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2 Claims.
1

My present invention has for its cbject to pro-
vide a slide rule of circular form having inter-
related scales graduated in accordance with
mathematical principles, making it a graphical
application by which computations generally used
by members of the engineering profession may
be computed. Generally stated, I accomplish
this by lccating certain of the scales upon one
or both faces of a disc and others upon a rotary
adjustable ring with both of which elements a
cursor or indicator cooperates having hair lines
registering with the graduations of the several
scales.

Another object of my invention is to assemble
the several scales so that some read in a clock-
wise direction while others read in counterclock-
wise direction and laying some of them out in
spiral form to accomplish continuity in lieu of
independent circular scales.

Still another objeet of my invention is the in-
corporation of fixed gauge points with reference
to certain of the scales for converting degrees of
angles to radians and vice versa and other gauge
marks for determining functions of angles less

than 1° and designated in seconds, minutes and

decimals of a degree and for converting minutes
or seconds to decimal parts of a degree.

Another feature of my invention comprehends
the coordinated arrangement of suitable scales
on both sides of the disc and ring whereby many
calculations involving multiplication, division,
raising powers, root extraction, exponential equa~
tions, trigonometric formulas and hyperbolic
functions may be solved directly on the instru~
ment by a single
and read directly under the cursor or indicator
hair lines or opposite the indices.

Additional featurss of my invention embody
the mechanical assembly of the disec within the
ring by means of which a constant uniform fric-
tion is maintained between them which is not
affected by atmospheric changes and which
serves to secure them against accidental displace-
ment when one part is adjusted relative to the
other.

Still another feature of the invention resides
in the manner in which the cursor is secured
relative to the scales on the ring and which is
releasable to permit its ready adjustment cir-
cumferentially on the instrument.
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To these and other ends my invention embodies
further improvements, all of which will be fully
described in the accompanying specification, the
novel features thereof being set forth in the ap-
pended claims.

In the drawings:

Figures 1 and 2 are plan views of the two faces
of the instrument embodying my invention, the
cursor being omitted so as not to obscure any
of the graduations of the various scales.

Figure 3 is a view similar to Fig, 1 showing
one of the pair of cursors which cooperates with
the scales on the disc and ring and in dotted
lines the arrangement of the mechanical element
by which the disc and ring are held together in
frictional engagement.

Figure 4 is a detail view of the cursor.

Figure 5 is an enlarged central sectional view
of the outer end of the cursor, the joint between
the rim of the disc and the surrounding ring
together with the brake shoe and its operating
devices.

Figure 6 is a detail perspective view of the
brake shoe.

Figures 7 and 8 are enlarged views of the two
faces of the cursor showing the reference there-
on which designate the respective scales on the
obverse and reverse sides of the disc and ring
and the hair lines which cooperate therewith,

Figure 9 is a detail view of a section of a suit-
able wire wound serpentine spring for securing
the disc and ring together.

Similar reference numerals in the several fig-
ures indicate similar parts.

In carrying out my invention I provide a disc
1 of a convenient diameter surrounded by a ring
2 of comparable width. The contiguous periph-
eries of these parts are provided with annular
grooves which are in register with each other
throughout and preferably, but not necessarily,
of equal depth in the respective parts. As a
means of securing the disc permanently within
the ring and providing sufficient frictional en-
gagement to enable one of the parts to be ro-
tated freely with reference to the other but to
measurably restrain such movement against ac-
cidenta] displacement, I mount within the chan-
nels a serpentine spring wire or spline 3. The
latter is preformed with laieral bends so as to
provide an equal number of bearing points
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egainst the bottoms of the grooves in the two
parts. If desived the spline 3 may be made in
the form of a cable consisting of a fine wire 32
closely wound on a flexible preformed serpentine
core as shown in Fig. 9. The assembly of the
three above mentioned elements is accomplished
by laying the bent wire in the groove of the ring
and compressing it with a mandrel equal in cir-
cumference to the disc. The latter is placed
on the mandrel and pushed into the ring thus
displacing the mandrel therefrom. When the
faces of the disc are fiush with these of the ring
the spring 3 snaps into its groove and the two
parts are firmly locked together in the same
plane.

The disc | and ring 2 may be made of any
suitable material preferably either Dow metal
or aluminum because these are dimensionally
stable, are very light in weight and give a good
background contrast with the scale markings. If
it is desired to use another substance I recom-
mend Vinylite, a white opagque plastic, or an
equivalent material which is dimensionally stable
and is not subject to atmospheric changes.

The cursor, which corresponds to the runner ,,

of an ordinary slide rule, comrrises two trans-
parent arms 4 and 5 embracing the front and
rear sides of the disc and ring and is pivoted at
the center of the disc. They are secured togeth-

er at their outer ends at opposite sides of a hollow .

block 6 and each has & centrally located hairline
42 and 52, respectively, which lie in a common
plane extending radially of the axis of the disc.
Along the edges of the cursor blades are suitable
designations corresponding to the scale markings
on the two faces of the disc and ring with which
they cooperate.

Within the block § I mount a friction shoe 1
curved on its inner face to fit the circumference
of the ring 2 against which it is normally held
by spring action such as two coil springs 8. These
springs bear against the rezr end faces of the
shoe and the inner wall of the block recess and
exert sufficient force to securely hold the curser
against accidental movement from any position
in which it may be set. In crder tc provide for
the ready release of the shoe 7 I form at ifs center
a yoke 9 having an elongated slot !0 containing
a steel ball {1 which may be held in a forward
position by a leaf spring 12 positioned hetween
it and the rear end of the slot, although such
spring is not necessary.

Only a very slight retracting movement need
be imparted to the brake shoe 7 to permit an
adjusting movement of the cursor and to accom-~
plish this I provide independently movable release
buttons operable from either side of the cursor.
To this end the blades 4 and § are provided with
alined apertures registering with the slot 10
slightly ahead of the ball 1.

Extending through and guided in the afore-
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mentioned apertures are plungers 15 and 1§ hav-

ing bevel edges normally resting in contact with
the opposite sides of the off-center face of the
ball {1, Small flanges {52—1i62 on the plungers
engaging the inner surfaces of the blades § and
b hold them in the position indicated by reason
of the spring {2 which yieldingly holds the ball
in engagement with the plungers. If desired, a

small spring may be also placed between the 7

plungers to hold them in their inoperative posi-
tion. The plungers may he held in alinement and
guided by a small post I8 mounted on one of
them and arranged with its free end guided in
a recess in the other. As an operating con-
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venience the plungers are each provided with
broad heads. It will be appreciated from the
described arrangement of the parts that the op-
erator may readily unlock the cursor by depress-
ing whichever plunger is most accessible accord-
ing to which side of the instrument he may be
using at the moment or he may depress them
simultaneously.

The cursor 4 on the forward or obverse side
of the instrument is shown particularly in Figs.
3 and 7 and along its left hand margin there are
depicted lineally the indications corresponding
to the scales found on the front face of the disc
and ring. Lineslly disposed on the right hand
margin are indicative references to the resultants
and uses that may be determined by the use of
said scales.

The markings on the cursor 5 on the other cr
reverse side of the disc and ring are likewise
shown along the left and right hand edges of
this part which is shown more particularly in
Figs. 4 and 8.

Referring particularly to Figs. 1 and 7 the
scales shown are arranged as indicated and are
to be read with reference to the cursor and other
scales in the directions indicated to give the
resultants obtainable as follows:

Scale T.—A spiral of two coils. Reads counter-
clockwise graduated to give tangents and cotan-
gents for angles from 1° to 89°.

Scale S.—A spiral of two coils. Reads counter-
clockwise to give angular readings in degrees
for determining sines and cosecants of angles
from 1° to 90° and cosines and secants of
angles from 0° to 89,

Scale LL>1.-—A spiral of three coils. Reads coun-
terclockwise. Contains log log graduations
from 1.01 to 25000.

Scale CI.—Circular. Reads clockwise. Logarith-
mic divisions 1 to 10.

Scale D.-—Circular. Reads
Logarithmic divisions 1 to 10.

Scale SH.—Spiral two coils. Reads counterclock-
wise. Graduations for sinh 0.1 to 3.0.

Scale Th.—Circular. Reads counterclockwise.
Graduations for tanh 0.1 to 3.0.

For the purpose of determining the functions
of angles less than 1° and designated in seconds,
minutes or decimal parts of a degree I provide
gauge marks ST’’, ST’ and ST°. These are
located on the front face of the disc between
scales LL>1 and CI. 87T and D wili be found
on the left hand side of Fig. 1, ST at the left of
the top of the figure and ST’ and R at the right.
Gauge marks D and R just mentioned are used
for converting degrees to radians and radians
to degrees. Also indicated are gauge marks
“Min.” and “Sec.” for converting minutes and
seconds to decimal parts of a degree. “Min.” is
adjacent ST and gauge mark D. “Sec.” is adja-
cent to “ST’.”

The indications on the reverse side of the in-
strument shown in Pig. 2 may likewise be set
forth in conjunction with Figs. 4 and 8, as fol-~
lows:

Secale LL<1.—A four coil spiral. Reads clockwise.
It has log log graduations 0.999 to 0.00005.
Scale B.—Circular. Reads clockwise. It has log-
arithmic divisions of two units length of 1-100.

Scale CIF.—Circular. Reads counterclockwise.
It has logarithmic divisions of full length from
1 to 10. It is offset from major scales by the
amount of .

counterclockwise.
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Scale CF.—Circular. Reads clockwise. It has
logarithmic divisions from 1 to 10. It is also
offset from major scale C by the amount of =.

Scales ¢ and D.—Circular. Major scales read
clockwise. They have logarithmic divisions
from 1 to 10.

Scale DF.—Circular. Reads clockwise. It has
logarithmic divisions from 1 to 19. It is offset
from major scale D by the amount of .

Scale A.—Circular. Reads clockwise. It has
logarithmic divisions of two units lengths from
1-100.

Scale L.~Circular. Reads clockwise.
scale of equal parts from 0 to 10.

It is a

The hair lines 42 and 5@ on the indicator arms
are accurately positioned in the same plane ex-
tending radially from the axis of the instrument
and the several scales on the two sides of the
disc and ring elements are likewise so positioned
relatively to permit coordination of any reading
on the disc with readings on the ring and for
any reading on one face with readings on the
other face. The starting points for all calcula-
tions on all of the scales are shown by the mating
arrows on the outer rim of the disc | and the
inner rim of the ring 2 on each of the faces of
these parts are shown in the bottom central
areas of Figs. 1 and 2.

It will be seen that the scales being logarithmic
lengths of the numbers represented lend them-
selves to the mechanical combinations of lcga-
rithms as a result of which the operator may
quickly and easily perform calculations involv-
ing multiplication, division, raising to powers, root
extraction, exponential equations, trigonometric
formulas and hyperbolic functions.

A further reference to the manner in which
some of the scales are divided and their relative
location to others will aid in understanding the
manner of their conjoint use and I will therefore
first refer to the scale D of Fig. 1. It is divided
into nine principal parts numbered from 1 to 9.
and these parts are numbered from 1 (arrow
point) to 9, reading counterclockwise. These
primary divisions are subidivided successively as
follows: The first primary station (the first be-
tween 1 and 2) has divisions numbered from 1.1
to 1.9 each of which is again divided into ten
equal parts.

Hence the unnumbered graduations, read un-
der cursor hair line 42 will be read as one tenth
(.1) of the secondary division. By continuing the
same subdividing of the other primary stations
around the circle it becomes possible to read such
figures as 1.37; 2.01; 8.05. By mentally or other-
wise positioning the decimal point said reading
may become:

.00137 .00201 0806
0.0137 0.0201 0.806
13.700 20.100 80.60

T will hea observed that. irrespective of the
setting between the disc and ring, all graduations
that are opposite on the scales CI and D on the
front face of the instrument have the same prod-
uct and those on scales C and D on the reverse
face have the same quotient.

In multiplying two numbers the hair line 42 is
placed on one number on ring scale D, and the
dise revelved to register the second number on
scale CI with this hair line when the product will
be indicated by the position of the index arrow
of scale CI on scale D. To multiply three num-
bers the product of two of them is obtained as
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just described, the instrument being reversed the
disc or ring are rotated in unison to set up the
third factor on scale C in register with hair line
a. The three factor product will then appear
benesth the hair line 52 on the reverse face
scale D.

Division is preformed by a coordination of
scales D and C on the reverse side of the instru-
ment. The numerator is set up on the reverse
face scale D and the denominator set on scale C
whereupon the quotient will be indicated on
scale I opposite the index arrow of scale C.

Finding reciprocals.—It will be apparent from
the foregoing that when index on scale CI is op-
posite the index on scale D that reciprocals of all
numbers on the latter will be found on the former.
Also to find the reciprocal of a given number set
up the number on scale C on the reverse side of
the instrument opposite the index of scale D and
read the reciprocal on scale D opposite the index
of scale C.

An important feature of my invention is the
manner in which the CF and DF scales are posi-
tioned or offset whereby multiplication and di-
vision involving the factor » may be performed.

The scales CPF and DF are the same as the
scales C and D but I offset them by the amount
of = whereby the value of any graduation on scale
CF becomes = times that of the adjacent gradu-
ation on scale C. Likewise the value of a given
graduation on scale DF is » times the value of
the adjacent position on scale D. Hence multi-
plication or division involving a multiplicity of
factors one of which is = may be performed as

35 illustrated in the following examples:

(1) Tomultiply 6.3 by 4.1 by =.

On the reverse face set 6.3 on scale D to cursor
hair line 52.

On scale CIF set 4.1 to hair line 52,

Observe index arrow of scale C and read 81.15
on scale D.

(2) To multiply 1.18 by 4.05 by 3.01 by =

On obverse scale D set 1.18 on scale D to hair
line 42 and set 4.05 on scale CI to hair line 43,

Release the indicator and turn the ring and
disc in unison, setting 3.01 on reverse scale C to

e hair line 52 and read the resultant 45.19 on re-

verse scale DF.
(3) Todivide 18.85 by 3 by =.

On the reverse face scale DF set 18.85 on hair

5 line 82 and set 3 on scale C to hair line 5a.

Observe the index arrow scale C and read the
quotient 2 on scale D.

(4) To divide 20.8 X = by 4.2X3.6.

On the reverse face scale D set 20.8 to hair
line 82,

On the reverse face scale C set 4.2 to hair line
Ba,

Belease the indicator and turn the disc and

¢ in unison setting 3.8 on obverse face scales

b0 halr line 42, bensath hair line 52 on reverse
side of ring read 4.32 on scals DF.
The determination of ratios and proportions
involves scales C and D or CF and DF on the re-
verse side of the instrument the relative positions
of which are such that if the components of a
known ratio in a proportion are set opposite each
other on scales C and D, or CF and DF the un-
known part will be found opposite the known
part. For example if the value of “X” is sought
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in the ratio 5:X where an equal known ratio
is 15:30, “X” may be determined as follows:

Set 30 on scale D to hair line 52a.
Set 15 on scale C to hair line 5a.
Opposite 5 on scale C read 10 on scale D.

The conversion of radians to degrees and vice
versa are special cases involving a series of ratios
and may be determined by the proportional ratio
7:180. An additional feature of mny Invention
is the incorporation with scales involved in such
computations to provide special gauge points
heretofore referred to as “R”; “D”, “Sec.” and
“Min.” which are matters of especial importance
as will presently be seen.

For the purpose of converting radians to de-
grees the disc | is rofated to set gauge point R
opposite any given value in radians indicated on
scale D by hair line 5% whereupon its value in
degrees will be indicated by the index of scale CI
on scale D. Similarly to convert degrees to radi-~
ans the gauge point D may be set opposite any
value in degrees on scale D. The resultant in
radians will then be found on scale D opposite
the index of scale CI.,

Gauge points “Min.” and “Sec.” are used in
converting minutes and seconds of an arc to
decimal parts of a degree and their practical
use is illustrated thusly: With gauge point “Min.”
set opposite a given value of minutes on scale
D the equivalent in decimals will appear oppo-
site the index of scale CI on scale D. Similarly
to convert seconds to decimal points of a degree
the point “Sec.” is set opposite any value in sec-

onds on scale D and the decimal equivalent will 3

be found opposite the index of scale CI on scale D.

The scales LL>1 and LIL<1 on opposite sides
of disc | are used primarily for determining
powers and roots and in carrying out my inven-
tion I make them in spirals of sufficient length
to accommodate accurately readable log log grad-
uations to coordinate with scales C and D the
first being from 1.01 to 25000, the second irom
0.999 to 0.00005. Said scales are used ccnjointly
with scales D and C.

In further explanation of the advantages in
the spiraling arrangement to give greater lengths
to the scales LL.<1 and LL>1 is found in their
use when determining the powers less than unity

and greater than unity, respectively. Positive °

powers of e (2.7183 approximately) may he found
on scale LL>1 opposite the exponent on scale C
and negative powers of e may be found on scale
LL:<1 opposite said exponent. It becomes appar-

ent therefore that any proportion involving log- *

arithms and numbers greater than unity or co-
logarithms and numbers less than unity may be
handled in accordance with the proportion prin-
ciple before explained.

Two other scales on the obverse face of disc i
are made spirally, viz. T and S for use in cal-
culations involving trigonometric functions and
with these I proved the gauge points ST/, ST’
and ST-°. The numerical values of all trigono-
metric functions are determined by using the
scales T and S, the former for tangents, the latter
for sines. For sines and tangents of angles of
less than [° said gauge points are used as points
to be set under hair line 42 when the latter regis-
ters with the angular value on scale D.
fore, to find the sine or tangent of an angle meas-
ured in seconds the number of seconds on scale
D is set to hair line 4* and ST’ is brought to
hair line. Opposite the index of scale CI the
sine or tangent is read on scale D. If the angle

There- ¥
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is in minutes, the gauge point ST’ is used. Like-
wise if the angle is indicated in decimals the
gauge point ST-° is set to the hair line 42 as pre-
viously adjusted to the angular value and the
sine or tangent will be indicated on scale D.

Another scale not heretofore discussed and of
spiral form is formed on the obverse face of ring
2 and denoted Sh. It reads counterclockwise and
carries divisions from 0.1 to 3.0 and is useful
in determining the hyperbolic sine for any hy-
perbolic angle X in conjunction with the adja-
cent scale D between the values 0.1 to 3.0.

The gauge marks hereto referred to are for
determining the most commonly used ratios and
for convenience in operating the instrument I
Iocate with reference to scale CI. They therefore
alsc have a definite location to scale D on the
ring when this is mated with scale CI by bring-
ing the index arrows of these two scales into
register.

The method which I use in carrying out this
feature of my invention for positioning of several
conversion gauge marks can bhest be explained by
the following tabulation:

Guge | SE
Gauge Position Referred &
\'i'xvrk Conversion Equivalent | Referred to S leCIo
e Scale D (('i:{lc%ip-
(Normal) procal)
Ro__.__ Redians to De- =. 17453 57207
grees. 180
. 189 .
Do..._. Degrees to Radi- - 57297 17453
ans.
Min. .| AMinutes to deci- % 69000 16667
maul of a Degree. 10
- . 360 . -
Sec....| Seconds to doci- — 36000 27778
mal of 2 Degice. 10
St?..__| Sines or Tansof a 180X10 59297 17453
Deeimal part of -
a Degree.
A
ST'____| Sines or Tams of | 120X8) 34377 20089
Angular  Min- -
utes.
ST7___{ Sines or Tuns of 18036060 20626 48482
Angular See- =
onds.

In connection with the above table of values it
it noted that angles less than 1°, sin 4 or tan ¢
equals ¢ in radians (approximately), therefore,

. 0 T . o_ T o e T
sin 1 180’ Sin .1 I8§5% 10 S0 1 180 60

and

N =
sin 1= 1 806060

I claim:

1. In g circular slide rule comprising a disc and
surrounding ring, the combination with a cursor,
of a brake shoe carried thereon and engaging the
periphery of the ring having a slotted tail piece,
springs located at opposite sides of the tail piece
for yieldingly holding the shoe in engagement
with the periphery of the ring, a ball in the slot
and plunger having a cam surface engaging the
forward side of the bhall for releasing the brake
shoe.

2. In a circular slide rule comprising a disc
and surrcunding ring, the combination with a
cursor, of a brake shoe carried thereon and en-
gaging the periphery of the ring having a tail
piece provided with a slot, a spring pressing the
shoe against the disc, a ball located in said slot,
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a separate spring for moving it in a forward di-
rection and a pair of independently movable com-
pression members engaging the forward side of
the ball for retracting the brake shoe.

EDWIN R. WILLARD.
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