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This invention relates to caleulating devices,
and more particularly to ecalculating devices of
the slide rule type.

One object of the present invention is to pro-
vide a simplified, compact and highly improved
slide rule which occupies a minimum of space
and yet insures an accuracy previously obtained
only by the use of the larger and more cumber-
some slide rules.

Another object is to provide a slide rule hav-
ing a single logarithmic scale provided on one
portion thereof and two cursors or runners adapt-
ed for at least two-dimensional movement in uni-
son or relative to each other-over the entire ex-
tent of said scale. )

A further objeet is to provide a compact de-
vice of the stated character having logarithmic,
reciprocal, trigonometric and equally divided nu-
merical scales provided thereon, & pair of cursors
adapted for movement in unison or relative to
each other over the entire extent of said scales,
and diagonals provided across the field tracks
of said logarithmic, reciprocal; and: trigonometric
scales for ascertaining logarithms or antiloga-
rithms from said: logarithmic and numerical
scales, and trigonometric functions or the angles
of trigonometric functions from said trigonomet-
ric and numerical scales.

A still further object is to provide in a device
of the stated character a graduated scale indi-
cating angles from zero degrees to ninety de-
grees, said scale being arranged in nine par-
allel field tracks- of equal length; interspersing in
parailel field tracks between said first-mentioned

field tracks ten additional field tracks of equal :

length having graduated scales indicating angles
from sixty-three degrees to ninety degrees; and
providing still another- field: track parallel to the
said other tracks indicating angles from approxi-
mately eighty-seven degrees and ten minutes to
ninety degrees, the graduations: in all of said
field tracks being spaced in accordance with the
numerical: values-of  the sines of the angles indi-
cated, and to further provide a diagonal across
21l of said field tracks and an equally divided nu-
merical scale- adjacent: thereto; whereby either
the sine of any. of the angles indicated: or the
angle corresponding: to: the sine thereof: may: be
readily and- accurately: ascertained.

A still: further- ohject: is: to. provide: in: a. device
of: the stated: character a. graduated: scale-indi-
cating:angles: from. zero: degrees to:forty-five: de~
grees; said: scale being arranged: in. twenty par-
allel fleld tracks of equal:length; the graduations
im said: Beld tracks: being: spaced: in: accordance
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with the numerical values of the tangents of the
angles indicated, and to further provide a diag-
onal across said tracks and equeally spaced nu-
merical scales adjacent thereto, whereby either

- the tangent of any of fthe angles indicated or

the angle corresponding to the tangent thereof
may be readily and accurately ascertained.

A still further object is to provide a cylindri-
cal slide rule having logarithmic, reciprocal, trig-
onometric and equally divided numerical scales
provided thereon, and & pair of transparent curs-
ors or runners adapted for simultaneous or inde-
pendent rotary or longitudinal movement over
all of said scales.

A still further object is to provide a cylindri-
cal slide rule wherein the logarithmic, reciprocal
and trigonometric scales are arranged in parallel
field tracks around the periphery thereof, and
to provide cylindrical cursors adapted for move-
ment over said scales, whereby the said slide rule
may be manufactured in reduced sizes so as to
consume a minimum of space and yet assure
maximum accuracy.

Other and further objects will hecome apparent
as the description of the invention progresses.

Of the drawings:

Fig. 1 is' a perspective view of the slide rule
calculating device comprising the present inven-
tion.

Fig. 2 is a development of the base cylinder of
the slide rule showing-the various scales and di-
agonals provided thereon:

Fig. 3 is a development of one of the cylin-
drical cursors or runners of the slide rule.

Fig. 4 is g development of the other cylindrical
cursor or runner of the slide rule.

Figs. 5 and 6:are views of fragmeniary portions
of the slide rule illustrating the manner in which
multiplication is performed thereon.

Fig. 7 1s.a view of a fragmentary portion of the
glide rule #lustrating the manner in which the
sines of angles. of the first series or angles corre-
sponding- to the sines thereof are ascertained.

Fig. 8§ is a. view oft & fragmentary portion of
the slide rule illustrating: the manner in which
the. sines. of angles:of: the second: series or angles
corresponding to the sines thercof are ascer-
tained.

PFig. 9 is a view of a:fragmentary portion of the
slide rule: iflustrating the manner-in- which log-
arithms and anti-logarithms are cbtained.

Mg 10-is' a view of a fragmentary portion of
the slide rule illustrating the manner in which
tangents:may-be obtained when the angles there-
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of are known, and conversely how angles may be
formed when the tangents thereof are known.

Fig. 11 is a side elevational view of a slide rule
of an alternative construction.

Fig. 12 is an end view of the slide rule shown
in Fig. 11, :

Pig. 13 is a development of the base cylinder
of the slide rule shown in Figs. 11 and 12, show-
ing the various scales and diagenals provided
thereon.

Fig. 14 is a reduced development of one of the
cursors of the slide rule shown in Fig. 11.

Fig. 15 is a reduced development of the other
of the cursors of the slide rule shown in Fig. 11;
and

Fig, 16 is an end view of g further modification
of the present invention.

Referring to the embodiment of the inventionv

shown in Figs. 1 to 10 of the drawings, the
numeral | designates generally a slide rule con-
sisting of a base cylinder 2 and a pair of tubular
cursors or runners 3 and 4 mounted in telescop-
ing relation thereon. The cursors 3 and 4 may be
constructed of any suitable transparent mate-
rial, such as glass, Celluloid or plastic materials.
The base cylinder 2 is longer than the cursors 2

nd 4 so as to provide hand grips at the ends
thereof to permit adjustment of the cursors over
the scales provided thereon as will appear more
fully heresinafter. Cursor 3 is mounted on base
cylinder 2 and is adapted for rotary as well as
longitudinal movement thereon, there being suf-
ficient friction between the contacting portions
thereof to cause the cursor to remain in adjusted
position until it is manually moved to a new po-
sition of adjustment. Cursor 4 is mounted on
cursor 8 and is adapted for rotary as well as lon-
gitudinal movement over the entire surface
thereof. Cursor & is so fitted on cursor 3 that
sufficient friction is provided between the con-
tacting surfaces thereof to prevent relative move-
ment of the cursors except by manual effort
when one is held against movement while the
other is adjusted relative thereto.

As shown in Fig. 1, cursor 3 is longer than
cursor 4, thus providing hand grips at the ends
thereof to enable said cursors to be moved rela-
tive to each other.

Referring to Figs. 1 and 2, the base cylinder
2 has provided thereon five scale sections 5, §, T,
8 and 9, respectively, from left to right thereof.

Section 5 comprises twenty paralle] scale tracks,
indicated respectively by numerals i8a to 28=,
which are equal in length and which extend be-
tween boundary lines 30 and 31. Alternate scale
tracks 10%, 122, {42, (62, 182, 202, 222 242 and
282 constitute the first series of scale tracks and
contain angle designations ranging from zero
degrees to 64° 10’, and the spacings of the angles
indicated therein are in accordance with the nu-
merical value of the sines thereof. The grad-
uations in these tracks are such that the angle
designated at the right hand end of one track is
identical with that at the left hand end of the
next lower track of the series. The angle desig-
nation at the right hand end of track i02, for
example, is identical with that at the left hand
end of track 123,

The angles whose sines have arithmetical val-
ues in excess of (.9) or angles of approximately
54° 10’ are distributed over alternate scale tracks
P42, 132, 182, (T=, 192, 2i=, 232, 252 272 and 29s,
which constitute the second series of scale tracks,
and the spacings of the angles lying therein are
also arranged in accordance with the arithmetical
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values of the sines thereof. The graduations in
these tracks are also such that the angle desig-
nation at the right hand end of one track, such as
track ti=, is identical with that at the left hand
end of the next track of the series or 132

Scale track 282 has distributed over the length
thereof in accordance with the arithmetical val-
ues of the sines thereof angles whose sines are
in excess of (.999), or angles ranging from ap-
proximately 87° 26’ to 90°. Scale track 282 con-
stitutes the third series of scale tracks in scale
section 5.

In ascertaining the sine of any angle lying in
the first series of scale tracks, the digit in the -
first decimal place thereof corresponds to the
track number (0 to 9) of the full track in which
the angle lies. The digits beyond the first
decimal place correspond to the position of the
particular angle between the ends of its respec-
tive scale track.

In ascertaining the sine of any angle lying in
the second series of scale tracks, the digit in the
first decimal place will always be (9) since it
lies in a track disposed beyond the ninth full
track associated with the first series of scale
tracks. The digit in the second decimal place
corresponds to the track number (0 to 9) of the
full track in which the particular angle in the
second series lies. The digits beyond the second
decimal place correspond to the position of the
particular angle between the ends of its respec-
tive scale track.

In ascertaining the sine of any angle lying in
the third series of scale tracks, the digits in the
first and second decimal places will always be (9)
since it will lie in a track disposed beyond the
ninth full scale track associated with the first
and second series of scale tracks. The digit in
the third decimal place will correspond to the
track number (9) of the full track in which the
angle of the third series lies. The digits beyond
the third decimal place will correspond to the
position of the particular angle between the
ends of its track.

A diagonal line §2* extends across the entire
twenty track scales of section 5 and is provided
for ascertaining angles when the arithmetical

- values of their sines are known. and conversely

70
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for ascertaining the arithmetical values of their
sines when the angles are known, as will appear
more fully hereinafter.

Cursor 3 is provided with a longitudinal hair-
line 33 extending over the entire length thereof
and a pair of spaced circumferential hairlines 34
and 25. Cursor 4 also has provided thereon a lon-
gitudinally extending hairline 36 and a pair of
spaced circumferential hairlines 37 and 38. The
circumferential hairlines of cursors 3 and 4 are
spaced the same distance apart, the said dis-
tance being equal to .the length of the scale
tracks of section 1. . .

Scale section 8 is relatively narrow and lies be-
tween scale sections 5 and 71, as shown more par-
ticularly in Fig. 2. Scale section 6 is divided into
ten equally spaced main divisions numbered con-
secutively from one to ten, and each of the said
main divisions is divided into ten equal parts.
Each of the main divisions of scale 6 is one-tenth
of the circumference of base cylinder 2 and em-
braces one full track consisting of a deeper track,
such as track (02, and an adjacent narrower frack,
such as {13, For example, the space between (0)
and (1) on scale section § embraces scale tracks
102 and {2, the space between (1) and (2) em-
braces tracks {22 and 132, and soon. ‘The number
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(0) to (9) on scale section 6, accordingly, desig-
nate the track numbers of the full tracks of scale
section 9. :

From the arrangement the angle graduations
provided in scale tracks 10s to 292, the diagonal
line 322 and the adjacent scale section 6 it will be
seen that when the angle is known the sine may
readily be found on scale section 6, and con-
versely when the sine of an angle is known the
angle may be found on scale section 5. For ex-
ample, suppose it is desired to ascertain the sine
of an angle of 36°, the angle 36° is first located
on scale section 5, as shown nore prominently in
Pig. 7. It will be seen that the angle 36° lies in
seale track 202 approximately one-eighth the
length of the track from the right hand end
thereof. The full track members, 1. e, full tracks
(0) to (9), it will be remembered constitute the
digits in the first decimal place of the sines of
the angles lying therein. The digifs in the re-
maining decimal places correspond to the posi-
tion that the angle lies between the ends of its
respective scale track. Track 262 is five full
tracks from the beginning of scale section § (a
full track it will be recalled consists of one deep
track such as track 182 and an adjacent narrow
track such as track f12) but less than six full
tracks. Accordingly, the digit in the first deci-
mal place of the sine of that angle is (5). One of
the circumferential hairlines on cursor 3, for ex-
ample hairline 24, is now placed on the gradu-
ation corresponding to 36°, as shown in Fig. 7,
and the cursor is then rotated until the hairlines
33 and 34 intersect diagonal line 322 at a com-
mon point. The remaining digits are now read
on scale section § by following horizontal hair-~
line 33 over that scale which, as shown in Fig. 7,
equal approximately (.0877). Accordingly, the
sine of the angle 36° thus ascertained is (.5877).
The first two significant numbers, i. e., (8) and
(1), are accurately read on scale section &, while
the third significant number, i, e., (7), must be
estimated since it lies between the seventh and
eighth graduations between main divisions, num-~
bers (8) and (8), as shown in Fig. 7.

Thus it is seen that the digit in the first decimal
‘place corresponds to the particular track in which
the angle lies and the other digits to the position
of the angle designated in its particular track. If

extreme accuracy is not desired an estimate of -

the sgine of any angle could be made directly.
For example, since the position of the 36° angle
‘designation is. located approximately seven-
eighths the distance from left to right of track
292 the second, third and fourth digits would he
(8), (7) and approximately (5), respectively, or
the sine of that angle under such circumstances
would be estimated to be (5875). By the use of
the diagonal line 322 however, greater accuracy
may be obtained. Since the diagonal line ex-
tends across all of the scale tracks and since the
full scale tracks are equally spaced in accord-
ance with the main divisions on scale section 6,
the exact distance that an angle designgtion is
located from the left hand end of any of the
tracks may be found by projecting the point cor-
responding thereto onto the diagonal line 322 and
then reading the horizontal projection thereof on
scale section 8. Since the angles formed by the
intersection of the diagonal line 32& with the
horizontal scale track lines are equal, the corre-
sponding sides of the right triangles formed are
in direct proportion with each other and con-
sequently by horizontally prcjecting a point on
scale section § the exact distance that the par-
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ticular angle designation or graduation lies to
the left of its track may be read on the said scale
section 6.

As another example, the sine of an angle of 30°
is known to be (.5). Upon reference to Fig. 2 it
will be observed that 30° cn scale section § is
five full tracks from the top thereof and falls on
the fifth main division of scale section 6 and
therefore is read as (.56). Should the sine of the
angle 29° be desired, it would be necessary to fol-
low the procedure previously described in order
to accurately obtain the value thereof. Since the
angle 29° lies shert of the end of track 5, the digit
in the first decimal place of its sine is (4). Now
by vertically projecting the graduation corre-
sponding to 29° onto the diagonal line 322 and
then projecting it longitudinally onto scale sec-
tion 6, it will be seen that the digits in the sec-
ond and third decimal places are (8) and (5),
respectively, so that the sine of 29°, as just ascer-
tained, therefore is (.485).

Sines of angles in excess of approximately
64¢ 10’ are ascertained in a slightly different man-
ner. It will be remembered that the sine of an
angle 64° 10’ is approximately (.9) and conse-
quently the digit in the first decimal place of the
sine values of all angles greater than 64° 10’ will
also be (9). Now suppose it is desired to find the
sine of the angle 656°. Since 65° is greater than
64° 10’, it is seen that the sine thereof will be
greater than (.9). It is also seen that the gradu-
ation designating 65° falls beyond the ninth full
track of the scale and lies in the second series of
scale tracks. Since the position of the gradua-
tion corresponding to €5° lies in the second series
of scale tracks and sinece it is located infermedi-
ate the ends of the first full track, the digit in the
second decimal place of the sine thereof is (0), it
heing remembered that the digits in the second
decimal place of the sines of all angles included
in the second series of scale tracks correspond to
the track numbers of the full tracks in which the
said angles lie.

Thus the digits in the first and second decimal
places of the sine of the angle 85° are (2) and (0),
respectively. In order to ascertain the digits be-
yond the second decimal place, cursor 3 is ad-
justed so as to project the graduation corre-
sponding to the angle 65° onto diagcnal line 322
and then projecting the point of intersection
thereof horizontally onto scale section 8. The
reading on scale section 6 indicates that the digits
in the third and fourth decimal places are (8)
and (3), respectively. Consequently the sine of
the angle 65° thus ascertained is (.9063),

In the event that it is desired to find the sine
of an angle of 81°, the same general precedure is
followed. Mig. 8 fllustrates a sample calculation
wherein it will be noted that the angle 81° is
shown more prominently than the cther angle
designations disposed adjacent thereto. Inas-
much as the angle 81° is greater than the angle
64° 10’, the value of the digit in the first decimal
place of the sine will be (9). As shown in Figs, 2
and 8, the graduation corresponding to the angle
81° is located near the right hand end of scale
track 272, which track lies between full tracks
(8) and (9). Accordingly, the value of the digit
in the second decimal place of the sine is (8).
Now by vertically projecting the graduation cor-
responding fo the angle 81° onto the diagonal line
322 and then horizontally projecting the point of
intersection thereof over scale section 8, the value
of the digits in the third and fourth decimal
places will be found to be (7) and approximately
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(6). Consequently the sine of the angle of 81°
has thus been ascertained to be (.9876) .

The invention also contemplates the method of
accurately obtaining the sites of angles from ap-
proximately 87° 26’ to 98°. The valueof the digits
in the first three decimal places of the sines of
angles of approximately 87° 26" to 90° is (9) in
each case, or the reading would be approximately
(.989), Accordingly, should it be desired to as-
certain, for example, the sine of the angle 88°, it
is seen that since this angle is greater than the
angle 87° 26’ the digits in each of the first three
decimal places will be (9). From the description
of the various scale tracks in seale section §, it is
also seen that the gradustion corresponding to
88° lies beyond the end of the ninth full track of
the firslt series of scale tracks and, accordingly,
the value of the digit in the first decimal place of
the sine would be (9). It is also seen that the
graduation corresponding to the angle 88° lies in
track 292, whichh is alsc beyond the ninth full
track of the second series of scale tracks, and con-
sequently the value of the digit in the second dec-
imal place of the sine-is also (9). Moreover, it
will also be observed that the graduation corre-
sponding to 88° also lies in the scale track 28e,
which also extends beyond the ninth full track of
the third series of scale tracks, and accordingly
the value of the digit in the third decimal place
would also be (9). In order to determine the
digits beyond the third decimal place, the gradu-
gtion corresponding to the angle 88° in track 28=
is vertically projected as previously described on-
to the diagonal line 322, and the point of intersec-

ion thereof is then projected horizontally over
scale track 8. It, therefore, will be seen that the
values of the digits in the fourth and fifth decimal
places are (3) and (9), respectively. According-
ly, the sine of the angle 88° thus ascertained is
found to be (.99939) .

From the foregoing description it is also seen
that for the larger angles whose graduations are
spaced closer together and accordingly the nu-
merical values of the sines thereof are more diffi-
cult to obtain by the use of the ordinary type of
slide Tule may be obtained with accuracy to five
decimal places by the use of the present invention,

The method of ascertaining the angles when
the numerical values of their sines are known is
substantially the reverse of that just -desecribed.
Referring to Figs. 2 and 7, suppose it is desired to
find the angle whose sine is (5877). Since the
digit in the first decimal place of the sine is 5)

it is 'apparent that the angle in question lies some-
“where batween full tracks (8) and (6) orin scale
track 282. Accordingly, the horizontal hairline
23, for example, of cursor 3 is placed on scale sec-
- tion 6 to correspond with the digits in the second,
third and fourth decimal places of the sine. The

point of intersection of hairline 83 with diagonal .

line 322 is now projected vertically to track 5§ and
as shown in Fig. 7 the vertical projection will
coincide with the -graduation in scale track 282,
‘corresponding to 36°.

Now suppose it is desired to find the-angle whose
sineis (.9063). From the foregeing description it
is apparent that the angle must lie between full
tracks (9) and (10). Accordingly, the hairline 33

will be placed on scale section 6 at a point corre- -

sponding to 83. The point of intersection of hair-
line 33 with diagonal line 322 is then projected
vertically, which, it will be seen, coincides with
the graduation in seale track i{2 corresponding
to 65°. )

Now suppose it is desired to find the angle
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whose numerical sine value is (.2876). Since the
digit in the first decimal place is (9), it is read-
ily apparent that the angle lies beyond the ninth
scale track. Since the digit in the second dec-
imal place is (8), it will be apparent that the
angle in question lies between the eighth and
ninth full scale tracks. Accordingly, the hori-
zontal hairline 33 on cursor 3 is placed at a
point on scale section 8 corresponding to (76),
and the point of intersection of the said hairline
33 with the diagonal line 322 is projected ver-

- ticaHy to the eighth scale itrack or scale track

272 where it will be found %o coincide with the
graduation corresponding to the angle 81°.

Now suppose it is desired to find the angle
whose sine is equal to (.99939). It will be read-
ily apparent from the description given herein-
before that the angle must lie in scale track 282,
Aceordingly, the horizontal hairline 33 on cursor
3 is placed at (39) in scale section 6 and the
point of intersection of hairline 33 with diagonal
line 322 is projected vertically to scale track 28=
where it will be found to coincide with the grad-
uation corresponding to 88°.

Trom the foregoing description it is seen that
the angles whose numerical sines are known may
also be readily determined by the use of the pres-
ent invention,

Seale section 7, it will be observed, is also com-
prised of scale iracks 18b to 28° which coincide
respectively with scale tracks 102 to 232, Scale
tracks (8% to 29% are equal in length and extend
between the lines 48 and 41 disposed at the right
and left, respectively, of scale sections § and 8.
The relatively deep scale tracks {8, i2p, {4, (6P,
i8v, 200, 220, 24b, 28b and 28 contain a logarithmic
scale ranging from ten to one hundred. The
graduations in these tracks are such that the
number indicated at the right hand end of any
of these tracks is identical with that at the left
hand end of the next track of the series. For
example, the number indicated at the extreme
right hand end of scale track 10P is identical
with that indicated at the extreme left hand end
of scale track 12b, :

The narrower scale tracks 28b, 27b 25b, 23,
21b, 19b, {7b, {5P, 18P and it contain a recipro-
cal logarithmic scale. Consequently the recipro-
cal of any number appearing in the deeper scale
tracks is read immediately therebelow in the ad-
Jjacent narrower scale. For example, the recipro-
cal of any number in track scale 18 is obtained
immediately beneath in track scale {1,

A diagonal line 42% extends across all of the
scale tracks of scale section T as shown more
particularly in Fig, 2.

As in the angle scale tracks of scale section
b a full scale track compyises one deeper track
such as track 19 and one narrow track such as
track {tb, There are ten such full scale tracks
and they correspond to the main divisions of
scale section 6.

Referring to Fig.- 1, it will be seen that cursor
3 is shorter than base cylinder 2, thereby pro-
viding spaces on the base cylinder for hand grips
when adjusting the cursors relative to the said
base cylinder. It is also seen that cursor 4 is
shorter than cursor 3 so that the latter may be
held stationary while the former is being ad-
justed thereon. As pointed out hereinbefore,
the cursor 8 is so fitted on base cylinder 2 while
cursor 4 is so fitted on cursor 3 that sufficient
friction  exists. therebetween to -cause the said
‘cursors 0 remeain in adjusted position until man-

‘ual eﬁo_rt _:is exerted thereon to adjust them to
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a new bosition of adjustment. As shown in Fig.
3, a pair of short hairlines 43 and 44 extend to
the right, respectively, of hairlines 34 and 35.
Hairlines 43 and 44 are spaced circumferentially
a. distance equal to one full track space. Cursor
4 also has a similar pair of short hairlines 45
and 46 extending to the left, respectively, of hair-
lines 37 and 38. These hairlines are spaced apart
circumferentially, also, a distance equal to one
full track space.

The starting point for all calculations is at
A which lies between scale tracks i¢» and {iP on
line 4¢. Results obtained by multiplication or di-
vision will accordingly be read on the deeper
scale tracks above the division lines, while re-
ciprocals of numbers will be read below the said
divisions lines. Inasmuch as but one logarith-
mic scale is employed, muiltiplication and di-
vision are performed by adjusting the-cursors 3
and 4 with respect to base cylinder 2. Figs. 5
and 6 illustrate how multiplication er division
may be performed, the number (14) being mul-
tiplied by the number (i6), these numbers be-
ing shown more prominently than the others in
the said Figs. 5 and 6. To begin the ealculation,
the point of intersection of hairlines 34 and 42
on cursor 3 is placed over the starting point A,
Cursor 3 is now held stationary while cursor 4
is adjusted to bring the point of intersection of
hairlines 37 and 45 over the lower end of the
graduation corresponding to number (14) in scale
track 128, Both cursors are now moved in unison
circumferentially and longitudinally until the
point of intersection of hairlines 34 and 43 on
cursor 3 overlies the lower end of the gradua-
tion corresponding to numeral (16) in scale track
145, 'The product is now read on scale track 6>
aboveé the peint of intersection of hairlineg 37
and 45 on cursor 4, which as shown in Fig. 6
is (224).

In order to divide the number (224) by the
number (16), the point of intersection of hair-
lines 34 and 43 on cursor 3 is placed over the
lower end of the graduation corresponding to the
number (224) in seale track 16%, while the point
of intersection of the hairlines 37 and 45 on
cursor 4 is placed over the lower end of the
graduation in scale track (4 corresponding to
the number (16). Both cursors are now moved
in unison fo bring the point of intersection of
hairlines 37 and 45 over A, the starting point.
The quotient is now read above the point of in-
tersection of hairlines 34 and 43 on cursor 3,
which it will be seen is (14).

Should it be desired, for example, to multiply
the number ¢5) by the number (6) the point of
intersection of hairlines 34 and 43 on cursor 3
is first placed over the staring point A. The
point of intersection of hairlines 38 and 46 on
cursor 4 is now placed over the lower end of the
graduation in scale track 220 corresponding to
the number (5). Both cursors are now moved
in unison until the point of intersection of hair-
lines 3% and 48 overlies the lower end of the
graduation in secale track 24b corresponding to
the number (6). The product will now be read
in the scale track over the point of intersection
of hairlinés 27 and 45 on ecursor 4, which will be
found to be (30). In this instance i% will be
noted that the hairlines 28 and 48 on cursor &
were used in the original setiing instead of the
hairlines 2T and 45. It i$ seen that if the hair-
lines 37 and 45 were used as previously de-
scribed, the product reading would fall cutside
the limits of scale section 7. Inasmuch as the
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length of each of the scale tracks i8b to 28° is
equal to the distance between hairlines 24 and
35 of cursor 3 and hairlines 37 and 28 of cursor
4 and since hairlines 43 and 44 and hairlines 45
and 486, respectively, are spaced apart circum-
ferentially a distance equal to one full track
space, the product of such numbers may be ac-
curstely read by using the oppositsly disposed
hairlines on cursor 4 from those used in the
original setting. In other words, the graduation
over the point of intersection of hairlines 37 and
45 is in the track below a distance from the lef$
hand end thereof, corresponding to the exténsion
of the seale track thereabove that would have
heen required had the hairlines 37 aiid 45 been
used in the original setting instead of hairlines
3% and 46. It, therefore, is seen that if the prod-
uct would extend beyond the limits of the scale
if hairlines 45 and 2T were used in the original
setting, as well as for indicating the produect,
the hairlines 38 and 46 are used in the original
setting and hairlines 37 and 45 are used in locat-
ing the product. It is also seen that hairlines
3% and 44 of cursor 3 may be used in the origins]
setting instedd of hairlines 24 and 43 if it is so
desired.

By the use of the logarithmic and reciprocsl
logarithmic scales shown in scale section 7, mul-
tiplication of any numbers may be gerformed by
dividing the multiplicand by the reciprocal of
the multiplier or by dividing the multiplier by
the reciprocal of the muttiplicand, and division
may be performed by multiplying the dividend by
the reciprocal of the divisor.

Scale section T along with scale section 6 may
be utilized for the purpose of ascertaining log-
arithms of numbers, and conversely for ascer-
taining the anti-logarithms in case the loga-
rithms of the numbers are known. As pointed
out herinbefore, the logarithmic scale is em-
braced in ten full frack spaces, each space cor-
responding to one-tenth of the circumference of
the base cylinder or of one of the main divisions
of scale section 6. It has also been pointed out

. that the diagonal line 42> extends across all the

scale tracks of scale section 7. In view of the
fact that the angles formed by the intersection
of said diagonal line with the longitudinal track
lines are equal, the corresponding sides of the

. right triangles thus formed are in direct proror-

tion with each other.

Accordingly, suppose it should be desired to
ascertain the logarithm of the number (26).
Upon reference to Figs. 2 and 9, it will be seen
that the number (26) is located in scale track

" 18 or in the fifth full track of the scale, the

number (26) being shown prominently in Pig.
9. Since the graduation corresponding to the
number (26) is short of the end of the fifth funl
track it consequently les between tracks 4 and
§, and therefore the digit in the first decimal
place of the mantissa of the logarithm would
be (4). Now by projecting the graduation cor-
responding to the number (26) vertically onto
the diagonal line 420 by the use, for example,
of hairline 34 of cursor 3 and then projecting
thé point of intersection thereof longitudinally
onto scale 6 by the use of longitudinally extend-
ing hairline 232, it will be seen that the digits in
the second, third and fourth decimal places of
the mantissa are approximately (1), (4) and
(9), respectively. Consequently, the mantisss of
the logarithm of the number (26) is (.4149).
Since the number (26) lies between (10) and
(100), the characteristic of the logarithm, ag is
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well known, would be (1) and the entire loga-

rithm thus ascertained would be (1.4149).

In the event that it is desired to ascertain the
number whose logarithm is (1.4149) a reverse of
the procedure just described should be followed.
Inasmuch as the digit in the first decimal place
of the mantissa of the logarithm is (4), it will
be readily apparent that the number will lie
somewhere between the fourth and fifth full
track spaces. Consequently, the horizontal hair-
line 33 is placed. over the scale section § at a
point corresponding to (149) and the cursor is
moved longitudinally until the point of inter-
section of hairlines 33 and 34 overlies diagonal
line 42b. By following the hairline 3& to the

<t

10

15

fifth full track it will be seen that it coincides

with the graduation thereon corresponding to
the number (26). '

In other words, the digit in the first decimal
place of the mantissa of a logarithm is repre-
sented by the full track space in which the num-
ber is located and the digits in the remaining
decimal places of the mantissa correspond to the
distance the said number is located between the
ends of its respective scale track. The full
track in which a number lies may be ascertained
from scale section 6. The diagonal line 42b is
utilized to enable the determination of the exact
location of the number-in its respective track
scale. By the use of diagonal line 42% and one
of the horizontal and vertical hairlines on either
of the cursors, the fractional distance that the
number is located from left to right of its respec-
tive scale track may also be immediately ascer-
tained on scale track 6.

Seale section § also contains twenty scale tracks
18% to 29¢, which coincide respectively with the
scale tracks 102 to 292 and {0P to 29% previously
described. The scale tracks {8¢ to 29¢ of scale
section 9 contain angle designations from 0° to
45°, and are graduated in accordance with the
arithmetical values of the tangents thereof.
Scale tracks {0¢ to 29° extend between the line
58 at the right hand end of scale section 8 and
the line 5{ provided near the right hand end of
base cylinder 2. A diagonal line 52¢ extends
across all the scale tracks 18¢ to 29¢, as shown
more particularly in Fig. 2.
into five main divisions marked (0), (1), (2),

Scale section 8, it will be observed, is divided
(3) and (4), each main division embracing a dis-
tance equal to one-fifth the circumference of the

base cylinder 2. FEach of the main divisions of.

scale section 8 is sub-divided into ten equal parts,
the graduations extending alternately from lines
50 and 4{ bounding the right and left hand sides
of said scale section, respectively,

Referring to scale section 9, it will be observed
that since the tangent of an angle of 45° is unity
and since twenty scale tracks are employed to
indicate angles from 0° to 45°, which are spaced
in the scale tracks in accordance with the nu-
merical values of the tangents of said angles,
each of the said twenty scale tracks represents
a value when ascertaining the tangents of any of
said angles of one-twentieth or (.05) when ex-
pressed decimally. Scale section 8, being divided
into five equal parts, may be employed to repre-
sent the value of one of the scale tracks 10°¢ to
29¢, each main division thereof having therefore
a value of (.01),

From the foregoing description it is seen that
should it be desired to ascertain the tangent of
the angle 20°, the hairline 34 of cursor 3, for ex-
ample, is caused to coincide with the graduation
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in scale track {7c corresponding to the said angle
20° (Fig. 10). Cursor 3 is now rotated on base
cylinder 2 until hairlines 33 and 34 intersect di-
agonal line 52¢ at a common point, which point

- is then projected over scale section 8 by hairline

33. It will be seen that hairline 33 crosses scale
section 8 at a point corresponding to approxi-
mately (.0139) since each main division of scale
section 8 has a value of one one-hundredth. Now
since the angle 20° lies seven complete scale tracks
from- the beginning of the scale, the tangent
will be equal to seven times five one-hundredths
plus the faction equal to the distance that the
graduation corresponding to the angle 20° lies
from the left hand end of scale track i7¢, which
as previously found on scale section 8 is approxi-
mately (.0139). Consequently the tangent of the
angle 20° thus ascertained is (.35) plus (.0139)
or (.3639). ’ S )

In the event that it is desired to ascertain the
angle whoge tangent is (.3639) it is readily ap-
parent that since each complete scale track of
scale section 9 has g value of five one-hundredths,
the angle must lie in the eighth track or in scale
track 17¢. Since the arithmetical value of seven
tracks is (.35), the difference between (.3639)
and (.35) or (.0139) is located on scale section 8
and is projected onto diagonal line 52¢ by hair-
line 33. By projecting the point of intersection
of hairline 33 and diagonal line 52¢ circumfer-
entially by hairline 34 onto scale track I7¢, it will
be found that said hairline coincides with the
graduation therein corresponding to the angle
20°, :

Instead of counting tracks to obtain the por-
tion of the tangent represented by complete scale
tracks, the track line above the angle involved
may be projected longitudinally onto scale track
§. Upon reference to Fig. 10, it will be seen that
the track line above the angle 20° intersects scale
section 6 at a point below (35). Consequently
the tangent of the angle 20° is (.35) plus a frac-
tion which as previously described was found on
scale section 8 to be (.0139).

It, therefore, is seen that the present invention
also provides a simplified and rapid method of
accurately ascertaining the numerical values of
the tangents of angles, and conversely of ascer-
taining the angles when the tangents are given.

Pigs. 11 to 15 illustrate a slide rule of an al-
ternative and somewhat simplified construction.
This construction also comprises & base cylinder
2’ and tubular cursors 3’ and 4 mounted in tele-
scoping relation thereon.

Base cylinder 2’, as shown in the development
thereof in Fig. 13, contains secale sections 5°, §’,
7,8 and 9.

Scale section 5 comprises ten secale tracks 602
to 682 arranged in parallel relation and extend-
ing between parallel lines 30’ and 3{’. A diag-
onal line 70 extends across all the scale tracks
608 to 692 as shown in PFig. 13. Scale tracks 68=
to 692 indicate angles ranging from 0° to 90°,
and the graduations corresponding thereto are
spaced in accordance with the numerical values
of the sines thereof.

Scale section 8’ is relatively narrow and is di-
vided into ten main divisions corresponding to
the scale tracks 602 to 6%2, and each main di-
vision is equal to one-tenth the circumference of
the base cylinder 2’. Each of the main divisions
of scale section 6’ is sub-divided into ten equal
parts.

Cursor 3’ is provided with a horizontal hair-
line 83’, a pair of spaced circumferential hair-
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lines 34’ and 35’, and a pair of short hairlines
43* angd 44’. Cursor 4’ also has provided thereon
a longitudinally extending hairline $8’, a pair of
spaced cireumferential hairlines 37’ and 38’, and
a pair of shart hairlines 45" and 48’. Hairlines
43’ and 44’ of cursor 3’ and hairlines 25’ and
46" of cursor 4’ are spaced apart circumferen-
tially & distance equal to one track space.

The method of ascertaining the sines of angles
by the uses of scale sections 5’ and 6’ is similar
to that previously dsscribed in connection with
the construeticn shown in Pigs. 1 and 2. Sup-
pose, for example, it is desired to obtain the sine
af the angle 36° which it will be observed lies
intermedizte the ends of the sixth track or in
scale track 852, The digit in the first decimal
place of the sine accordingly is (5). Now by
using hairline 34’ and 2%’ of cursor 3, for exam-
ple, and first projecting the graduation corre-
sponding to angle 36° onto the diagonal line 18
and then horizontally projecting the point of
intersection over scale section 6/, the digits in the
second, third and fourth decimal places will be
found to be eight, seven and seven, respectively.
The numerical value of the sine of the angle 36°
thus: ascertained accordingly is ¢.5877).

To ascertain the angle whose sine is (.5877)
the procedure just describe is reversed. Sinece
the digit in the first decimal place of the sine is
(8), it is apparent that the angle will lie between
the fifth and sixth tracks or in secale track 85a.
Horizontal hairline 3%’ is now placed across scale
section §” at a point corresponding to (877), and
the point of intersection thereof on diagonal line
19 is projected circumferentially by hairline 34*
to scale track €5% where it will be found to coin-
cide with the graduation corresponding to. the
angle 36°.

Scale section 7" also comprises ten scale tracks
63b to 69 which coincide with secale tracks 80=
to 692, respectively, of scale section 5’. Scale
tracks &0 to 69 extend between lines 4% and
4’ and contain a logarithmic scale of numbers
from (18) to (1006). A diagonal line T{ extends
acrass all the scale tracks 600 to 695,

The method of performing multiplication or
division on scale section 7’ is substantially the
same as that previcusly described in connection
with scale section 1. Suppose it is desired to
multiply the number (14) by the number (16),
the voint of intersection of hairlines 34’ and 437
on cursor 3’ is placed over the starting point A’.
Cursor & is now moved relatively to cursor 3’
to bring the point of intersection of hairlines 371’
and 45" on eursor & over the upper end of the
graduation: ecorresponding to numeral  (14).
Both cursors are now moved in unison feo bring
the point of intersection of hairlines 34’ and 43’
o cursor ¥’ over the upper end of the gradu-
ation corresponding to numeral (16). The prod-
uct is found beneath the point of intersection of
hairlines 237" and 45’ on cursor §’, which it will
be observed. is (224).

Ta divide the number (224) by the number 16,
the point of intersection of hairlines 34’ and 43’
is. placed over the upper end. of the graduation
corresponding to numeral (224). Cursor 4 is
now meved relatively to cursor 3’ until the point
of intersection of hairlines 37’ and. 4% is over
the upper end of the graduation corresponding.
to the number (16). Both ecursors are now
moved in unison to bring the point of intersee~
tion of hairlines 37’ and 4%’ over the starting
point A’. 'The quotient will be found heneath
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the point of intersection of hairlines 34’ and 43’
on cursor 3’, which it will be noted is (14).

Scale section 7' and the adjacent scale section
6’ may also be utilized to ascertain the logarithm
of any number or to obtain the anti-logarithm
when the logarithm of any number is known.
Suppose, for example, that it is desired to obtain
the logarithm of the number (26). As shown
in Fig. 13, the number (26) lies intermediate the
ends of scale track 64 or the fifth track. Since
the graduation corresponding to the number (26)
is located at a point short of the end of the fifth
track, the digit in the first decimal place of the
mantissa of the logarithm is (4). By projecting
the graduation corresponding to the number (26)
onto the diagonal Ti by the use, for example, of
hairline 34’ on cursor 3’ and then projecting the
point of intersection horizontally over scale &’
by use of hairline 33, it will be seen that the
digits in the second, third and fourth decimal
places of the mantissa are approximately (1),
4y and (9), respectively. Conszsquently the
mantissa of the logarithin of the number (26) is
(4149). Since the number (26) lies between
(10) and (100), the characteristic of the log-
arithm is (1). Accordingly, the entire logarithm
of the number (26) is (1.4149).

In order to find the anti-logarithm of the
logarithm (1.4149), the number (149) is first
located on scale section 6 and projected onto
diagonal 71 by hairline 33’.  Since the digit in
the first decimal place is (4), it will be apparent
that the number sought lies between the fourth
and fifth tracks or intermediate the ends of scale
track 64b. Accordingly, by projecting the point
of intersection of hairline 33’ and diagonal Ti
circumferentially by the use of hairline 34/, it
will be seen that hairline 34’ will coincide with
the graduation corresponding to number (26).
Since the characteristic is (1), the anti-log-
arithm thus ascertained is (26).

Scale section 8’ is identical with scale section
6’ and lies between side lines 41’ and 50’.

Scale section 9’ is comprised of ten scale tracks
6¢c to 68c which coincide respectively with the
scale tracks €02 to 622 and 62> to §3P, previously
described, and which extend between side line 50’
of scale section 8’ and the line i’ provided near
the right hand end of base cylinder 2'. A diag-
onal line 72 extends across all the scale tracks
60c to 69¢, as shown in I'ig. 13.

Scale tracks 88¢ to 85° contain angle designa-
tions from 0° to 45° and are graduated in accord-
ance with the arithmetical values of the tangents
thereof. If is apparent that since the tangent of
the angle 45° is unity and since ten scale tracks
are employed to indicate angles ranging from 0°
to 45°, each of the full scale tracks 60° to 65° rep-
resents a value of one-tenth when ascertaining
the tangents of any of the angles. It is also seen
that since scale section 8’ ig divided into ten equal
parts: it not. only may be utilized to indicate the
track number involved but also to indicate the
fractional distance a number may lie between the
ends of any scale track.

From the foregoing description it is seen that
should it be desired to ascertain the tangent of
the angle 20°, the hairline 34’, for example, on
cursor 3’ is caused to register with the graduation
in scale track 63°¢ corresponding to the angle 20°.
Since the angle 20° lies intermediate the ends of
scale track 63¢ the value of the tangent is less
than four-tenths and consequently the digit in
the: first decimal place of the tangent is (3).
Cursor 3’ is now rotated on base cylinder 2’ until
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hairlines 33’ and 34’ intersect the diagonal line
%2 at a.common point, which point of intersec-
tion is projected longitudinally over scale sec-
tion 8’ by hairline 83’. It will be observed that
hairline 83’ crosses scale section 8’ on a iine cor-
responding to apoproximately (639), the digits (6),
(3) and (8) constituting the second, third and
fourth decimal places, respectively, of the tan-
gent. Consequently the tangent of the angle 20°
~ thus ascertained is (.3) plus (.0639) or (.3639).
In order to ascertain the angle whose tangent
is (.3639) the horizontal hairline 33’ of cursor 3’
is caused to cross scale section &’ at a point cor-
responding to (635). The point of intersection
of hairline 33’ on diagonal line 72 is projected
circumferentially by hairline 34’ to the fourth
track since from the value of the gine it is appar-
ent that the angle will lie intermediate the ends
of scale track §3¢, the fourth track of the series.
It will be found by so projecting the said point of
intersection that the hairline 34’ coincides with
the graduation corresponding to 20°.
It, therefore, is seen that the different scale sec-
tions of the slide rule ilhistrated in Figs. 11 to 15

also enable accurate calculations of various kinds .

to be made.

In order to facilitate relative movement of base
cylinder 2’ and the cursors 3’ and 4’ and to pre-
vent grit or other foreign matter from spreading
over the scales, spacing means are provided. As
shown more pariicularly in Fig. 12, cursor 3’ has
provided thereon a series of embossments 73
which constitute the bearing surfaces between
the said cursor and base cylinder 2’. Cursor 4’ is
likewise provided with a series of embossments
78, which form the bearing surfaces hetween
cursor & and cursor 3’. The embossments 73
and 78 may be spaced longitudinally, as well as
circumferentially, and provide g clearance space
between the main portions of the cursors and base
cylinder, and accordingly frictional contact be-
tween said parts is made only at spaced points.
This not only reduces the friction between the
surfaces of these elements but also maintains the
surfaces clean and thereby assures easy reading
of the graduations on the scales.

The cursors 8 and § and 3’ and &', as previously
described, may be constructed of any suitable
transparent material such as glass, Celluloid or
plastic materials.

Fig. 16 shows an end view of a slide rule {’’ of
a further modified construction. Slide rule [’
also comprises a base cylinder 2’ having scale
tracks (not shown) provided thereon, similar to
those shown in Fig. 2 or in Fig. 13. A pair of
cursors 3’’ and 4’' are mounted in telescoping re-
lation on base cylinder 2’’. Cursors 3’’ and 4’/
may be constructed of any suitable transparent
resilient material and are split horizontally, as
shown at 88 and 81, respectively, on Fig. 16. The
inside diameter of cursor 3’ is slightly smaller
than the outside diameter of base cylinder 2’7,
and, accordingly, when the said cursor is inserted
on the base cylinder it will frictionally grip the
latter. The inside diameter of cursor #’’ is also
slightly smaller than the outside diameter of cur-
sor 8’’, and, accordingly, it also in assembly wiil
frictionally grip cursor 3’’.

Embossments such as those shown at 713 and 14
in Mig. 12 may be provided on either or both of
cursors 3’7 and 4’’, if it is so desired to provide
point contact between the adjacent surfaces
thereof.

The slide rules shown and described herein, it
is seen, are of a simplified construction and yet
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enable various types of calculations to be made
with a high degree of accuracy. By arranging
the different scales in parallel tracks in the man-
ner shown herein, the graduations thereof may be
greatly extended and yet the slide rule as a whole
occupies a minimum of space. I{ is aiso seen
that by using two cursors in making certain cal-
culations the necessity of providing additional
scales is eliminated.

It is also seen that slide rules constructsd in
accordance with the present invention are not
limited to cylindrical structures but may be flat
or of any other desired shape.

It will be noted that the short harlines 43 and
44 on cursor 2 extend fto the right of hairlines
34 and 35, respectively, as shown in Fig. 3; while
the hairlines 48 and 48 on cursor 4 extend to the
left of hairlines 87 and 28, respectively, as shown
in Fig. 4. This is done so that the different hair-
lines may be readily identified. It is apparent,
however, that the hairlines may be arranged in
any desired manner without departing from the
present invention.

Accordingly, while the embodiments of the in-
vention, herein shown and described, are admir-
ably adapted to fulfill the objecis primarily
stated, it is to be undersiood that it is not in-
tended to limit the invention thereto, since if
may be embodied in other forms, all coming with-
in the scope of the claims which foliow.

What is claimed is:

1. In a device of the class described, the com-
bination of a cylindrical member having one or
more scales provided thereon, a cursor mounted

- on said member and adapted for rotary and lon-

gitudinal movements over said scale, and means
providing point contact between said member and
said cursor.

2. In a device of the class described, the com-
bination of & cylindrical member having one or
more graduated scales provided over the periph-
ery thereof, a cursor mounted for rotary and
longitudinal movements over said scales, means
providing point contact between said membsr and
cursor, a second cursor mounted on said first
mentioned cursor, and means providing point
contact between said first and second cursors.

3. In a device of the class described, the com-
bination of a cylindrical base member, a resil-
ient substantially tubular cursor movable on said
member and adapted to frictionally engage the
latter, and a second resilient substantially tubu-
lar cursor movable on said first mentioned cursor
and adapted to frictionally engage the latter, both
the first and second cursors being provided with
slits extending from end to end whereby binding
between the first and second cursors and between
the first cursor and the base member is avoided,
regardless of relative expansion and contraction
of the cursors and the base.

- 4, In a device of the class described, the com-
bination of a member having a graduated scale
provided thereon, said scale being arranged in a
plurality of parallel tracks, a diagonal line ex-
tending across all of said tracks, a second scale
provided adjacent said first mentioned scale, said
second scale having equally spaced graduations
thereon corresponding to the tracks of said first
mentioned scale, and means for projecting any
of the graduations in said scale tracks onto said
diagonal and thence onto said second scale,
whereby the exact position that any graduation
lies between the opposite ends of its respective
track may be read directly on said second scale
and any reading on said second scale may be pro-
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jected onto any of sald scale tracks at the point
between the ends of said scale tracks correspond-
ing to the said reading on said second scale.

5. In a device of the class described, the com- -

bination of a member having a graduated scale
provided thereon, said scale being arranged in a
plurality of parallel tracks of equal length, a di-
agonal line extending across all of said fracks
from beginning to end thereof, a second scale
provided adjacent said first mentioned scale, said
second scale having equally spaced graduations
thereon corresponding to the tracks of said first
mentioned scale, and means for projecting any
of the graduations in said scale tracks onto said
diagonal and thence onto said second scale,
whereby the exact position that any graduation
lies between the opposite ends of its respective
track is indicated on said second scale and any
indication on said second scale may be projected
onto any of said scale tracks at a point between
the ends of the latter corresponding to the in-
dication on said second scale.

6. In a device of the class described, the com-
bination of & cylindrical member having a grad-
uated scale provided over the peripheral surface
thereof, said scale being arranged in a plurality
of parallel fracks of equal length, a diagonal line
extending across all of said scale tracks from
beginning to end of said scale, a second scale
provided adjacent said first scale, said second
scale having equally spaced graduations thereon
corresponding to the tracks of said first men-
tioned scale, and a transparent cursor having
cross lines thereon for projecting any of the grad-
uations in any of said scale tracks onto said
diagonal and thence onto said second scale,
whereby the exact position that any graduation
lies hetween the ends of its respective scale track
may be indicated on said second scale, and any
indication on said second scale may be projected
onto any of said scale tracks at a point between
the ends thereof corresponding to the indication
on said second scale.

7. In a device of the class described, the com-
bination of a member having a graduated scale
of angles provided thereon, the spacing of said
graduations being made in accordance with the
arithmetical values of the sines of the angles in-
dicated, said scale being arranged in parallel
tracks spaced equal distances apart, a diagonal
line extending gcross all of said tracks, a second
scale disposed adjacent said first mentioned
scale, said second scale having main divisions
corresponding to the spacings of the said scale
tracks, and movable means operatively associ-
ated with said member for projecting any of the
angle designations of said first scale onto said
diagonal and thence onto said second scale,
whereby the sine of any angle designated on said
first mentioned scale may be readily ascertained,

8. In a device of the class described, the com-
bination of & member having a graduated scale
of angles provided thereon, said scale comprising
a main series of scale tracks containing angles
whose sines equal nine-tenths or less, a second
series of scale tracks alternating with said first
series containing angles whose sines range from
nine-tenths to unity, and a third series of scale
tracks confaining angles whose sines range from
nine hundred ninety-nine thousandths to unity,
the graduations in all of said scale tracks being
spaced in accordance with the numerical values
of the sines of the angles indicated thereby, a
diagonal line intersecting all of said scale tracks,
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having equally spaced graduations thereon corre-
sponding to the spacings of said main scale
tracks, and means for projecting the graduations
in any of said scale tracks onto said diagonal and
thence onto said second scale to ascertain the
sine of said angles and for projecting any of the
values indicated on said second scale onto said
diagonal and thence onto the appropriate scale
track to ascertain the angle when the sine thereof
is known.

~ 9. In a device of the class described, the com-
bination of a cylindrical member having a gradu-
ated scale of angles provided thereon ranging
from 0° to 90°, the said graduations being spaced
in accordance with the arithmetical values of the
sines of the angles indicated thereby, said scale
being arranged in ten equally spaced fracks, a
diagonal line extending across all of said tracks
from the beginning of said scale to the end
thereof, a second scale provided adjacent said
first mentioned scale, said second scale having
main divisions thereon corresponding to the spac-
ings of said scale tracks, and a transparent cursor
mounted on said member and having cross lines
provided thereon for projecting any of the angle’
designations in said scale tracks onto said di-
agonal and thence onto said second scale, and
for projecting any designations in said second
scale onto said diagonal and thence onfo any of
said scale tracks, whereby the sine of any angle
and the angle corresponding to any sine may be'
readily ascerfained.

10. In a device of the class described, the com~
bination of a cylindrical member having a gradu-
ated scale of angles ranging from 0° to 90° pro-
vided on the peripheral surface thereof, said scale
comprising a main series of scale tracks whose
sines equal nine-tenths or less, a second series of
scale tracks alternating with said first series and
including angles whose sines range from nine-
tenths to unity, and a third series of scale tracks
including angles whose sines range from nine
hundred ninety-nine thousandths to unity, the
graduations in all of said scale tracks being
spaced in accordance with the numerical values

» of the sines of the angles indicated thereby, a

diagonal line intersecting all of said scale tracks,
a second scale provided adjacent said first men-
tioned scale having graduations thereon corre-
sponding to the spacings of said main scale

" tracks, and a transparent cursor mounted on said

member and having cross lines provided thereon
for projecting any of the angle designations in
any of said scale tracks onto said diagonal and
thence onto said second scale and for projecting
any designation in said second scale onto said
diagonal and thence onto any of said scale tracks,
whereby the sine of any angle and the angle cor-
responding to any sine may be readily ascer-
tained.

11. In a device of the class described, the com-
bination of 3 member having a logarithmic scale
provided thereon, said scale being arranged in
ten parallel tracks, a diagonal line extending
across all of said tracks from the beginning of
sald scale to the end thereof, a second scale pro-
vided adjacent said first mentioned scale, said
second scale having ten equally spaced gradua-
tions corresponding to the tracks of said first
mentioned scale, each of said full scale tracks
having a value equal to one-tenth in determining
the mantissa of the logarithm of any number
therein, the remaining decimal places of the man-
tissa corresponding to the position that the

a second scale adjacent said first mentioned scale ¥§ graduation corresponding thereto lies between the
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énds of its respective scalé track, ahd means for’
pro;ectmg any of the graduations in said scidle

tracks onto said diagonal ahd theénce onto said
second scale and Tor projecting any indication in
said second scale onto said diagondl and thefice
onto any of said scale tracks, whereby the loga-
rithm of any number and the anti-logarithm of
any logarithm may be réadily aScertdined.

" 12. In a device of the ¢lass described, the ¢om-
bination of a member having a logarithmic scéle
provided thereon, said scalé béing arranged in
ten paralIel tracks, a diagonal line éxtending
across all of said tracks from the beginning of
sald scale to the end théreof, a reciprocal scale,
sa,wl remprocal scale being arranged in teén paral-
1el tracks alternating with the 8cale tracks of said
first mentioned scale, 4 second scale provided ad-
jacent said first mentioned scale, said second scalé
having ten equally spaced graduations corre-
sponding to the tracks of said first mentioned
scale, each of said full scale tracks having g valué
equal to one-tenth in determining the mantissa

of the logarithm of any number therein, the re-

"maining decimal places of the mantissa corre-
sponding to the position that the graduation cor-
respondmg thereto lies between the ends of its
respective scale track, and means for projecting
any of the graduatlons in said scale tracks onto
said diagonal and thence ontd said sécond scale
and for pro;ectmg any indication in said second
scalé onto said diagonal and thence onto ‘any of
said secale tracks, whereby the logarithm of any
number and the antl-logarlthm of any logarithm
may be readlly ascertained.

13. In a device of the ¢lass described, the com-
bination of a cylindrical member having a loga-
rithmic scale prov1ded on the peripheral surface
thereof, said scale being arranged in ten paraliel
tracks, a diagonal line eXtending across all of
said tracks from the beginning of said scale to
the end thereof, a second scale provided a,dJacent
said first mentioned scale, said secohd scale hav-
ing ten equally spaced graduations thereon cor-
respondlng to the scale tracks of said first men-
tioned scale, each of said full sca.le tracks hav-
ing a value equal to one-tenth in determining the

mantlssa of the logamthm of any number, the

remammg decimal places of said mantissa cor-
responding to the distance that any number lies
between the ends of its respective scale track,
and a transparent cursor Having cross lines
thereon movable on said meriber for projecting
any of the graduations in said scale tracks énto
said diagonal and thence onto said second scale

and for projecting any reading on said second

scale onto said diagonal and thence onto any of
said secale tracks, whereby the logarithm of any
number and the anti-logarithm of any logarithm
may be readily ascertained.

14; In a device of the class deseribed, the com-

bination of 3 cylindrical member having a loga--

rithmic scale provided on the peripheral surface
theresf, said scale being arranged in ten parallel
tracks, a didgonal line extending across all of
said tracks from the beginning of said scale t0
the end thereof, a pair of transparent cursors
having cross lines provided thereon, said cursors
being mounted for simultaneous and relative ro-
tary and longitudinal movemsents over said scale
tracks to effect muitiplication and divisicn of any
combination of numbers indicated on said seale,
a second scale provided adjacent said first men-
tioned scale, said second seale having ten equally

spaced graduations thereon eorresponding to the . .

scale tracks of said first mentioned scale, each of
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said full scale tiacks having 4 value equal to oneé-
tefith in determining the mahtissy of the loga-
rithm 6f gty Humber, the remgining deeimal places
of §aid mantissy eorresponding tothe distancethat
the riuniber lies bétween the eids of its respective
tragk, and said cursSors being adjustable so thiat
ally NUinber 6d said logarithmic seale miay be
projected onto said didgonal ana thence ontd said
second §6alé and any readiig on said second scale
may be projécted onto said diagonal and thence
onto aily of said scale tracks, Whéteby the 16ga-
rithm 6f atly Duinbér and the anti-lozarithi of
any logarithm may be réadily ascertained.

15. In a device of the &l4s§ deseribed, the éon-
bination of a member Havihg a graduated scale
of angles providéd thereot, said séalé being af-
ranged in parallel tracks and the graduations
tiiereon being spacéd in acéordance with the tah-
gents of-the ahgles indicated, a diagonal lite éx-
tending across all of said scale tracks from the
bégirining of said s¢ale to the end thereof, a seéc-
ond scale provided adjacént said first mentioned
scale, said second sc¢ale havifig graduations there-
on correspondmg to the tracks of gaid ﬁlst nen-.
tioned scale, and méahs mdvable over sald mefri-
ber for projecting any gradiation in any of said
fracks omto said diagonal and théncée onto said
second scale and for préjecting any indigation
in said secohd scale 6iitd Said Scale tracks, Where-
by the tangent of any angle and the angle cor-
tained.

T 6. In a dévice of ﬁﬁe class deéé‘ribed the com-
of angles ran glng from 0° 19 45° prov1ded tnere-
on, said scale being arraiiged in & sefies of twenity
parallel tracks of édual l1ength, the pradustions
indicated on $aid §éalé being Spaced 1 &ccord-
ance with the tangents of angles indicaied there-
by, a dlagonal liné exteliding aeross all of said
tracks from thé Pegivinihg to thé end of sald
scale, each of said il seals tracks havmg g value
of five hundredths when as¢ériaining the tan-
gents of any of the angles indicated, afid thé po-
sitions of the said 'anziés bétween the ends of
their Féspective scale tTracks Tepresénting 4 frac-
tional part of five-hiufidFedths dependifiy upoH
their ‘positichs thérein, a second scale Provided
adiacent said OFst merfolonea ‘scéale, Said sB¢-
ond §éale haviig five Maln divisions, aid niesany
for projéecting any of thé graduations in said

scale tra,cks onto sald dlagOnaI and thence onto

gradua.hon between the ehds of its sdale track

. ahd for projécting any indication on said sees

ond s¢alé onto said dlagonal aiid thénce ohto sy
of said scale t¥acks, whereby the tangent of any
angle afid the anglé correspondmg t6 aiy tanigert
may be dscertaingd.

17. In & device of thHe ¢lags deseribed, the
conibinaticn o6f 4 cylindrical inemiber Having a
graduated scale of afigles rafiging from 0° to 45°
provided on the periphieral strface thereof, said

~ scalé being arranged in tracks d4nd the gradua=s . -
¢ tion§ theéreoh being spéced in accordaiice with

the numerical valiiés of thé tangehts of the
angles indicated théréby, 4 diagonal livie exténd-
ing across all of $4id traéks from the beégihning

. of said scale to thé end théréof, 4 Second scale

fo

78

mounted adjacént said first ménticned scals
Having graduatiofis théréon dofiesponding to the
spacings of the tracks theresf, atid 4 transparent
cursor havmg €T708s liries providéd therséoh
niotnted for rotary aiid lonsitudinal movernedts
on said cylindrical meniber for brojeciitig anuy
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graduation in any of said scale tracks onto said
diagonal and thence onto said second scale and
for projecting any desighation in said second
scale onto said diagonal and thence onto any of
said scale tracks, whereby the tangent of any
angle and the angle corresponding to any tangent
may be readily ascertained.

18. In a device of the class described, the
combination of a cylindrical member having
a graduated scale of angles arranged in parallel
tracks on its peripheral surface near one end
thereof, the graduations in said scale being
spaced in accordance with the numerical values
of the sines of the angles indicated thereby, a
diagonal line extending across all of said tracks
from beginning to end of said scale, an inter-
mediate logarithmic scale arranged in parallel
tracks coineiding with the tracks of said first
mentioned scale; a reciprocal scale arranged in
parallel tracks alternating- with the tracks of
said logarithmic scale, a diagonal line extend-
ing across all of the tracks of said logarithmic
and reciprocal scales, a relatively narrow scale
provided between said first mentioned seale and
said logarithmic and reciprocal scales having
graduations thereon corresponding to the spac-
ings of said scale tracks, a graduated scale of
angles provided near the other end of said mem-
ber, said scale being arranged in parallel tracks
and the graduations thereof being spaced in ac-
cordance with the tangents of the angles indi-
cated, a diagonal line extending across all of said
tracks from the beginning of said scale to the
end thereof, a relatively narrow scale provided
between said last mentioned scale and said loga-
rithmic and reciprocal scales having graduations
corresponding to the spacings of the tracks
thereof, a pair of transparent cursors mounted
for simultaneous and relative rotary and longi-
tudinal movements over all of said scales for
effecting multiplication and division of any com-
bination of numbers on said logarithmic scale
and for projecting any of the graduations in said
logarithmic scale onto the associated diagonal
and thence onto said relatively narrow scale and
for projecting any indication on said relatively
narrow scale onto said diagonal and thence onto
said logarithmic scale for ascertaining logarithms
and anti-logarithms, respectively, and said
cursors being adapted to project any of the angle
graduations on said first mentioned scale onto
its associated diagonal and thence onto said rela-
tively narrow scale and to project any indication
on said relatively narrow scale onto said diagonal
and thence onto said angle scale, whereby the
sines of any angles and the angles correspond-
ing to any sines may be ascertained, and said
cursors being further adapted to project any of
the angle designations in said tangent scale onto
the associated diagonal and thence onto the rela-
tively narrow scale adjacent thereto and to prro-
ject any indication on said relatively narrow
scale onto said tangent scale, whereby the tan-
gent of any angle and the angle corresponding
to any tangent may be readily ascertained.

19. In a device of the class described, the com-
bination of a member having a logarithmic scale
provided thereon arranged in substantially

parallel tracks, and a pair of cursors operatively -

associated with said member and adapted for at
least two-dimensional movement over said scale,
each of sald cursors having a pair of hairlines
provided thereon spaced apart a distance equal
to substantially the length of sazid tracks and a
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second pair of hairlines arranged at substantially
right angles to said first mentioned hairlines. . .

20. In a device of the class described, the com-
bination of a member having a logarithmic scale
provided . thereon arranged in substantially
parallel tracks, and a pair of cursors operatively
associated with said member and adapted for
at least two-dimensional movement over said
scale, each of said cursors having a pair of hair-
lines provided thereon spaced apart a distance
equal to substantially the length of said tracks
and a second pair of hairlines arranged at sub-
stantially right angles fo said first mentioned
hairlines and intersecting the latter, the points
of intersection of said pairs of hairlines being
spaced apart in a direction at right angles fo
said tracks a distance equal to substantially the
width of one of said tracks.
+.21,.In g device of the class described, the com-
bination of a cylindrical member having a loga-
rithmic seale provided on the peripheral surface
thereof, said scale being arranged in a plurality
of substantially parallel tracks of egual length,
a cylindrical transparent cursor mounted on said
cylindrical member having spaced circumferen-
tial hairlines provided thereon, said hairlines
being spaced apart a distance equal to substan-
tially the length of said scale tracks, and an
additional pair of hairlines provided on said
cursor, one of said last mentioned hairlines inter-~
secting each of said first mentioned hairlines and
said last mentioned pair of hairlines being spaced
apart circumferentially a distance equal to sub-
stantially the width of one of said scale tracks.

22. In a device of the class describad, the com-
bination of a cylindrical member having a loga-
rithmic scale provided on the peripheral surface
thereof, saild scale heing arranged in a plurality
of substantially parallel tracks of egual length,
and a pair of cylindrical transparent cursors
mounted on said cylindrical member, each of
said transparent cursors having provided there~
on spaced circumferential hairlines, said hair-
lines being spaced apart a distance equal to the
length of said scale tracks, and a second pair of
hairlines provided on each of said cursors, said
last mentioned pair of hairlines intersecting said
first mentioned hairlines and being spaced apart
circumferentially a distance equal to substan-
tially the width of one of said scale tracks.

23. In a device of the class described, the com-
bination of a cylindrical member having g loga-
rithmic scale provided on the surface thereof,
said scale being arranged in a plurality of sub-
stantially parallel tracks of equal length, and
a pair of eylindrical transparent cursors mounted
on said cylindrical member, said cursors being
disposed in telescoping relation and being
mounted for simultaneous and relative rotary
and longitudinal movements over said scale
tracks to effect multiplication and division of
any combination of numbers indicated on said
scale, each of said cursors having provided
thereon spaced circumferential hairlines, said
hairlines being spaced apart a distance equal to
substantially the length of said scale tracks, and
a second pair of hairlines provided on each of
said cursors, said last mentioned hairlines inter-
secting said first mentioned hairlines and being
spaced apart circumferentially a distance equal
to substantially the width of one of said scale
tracks.

24. A cursor for slide rules comprising a cylin-
drical body portion constructed of transparent
material, said body poriion having a pair of
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spaced eircumferential hairlines provided there-
on, and g longitudinally extending hairline inter-
secting said first mentioned hairlines at substan-
tially right angles. .

25, A cursor for slide rules comprising & cylin=
drical body portion constructed of transparent
material, said-body portion having a pair of
spaced circumferential hairlines provided there-
on, a longitudinally extending hairline intersect-

ing said first mentioned hairlines at substantially 10 Number

right angles, and a relatively short hairline inter-
secting each of said first mentioned hairlines,
said last mentioned hairlines being circumferen-
tially spaced.

26. A cursor for slide rules comprising a tubu-
lar body portion, and spaced projections extend-
ing inwardly from said body portion.

27. A cursor for slide rules comprising a tubu-
lar body portion, spaced projections extending
inwardly from said body portion, and cross-hair-
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lines provided on the periphery of said body
portion.
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