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‘from said trigonometric and numerical scales.
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This invention relates to calculating devices, and
more particularly to calculating devices of the slide rule type.

One object of the present invention is to provide
a simplified, compact and highly improved slide rule which -~
occupies a minimum of space and yet insures an accuracy previ-
ously obtained only by the use of the larger and more cumbersome
slide rules,

Another object is to provide a slide rule having a
single logarithmic scaie provided on one portion thereof and two
cursors or rumners adapted for at least two-dimensional movement
in unison or relative to each other over the entire extent of
gald scale.

A further object is to provide a compact device of
the stated character having logarithmic, reciprocal, trigonomet-
ric and equally divided numericai scales provided thereon, a
pair of cursors adapted for movement in unlson or relative to
each other over the entire extent of sald scales, and diagonals
provided across the fleld tracks 6f said logarithmic, reciprocal,
and trigonometric scales for ascertaining logarithms or anti-
logarithms from said logarithmic and numerical scales, and

trigonometric functions or the angles of trigonometrlic functions

A still further object is to provide in a device of
the stated character a graduated scale indicating angles from
zero degrees to ninety degrees, sald scale being arranged in
nine parallel field tracks of equal length, interspersing in
parallel fleld 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 tfack parallel to

the said other tracks indicating angles from approximately
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eighty-seven degrees and ten minutes to ninety degrees, the
graduations in all of said field tracks being spaced in ac-
cordance with the numerical values of the sines of the angles
indicated, and to further pfovide a diagonal across all of sald
field tracks and an equally divided numerical scale adjacent
thereto, whereby either the sine of any of the angles indicated
or the angle correspondihg to the sine thereof may be readily
and accurately ascertained,

A st1ll further object is to provide in a device
of the stated character a graduated scale indicating angles
from zero degrees to forty-five degrees, sald scale being ar-
ranged in twenty parallel field tracks of equal length, the
graduations in said field tracks being spaced in accordance
with the numerical values of the tangents of the angles indi-
cated, and to further provide a diagonal across said tracks
and equally spaced numerical scales adjacent thereto, whereby
either the tangent of any of the angles indicated or the angle
correéponding to the tangent\thereof'méy be readily and accurate-
ly ascertalned.

A still further objeet is to provide a cylindrical
slide rule having logarithmic, reciprocal, trigonometric and
equally divided numerical scales provided thereon, and a pailr
of transparent cursors or runners adapted for simultaneous or
independent rotary or longitudinal movement over all of sald
scalese.

A still further object 1s to provide a cylindrical
slide rule whereiﬂ the 1ogarithmic, reciprocal and trigonometric
scales are arranged in parallel field tracks around the periph-
ery thereof, and to provide cylindrical cursors adapted for

moveﬁent over said scales, whereby the said slide rule may be

manufactured in reduced silzes s0O as to consume a minimum of
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space and yet assure maximaum accuracy.
Other and further objects will become apparent as

the description of the invention progresses.

0f the drawings:

Fig. 1 is a perspective view of the slide rule
calculating device comprising the present invention.

Fig. 2 ig a development of the base cylinder of the
sl}de rule showing the various scales and diagonals provided
thereon.

Fig. 3 is a development of one of the cylindrical
cursors or runners of the slide rule,

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

Figs. 5 and 6 are views of fragmentary portilons of
the slide rule illustrating the menner in which multiplication
is performed thereon.

Fig. 7 is a view of a fragmentary portién of the slide
rule illﬁstrating the manner in whilch the sines of angles of the
first serles or angles corresponding to the sines thereof are
ascertained. ‘

Fig. 8 is a view of a fragmentary portlon of the
s1ide rule illustrating the manner in which the sines of angles
oflthe second series or angles corresponding to the sines there-
of are ascertained. ‘

Fig. 9 is a view of a fragmentary portion of the
slide rule illustrating the manner in which logarithms and
énti—logarithms are obtained.,

Fig. 10 is a view of a fragmentary portion of the
slide rule illustrating the manner in which tangents may be ob-
tained when the angles thereof are known, and conversely how
angles may be formed when the tahgents thereof are known.

Fig. 11 is a side elevational view of a slide rule

of an alternative construction.
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Fig. 12 is an end view of the slide rule shown in
Fig. 11.
Fig. 13 is a development of the base cylinder of the

"slide rule shown in Figs. 11 and 12, showing the varlous scales

and diagonals provided thereon.

Fig. 14 is a reduced development of one of the cursors
of the slide rule shown in Fig. 1l.

Fig. 15 is a reduced development of the other of the

cursors of the slide rule shown in Fig. 113 and

Fig. 16 is an end view of a further modificatlon of
the present invention.

Referring to the embodiment of the inventlon shown
in Figs. 1 to 10 of the drawings, the numeral 1 designates
generally a slide rule consisting of a base cylinder 2 and

a pair of tubular cursors or runners 3 and 4 nmounted in tele-

scoping relation thereon. The cursors 3 and 4 may be con=-
structed of any suitable transparent material, such as glass,
cellulold or plastic‘materials.' The base cylinder 2 is longer
than the cursors 3 and 4 so as to provide hand grips at the
ends thereof to permit adjﬁstment of the cursors over the
scales. provided thereonfas wlll appear more fully hereinafter.

Cursor 3 is mounted on base cylinder 2 and 1s adapted for

‘rotary as well as 1ongitudina1 movement thereon, there being

‘gufflclent friction between the contacting portioms thereof %o

cause the cursor to remain in adjusted postion until it is
manually moved to a new‘position of adjustment. Cursor 4 1is
mounted on cursor 3 and is adapted for rotary as well as
longitudinai\movement over the entire surface thereof, Cursor 4
is so fitted on cursor 3 that sufficlent friction is provided
vbetween the contactihg surfaces thereof to prevent relative

movement of the cursors except by manuel effort when one 1s
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held agalnst mpvement while the other is adjusted relative
thereto.

As shown in Fig.lcursor 3 is longer than cursor 4,
thus providing hand grips at the ends thereof %o enable‘said
cursors to be moved relative to each other.

Referring to Figs. 1 and 2, the base cylinder 2 has
provided thereon five scale sectioms 5, 6, 7, 8 and 9,
respectively, from left to right thereof.

'Section 5 comprises twenty parallel scale tracks,
indicated respectively by numerals 102 to 292, which are equal
in length and which extend between boundary lines 30 ‘and 31.
Alternate scale tracks 10%, 128, 14%, 162, 188, 20%, 22%, 24%
and 26% constitute the first series of scale tracks and contaln
angle designations ranging from zero degrees to 640 10', and
the spacings of the angles indicated therein are in accordance
with the numerical values of the sines thereof, The graduations
in these tracks are such that the angle designated at the right
hend end of one track is identical with that at the left hand
end of the next lower track of the serles. The angle designa-
tion at the right hand end of track 102, for example, is
1dentical with that at the left hand end of track 122.

o ‘tThé angles whose sines have arithmetical Yalue; in
eicess of (.9) or angles of approximately 640 10' are distrib=-
ﬁted ovef alternate scale tracks 112, 1323, 152, 178, 198, 212,
232, 25%, 272 and 29%, which constitute the second series of

scale tracks, and the spacings of the angles lying therein are

fwalso arranged in accordantce with the arithmetical values of the

‘fsines thereof. The graduations in these tracks are also such

that the angle designation at the right hand end of one track,
such as track 118, is identical with that at the left hand end

of the next track of the series or 132.
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Scale track 282 has distributed over the length
thereof in asccordance with the arithmetical values of the sines
thereof angles whose sines are in excess of (.999), or angles
ranging from approximately 870 26' to 90°. Scale track 282
constimtes the third series of scale tracks in scale section 5

In ascertaining the sine of any angle 1ying in the
first series of scale tracks, the dlgit in the first decimal
place thereof corresponds to the track number (O 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
apgle between the ends of its respective 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 1t lles In a track disposed be-
yond the ninth full track associated with the first series of
scale tracke. The digit in the second decimal place corresponds
to the track number (O 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.

_parficular angle between the ends of 1ts respective 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 beybnd the ninth full scale track assoclated
with the first and second series of scale tracks. The digit

~in the third decimal plé@éfwill correspond to the track number

(9) of the full track in which the angle of the third series

1~1¥es. The digits beyond the third decimal place will correspond

to the position of the particular angle between the ends of

its track.

[T L5
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A diagonal line 322 extends across the entire twenty
track scales of section 5 and is provided for ascertalning
angles wheh the arithmetical values of their sines are known,
and conversely 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 hairline 33
extending over the entire length thereof and a palr of spaced
circumferential hairlines 34 and 35. Cursor 4 also has pro-
vided thereon a iongitudinally extending hairline 36 and a pair
of spaced circumferential hairlines 37 and 38. The c¢ircum-
ferential hairlines of cursors 3 and 4 are spaced the same
distance apart, the said distance being egual to the length of

the scale tracks of section 7.

Scale section 6 is relatively narrow end lies between | )

scale sections 5 and 7, as shown more particularly in Fig. 2;W’f»,jf
Scale section 6 is divided into ten equally spaced main -
divisions numbered consecutively from one to ten, and each of
the sald main divisions is divided into ten equal parts; Each
of the main divisions of scale 6 is one-tenth of the circum-
ference of base cylinder 2 and embraces one fuil track consist-
~ing of & deeper track, such as track 10%, and an ad jacent
narrower tfaci, such as 118, For example, the spaCelbetween
. (0) and (1) on scale section 6 embraces scale tracks 102 and
11a, the space between (1) and (2) embraces tracks 122 and 138,
and so on. The numbers (0) to (9) on scale section 6, accord-
ingly, designate the track numbers of the full tracks of scale
section 5. ‘

i . From the arrangement of the angle graduations provided
4n scale tracks 10% to 20%, the diagonal line 32” and the

- adjacent scale section 6 it will be seen that when the angle
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is known the sine may readily be found on scale section 6, and
conversely when the sine of an angle is known the angle may be
found on scale section 5. For example, 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 more prominently in
Fig. 7. .It will be seen that the angle 36° lies in scale track
208 approximately one-eighth the length of the track from the
right hand end thereof. The full track numbers, 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 1ying
therein. The digits in the remaining decimal places:correspond
to the position that the angle lies between the ends of its
respective scale track., Track 202 is five full tracks from

the begnning of scale section 5 (a full track it will be re-
called consists of one deep track, such as track 102 and an

ad jacent narrow track such as track 11la) but less than six full
tracks. Accordingly, the digit in the first decimal place of
the sine of tﬁat angle is (5). One of the circumferéntial
'hairlines on cursor 3, for example hairline 34, is now placed
on fhe graduationxcorresponding to 36°, as shown in Fig. 7, and
the cursor is then rotated until the hairlines 33 and 34 inter-
;sect diagonal line 3éa at a common point. The remaining digits
are now read on scale section 6 by following horizontal hairline
33 over that scalelwhich, as shown in Fig. 7, equal approximate-
1y (.0877). Accordlngly, ﬁhe sine of the angle 36° thus
ascertained is (.5877). The first two significant numbers ,
1.e., (8) and (7), are accurately read on scale section 6,
while the third significant number, i.e., (7), must be esti-
mated since it lies between the éeventh and eighth graduations
between main divisions, numbers (8) and (9), as shown in

Fig. 7.




R e

481293

Thus it ig seen that the digit in the first decimal

place corresponds to the particular track in which the angle

- 1ies and the other digits to the position of the angle designat-

~ed in its particular track. If extreme accuracy is not desired
an estimate of the sine of any angle could be made directly.
For example, since the position of the 360 angle designation
is located approximately seven-elighths the distance from left
to right of track 20%, the second, third and fourth digits
would be (8), (7) and abproximately‘(5), respectively, or the
sine of that angle under such circumstances would be estimated
to be (.5875). By the use of the diagonal 1line 32a, however,
greater accuracy may be obtained. Since the diagonal line ex-
tends across all of the scale tracks and since the full scale
fracks are equally spaced in accordance with the main divisions
on scale section 6, the exact distance that an angle designa-
tion is located from the left hand end of any of the tracks may
be found by projecting the point corresponding thereto onto
the diagonal line 322 and then reading the horizontal projection
thereof on scale sectibn 6., Since the angles formed by‘the
intersection of the diagonal line 322 with the horizontal scale
track lines are equal, the corresponding sides of the right
trisngles formed are in direct proportion with each other and
‘consequenhly by horizontally projecting a point on scale sec-
tion 6 the exact distance that the particular angle designation
or graduation lies to the left of its track may be read on the
sald scale section 6.

As another example, the sine of an angle of 360
1s known to be (.5). TUpon reference to Fig. 2, 1t will be
observed that 30° on scale section 5 is five full tracks from
the top thereof and falls on the fifth main division of scale
gsection 6 and therefore ls read as (.5)., Should the sine of

=10~
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the angle 299 be desired, it would be necessary to follow the
procedure previously described in order to accurately obtain

the value thereof, Since the angle 29° lies short of the end

of track 5, the digit in the first decimal place of its sine

is (4). Now by vertically projecting the graduation correspond-
ing to 290 onto the diagonal line 32% and then projecting it
longitudinally onto scale section 6, it will be seen that the
digits in the second and third decimal places are (8) and (5),
respectively, so that the sine of 29°, as just ascertained,

- therefore is (.485).

Sines of angles Iin excess of.approximately 62° 10
are ascertained in a slightly different manner. It will be re-
membered that the sine of an angle 64° 10' is approximately
(.9) and consequently the digit in the first decimel 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 65°, Since 65° is greater than 640 10', it is seen‘that
the sine fhereof will be greater than (.9). It is alsoc seen
that the graduastion designating 65° falls beyond the ninth
full track of the scale and lies in the second series of scale
ﬁracks. Since the position of the graduation corresponding to
65° 1ies in the second series of scale tracks and since it is
located intermediate the ends of the first full track, the
digit in the second decimal'placé of the sine thereof is (0), it
being 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 declmal
pléces of the sine of the angle 65° are (9) and (0), respective-
- 1ly. In order to ascertain the diglts beyond the second decimal

-1y -
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place, cursor 3 is adjusted so as to project the graduation
corresponding to the angle 65° onto diagonal line 32a and then
projecting the point 6f intersection thereof horizontally onto
scale section 6. The reading on gcale section & indicates
that the digits in the third and fourth decimal places are (6)
and (3), respectively. Consequently.the sine of the angle 65°
thus ascertained is (.9063).

In the event that it 1s desired to find the sine
of an angle of 81°, the same general procedure is followed.
Fig. 8 1illustrates a sample calculation wherein it will be
noted that the angle 810 1s shown more prominently than the
other angle designations disposed adjacent thereto. Inasmuch
as the angle 819 is greater than the angle 640, 10', the value
of the digit in the first decimal place of tbe 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 tracksv(8) and (9).
Accordingly, the value of the digit in the second decimal place
of the sine is (8). Now by vertically projecting the gradua—
tion corresponding to the angle 81° onto the diagonal line
328 and then horizontally projecting the point of intersection
_thereof over scale sectlon 6, the value of the digits in the
third and fourth decimal places will be found to be (7) and
approximately (6). Consequently the sine of the angle of 810
hes thus been ascertalned to be (;9876).

The invention also contemplates the method of
sccurately obtaining the sines of angles from approximately
870 26' to 90°. The value of the digits 1n the first three
decimal places of the sines of angles of approximately 870 26!
to 90O is (9) in each case, or the reading would be approximate-
1y (.999). Accordingly, should it be desired to ascertain,

12~
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for example, the sine of the angle 8809, it 1s 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 scale sectlon 5

it is also seen that the graduation corresponding to 880 lies
beyond the end of the ninth full track of the first 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, which is also beyond the ninth full track of the
second gseries of scalé tracks, and consequently the value of
the digit in the second decimel place of the sine 1s also (93,

Moreover, it will also be obgserved that the graduation

- corresponding to 88° glso 1ies in the scale track 282, which

1" also extends beyond the nimth 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 graduation
corresponding‘to.the angle 880 in trackVZSa is vertically pro-
jected as previously described onto the diagonal line 322, and
the point of intersection thereof is then projected horizontally

over scale track 6. It, therefore, will be seen that the

' values of the‘digits in the fourth and fifth decimal 'places are

(3) and (9), respectively. Accordingly, the sine of the angle

880 thus ascertained is found to be (.99939).

‘ From the foregoing description 1t is also seen that
for the larger anglés whose graduations‘are spaced closer to-
gether and accordingly the numerical values of the sines there-
of are more difficult to obtain by the use of the ordinary type
of slide rule may be obtained with accuracy to five decimal

places by the use of the present invention.




481293

The method of ascertaining the angles when the

" numerical values of their sines are known 1s substantially the

reverse of that just described. 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 guestion lies somewhere be-
tween full tracks (5) and (6) or in scale track 36b’ Accord-
ingly, the horizontal hairline 33, for example, of cursor 3
is placed on scale section 6 to correspond with the digits in
the second, third and fourth decimal places of the sine. The
point of intersection of hairline 33 with dlagonal line 32°
15 now projected vertically to track 5 and as shown in Fig. 7
the vertlcal proaection will coincide with the graduation in
scale track Zﬁb' corresponding to 36°,

Now suppose it is desired to find the angle whose

sime is (.9063). From the foregoing description it is

apparent that the angle must lie between full tracks (9) and
(10). Accordingly, the halrline 33 will be placed on scale

 gection 6 at a point corresponding to 63. The point of inter-
section bf‘hairline 33 with diagonal line 32% is then projected
verticéﬁly, which, 1t will be seen, coincides with the | |

~graduation in scale track 11a_corresponding to 650. ;

Now suppose 1t is desired to find the angle whose

numerical gine value is (.9876). Since the digit in the first

. decimal place is (9), it is readily apparent'that the angle
' 1ies beyond the ninth scale track. Since the diglt in the

second decimal place is’(B),\it_will be apparent that the angle
in guestion lies between the eighth andninth full scale tracks.

Accordingly, the horizontal hairline 33 on cursor 3 is placed

~at a point on scale section 6 corresponding to (76), and the

point of intersection of the said hairline 33 with the diagonal

14~
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line 32a is projected vertically to the eighth scale track or
scale track 272 where it will be found to 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 readily apparent from
the description given hereinbefore that the angle must lie in
scale track 28a. Accordingly, 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 32a is projected
vertically to scale track 28% where it will be found %o coin-
cide with the graduation corresponding to 88°. '

From the foregoing description it is seen that the
angles whose numerical sines are known may also be readlly de-
termined by the use of the present invention.

Scale section 7, it will be observed, is also com-
prised of scale tracks 10P to 29b whlch coinclde regpectively
with scale tracks 102 to 292, Scale tracks 10P to 29P are
egqual in length and extend‘between the lines 40 and 41 disposed
at the right and left, respectively, of scale sections 6 and 8.

The relatively deep scale tracks 107, 12°, 14P, 16°, 187, 20,

22b, 24b, 26b and 28b 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 aﬁy of these
tracks 1s, ideéntlcal with that at the left hand end of the next
track of the series. For example, the number indlicated at the

extreme right hand end of scale track 10° is identical with

that indicated at the extreme teft hand end of scale track 12b.-

The narrower scale tracks 29 N 27b, 25b, 23 ’ 21P
l9b, 17 ’ l5b, 13 and 11° contain a reciprocal logarithmic
scale. Consequently the reciprocal of any number appearing in

the deeper scale tracks 1s read immediately therebelow in the
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ad jacent narrower scale. For exawple, the reciprocal of any
number in track scale 16b is obtained immediately beneath in
track scale 11b.

A diagonal line 42P extends across all of the scale
tracks'of scale section 7 as shown more particularly in Fig. 2.

As in the angle scale tracks of scale section 5 a
full scale track comprises one deeper track such as track 10P
and one narrow track such as track 11b. There are ten such full
scale tracks andé they correspond to the main divisions of scale
section 6.

Referring to Flg. 1, it will be seen that cufsor 3
is shorter than base cylinder 2, thereby providing spaces on
the base eylinder for hand grips when adjusting the cursors
relative to the sald base cylinder. It is also seen that
cursor 4 is shorter than cursbr 3 so that the latter may be
held stationary while the former is being adjusted thereon. As
pointed out hereinbefore, the cursor 3 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
cursofs to remain in adjusted position until msnual effort is
exerted thereon to adjustlthem to a new position 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 agre spaced circumferentially a distance equal to one
full track space. Cursor 4 also has a gimilar pair of shoyt
hairlines 45 and 46 extending to the left, respectively, of
hairlines 37 and 38. These hairlines are spaced apart circum-
ferentially, also, a distance equal to one full track space.

‘The starting point for all calculations is at A
which lies between scale tracks 10P and 11P on line 40,
Results obtained by multiplication or division will according-

1y be read on the deeper scale tracks above the division lines,

-] 6w
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while reciprocals of numbers will be reead below the said
division lines. Inasmuch as but one logarithmic scale is
employed, multiplication and division are performed by adjust-
ing the cursors 3 and 4 with respect to base cylinder-2.
Figs. 5 and 6 illustrate how multiplication or division may
be performed, the number (14) being multiplied by the number
(16), these numbers being shown more prominently than the
others in the said Figs. 5 and 6. To begin the calculation,
the point of intersection of hairlines 34 and 43 on cursor 3
is placed over the starfing point A. Cursor 3 is now held
stationary while cursor 4 is adjusted to bring the pbint of
iﬁtersection of hairlines 37 and 45 over the lower end of the

b
graduation corresponding to number (14) in scale track 12 .

wﬁg?h ¢??§9rS are now moved in unison circumferentially and

ichgituainally until the point of intersection of halrlines 34
and 43 on cursor 3 overlies the lower end of the graduatidn
corresponding to numeral (16) in scale track 14b, The product
is now read on scale track léb ﬁbove the point of intersection
of hairiines 37 and 45 on cursor 4, Which as shown in Fig. 6
15 (224). | - |

In Oﬂder to divide the number (224) by the number

(16), the poiﬁt of intersection of hairlines 34 and 43 on

‘ cursor>3 is placed over the lower end of the graduation corres-

ponding to the number (2247<in scale track'léb, while the point
of intersection of the hairlines 37 and 45 of cursor 4 is
placed over the lower end of the graduation 1n scale track 14b
corresponding to the number (16). Both cuTsors are now moved
in unison to bring the point of intersection of hairlines 37
and 45 over A, the starting point. The quotient is mow read
above the point of intersection of hairlines 34 and 43 on

cursor 3, which it will be seen 1s (14).

-17 -
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Should it be desired, for example, to mltiply the

number (5) by the number (6) the point of intersection of

hairlines 34 and 43 on cursor 3 ig first placed over the
starting point A, The point of intersection of hairlines 38 and‘
46 on cursor 4 is now placed over the lower end of the gradua-
tion in scale track 55P corresponding to the number (5). Both
cursors are now moved in unison until the point of intersection
of hairlines 34 and 43 overlies the lower end of the gradua-
tion in scale track 24b corresponding to the number (6). The
product will now be read in the scale track over the point of

intersectlon of hairlines 37 and 45 on cursor 4, which will

be found to be (303. In this instance it will be noted that
the hairlines 38 and 46 on cursor 4 were used in the original
setting instead of the hairlines 37 and 45. It is seen that
if the hairlines 37 and 4% were used as previously descriﬁed;
the product reading would fall oubside the limits of scale
section 7. Inasmuch as the Jength of each of the scale tracks
10b to 29b is equal to the distance between hairlines 34 and
35 of cursor 3'aﬁd hairlines 37 and 38 of cursor 4 and since
heirlines 43 and 44 and hailrlines 45 and 46, respectively,

are spaced apart circumferentially a distance eggual to one full
track space, the product df such numbers may pe accurately read
by using the oppositely disposed hairlines on cursor 4 from
those used in the original setting. In other words, the
graduation over the point of intersection of hailrlines 37 and
45 1g in the track below a distance from the left hand end
thereol, corresponding to the extension of the scale track
thereabove that would have been required had the hairlines 37
and 45 been used in the original setting 1hstead of hairlines
38 and 46. I, therefore, is seen that 1f the pfoduct would
extend beyond the limits of the scale if hairlines 45 and 37

-18-
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were used in the original setting, as well as for indicating
the produét, the hairlines 38 and 46 are used in the original
setting and hairlines 37 and 45 are used 1n locating the
product. It is also seen that hairlines 35 and 44 of cursor
3 may be used in the original setting instead of halirlines

34 and 43 if it is so desired.

By the use of the logarithmic and reciprocal
logarithmic scales shown in scale section 7, multiplicatibn of
any numbers may be perfored by dividing the multiplicand by
the reciprocal of the multiplier or by dividing the multiplier
by the reciprocal of the multiplicand, and division nay be
performed by multiplying the dividend by the reciprocal of
the divisor,

" Beale section 7 along with scale section 6 may be
utilized for the purpose of ascertaining logarithms of numbers,
and conversely for ascertaining the anti-logarithms in case
the logarithms of the numbers are known. As pointed out here-
inbefore, the logarithmic scale 1is embraced in ten full track
spaces, each space corresponding to one-tenth of the circum-
ference 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 42P 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
1ines are equal, the corresponding sides of the right triangles
thus formed are in direct proportion with each other.

Accordingly, suppose it should be desired to ascer-
tain the logarithm of the number (26)., Upon reference to Figs.
2 and 9, it will be seen that the number (26) is located in
ccale track 18P or in the fifth full track of the scale, the
number (26) being shown prominently in Fig. 9. Since the

graduation corresponding to the number (26) is short of the
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end of the fifth full track it consequently lies between tracks
4 and 5, and therefore the digit in the first decimal place of
the mantissa of the logarithm would be (4). Now by projecting
the graduation corresponding to the pumber (26) vertically
onto the diagonal 1line 42° by the use, for example, of hair-
1ine 34 of cursor 3 and then projecting the point of intersec-
tion thereof longitudinally onto scale 6 by the use of longl-
tudinally extending hairline 33, it will be seen that the
digits in the'second third and fowrth decimal places of the
mantissa are approximately (1), (4) and (9), respectively.
Consequently, the mantissa of the logarithm of the number (26)
is (.4149)., Since the number (26) lies between (10) and (100),
the characteristic of the logarith, as is well known, would
be (1) and the entire logarlithm thus éscertained would be
(1.4149).

In the event that 1t is desired to ascertain the
number whose logarithm 1s (1,4149) e reverse of the procedure'
just described should be followed. Tnasmuch as the diglt in
the first decimal place of the mantissa of the 1ogaritbm is
(4), it Will~be readily apparent that the number will lie some-~
where between the fourﬁh and fifth full track spaces. Con-
"sequently, the horizontal hairline 33 is placed over the scale
section 6 at a point corresponding to (149) and the cursor is
‘:moved longitudinally until the point of intersection of hair-
lines 33 and 34 overliles diagonal line 420, By foilowing the
hairline 34 to the 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 represented by the full track

space in which the number is located and the digits in the
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I remaining decimal places of the mantissa correspond to the

t  distance the sald number is located between the ends of its
respective ;cale 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 42P and one of the horizontal and vertical hair-

1lines on either of the cursors, the fractional distance that

the number is located from left to right of its respective

séale track may also be immediately ascertained on scale track

6. |

Scale section 9§ also contains twenty scale tracks

10¢ to 290, which coincide respectivély with the scale tracks

102 to 29% and 10° to 29P previously described. The scale

tfacks 10¢ to 29C¢ of scale section 9 contain angle designations
‘ frbm‘OQ to 45°,Iand are graduated in accordance with the

arithmetical values of the tangents thereof. Scale tracks

10¢ tb 29¢ extend between the line 50 at the right hand end

of scale section 8 and the line 51 provided near the right hand

end of base cylinder 2. A diagonal line 52°¢ extends across

| a1l the scale tracks 10° to 29%, as shown more particularly in
g Fig. 2. ‘ L

| Scale section 8, it will be observed, 1s divided into
five mein divisions marked (0), (1), (2), (3) and (4), each
main division embracing a distance equal to one-fifth the cir-
cumference of the base cylinder 2. Each of the main divislons
of scale section 8 is sub—divided'into ten equal parts, the
graduations extending alternately from lines 50 and 41 bounding
the right and left hand sides of sald scale section, respective-

ly.
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Referring to scale section 9, it will be observed
that since the tangent of an angle of 45° 15 unity and since
twenty scale tracks are employed to indicate angles from 0° to
450, which are spaced in the scale tracks in accordsnce with
the numerical values of the tangents of said angles, each of
the said twenty scale tracks represents a value when ascertain-
ing the tangents of any‘of said angles of one-twentieth or
( .05) when expressed decimally. Scale section 8, being divided
into five equal parts, may be employed to represent the value
of one of the scale tracks 10° to 29%, each main divislon
thereof having therefore a value of (.01).

From the foregolng description it is seen that
should it be gesired to ascertain the tangent of thevangle 200,
the hairline 34 of cursor 3, for example, is caused to coin~-
cide with the graduation in scale tréck 17° corresponding to
the said angle 20° (Fig. 10). GCursor 3 is now rotated on base
cylinder 2 until hairlines 33 and 34 intersect diagonal line
52€ gt a common point, which polnt 1s then progected over scale
section 8 by hairline 33. It will be seen that hairline 33
crosses scale section 8 at a point corresponding to approximate-
1y (.0139) -since each main division of scaie section B has a
‘value of ohe one-hundredth. Now since the angle 20° 1lies
seven complete scale tracks from the beginning of the scale,
the tangent will be egqual to seven times five one-hundredths
plus the fraction equal to the distance that the graduation
corresponding to the angle 20° lies from the left hand end of
scale track 17¢, which as previously found on scale section 8
is approximately (.,0139). Consequently the tangent of the
angle 20° thus ascertained is (.35) plus (.0139) or (.3639).
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In the event that it is desired to ascertain the
angle whose tangent 1s (.3639) it is readily apparent that
since each complete scale track of scale section 9 has a value
of five one-hundredths, the angle must lie in the eighth track
or in scale track 170. Since the arithmetical value of seven
tracks is (.35), the dlfference between (.3639) and (.35) or
(.0139) is located on scale section 8 and is projected onto
diagonal line 52¢ py hairline 33. Py projecting the point of
intersection of hairline 33 and diagonal line 52° circumfer-
entially by hairline 34 onto scale track 17c, it will be found
that sald hairline coincides with the graduation therein
corresponding to the angle 200,

Instead of counting tracks to obtain the portion
of the tangent represented by complete scale tracks, the track
line above the angle involved may be projected longitudinally
~onto scale track 6. Upon reference to Fig. 10, it will be
seen that the track line above the angle 20° intersects scale
gection 6 at a poiht pelow (35). Consequently the tangent of
the angle 200 is (.35) plus a fraction which as previously
described was found on scale section 8 to be (.,0139).

_ It, therefore, 1ls seen that the present invention

dglso provides a simplified and rapid method of accurately as-
certaining the numerical values of the tangents of angles,

and conversely of ascertaining the angles when the tangents are
given.-

Figs. 11 to 15 illustrate a glide rule of an alterna-
tive and somewhat simplified construction. This construction
" also comprises a base cylinder 21 and tubular cursors 3' and
A' mounted in telescoping relation thereon,

Base cylinder 2', as shown in the development
thereof in Fig. 13, contains scale sections 5', 6', 7', 8' and

9.




' the graduations corresponding thereto are spaced in accordance

‘the uses of scale sections 5' and 6'”ieﬁéimilar to that

The digit in the first decimal piace of the 31ne accordingly
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Scale section 5 comprises ten scale tracks 602
to 692 arranged in parallel relation and extending between
parallel lines 30' and 31'. A diegonal 1ine 70 extends across
a1l the scale tracks 60% to 692 as shown in Fig. 13. Secale

tracks 602 to 692 indicate angles ranging from 0° to 90°, and

with the numerical values of the sines thereof.

deale section 6! is relatively narrow and is divided
into ten main divisions corresponding to the scale tracks 60a‘
to 692, and each main division 1s equal‘to one~tenth the clrcum-
ference of the base cylinder 2'. TFach of the main divisions
of'scale section 6t is sub—divided into ten equal parts.

Ccursor 3' is provided with a horizontal hairline
33', a peir of spaced circumferentiai halrlines 34' and 35', and
a palr of short halrlines 43' and 44 -'Cursor 4% also hes
provided thereon a 1ongitudinally extendlng haifiine 36‘, a-

gir ‘of spaced circumferential-hairllnes 37' and 38', and a

palr of’ short hairlines 45 and 46t , Hairlines 43' aﬁd a4 of‘
cursor 3 and_hairlines 45" and 46' of cursor 4' are spaced
gpart circumferentially a distance equel to one track space.

The method of ascertaining the sines of angles by

previously described in connection with the construction shown
in Figs. 1 and 2. Suppose, for example, 1t is "degired to ob-
tain the sine of the angle 6 which it will be observed lies
intermediate the ends of the’ d1:>cth treck or in scale track 65%.

is (5). Now by using hairlmne 34‘ and 33' of cursor 3, for

example, and first progectlng the graduation COrresponding to

angle 360 onto the dlagonal line 70 and then horizontally pro-
jecting the point of 1ntersection over scale,section 6!, the

DA
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digits in the second, third and fourth decimal places willl 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 1s (.5877) the

proceduré just described 1is reversed., Since the diglt in the
first decimal place of the sine is (5), it is apparent that
the angle will lie between the fifth and sixth tracks or in
scale track 652, Horizontal hairline 33' is now placed across
scale.séction 6! at a point corresponding to (877), and the
point of intersection thereof on diagonal line 76 is projected
 eircumferentially by hairline 34' to scale track 652 where it
will be found to coincide with the graduation corresponding to
the angle 36°.

Scale section 7! also comprises ten scale tracks
60P to 69° which coincide w1th scale tracks 60% to €92, re-
spectively, of scale section 5'. Scale tracks 60b to 69b extend
between lines 40' and 41' and contain a logarithmic scale of
numbers from (10) to (100). A diagonal line 71 extends across
all the scale tracks 60P to 69P.

The method of performing multiplication or di&ision
on scale section 7' is substantially the same as that previous-
iy described in connection with scale section 7. Suppose it is
desired to multiply the number (14) by the number (16), the
pointaofwintersection of hairlines 34' and 43' on cursor 31 is'
placed over the starting point A'. Cursor 4' is now moved
relatively to cursor 3' to bring. the point of intersection of
hairlines 37' and 45' on cursor 4' over the Uupper end of the
graduation corresponding to numeral (14). Both cursors are
now moved in unison to bring the point of intersection of hair-

1ines 34! and 43' on cursor 3' over the upper end of the gradua-
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tion corresponding to numeral (1€é). The product is found be-
neath the point of intersection of hairlines 37' and 45' on
cursor 4', which it will be observed is (224),

To divide the number (224) by the number 16, the
point of intersection of hairlines 34' gnd 43' is placed over
the upper end of the graduation correspondihg to numeral (224).
Cursor 4' is now moved relatively tb cursor 3' until the
point of intersection of hairliﬁes 37' and 45' is over the
upper end of the graduation corresponding to the number (16).
Both cursors are now moved in uniéon to bring the point of
intersection of hairlines 37' and 45' over the starting point
A'. The guotient will be found beneath the polnt of inter-

‘gection of hairlines 34! and 43' on cursor 3', which it will be

noted is (14).
Scale. section 7' a and the adjacent scale section 6

may also be utilized to ascertdin the logarithm of any number

or to obtain the antl-logarithm when the logarilthm of any

number is known. Suppose, for example, that it 1s desired to

obtain the logarithm of the number (26). As shown in Fig. 13,

'the pumber (26) lies intermediate the ends of scale track 64P

or the fifth track. Since the graduation corresponding to the
number (26) Is located at & p;int short of the end of the fifth
track, the digit in the first depimal place of the mantissa of
the lbgarithm is (4). By projecting the graduation correspond-
ing to the number (26) onto the diagonal 71 by the use, for
example, of hairline 34' on cursor 3‘ and then projecting the
point of intersection horizontally over scale 6‘ by the use of
hairline 33', it will be seen that the digits in the second,
third and fourth decimal places of the mantissa are approx1mate-
1y (1), (4) and (9), respectively. Consequently the mantissa of
the logarithm of the number (26) is (:4149). Since the number

-26=




 69¢, as shown in Fig. 13.
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(26) lies between (10) and (100), the characteristic of the
logarithm 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 De apparent
that the number sought lies between the fouith and fifth tracks
or intermediate the ends of scale track €ab, Accordingly, by
projecting the point of intersection of hairline 33' and
diagonal 71 circumferentially by the use of hairline:34‘, it
will be seen that hairline 34' will coincide with thé gradua-
tion corresponding to number (26). Since the characteristic 1s
(1), the anti-logarithm thus ascertained is (26). |

Scale section 8' is ildentical with scale section 6!

and liles between side lines 41' and 50 - —

Seale section 9' is comprised of ten scale tracks
60°¢ to 69 which coincide respectively with the scale tracks
60% to 692 and 60° to 69, previously described, and which |
extend between éide 1ine 50' of scale section 8! and the line
51' provided mear the right hand end of base cylinder 2'. A

diagonal line 72 extends across all the scale tracks 60% to
1

|

Seale tracks 60 to 69° contain angle designations
from 0° to 45° and are graduated in accordance with the
arithmetical values of the tangents thereof. It is apparent
that since the tangent of the angle 450 is unity and since
ten scale tracks are employed to indicate angles ranging from
0° to 459, each of the full scale tracks 60 to 69C represents
a value of one-tenth when ascertaining the tangents of any of

the angles. It is also seen that since scale section 8! is
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divided into ten equal parts 1t 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 200;
the hairline 34', for example, on cursor 3' is caused to regls-
ter with the graduation in scale track 63C 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 hairlines 33" and 34' intersect the diagonal
line 72 at a common point, which point of intersectilon is pro-
jected longitudinally over scale section 8' by hairline 33'.
It will be observed that hairline 33' crosses scale section 8!
‘on a line corresponding to approximately (639), the digits (6),
(3) and (9) constituting the second, third and fourth decimal
places, respectively, of the tangent. Consequently the tangent
of the angle 20° thus ascertained is (.3) plus (.0639) or
(.3639).
| In order to ascertain the angle whose tangent 1s
( 36 9) the horizontal hairline 33! of cursor 3' 1s caused to
cross scale section 8' at a point corresponding to (639). 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 slne it is apparent that the angle
"will lie intermediate the ends of scale track 63° , 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 200.
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It, therefore, is seen that the different scale

o
(R
i
e;«.

sections of the slide rule illustrated in Figs. 11 %to 15 also
enable accurate calculations of various kinds to be made.

In order %o facilitete relative movement of base
cylinder 2' and the cursors 3' and 4' and to prevent grit or
other foreign matter from spreading over the scales, spacing
means are provided. As shown more particularly in Fig. 12,
cursor 3' has provided thereon a series of embessments 73

which constitute the bearing surfaces between the sald cursor

and base cylinder 2!, Cursor 4' is likewise provided with a
series of embossments 74, which form the bearing surfaces be~
tween cursor 4' and cursor 3'. The embossments 73 and 74 may

be spaced longitudinaliy, as well as circumferentially, and
provide a clesrance space between the main portions of the
cursors and base cyllnder, and accordingly frictional contact
between sald parts is made only at spaced points. This not

only reduces the friction between the surfaces of these elements
but also maintains the surfaces elean and thereby assures easy
reeding of the graduations on the scales.

The cursors 3 and 4 and 3' and 4', as previously
described, may be constructed of any suiltable transparent
‘material such as glass, celluloid or plastic materials.

Fig. 16 shows an end view of a slide rule 1" of a
further modified construction. Slide rule 1" also comprises a
base cylineer on having scale tracks (not shown) provided
thereon, similar to those shown in Fig. 2 or in Fig. 13. A
peirfof gursors 3" ande4" are mounted in telescoping relation
on base eylinder ot Cursors 3" and 4" may be constructed of
any suitable transparent resilient material and are split
horizontally, as shown at 80 and 81, respectively, on Fig. 16.
The inside diameter of cursor 3" 1s slightly smaller than the
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outside diameter of base cylinder 2", and, accordingly, when
the said cursor is inserted on the base cylinder it will
frictionally grip the latter. The Inslde diameter of cursor 4%
is also slightly smaller than the outside diameter of cursor 3",
and , accordihgly, it also in assembly will frictionally grip
cursor 3%,

Embossments such as those shown at 73 and 74 in
Fig. 12 may be provided on either or both of cursors 3" and 4",
if it is so desired to provide point contact between the
ad jacent surfaces thereof. |

The slide rules shown and described herein, it is
seen, are of a simplified construction and yet enable various
types of calculations to be made with a high degree of
accuracy. By arranging the different scales in parallel tracks
in the manner shown herein, the graduations thereof may be
greatly extended and yet the slide rule as a whole occuples a
minimum of space. It is also seen that by using two cursors
in making certain caleulations the necessity of providing
additional scales is eliminated. '

It is also seen that slide rules constructed in
accofdance with the present invention are not limited to
cxlindrical structures but may be flat or of any other desired

i
‘ {

ghape.

It will be noted that the short hairlines 43 and 44
on cursor 3 extend to the right of hairlines 34 and 35,
respectively, as shown in Fig. 33 while the hairlines 45 and
46 on cursor 4 extend to the left of hairlines 37 and 38,
respectively, as shown in Fig. 4. This is done so that the
different hairlines may be readily identified. It is apparent,
however, that the hairlines may be arranged in any desired

manner without departing from the present invention.
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Accordingly, while the embodiments of the invention,
herein shown and described, are admirably adapted to fulfill
the oﬁjects primarily stated, it is to be understood that it
is not intended to limit the invention thereto, since it may
be embodied in other forms, all coming within the scope of the

claims which follow,

Chane
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Having regard to the foregoing dis?l@sv%g, 9 3

the patent of which this specification forms part
confers, subject to the conditions prescribed in

The Patent Act, 1935, the exclusive right, privilege

and liverty of making, constructing, using and vending
to others to be used, the invention as defined in claims
subml tted by the patentee as follows:

l.- In a device of the class described, the
combination of a member having a graduated scale provided
thereon, said scale being arranged in a plurality of
parallel tracks, a dlagonal line extending across all of
vsaid tracks, a second scale provided adjacent sald first
mentioﬁgd scale, sald second scale having egually spaced
graduations thereon corresponding to the tracks of sald
first mentioned scale, and means for projecting any of the
graduations in sald scale tracks onto sald diagonal and
thence onto sald second scale, whereby the exact position
that any graﬁahtion lles between the opposite ends of

its resmpectlive track may be read directly on sald gsecond
scale and any reading on sald second scale may be mojected
onto any of sald scale tracks at the point between the ends
of said scale trascks corresponding to the sald reading

on said second scale,

-
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2.= In a device of the class described, the
combination of a member having a graduated scale provided
thereon, sald scale belng arranged in a plurality of parallel
tracks of equal length, a diagonal line extending across all
of said tracks 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 graduatlons in said scale tracks onto said dlagonal
and thence onto said second scale, whereby the exact position
that any graudation lies between the opposite ends of 1ts re-
spectlive track 1s indicated on sald second scale and any indi-
catlon on said second scale may be projected onto any of said
scale tracks at a polnt between the ends of the latter corre-
gponding to the indication on said second seale,

S.e- In a device of the class described, the
combination of a cylindrical member having a graduated scale
provided over the peripheral surféce thereof, sald scale belng
arranged in a plurality of parsllel tracks of equal length, ¥ ;
a dlagonsal line extending across all of sald scale tracks
fromlbeginning to end of said scale, a second scale provided
ad jacent said first scéle, sald second scale haﬁing eQually
spaced graduatibns thereon corresponding to the tracks of said
fir;t mentionéd Sc#le, and a transparent cursor having cross
lines thereon for projecting any of the graduations in any of
said scale tracks onto saild diagonal and thence onto sald
second scale, whereby the exact position that any graduation
lies between the ends of its respective scale track may be
indicated on sald second scale, and any indication on saild
second scale may be projected onto any of sald scale tracks at
a point between the ends thereof corresponding te the indication

on sald second scale,
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4,- In a device of the class descrlibed, the
combination 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 indicated, said scale being arranged in parallel tracks
spaced equal distances apart, a diagonal line extending across
all of said traéks, a second scale dilsposed adjacent saild first
mentioned scale, said second scale having main divisions corre-
sponding to the spacings of the sald scale tracks, and movable
means opératively assoclated with said member for projecting
any of the angle designations of saild first scale onto said
diagonal and thence onto sald second scale, whereby the sine
of any angle designated on sald first mentioned scale may be

readlly ascertained.

39




Se= In a device of the class described: t§el 293
combination of a member having a graduated scale of angles
provided thereon, sald scale comprising s mailn serles of scale
tracks contalning angles whose sines equal nine-tenths or less,
a second seriles of scale tracks alternating with said first
series contalning angles whose sines range from nlne-tenths to
unity, and a third series of scale tracks contalning angles
whose slines range from nine hundred ninety-nine thousandths to
unity, the graduations 1in gll of sald scale tracks being
spaced in accordance with the numéerical values of the sines of
the angles indicated thereby, a diagonal line Intersecting all
of said scale tracks, a second scalse é.djacent sald first men-
tioned scale having eqﬁally spaced graduations thereon:corre—
sponding to the spacings of said main scale tracks, and means
for projecting the graduations in any of sald scale tracks onto
sald diagonal and thence onto saild second scale to ascertaln the
sine of said angles and for projecting any of the values lndi-
cated on sald second scale onto sald diagonal and thence onto
the appropriate scale track to ascertalin the angle when the

sine thereof 1s known.
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6.~ In a device of the class described, the
combination of a cylindrical member having a graduated
scale of angles provided thereon ranging from 0° to 200,
the said graduations being spaced in accordance with the
arithmetical values of the sines of the angles indlcated
thereby, said scale being arranged in ten equally spaced
tracks, a diagonal line extendling across all of sald tracks
from the beginning of sald scale to the end thereof, a second
scale provided adjacent sald first mentioned scale, saild
second scale having main divisions thereon corresponding to
the spacings of sald scale tracks, and a transparent cursor
mounted on said member and having cross lines provided there-
on for projecting any of the angle designations in said scale
tracks onto sald dlagonal and thence onto sald second scale,
and for projecting any designations in said second scale
onto sald diagonsal and thence onto any of sald scale tracks,
whereby the sine of any angle and the angle corresponding to

any sine may be readily ascertained,
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7e= In a device of the clasa described, the

combination of a cylindrical member having a graduated scale

of angles ranging from 0° to 90© provided on the peripheral
surface thereof, said scale comprising a main series of scale
tracke whose sines equal nine-tenths or less, a second series
of scale tracks alternating with said first series and includ-
ing 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 sald scale trecks being spaced in ac-
cordance with the numerical values of the sines of the angles
indicated thereby, a diagonel line inﬁersecting all of:said
seale tracks, a second scale providedfedjacent sald first men-
tioned seale having graduations thereon corresponding to the
spacings of said main scale tracks, and a transparent cursor
mounted on sald member and having cross lines provided thereon
for projecting any of the angle designations in any of sald |
scale tracks ontb said diagonal and thence onto saild second -
scale and for projecting any designation in sald second scale'“
onto said diagonal and thence onto any of sald scale tracks,
whereby the sine of any anigle and the angle corresponding to

hs

ﬁﬁ any sine may be readlly ascertained.
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B.=- In a device of the class described, the
combination of a member having a logarithmic scale provided
thereon, sald scale being arranged in ten parallel tracks, a
diagonal line extending across gll of sald tracks from the
beginning of sald scale to the end thereof, a second scale
provided adjacent said first mentioned scale, said second scale
having ten equally spaced graduations corresponding to the
* tracks of saild first mentloned scale, each of said full scale
tracks having a value equal to one-tenth in determining the
mantiésa of the logarithm of any number therein, the‘remaining
decimal places of the mantissa corresponding to the posltion
that the graduation corresponding thereto lles between the ends
of its respective scale track, and means for projecting any

of the graduations in sald scale tracks onto sald diagonal and

“secale tracks, whereby the logarithm of any mumber
and the anti-lggarithm of any logarithm may be readlly ascer-
tained. ‘
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Q.- In a device of the class described, the

combination of a member having a logarithmic scale provided
thereon, said scale being arranged in ten parallel tracks,
a dlsgonal line extending across all of sald tracks from the
beginning of sald scale to the end thereof, a reciprocal scale,
said reciprocal scale belng arranged in ten parallel tracks
alternating with the scale tracks of sald first mentioned
scale, a second scale provided adjacent said first mentioned
scale, sald second scale having ten equally spaced graduations
corresponding to the tracks of said first mentioned scale,
each of sald 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 mantissa
corresponding to the position that the graduation corresponding
thereto lies between the ends of its respective scale track,
and means for projecting any of the graduations in said‘égale
tracks onto said“diégonal and thence onto said second scale
and for projecting any lndicatlon in sald second scale onto
sald disgonal and thence onto any of sald scale trakecs, whereby
the logarlithm of any number and the snti-logarithm of any

logarithm may be readily ascertained.
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10.-~ In a device of the class described, the
combination of a cylindrical member having a logarithmic
scale provided on the peripheral surface thereof, sald scale
being arranged in ten parallel tracks, a diagonal line ex-
tending across all of sald tracks from the beginning of sald
scale to the end thereof, a second scale provlded adjacent
gaid first mentioned scale, said second scale having ten
equally spaced graduations thereon corresponding to the
scale 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, the remaining
decimal places of said mantissa corresponding to the distance
that any number lles between the ends of its respectlve scale
track, and a transparenit cursor having cross 1ineé thereon
movable on sald member for projecting sny of the graduations
in said scale tracks onto said disgonal and thence onto saild
second scale and for projecting any reading on sald second
scale onto séid diagonal and thence-onto any of sald scale
tracks, whereby the logarithm of any number and the anti-

logarithm of any logarlithm may be readily ascertalned,
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1l.- In a device of the class described, the
combination of a cylindrical member having a logarithmic scale
provided on the peripheral surface thereof, said scale belng ar-
renged in ten parallel tracks, a diagonal line extending across
all of sald tracks from the beginning of said scale to the end
thereof, a pair of transparent cursors having cross lines pro-
vided thereon, sald cursors being mounted for simultaneous
and relative rotary and longitudinal movements over sald scale
tracks to effect multiplication and division of any combina-
tion of numbers indicated on sald scale: a second scale pro=
vided adjacent said first mentionéd scale, sald second scale
having ten equally spaced gradﬁtions thereon, corresponding to
the scale tracks of sald first mentioned scale, each of said
full scale tracks héving a valuevequai to one-tenth in deter-
mining the mantissa of the 1ogar1thm of any number, the
remaining;decimal places of sald mantissa corresponding to the
distance that the number lies between Ehe ends of i1ts respective
track, and said cursors being adjustable so that any number on
said logarithmic scale may be projected onto said diagonal
and thence onto said second scale and any reading on sald
second scalé may be projected onto sald diagonal and thence on-
to any of sald scale tracks, ﬁhereby the logarithm of any
number and the anti-logarithm of any logarilthm may be readily

ascertained.‘
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12,.~ In a device of the class described, the
combination of a member having a graduated scale of angles
provided thereon, said scale being arranged in parallel tracks
and the graduations thereon being spaced in accordance with
the tangents of the angles indicated, a diagonal line extend-
ing across all of sald scale tracks from the beglnning of
sald scale to the end thereof, a second scale provided adjacent
sald first mentioned scale, said second scale having gradu-
ations thereon corresponding to the tracks of said first
mentioned scale, and means movable over sald member for pro-
jecting any graduation in any of said tracks onto said
diagonal and thence onto said second scale and for projecting
any indication in said second scale onto sald scale trﬁcks,

whereby the tangent of any angle and the angle corresponding

to; any tangent may be readily ascertained.
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13, In a device of the class described, the
combination of a member having a graduated scale of angles
ranging from O to 45° provided thereon, said scale belng
arranged in a series of twenty parallel tracks of equal
length, the graduations indicated on said scale being spaced
in accordance with the tangents of angles indicated thereby,
a diagonal line extending across all of said tracks from the
beginning to the end of said scale, each of said full scale
tracks having a value of five hundredths when ascertaining
the tangents of any of the angdes indicated, and the poslitlons
of the said angles between the ends of thdr respective scale
tracks representing a fractional part of filve-hundredths
depending upon their positions therein, a second scale pro-
vided adjecent said first mentioned scale, said second scale
having five main divisions, and means for projecting any
of the graduations in said scale tracks onto said diagonal
and thence onto said second scale to indicate the positions
of said graduations between the ends of its scale track, and
for projecting any indication on said second scale onto said
dlagonal and thgnce onto any of sald scale tracks, whereby
the tangent of any angle.and the angle correspondlng to any

tangent may be ascertalned,
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14,- In a device of the class described, the
combination of & cylindrical member having a graduated scale
of angles ranging from 0° to 45° provided on the peripheral
surface thereof, said scale being arranged in tracks and the
graduations thereon beiﬁg spaced in accordance with the
mmerical values of the tangents of the angles indicated
thereby, a diagonal 1ine extending across all of said tracks
from the beginning of said scale to the end thereof, a second
seale mounted adjacent said first mentioned scale having
graduations thereon corresponding to the spacings of the
tracks thereof, and a transpafent cursor having cross lines
provided thereon mounted for rotary and longitudinal move-
ments on said cylindrical member for projecting any gradu-
ation in any of said scale tracks onto said diagonal and
thence onto said second scale and for projecting any

: designation in said gecond scale onto said diagonal and
| thence onto any of said scale tracks, whereby the rangent of
any angle and the angle corresponding to any tangent may'be

readily ascertained.
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15.~ In a device of the class described, the combi-
nation of a cylindrical member having a graduated scale of
angles arranged ln parallel tracks on 1ts peripheral surface
near one end thereof, the graduations in sald scale belng
spaced in accordence with the numerical values of the sines
of the angles indicated thereby, a dlagonal line extending
across‘all of said tracks from beginning to end of said scale,
an intermediate logarithmic scale arranged in parallel tracks
coinciding with the tracks of said first mentioned scale, a
reciprocal scale arranged in parallel tracks alternating with
the tracks of sald logarithmic scale, a dlagonal line extending
across all of the tracks of sald logarithmic and reciprocai
scales, a relatively nerrow scale provided between said first
mentloned scale'and said logarithmlc and reciprocal scales
having graduations thereon corresponding to the spaclngs of
sald scale tracks, a graduated scale of angles provided near
the other end of said member, said scale being arranged in
parallel tracks and the graduations thereof being spaéed in
accordance with Ehe tangents of the angles 1ndlcated, a
disgonal line extending across all of said tracks from the
beginning of sald scale to the end theréof, a relatively
narrow scale provided between said last mentloned scale and
said logarithmic 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 longitudinal movements over all of sajid
scales for effecting multiplication and division of any combi-
nation of numbers on sald logarithmic scale and for projecting
any of the graduations in said logarithmlc scale onto the
associated dlagonal and thence onto said relatlvely narrow

scale and for projecting any indication on said relatively
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narrow scale onto saild disgonal and thence onto sald logarithe

-aim 15 cont'd)

mic scale for ascertalning logarithms and anti-logaritims,
respectively, and sald cursors being adapted to project any of
the angle graduations on said first mentioned scale onto its
assoclated diagonal and thence onto sald relatively narrow
scale and to project any indication on sald relatively narrow
scale onto gaid diagonal and thence onto said angle scale,
whereby the sines of any angles and the angles corresponding
to any sines may be ascertained, and said cursors being
Turther adépted to project any of the angle designatlions

in saild tangent scale onto the associated diagonal and thence
onto the relatively narrow scale adjacent thereto and fo Pro=-
ject any indication on said relatively narrow scale onto sald
tangent scale, whereby the tangent of any éngle and the angle
corresponding to any tangent may be readlly ascertalned.

16.- in a device of the claag described, the |
combination of & member having a logarithmic scale provided
thereon arranged in substentially parallel tracks, and a
palr of cursors operatively assoclated with sald member and
adaﬁted for at least two-dimensional movement over sald scale,
each of sald cursors having a pair of hairlines provided there-
on spaced apart a distanggwequal to substantially the length
of said tracks and a second pair of hairlines arranged 'at sub-

stantially right angles to said first mentioned hairlines.
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17.- In a device of the class described, the
combination of a member having & logarithmic scale provided
thereon arranged in substantially parallel tracks, and a psair
of cursors operatively assoclated with sald member and adapted
for at least two-dimensional movement over sald scale, each of
sald cursors having 2 pair of hairlines provided thereon spaced
apart a dlstance equal to substantielly the length of saild
tracks and a'second palr of hairlines arranged at substantielly
right angles to said first mentioned hairlines and intersecting
the latter, the points of intersectionrbf said pairs of hair-
1ines being spaced apart in é directiopiat right angles to said
tracks a distance equal to substantially the width of one of
sald tracks. |

18,- In a device of the class described, the
comblnation of a cylindrical member having a logarithmic scale
provided on the peripheral surface thereof, sald scale belng

arranged in a plurallifty of substantially parallel tracks of

“Nequal length, a‘éjiindfical'ﬁfénépafent cursor mounted on said

¢ylindrical member having spaced circunferential hairlines pro-
vlded thereon, said hairlines being spaced apart a distance
equal. to substantially the length of said scale tracks, and an
additional palr of halrlines provided on sald cursor, one of
said last mentioned halrlines intersecting éach of sald first
me£tioned heirlines end said last mentioned pair of hdirlines
being spaced apart eircumferentially a distance equal to sub-

stantially the width of one of said scale tracks,
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19,.~ In a device of the class described, the
combination of a c¢ylindrical member having a logarithmic scale
provided on the peripheral surface thereof, sald scale belng
arranged’in a plurality of substantially paraliel tracks of
egual length, and a pailr of cylindrical transparent cursors
mounted on said cylindrical member, each of said transparent
cursors having provided thereon spaced circumferential hair=-
lines, said hairlines being spaced apart a distance equal to the
length of said scale tracks, and a second pair of hairlines pro-
vided on each of said cursors, said last mentioned pair of hair-
lines intersecting said first mentioned hairlines and being
spaced apart circumferentially a distance egual to substantial-
ly the width of one of said scale tracks.

20,~ In a device of the class described, the
combinatlion of & cylindrical member having a logarithmic scale
provided on the surface thereof, sald scale being arranged in a
plurality of suEstantially parallel tracks of equal length,

end a pair of cylindrical transparent cursors mounted on said

eylindrical member, sald cursors being disposed on 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 indi-
cated on sald scale, each of said cursors having provided there-
on'spaced circumferential hairlines, said nairlines being spaced
apart a distance equal bto substantially the length of said scale
tracks,‘and a second palr of hairlines provided on each of sald
cursors, sald last mentionéd hairlines intersecting sald first

mentioned hairlines and being spaced apart circumferentially a

distance equal to substantlally the width of one of said scale

tracks.,
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21,- A cursor for slide rules comprising a
cylindrical body portion constructed of transparent material,
said body portion having a palr of spaced clrcumferential hair-
lines provided thereon, and a longltudinally extending hairline
intersecting said first mentioned hairlines at substantially

right angles,

22,.- A cursor for slide rules comprising 2a
cylindrical body portion constructed of transparent material,
sald body portion having a palr of spaced circumferential hair-
lines provided thereon, a longitudinally extending hairline
intersecting said first mentioned hairlines at substantlally
right sngles, and a relatively short halrline intersecting each
of said first mentioned hairlines, said last mentloned hairlines

veing circumferentially spaced.

23e= A cursor for slide rules comprising a tubular
body portion, spaced projections extending inwardly from said
body portion, and cross-halrlines provided on the periphery of

said body portion.
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