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An object of my invention is to facilitate
the construction of ~diagrams and other
graphic illustrations, oi all of the types em-
ployed to visualize the 1 atdos betwoen the sev-
eral numerical q’l‘VﬁtlfleS in any group or
series. This object may. be furuhe" clarified
by stating that it is to eliminate both the
compt atation of dimensions, and the measuve-
ment of such dimensions bv means of 1'“1013
and the like, and to make 1t possible to tak e
the dimension te be used in drat tmg, in each
instance, di 1ect1y under or oppesite the num-
ber which it is intended to, repr ssent graphi-
cally, at the point where such number ap-
pears printed on a scale—by means of a com-
pass, a pair of dividers; or similar instrument.
Itisan ob]ec‘L to 1ccompllch this vesult in
spect of diagrams which employ sir nple lines,
bars, or. other linear comparisons; vlruw,
squar es, or other figures mvolvmo ares cou
pansona, spheres, cubes or.other figures in-
volving volume comparisons; and “eircular

na

LU=

“pis diagrams” involvinw Coi'nparisons of

angles or “sectois.

A further object of my invention is %o
make it possible to determine, without. any
computation whatsoever, the Guanu] ty which
13 represented by each wnit of leﬂﬂth, area,
volume, or angle, as the case may be; in any
chart or diagram of the types heveln re-
ferred to.

A further ob] ect of my invention is to make

- possible, or to tacilitate, the construction of a

oy
Lt

4

50,

square which is GquV‘ﬂC'lt in area to any ing

given circle, and vice versa, the construe-
tion of a cube which is equivaient in volume
to any given sphere, and vice versa, and the
constiuction of other regular geomstrical
forms and bodies of equivalent areas or vol-
nmes. without computation.

A further Gb]u:t of my invention is fo sim-
plity and expedite the construction of “pie
diagrams” by providing simple graphic
means of lwmﬁ off the m\lwred Mml
without the use of a protractor of the usual
type. and by making possible the simultane-
cus determination of | percentages and ot de-
arees of arce 1'equhed to represent such per-
centw ‘

With the foregoing and related objects in-

view, my invention consists in the parts,.ele-

ferial Wo 140 941

ments, features of construc 1011, and combi-
nations herein set forth and claimed. '
In th accompanying drawings, forming

: p‘vrt of this apphcatlol T have shown a pre-

ferred embodiment of my invention for the

pur poce of affording an understanding there-

of? ut it 1s to be understood that the same i
for the purpose of affording an understand-
ing only, anfl n(‘t LO hnnt‘mtwn of bhe inven-
tion. -

Fig. 1is aface Vlﬂw'of the dévice, in which
1 iilustrates the essential part of a number .
disk member which is not shown separately
1"1 the drawings, and in which 2 1 is a smaller
“graph -disk” “member on which 1is-shown a
curve, 6, which is only ore of £ Four curves on
said ‘omph digk.” . -

Figl 2s an e;ev wtion oOr cross sectlonal
view.

Fig.

Fig.

Fig.
spira 1 5

Fig. 6 shows disk- 2, havmo a square root
loga garithmic spiral, 6.

Fig. 7 shows disk 2, havmg a cubﬂ roob
Joaamthmlc spiral, 7.

Mig. 8 shows disle 2, having two looarlth-
mic scales and a ¢urve, 8, ;

Tig.91s a face view of the comp ete. dev1ce,
having all four graphs (Figs. 5,6, 7 ‘wd 8)
a .,ambled on a single disk- face.

teferring orlo 1, member 1 is 4 disk hw-
& locrm']thmlc scale, 9, around whlch the

3 shiows the mchwator membor 3.
4 11; ustrates the set screw, 4.
shows dlsk 2 having a 10()a1‘1thm10

";J

O As 1ﬂnst"°ted thﬂ aoamthmm
mdu"tmng from 1 to 10 .are: shown on an’
are of 120°, so that in the full circamference
there 'is 'opre sented a ratio of 1 to 1,000.
Stated inh terms of polar coordinates, 9=

2 . . :
£l log @, where the angle 6 is:measured clock-

Wise, ¢ and where ¢ is any posﬂwe real number.

: l‘hl@ is 11ct an essential featur but 1t is con-

venient in that if any or ail of the numbers
in a given series are not found printed-aronnd
the spiral, the printed nuimbers may be mul-
mhef] or divided, by 1,600, or by 1,000,000,
or by any other multlple of 1,000, as required
(or, more conveniently.’ the humbers to be
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multiplied or divided)-—as will be under-
stood by all persons who are familiar with
either Iogamthms or a slide rule, - The spiral
arrangement -of the numbers is a feature
which facilitates the reading of these num-
bers in their relations to the spiml curves 5,
6 and 7 on disks 2—the two or three intersec-
tions of a radial line with any spiral curve
corresponding to numbers on disk 1 in the
same radial order.

The “line-graph” spiral, 5, on the “graph
disk” 2 (Fig. 5) is so constructed that the
radial coordinates, measured from one of one
or more circular base-lines (L, M, or N), are
directly proporticnal to the numbers on the
number disk 1, under or opposite which they
appear in any position of disks 2 and 1 when
positioned concentrically. Stated in terms of

polar coordinates, 0= ??%T log ¢ (ason disk 1),

and p=c+ ba, where a is any positive real
number, & is an arbitrary constant, and ¢=
either OL, —OM, or —ON, according as the
portion of the curve is measured from base-
line L, M. or N respectively.

As T'ustrated in Fig. 5, the primary base-

line “I.” i1s a small circle concentric with the .

perimeter of the disk, from which the radial

coordinates are measured, increasing from a

small interval until the spiral approaches the
perimeter of the disk.  The curve is then con-
tinued, measured from a secondary circular

_base-line “M”, concentric with base-line “L”, 0
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the measurenmhm being across the center of
the disk, until the spiral again approaches the
perimeter, when it may be continued from a
concentric tertiary circular base-line “N”,
which may be as close as practicable to the
perimeter. By this means radial measure-
ments may be taken from the curve varying
all the way from an infinitesimal interval
continuously up.nearly to the diameter of the
disk.

Asshown on Fig. §, the radial coordmates
on the spiral swhich are equal to selected units
of linear measure (1 cm. and 1in.) are so indi-
cated, and the cozresponchno points on the
perimeter are marked and indicated B and D
respectlvely

The area-graph” spiral, 6 on the “graph
disk™ 2 (Fig. 6) 1s similar in construction to
the “hne graph” spiral, except that the radial
coordinates are proportional to the squ‘ue
roots of the numbers on the number disk 1,
under or opposite which they appear in any
concentric position of disks 2 and 1; i e,

p=c+ +/ba, these terms being defined as above
With reference to the “line-graph” spiral 5, on
disk 2. Likewise the radial coordinates of 1
em. and 1 in. are indicated, and marked B’
and D’ respectively on the perimeter. In
addition, the radial coordinates which ar
equal to the radius of the circle whose area is
1,viz1/+/7 are marked, for 1 sq. em. at A, and
for 1 sq. in. at C".

1,592,326

The “yolume- Qraph spiral 7, on the “graph
disk” 2 (F‘lo () is exactly similar in con-
struction to the “area-gra ph” spiral, except
that the radial coordinates are proportional
to the cube voots of numbers on the number
digk 1, and that B and D’ indicate the ra-
dial coordinates of 1 cm. and 1 in. respective-
Iy and A" and O indicate the radii of
spheres whose volumes are 1 cu. em. and 1 cu.
in. respectively.

Tig. 8 shows on the ¢ 01"1ph disk” 2, a curve
8 and two logarithmic scales 14 and 15. The
curve 8, serves as a protractor in laying off
any angle,_ as in the construction of “pie dia-
graims.” The radial coordinates of the curve
are equal to chords subtending ares and an-
gles on a “construction circle” ¥ the radius of
which is exactly eqiial to I/E, the size of the
angles being expressed by the numerical val-
ues on logarithmic scales 14 and 15. As il-
lustrated, the curve is constructed with refer-
ence to two concentric circular base-lines, L
and K, for the purpose of making the inter-
section of a radial line with the curve such as
to admit of more precise measurement than

would be possible with .only one base-line.

The small cireular diagram, 16, shows how
touse the “angle-graph” as aprcu actorin lay-
ing off angles up to 860° (100%), by means
of chords subtending arcs intercepted by ra-
dial lines. 'The purpose of diagram 16 is to
show graphically that angles representlnw

-258% (06°-90°) should be Taid off by means
of chords measured from “0%” (0°) ; angles
representing 25%-75% (90°- 270 ) should be
laid off by means of chords measured from
“509," (180”) ; and angles representing 75 %~
1009 (270°-360°) by means of chords meas-
ured from “100%” (360°).

The outer logarithmic scale, 14, is gradu-
ated exactly like the number chsk 1, and is

70
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umbered to indicate pelcen’caoes from 0.1

to 100. 'The innerscale, 15, is similarly grad-
nated, and numbered to indicate degrees of
arc from 0.36 to 360, and is so placed that
360° falls on the same radial line at 100%.
In the construction of so-called “pie dia-
grams”, therefore, and in all other calcula-
tions in which 860°= 100%, hemologous num-
bers will be found on the same mdml lines.

The combination of the area-graph spiral §
and the logarithmic scales 14 and 15 consti-
tutes in imelf therefore, botli a protractor
and a scale for (‘on*\'ertmﬁ degrees to percent-
ages and vice versa.

“The purpose of the indicator member, 3.
(Fig. 3), is to indicate precisely the radial
JJine which passes thrmmh any numerical

value on the larger or “number disk” 1 and
simultaneously tl110urrh any curve or any
graduations on “gr aph disk”, 2. The indi-
cator may be mnstrumed elthe of a trans-
parent material such as cnﬂulmd or of metal.
In the form illustrated in Fig.
necessarily consist of a transparent material,

3, it would
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having a hair line, 11, passing through the
center of the hole 12. The points marked K,
L, M, and N, at the radial distdinces of the
several base-lines similarly lettered on Figs.
5 to 9, have small depressions or holes to ad-
mit the point of a pair of coinpasses or di-
viders, thus facilitating precise readings on
any of the curves. The short arc E, as meas-
ured from L, indicates the radius of the con-
struction circle to be used with the protractor
feature shown on Fig: 8. The lLiole or win-
dow, 13, adwits precise readings from the
curves in the smaller intervals, the indicator
being revolved through 180° from the posi-
tion 1n which:it is otherwise utilized. A
The set-screw member, 4, (I'ig. 4),1s so con-
structed that it may be used to hold the “num-
ber disk” 1 and the “graph disk” 2 firmly in
any relative concentric position which is de-
sired, while at the same time permitting the
free revolution of the indicator, ,
In respect of all of tlie three spiral graphs
5,6 and 7 (Figs. 5, 6 and 7 respectively), it
may be noted that each spiral graph may be
enlarged or reduced by photo-engraving o
similar processes without change other than
the appropriate revolution of the radial co-
ordinates of 1 ¢m. and 1 in., and of the index
marks on the perimeter (B, D, A, B/, C", D’,

A7, B, C”,;and D7) ; all through tlie same

angle.. It is ¢lear, also, that, in respect of
each of the three spiral graphs, that that part
of the curve meastred from the tertiary base-
line “N” may be oinitted, as also that part
measured from the secondary base-line “M”.

In respect of the “number disk” 1, and of
the “angle-graph” 8 (Figs. 1 and 8 respec-
tively), it i1s likéwise evideiit that both iay
be enlarged or reduced, by photo-engraving
or similar processes, without the necessity of
any change whatevet.

It may be noted that any two, ahy three,
ot all four of the graphs and accompanying
index marks and scales illustrated in the
drawings (Figs. 5, 6, T-and 8), inay be assein-
bled or combined on a single disk-face (asin
Fig. 9), inasmuch as all four said graphs are
analogous in construction and identical in
operation in relation to the other members
(disk 1, indicator member 3, and set-screw 4).
Fov simplicity of illustration the four
“oraphs” are shown and described separately

“in these specifications and appended claiins,

but in manufacturing-a marketable device it
may be deemed practicable to combine all four
said graphs and other indications and data
either on one disk-face or o1 the two faces of
a single disk.

The utility of my device may be demon-
strated by showing some of the practical uses
to which it may be put, as follows:

1. Linear comparison diagrams.

Using the “line-graph”, 5 on disk 2 (Fig. 5
t= =1 p g

in combination with the number disk 1 (Tig.
1), the indicator. (I'ig. 3), and the set-screw
(Fig. 4), the following things may be done,
withott any computation whatever, and with-
out tlie use of a ruler graduated in units of
linear measure, and with the aid of no. more
than a pair of cempasgses or of dividers, a
sjuare, and a straight-edge: »

1. A series of lines, or lincar comparisons
of any sort, (bars, etc.), may be laid out which
are proportional in length to the numbers in
any numerical series. SRR

4. A series of lines may be ldid out on any
desired lineai scale (e. g., linch=724).

3. The linear scale of any chart employing
linear comparisons of any sort may be deter:
inined Wwith the #id of a pair of dividers or
compasses only. ‘

11. Area comparison diagrams. .

Using the “area-graph” 6 on disk 2 (Fig:
6) in combination with the number disk; the
indicator, and the set-screw; the following
things may be done, without computation and
without the use of a ruler, and with the aid
of no more than 4 pair of compasses or of
dividers, a square, and a straight-edge:

1. A series of circles, of squares, of equi-
lateral triangles, or of other regular polygens;
may- be laid out which are proportional in
ared to the numbers in any numerical series:

2. A sefies of circles, or of squares, may be
laid out on any desired area scale (e. g., 1 sq.
cm.=512.3). ' B

3. The area scale of any chart employing
area comparisons in circles or squares may be
determined with the aid of a pair of dividers
or compasses only. ; '

4. A square may be constructed equal in
area to any given circle, and vice versa.”

5. A series of geometrical figures, compris-
ing both circles and squares, may be laid out
which are proportional in-area to the numbers
in any numerical series.’ = -

6. A series of lines may be laid out which
are proporticnal to the square roots of the
numbers in any numerical series:

I71.  Volume comparison diagrems: and
solids.

Using the “volume-graph”, 7, on disk 2
(Fig. 7) in combination with the number digk,
the 1ndicator, and the set-screw, a series of
operations may be performed-entirvely anal-
ogous to the above list in respect of areas, sub-

stituting “volumes” for “areas,” “spheres”.

for “circles,” “cubes” for “squares;” and “cube

roots” for “square roots.”

IV,

“Pie diagrams,’ etc.

Using the “angle-graph” (Fig. 8) with the

indicator and the sét-serew (without the num-
ber disk 1), the following things may be
doné without computation and without the
use of any other protractor (using in addi-
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tion only a paivof compasses and a straight-
edge 1n some lnstances) ;

1. The angle, measured in degrees of arc,
required to represent any perecentage (where
360° represents 1009%) may be read directly.

2. Any angle, which is expressed either 1n
degrees, or in percentages (1. e., in hundredth
parts of a circumference), may be con-
structed. : :

3. Any angle which has been constructed
may be read or determined in terms of either
degrees or percentages or both.

Using the number disk 1 in combination
with the “angle-graph”, the indicator, and

5 the set-screw, in the following additional

things may be done:

1. A series of angles proportional to the
numbers in any numerical series may be read
in terms of either degress or percentages.

2. Such a ‘series of angles may be con-
structed.

3. In constructing a series of angles pro-
portional to the numbers in any numerical
series, each angle may be read both in de-
grees ‘and percentages, and also constructed
by mieans of a chord subtending an arc; all
from a single setting of the two disks in the
proper relative concentric position.

The utility of my device may be more
clearly understood from a number of ex-
amples. 1In each of the examples given be-
low, one of the four graphs on disk 2 is em-
ployed, disk 2 being associated concentri-
cally with disk 1, and with the indicator mem-
ber 8, by means of the set-screw 4. It is be-
lieved that the five examples given below
will. sufficiently illustrate how my device
should be employed and operated in putting
it'to all of the practical uses previously de-
scribed,

V.. Izamples.

1. Buppose that it be desired to construet
three circles to represent the ratios between
5.25, 5,250, and 2,712, the area scale being 1
sq. in.=250. , ,

For circles (as for squaves, triangles, and
other geometrical figures in two dimensions)
use the “area-graph”, in asscciation with the
members indicated above. The set-screw
being not tightened, revolve disk 2 in relation
to disk 1 until ¢ (the radius of a cirele whose
area is 1 sq. in.) 1s on the reading 250 on
disk 1 (as illustrated in Fig. 1), Tighten
the set-screw so. as to hold the two disks
firmly in that relative position. Revolve the
indicator 8 until the reference line 11 is on
the reading, on disk 1, of the first number
to be represented, viz 525 (as in Fig. 1).
Then, with the point of a pair of compasses
placed in the indicator depression at L (at
{ on Fig. 1), spread the compasses until the
pencil or pen point is on the “arca-graph”
carve at the appropriate point under the n-
dicator reference line (at ¢ on Fig. 1), With

$641,000, $227,100, and $108,000, and

le- as a radius, swing a circle representing
5.25.  Then, as the second number 5250, is
read on the same graduation on disk 1, on the
next spiral reading radially outward from,
or above, the reading 5.25, the point fo be
used on the “area-graph” curve will be that
next radially outward from e, viz 7, (as illus-
trated in Fig. 1). - As f is on that part of
the curve which 1s constructed with reference
to base-line “N”, the compass point should
be placed in » (Fig..1). With of as a ra-
dius, then swing a circle representing 5,250,
To represent the third number, revolve the
indicator until the reference line is on the
reading 2,712 (on disk 1); then, since that
part of the curve is constructed from base-
line “M?”, take the radius from “M” on the
indicator to the point on the outer curve
which is under the reference line and siwing
a circle. :
2. Suppose that it be desired to construct
three circles to represent the ratios between
that
it be desired to represent the larger qnantity
by a circle of no particular precise radius
but which, for purposes of illustration and
statement, may be 1.25 inches. o '
Again using the area-graph, the two disks
being free to revolve (the set-screw not be-
ing tightened), set the indicator reference
line at $641,000, and hold it in that position
by grasping the indicator and the edge of
disk 1 between thumb and finger. With a
pair of compasses or dividers set at 1.25
mches, and one point being placed at L. on
the-indicator, revolve the “graph” disk mem-
ber 2 wuntil the “area-graph” curve inter-
sects the indicator reference line at 1.25
inches, and then, with the set-screw, clamp
the two disks rigidly together. Then pro-
ceed to take off radii from the curve as in
Example 1. ' ‘

8. Suppose that it be desired to ascertain

the area scale in any series of circles repre- -

senting a series of numbers.

Using the “area-graph” (as in previous ex-
amples), so position the two disks that the
radius of any circle (as measured on the
indicator reference line by means of a pair
of dividers) -and the numerical quantity
which it represents arve found simultaneously
under the reference line of the indicator.
The area scale in units per sq. in. may then
be read on disk 1, at C” (on disk 2), and the
area. scale may likewise be read simultane-
ously, on disk 1, in units per sq. cm., at A’
(on disk 2). :

4. Suppose that it be desired to con-
struct a square which is equal in area to a
given cirele (whose radiusis, say 0.8 inch).

Using the “area-graph”, first set A’, or
C’, (on disk 2) at a convenient reading on
disk 1, say at 10. Then revolve the indicator
member until the “area-graph” coordinate
under the reference line, measured from L

-1
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by means of a pair of dividers, measures 0.8
inch. Hold the indicator and disk 1 between
thimb and finger; revolve -disk 2 counter-
clockwise until B’; or D/, (according. to
whether A’, or €/, was previously used) is
at the same reading on disk 1 (as 10 above) ;
then construct a square whose sides are equal
to the “area-graph” -coordinate which is
found under the reference line on the indi-
cator, the latter still being held firmly in the
same position with raference to disk 1.

5. Suppose that.it be desived to represent
$5.700, $2,350, and $7,050, by sectors of a cirele
which are proportional in area to the several
quantities; their total, $15,100, being repre-
sented by 2 complete circle whose radius is
1 inch.

First, construct a circle. with-a 1 inch

radius, and, concentrically with it, a “con-
struction circle” with a radius exactly equal
to LE on the indicator member.
Using the “angle-graph” 8 on disk 2 (Figs.
8 and 9) set 100% (on logarithmic scale 14)
at 15,100 on disk 1, and tighten the set-screw.
Revolve the indicator to 5,700 on disk 1,
and on disk 2, scale 14, note the reading
87.7%. Holding the indicator and disk 1 in
that relative position between thumb and
finger, with a compass take off the “angle-
graph” interval measured under the indicator
reference line, from base-line L (as shown by
arrows on the curve), and, on the “construe-
tion circle,”lay off a chord measured counter-
clockwise from the 509 point (diametrically
spposite the 0% point) as shown on diagram
16, Fig. 8. ‘ _
Next, revolye the indicator to 2,350 On-d_llsk
1, and on disk 2, scale 14, note the reading
15.6%. Taking the chord interval, as ex-
plained in the next preceding paragraph,
lay it off on the “construction circle” clock-
wise from the 87.7% point previously laid off.
Then revolve the indicator to 7,050, note the

reading 48.7%, and, from base-line “I” (as
by ¢ “angle-graph”)

indicated by arrows on the

lay off the chord interval taken from the’

“angle-graph”, in a counter-clockwise direc-
tion from the “509%” point on the “construc-

tion cirele” (1. e., diametrieally opposite the-

chord just previously laid off). Finding that
the last chord coincides with the 100% point
or starting point, and that the construction
therefore “closes” without rechecking or ad-
justment, radii should then be drawn through
the points on the “construction circle” as in-
dicated by the chords laid off, extending the
radii to intersect the circle of 1 inch radius.
Adding the percentages 37.7, 15.6, and 46.7,
to male certain that they total 100.0, it is
found that no adjustment is necessary.
- Erase the “construction circle” and other
construction lines.
I claim: -
1. A drawingdevice comprisingincombina-

tion a member having an edge provided with

logarithmic graduations, a second mermber
carried thereby and movable relative thereto
and provided with a base line and a plurality
of logarithmic curves spaced from said base
line proportional to measurements of lines,
areas, volumes, and angles, respectively, and
cooperating with said graduations on said
first member, and an indicator member which
is movable over both said two first-mentioned

members by means of which to take off at any

relative setting of said two: first-mentioned
members a series of coordinates of the curves
on said second member corresponding to the
numerical values of said graduations on said
first member. - :

70

75

80

2. A drawing device comprising in com- -

bination a disk having logarithmic gradua-
tions near the periphery thereof, a second
disk having a base circle and a plurality
of logarithmic curves spaced with reference
to linear measurements, areas, volumes, and
angles, respectively, cooperating with said
graduations on said first disk at any relative
setting of the two said disks, méans concen-
tric with each disk for pivotally connecting
the two, and an indicator pivoted on said
means whereby at any relative setting of the
two said disks a series of coordinates on said
second disk corresponding to numerical val-

ues of said graduations on said first disk may |

be taken off. .

3. In a drawing device, a member having
an edge provided with logarithmic gradua-
tions, a second member carried thereby and
movable relative thereto and provided with a
base line and a legarithmic curve cooperating
with said graduations on said first member,
said curve being so constructed that.the dis-
tances between said base line and said curve
are directly proportional to the numerical
values of the graduations on the first said
member at any relative setting of the two said
members, and an indicator member which
is movable over both said two first-men-
tioned mermbers by means of which to take
off at any relative setting of said two first-
menticned members a series of said distances

on said second member corresponding to said .

numerical values of said logarithmic gradua-
tions on said first member, o '

4. Ina drawing device, a disk having loga-
rithmic graduations near the periphery there-
of, a second disk having a base circle and a
logarithmic spiral thereon such that the dis-
tances which are measured on a diameter be-
tween said circle and said spiral are directly
proportonal to:the numerical values of the
graduations on the first disk at any relative
‘setting of the two said disks, means conceii-
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said second disk corresponding to said nu-
merical values of said graduations on said
first disk may be taken off. -

5. In a drawing device, & member having
an-edge provided with logarithmic gradua-
tions, a second member carrvied thereby and
movable relative thereto and provided with a
base line and # logarithmic carve cooperat-
ing with said graduations on said first- mem-
ber, said curve being so constructed that the
distances Letween said base line and said
curve are directly proportional to the square
roots of the numerical values of the gradua-
tions on the first said member at any relative
setting of the two said members, and an indi-
cator member which is movable over both
said two first-mentioned meinbers by means
of which to take off at any relative setting of
said two first-mentioned members a series of
said distances on said second member corre-
sponding to said square roots of the numeri-
cal values of said logarithmic graduations on
said first member. 7

6. In a drawing device, a disk having loga-
rithmic graduations near the periphery there-
of, a second disk having a base circle and a
logarithmic spiral thereon such that the dis-
tances which are measured on a diameter be-
tween said circle and said spival ave directly
proportional to the square roots of the nu-
merical values of the graduations on the first
disk at any relative setting of the two said
disks, means concentric with each disk for
pivotally connecting the two, and an indica-

tor pivoted on said means whereby at any

relative setting of the two said disks a series
of said distances on said second disk corre-
sponding to said square roots of the numeri-
cal values of said graduations on said first
disk may be taken off. o
7. In a drawing device, a member having
an edge provided with logarithmic gradua-
tions, a second member carried thereby‘and
movable relative thereto and provided with a
base line and a logarithmic curve coGperat-
ing with said graduations cn said first inem-
ber, said curve being so constructed ihat the
distances between gald base line and said
enrve ave directly proportional to the cube
roots of the numerical values of the gradua-
tions on the first said member at any velative
setting of the two said members, and an indi-
cator member which is movable over both said
two first-mentioned members by means of
which to take off at any relative getting of
said two first-mentioned members a series of
said distances on said second member corre-
sponding to said cube roots of the numnerical
values of said logarithmic graduations on
said first member.

8. In a drawing device, a disk having loga-
rithmie graduations near the periphery theve-
of, a second disk having a base circle and ‘a
logarithmic spiral thereon such that the dis-

" tances which are measured on a diameter be-

1,602,326

tween said circle and sald spiral are directly
proportional to the cube roots of the numeri-
cal values of the graduations on the first disk
at any relative setting of the two said disks,

means concentric with each disk for pivot- 1

ally connecting the two, and an indicator piv-
oted on said means whereby at any relative
setting of the two said disks a series of said
distances on said second disk corresponding
to said cube roots of the numerical values of
said graduations
taken off.

9. In.a drawing device,.a member having
an edge provided with logarithmic gradua-
tions, a second member carried thereby and
movahle relative thereto and having loga-
rithmic gradnations corresponding exactly to
{ raduations on said fivst member but num-
bered to indicate degrees of arc up to: 860°,
said second member having also a base line
and a curve which is so constructed that the
eocrdinates of said curve as measured from
said base line are exactly equal to the chords
of a circle of prescribed radius subtending
arcs which are also subtended by angles as ex-
pressed in degrees on said degree scale, and
an indicator member which is movable over
both said two first-mentioned members by
means of which to take off at any relative set-
ting of saild two first. mentioned members 2
series of said coordinates of the curve on said
second member corresponding to the numeri-
cal values on either of said logarithmic scdles.

10. In a drawing device, a disk having log-
arithmic graduafions  near the periphery
thereof, a second disk coacting therewith hav-
ing logarithmic graduations corresponding
exactly to the graduations on said first disk
but numbered to indicate percentages up to
100%, said second disk having also a second
series of logarithmic graduations numbered
to indicate degrees of arc up to 360°, said two
logarithmic scales on said second disk being
so disposed that the 100% and the 360° gradu-
ations f2ll on the same radial line, said sec-
ond disk having also a curve so constructed
that the radial coordinates mensured in the
direction indicated from a selected one of two
concentric circular base lines are exactlyequal
to the chords of a cirele of prescribed radius
subtending arcs which are also subtended by
angles as expressed in degrees on said loga-
rithmic degree scale on said second disk, a
set-screw on which said disks are mounted
concentrically, and an indicator member piv-
oted on said set-screw by means of which to
take off at any relative setting of the two said
disks a series of said radial coordinates on
said curve corresponding to the numerical
values on said logarithmic scales.

11. In a drawing device one member of
which consists of a disk having thereon a log-
arithmic spiral the mazimum development
of which involves a series of circular base
lines on said disk concentric with said disk

on said first disk may be
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and with each other; said logarithmic spiral
being developed first radially outwardly from
the.circular base line of smallest radius until
it closely approaches the periphery of the
disk, then diametrically through the center
of the disk from the circular base line of next
larger radins until it -again approaches the
peviphery of the disk, and finally ‘diamet-
rically through the center of the disk fromthe
circular base line of greatest radius until it
reaches the periphery of the disk.

12. In a drawing device, a disk baving
formed thereon a curve the radius vector co-
ordinate of which for certain portions of said
curve exceeds the radius of said disk, the ra-
dius vector coordinate of said portions of
said curve being measured on diametrical
lines passing through the center of the disk
from a selected one of a plurality of base
circles of different radii in an indicated se-
quence, and an indicator pivotally supported
at the center of said disk and having a diamet-
rical indicating line, said indicator having
reference marks formed on said line at points
over said bage circles wherebhy coordinates of
corresponding portions of said curve may be
taken off. ,

18. In a drawing device, a combination
comprising a form of protractor consisting of
a disk, an indicator, and means concentric
with said disk for pivotally associating said
disk and said indicator, said disk having a
logarithmically graduated and numbered
scale to indicate measurements of angles in
numerical terms, and having also a curve
which is so constructed that the radial coor-
dinates of said curve as measured in the direc-
tion indicated from one of two concentric cir-
cular base lines thereon are exactly equal to
the chords of a circle of preseribed radius sub-
tending arcs which are also subtended by an-
oles as expressed in said numerical terms on
said logarithmically graduated and num-
bered scale, said indicator being adapted to
indicate straight lines passing through the
center of said disk whereby said radial co-
ordinates and said numnerical values which are

on the same radial line on said disk may be

taken off. .

14. In a drawing device one member of
which consists of a disk having logarithmie
graduations near the periphery thereof, a
secon'd member of which consists of a digk co-
operating with said first disk rotatably rela-
tive thereto on a pivot-and having a logarith-
mic spiral which intersects a given radial line
more than once, a spiral on said first disk
around which the numerical values of said
logarithmic graduations are indicated where-
by at any relative setting of the two said disks
a series of radial coordinates of said loga-
rithmic spiral on said second disk correspond-

“ing to the appropriate numerical values on

said first disk may be taken off, and an indi-
cator member adapted to reading said radial

7

coordinate on said second member and the

corresponding numerical value on said first

disk which fall on the same radial line at any -

relative setting of said disks. 5 ,

15. A drawing device comprising in com-
bination a disk having legarithmic gradua-
tions and corresponding numerical values in-

dicated near the periphery thereof, a second
disk having-a plurality of logarithmic curves

the radial coordinates of which as measured
from a selected one of a plurality of base cir-
cles are proportional to homologous dimen-
sions of similar geometrical fgures and
bodies invoiving comparisons of lines, areas,
volumes, and angles, respectively, said sec-
ond disk having also a plurality of peripheral
reference marks which are the terminations
of the radial lines passing thirough points on
said curves the radial coordinates of which
are equivalent to selected standard units of
measure, said curves and said peripheral ref-
erence marks cooperating with said gradua-

tions and numerical values on said first digk.

at any relative setting of the two said disks,
a set-screw pivotally connecting the two
disks concentrically and adapted to hold said
disks firmly at any desired relative setting of
gaid disks; and an indicator member revolv-
ing freely on said set-screw- at all times and
adapted to indicate straight lines passing
through the center of said disks and to re-
ceive the point of a pair of compasses pre-
cisely on each one of said plurality of base
circles on said second disk.

16. A drawing device comprising a disk of
limited radius having formed thereon a polar
curve, all portions of the curve having ra-
dius vectors less than the radius of the disk
being developed outwardly from a base cir-
cle of small diameter at the center of the
disk, and all portions of the curve having
radius vectors substantially equal to and
greater than the radius of the disk being de-
veloped through the center of the disk from
the inside of base circles of larger diameters.

17. An article of manufacture comprising
an element having a polar curve formed
thereon within a circle of limited radius, the
curve being developed initially outwardly
from 4 circular base-line of small radius to
a point near the periphery of said circle, and
being continued from a point on the same
radial line with the last mentioned point in
such manner that the distances measured ra-
dially from ‘said small circular base-line to
points on said curve are less than the corre-
sponding radial coordinates of the vespec-
tive points by a constant value.

18. An article of manufacture comprising
an element having a polar- curve formed
therecn within a circle of limited radius, the
said curve being first developed radially out-
wardly from a base circle of small radius to
a point near the periphery of the circle and

being continued thereafter ~diametrically
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through the center of the base circle sucees-
sively from each of a plurality of base circles
of inereasing radii concentric with the first
base circle. :

19. An article of manufacture comprising
an element having a polar curve formed
thereon within a limited area, all portions of
the curve having points of radius vectors less
than a value determined by the limits of the

1,692,326

area, being developed outwardly from a base 10

circle of small diameter as the origin of the
curve, and all portions whose points have ra-
dius vectors substantially equal to or greater
than the said value being developed through

the center of the origin circle from base cir- 15

cles of larger diameters.
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