircling sald opening and mounted on
the axis of sald member, a rotatable shaft eccen-
irically mounted within said member projecting
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longitudinally beyond one end of said member, a

friction roller fixed to sald shaft projecting
through the aforesaid opening and engaging the
inner periphery of the aforesald rotatable scale
bearing ring for actuating said ring, and a knob
-on the projecting end of the aforesaid shaft for
turning said shaft to actuate the friction roller
thereon,

10. A cylindrical slide rule including a hollow
cylindrical supporting member having an open-
ing in its arcuate surface, two fixed rings on said
member, & rotatable ring encircling said opening
and mounted on the axis of said member, said
rotatable ring being laterally confined between
and unsupported by said fixed rings, all of said
rings bearing cooperating scales, and a shaft ec-
centrically mounted in said hollow cylindrical
member geared to the sald rotatable ring through
the aforesaid opening for rotating said rotatable
ring relative to said fixed rings.

11. A cylindrical slide rule including a hollow
cylindrical supporting member having a plurality
of openings in its arcuate surface, a rotatable
scale bearing ring encircling said openings and
mounted on the axis of said member, and means
disposed within said member projecting through
the aforesaid openings therein and supporting the
said rotatable scale bearing ring for actuating
said ring.

12, A cylindrical slide rule including a hollow

-cylindrical supporting member having a plurality
. of openings in its arcuate surface, a rotatable

scale bearing ring encircling said member and
mounted on the axis thereof, a motivating ring

encircling said member and rotatably mounted.

on sald axis thereof, said rings being laterally
spaced apart on the axis of said member, and
means disposed within said member projecting
through the aforesald openings therein and con-
necting the said rings for actuating the said ro-
tatable scale bearing ring.

13. A cylindrical slide rule including a hollow
cylindrical supporting member having a plurality
of openings in its arcuate surface, a rotatable
scale bearing ring encircling said member and
mounted on the axis thereof, a motivating ring
encircling said member and rotatably mounted
on sald axis thereof, said rings being laterally
spaced apart on the axis of said member, and
means disposed within said member projecting
through the aforesaid openings therein and sup-
porting the said rings for connecting said rings to
actuate the said rotatable scale bearing ring.

14. A cylindrical slide rule including a hollow
cylindrical supporting member having a plurality
. of openings in its arcuate surface, a rotatable
scale bearing ring encircling said openings and
mounted on the axis of said member, a motivat-
ing ring encircling said member and rotatably
mounted on said axis thereof, said rings being
laterally spaced apart on the axis of said member,
triction rollers disposed within said member pro-
Jecting through the aforesaid openings therein
and supporting the rotatable scale bearing ring
for rotating the rotatable scale bearing ring, and
means connecting the motivating ring and the
said friction rollers for actuating said rollers.

15. A cylindrical slide rule including a hollow
cylindrical supporting member having a plurality
of openings in its arcuate surface, a rotfatable
scale bearing ring encircling said openings and
mounted on the axis of said member, a motivating
ring encircling sald member and rotatably mount-
ed on said axis thereof, said rings being laterally
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spaced apart on the axis of said member, & plu- 78

5
rality‘ of shafts disposed within said member ex-
tending longitudinally thereof, friction rollers on

" said shafts projecting through the aforesaid open-

Ings and supporting the rotatable scale bearing
ring for rotating the rotatable scale bearing ring,
and a driving roller fixed to one of said shafts en-
gaging the aforesaid motivating ring for turning
the shaft to actuate the friction roller thereon.

16. A cylindrical slide rule including a hollow
cylindrical supporting member having a plural-
ity of openings in its arcuate surface, a rofatable
scale bearing ring encircling said member and
mounted on the axis thereof, a motivating ring
encircling said member and rotatably mounted
on said axis thereof, said rings being laterally
spaced apart on the axis of said member, a plu-
ralily of shafts disposed within said member
extending longitudinally thereof, and friction
rollers on the shafts projecting through the
aforesaid openings and supporting the said rings
for connecting these rings to actuate the said
rotatable scale bearing ring.

17. A cylindrical slide rule including a hollow
cylindrical supporting member having a plural-

ity of openings in its arcuate surface, a rotatable

scale bearing ring encircling said openings and
mounted on the axis of said member, a plurality
of shafts disposed within said member extending
longitudinally thereof, friction rollers on the

.shafts projecting through the aforesaid openings

and supporting the rotatable scale bearing ring
for rotating said ring, one of said shafts project-
ing beyond sald supporting membher, and a knob
on the projecting end of sald shaft for turning

.the shaft to actuate the friction roller thereon.

18. A cylindrical slide rule including 2 hollow
cylindrical supporting member having a plural-
ity of openings in its arcuate surface, a rotatable
scale bearing ring encircling said member and

.mounted on the axis thereof, a motivating ring

encircling. sald member and rotatably mounted
on said axis thereof, sald rings being laterally
spaced apart on the axis of sald member, a palr
of holding rings mounted within said member
and laterally spaced apart on the axis thereof,
a plurality. of slots circumferentially disposed in
the inner peripheries of said holding rings, shafts
rotatably confined within said slcts extending
longitudinally within said member, friction roll-
ers on sald shafts projecting through the afore-
said openings in sald member and supporting
the said rotatable scale bearing ring and the
motivating ring for connecting these rings to
actuate the rotatable scale bearing ring, and leaf
springs disposed within sald member adjacent
to said holding rings in frictional contact with
said shafts for holding the shafts within the
aforesaid slots and projecting the friction rollers
on said shafts through the aforesaid openings.

19. A cylindrical slide rule including a hollow
cylindrical supporting member having a plural-
ity of openings in its arcuate surface, a rotatable
scale bearing ring encircling said openings and
mounted on the axis of said member, & pair of
holding rings mounted within said member and
laterally spaced apart on the axis thereof, a plu-
rality of slots circumferentially disposed in the
inner peripheries of said holding rings, shafts
rotatably . confined within said slots extending
longitudinally within said member, friction roll-
ers on said shafts projecting through the afore-
said openings in said member and supporting
the said rotatable scale bearing ring for rotating

‘said ring, one of said shafts projecting beyond

said supporting member, 8 knoh on the project-
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Ing end of sald shaft for turning said shaft fo
actuate the friction roller thereon, and leaf
springs disposed within sald member adjacent
to the aforesaid holding rings in frfctfonal con-
tact with said shafts for holding the shafis
within the aforesaid slo:s and projecting the
{riction rollers on said shafts through the afore-
said openings. :

20, A cylindrical slide rule including a hollow
cylindrical supporting member having a plural-
ity of openings in its arcuate surfaze, two fixed
rings on said member, a rotatable ring mounted
on the axis of said member hetween the fixed
rings, said fixed rings laterally confining the ro-
tatable ring, all of said rings bearing cooperating
scales, a portion of said member extending be-
yond one of said fixed rings, a motivating ring
rotatably mounted on the axis of sald member
and encircling the extended portion of said mem-
ber, and means disposed within said member
projecting through the aforesaid openings there-
in and connecting the said rotatable scale bear-
ing ring and the motivating ring for actusting
the rotatable scele bearing ting.

21, A cylindrical slide rule including a hollow
cylindrical supporting member having a plural-
ity of openings in its arcuate surface, two fixed
rings on said member, a rotatable ring mounted
on the axis of said member between the fixed
rings, said fixed rings laterally confining the ro-
tatable ring, all of said rings bearing cooperating
scales, a portion of said member extending be-~
yond one of said fixed rings, a motivating ring
rotatably mounted on the axis of said member
and encircling the extended portion of said mem-
ber, a pair of holding rings mounted within said
member and laterally spaced apart on the axis
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extending longitudinally within sald member,
friction rollers on said shafts projecting through
the aforesaid openings in said member and sup-
porting the said rotatable scale bearing ring and
the motivating ring for connecting these rings
to actuate the rotatable scale bearing ring, and
leaf springs disposed within sald member adja-
cent to said holding rings in frictional contact
with said shafts for holding the shafts within
the aforesaid slots and projecting the friction
rollers on said shafts through the aforesaid open-

22, A cylindrical slide rule including a hollow
cylindrical supporting member having a plural-
ity ot openings in its arcuate surface, two fixed
rings on sald member, a rotatable ring encir-
cling said openings and mounted on the axis of
said member between the fixed rings, sald fixed
rings laterally confining the rotatable ring, all
of said rings bearing cooperating scales, a pair
of holding rings mounted within said member
and laterally spaced apart on the axis thereof,
a plurality of slots circumferentially disposed in
the inner peripheries of said holding rings, shafts
rotatably confined within sald slots extending
longitudinally within said member, friction roll-
ers on said shatfts projecting through the afore-
said openings in said member and supporting
the said rotatable scale bearing ring for rotating
the rotatable scale bearing ring, one of said
shafts projecting beyond said supporting mem-
ber, & knob on the projecting end of said shaft
for turning sald shaft to actuate the friction
roller thereon, and leaf springs disposed within
sald member adjacent to sald holding rings in
frictional contact with sald shafts for holding
the shatfis within the aforesaid slots and project-

thereof, & plurality of slots circumferentially ing the friction rollers on sald shafts through

disposed in the inner peripheries of said holding

rings, shafts rotatably conflned within said slots 40

the aforesald openings.
" COLEMAN SUTTON.



