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. This invention relates to computing deviees
commonly known as slide rules, and particularly
to a device of the class described employing fixed
and movable scales and a hair-line indicator mov-
able relatively to said scales; and the object of
the invention is to provide means involving a hair-
line section in the indicator of a device of the class
described movable diagonally with respect to the
path of relative movement of said scales to facili-
tate greater accuracy in the setting and reading
thereof; a further object being to provide scale
markings on said device and registering with a
transverse indicating means on said hair-line sec-
tion to translate predetermined movement of said
hair-line section into accurate fractional parts
of various spaced markings of said fixed and mov-
able scales; a further object being to provide an
indicator unit having a movable hair-line section
and scale markings arranged directly on said unit

cooperating with said hair-line section; a still:¢

further object being to provide means in said in-
dicator unit for accurately determining the proper
scale markings in different positions of the unit
with respect to the fixed and movable scales of
said device; and with these and other objects in
view, -the invention consists in a- device of the
class and for the purpose specified, which is simple
in construction, efficient in use, and which is con-
structed as hereinafter described and claimed.
- The invention is fully disclosed in the follow-
ing specification, of which the accompanying
drawing forms a part, in which the separate parts
of my improvement are designated by reference
characters'in each of the views; and in which:

Fig. 1 is a diagrammatic plan view of a slide
rule indicating one form of my invention assocx-
ated therewith,

Fig. 2 is a graphic diagram of the scale mark-
ings cooperating with the movable hair-line sec-

tion as shown in Fig. 1, and indicating the varia-~ °

tion in spacing of such markings at different
points longitudinally of the slide rule. .

Fig. 3 is a view substantially on the line 3—3
of Fig. 1.

Fig. 4 is an enlarged diagrammatic view of the °

indicator and a portion of the slide rule as shown
in Fig. 1, illustrating the use thereof.

Fig. 5 is a view similar to the indicator of Fig.
4 showing a modification of the indicator; and,

Fig. 6 is a view similar to Fig. 5 showing a fur- *

ther modification.

In the use of a slide rule of the conventional
type, the degree of accuracy in setting and read-
ing the device is limited by the particular spacing
of the graduations or markings longitudinally of
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the fixed and movable scales. - As used hereinafter
in the specification and claims the expression
“small subdivision” is intended to mean the space
between any two successive graduations or mark-
ings of said scales. A hair-line indicator can be
adjusted quite accurately to a position in super-
imposed relation to one of the lines or marks on
a scale, but when it comes to settihg the hair-line
to a fractional distance between two such marks,
there is great chance forinaccuracy and error in
judgment. It is the purpose of ‘the present in-
vention to provide means for accurately adjust-
ing the hair-line of the indicator to predeter-
mined fractional portions of the distance between
adjacent markings and to enable reasonably ac-
curate judging of still further subdivisions there-
of. In other words, by means of the present in-
vention, it is possible to extend the accuracy of
a given slide rule to one or more additional deci-
mal places, thereby materially adding to the use-
fulness of the slide rule.

The invention consists in providing a hair line
bearing section diagonally arranged in the indi-
cator of the slide rule for movement angularly
to the longitudinal axis of the slide rule. In other
words, the movement of the hair-line section in
the indicator translates to the hair-line a reduced
movement longitudinally of the slide rule depend-
ing on the angularity of said section. Thus, know-
ing the distance between any two markings on a
scale of the slide rule, the vertical movement of
the hair-line section corresponding to this dis-
tarice can be determined. This extent of move-
ment, being greatly magnified with respect to
the spacing of the scale markings, may accurate-
1y be divided into fractional parts, and subsequent
movement of the hair-line section with respect
to these fractional parts will produce an accurate
proportional movement of the hair-line lonvltu-
dinally of the slide rule.

Since sucecessive graduations on the various
seales of a slide rule are variably spaced accord-
ing to a logarithmic pattern, it will be apparent
that the scale markings cooperating with the mov-
able -hair-line secticn to measure the transverse
movement thereof will vary correspondingly.
Likewise, the scale markings which cooperate with
the hair-line section may be incorporated with
the slide rule in different ways as more fully here-
inafter set forth. ’

For purposes of illustration I have shown in
Fig. 1 of the drawing a diagrammatic representa-
tion of a slide rule {9 comprising a frame having
fixed rdils 11 and 12 joined at thé ends thereof
by brackets 13, and a movable rail {4 arranged
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for sliding engagement with the rails 1! ang 12.
The surfaces of the rails i1, 12, and 14 are pro-
vided with different logarithmic scales and scale
markings depending upon the use for which the
slide rule is intended. For purposes of illustra-
tion a single fixed scale and a single movable
scale have been shown in the drawing, these be-
ing the D scale and the C scale respectively, which
are more or less standard scales for simple com-
putations and are therefore found on most slide
rules. In the drawing the primary subdivisions
of the C and D scales have been diagrammatical-

1y indicated. It will be understood, of course, that

each of these subdivisions may be further divided
and subdivided according to the size of the slide
rule and the degree of accuracy desired therein.

At 15 there is shown a cursor herein referred
to as an indicator in that it is the commen trade
term used for such devices. 'This indicator is
slidable longitudinally of the rails {1, 12, and {4.
The indicator is formed from frame parts 16, i1,
note Figs. 1 and 3, having an outer transparent
member 18 secured thereto in any suitable man-
ner, as for example by the screws {9. Between
the member {8 and the frame parts {6 and I7 is
another transparent member 28 having a diag-
onal portion thereof removed to receive a slid-
able section 21 having a hair-line 22 arranged
therein in a manner to be disposed perpendicular
to the Iongitudinal axis of the slide rule, As
shown in the drawing, the member 20 actually
comptises. similar spaced members. It will be
apparent, however, that it is within the scope of
the invention to fashion the memher 20 from a
single part grooved or channeled to receive the
section 21. In the showing of Fig. 3, the indi-
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cator has been shown as provided with a lower

transparent member 23. It will be understood
that such a construction is adapted for use on
double-face slide rules, whereas on 2 single-face
slide rule, such rear transparent member will be
dispensed with. It will further be understood
that if desired in a double-face slide rule, an
additional movable section, similar to the section
21, may be provided. For present purposes, how-
ever, description will be limited to the simplified
showing in fhe drawing.

At intervals longitudinally of the rails I2 and
i4 and associated with the D and C scales re-
spectively, are spaced scales or groups of mark-
ings 24, 25, which are preferably arranged at an
angle equal to the angularity of the side of the
hair-line section 21. These groups are spaced at
intervals longitudinally' of the slide rule suf-
ficiently close so that at least one group on each
of the rails will at all times be in alinement with,
or closely adjacent, the section 2, Thus it will
at all times be possible to move suitable indicator
hair-lines or ofher markings 26, 27 on the sec-
tion 21 accurately with respect to the markings
of the proper diagonally arranged group.

In Fig. 2 of the drawing, the spacing of the

dofs in the scales 24——25 have been graphically
indicated for all points along the slide rule. The
smaller subdivisions in the C and D scales are
duplicated as to size in the sections between |
and 2, 2 and 4, and 5 and 10, on each scale. In
the small section between 4 and § the successive
graduations or markings are more widely spaced
than elsewhere on the scale. In the graphic
showing of Fig. 2 there has been diagramma-
tically indicated the degree of vertical move-
ment of the hair-line section 2{ which corre-
sponds with the size of the small subdivisions,
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into fractional parts by the lines 28. In the
various groups of markings 24 and 29, the spac-
ing of the markings in the respective groups will
correspond to the spacing of the registering por-
tions of the lines 28, or such other fractional
divisional lines which might be employed.

It will, of course, be apparent that when the
markings are arranged in - spaced groups as at
24, 25, readings between the groups of markings
will be slightly less accurate than readings made
when the hair-line 22 is registering with a point
on the C or D scale which is directly in alinement
with one of these groups. The groups 24, 25, will,
however, be arranged sufficiently close so that
the slight inaccuracy produced will be insignifi-
cant as compared with the increased accuracy
produced in the use: of the adjustable hair-line
section 21.

In Fig. 4 there is an enlarged illustration of
a small section of the construction shown in Fig.
1, The indicator 15 and section 2i have been
shown in a hypothetical position of setting with
respect to the C—D scales; and the dotfed line
showing of the section 21 indicates the manner
of accurately adjusting and reading fractional
settings of the hair-line 22 befween successive
markings on the C and D scales. It will be noted
that the transverse hair-lines 26 and 27 are regis~
tering with the markings 24 and 25 respectively.
In the full line position of the section 21 the
reading on the D scale would be 460 while the
reading on the C scale would be 212. When the
section 21 is moved to the dotted line position,
the hair-line 26 has been moved two units on
the scale 24, and since five units on the scale 24
are equal to one unit on the D scale, the reading
on the D scale has been increased by 2 of & unit,
or in other words, to 464, - ’

Turning now to the C scale, it will be noted

40 that in the full line position of the. section 2i,
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the hair-line 22 would give the accurate reading
212, Tn the dotted line position, however, the
hair-line 27 is moved four units along the scale
25. The markings in the scale 25 are so spaced
that five units along this scale will be the equiva-
lent of movement of the hair-line 22 longitudi-
nally of the slide rule from one mark on the C
scale to the next successive mark. On the C
scale, small subdivisions with which the hair-
line 22 is registering, each represent two units so
that 46 of this amount would be 1.6 units. Thus,
disregarding the decimal point, the accurate
reading on the C scale according to the dotted
line position of the hair-line 22 would be 2138.

It will be apparent in view of the foregoing
that with the improved slide rule construction,
it is extremely easy to obfain accurate settings
of the hair-line 22 at points intermediate suc-
cessive graduations on the scales. In obtaining
accurate readings, as for example in accurately
reading an answer, the process is simply reversed.
In other words, suppose an answer was to be
found in the dotted line position of the hair-line

- 22 on the D scale, the operator immediately

65

70

knows that the answer is slightly over 46. Thus,
by noting the dotted line position of the hair-line
26 and moving the section 2{ downwardly until
the hair-line 22 is exactly over the 46 mark of
the D scale, the number of unifs which the hair-
line has moved along the scale 24 will determine
accurately the fractional reading in excess of 46,
which in the representation would be two units,
making the answer 464.

In Figs. 5 and 6 of the drawing, there is shown

and the section between: 4 and 10 has been divided 756 2 modified adaptation of the invention wherein
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the markings for measuring the vertical move-
ment of the hair-line section are arranged on
the indicator unit and movable longitudinally of
the slide rule together therewith, thus dispens-
ing with the markings 24 and 25 on the fixed
and movable rails of the slide rule. In Fig. 5
the indicator unit 28 is provided with a slidable
section 29, similar to the section 21, having a
vertical hair-line 30 and a transverse hair-line
31 thereon. At one side of the section 29 is a
scale, chart or diagram 32 on which to measure
vertical movement of the hair-line 3f. It will
be apparent that the lower half of the diagram
32 is similar to the showing in Fig. 2 and par-
ticularly the portion thereof between 4 and 10 on
the scale.

The diagram 32 is constructed to meet the
range of conditions which will be met in a
given slide rule. In Fig. 5 of the drawing a brief
section of the C scale has been shown indicating
the smallest subdivisions thereof; and we shall
assume for purposes of illustration that the sub-
divisions to the left of the numeral 4 on the
C scale represent the smallest subdivisions to be
found anywhere on the slide rule, and the sub-
divisions to the right of the numeral 4 to be the
largest single subdivisions. In translating longi-
tudinal spacing of successive graduations form-
ing these subdivisions to vertical movement -of

the section 29, it will be noted that the smaller 3

units are equal to a vertical movement as indi-
cated at X, whereas the large units are equal to
a much larger vertical movement as indicated
at ¥. The distances X and Y therefore form the
end vertical lines of the diagram 32 as will be
apparent, it being understood that the diagram
is repeated above and below the center line 33
thereof. The lines 34 joining the end lines of
the diagram 32 represent the vertical movement
of the section 29 which corresponds with the
small subdivisions of the slide rule scale at any
and all points between the largest and smallest
of said subdivisions.

A plurality of vertical lines are provided in the
diagram 32.* The spacing between these vertical
lines corresponds with the size of the small sub-
divisions of the slide rule scales at representative
points along said scales. For example, the spac-
ing between the vertical line at the left hand end
of the diagram 32, as shown in Fig. 5, and the
next vertical line may be equal to a small sub-
division of the slide rule scale at a point mid-
way between the numerals 4 and 5 of said scale.
The space between sticcessive vertical lines of the
diagram 32 will then be equal to small sub-
divisions of the slide rule scale at points be-
tween the numerals 5—6, 6—17, 7—8, 8—9, and
the space between the last two vertical lines at
the right hand end of the diagram 32 will be
equal to a small subdivision of the slide rule
scale, at a point between the numerals 9 and 10.
Between the lines 34 and 33, the diagram 32 may
be subdivided in any desired manner, and for
purposes of illustration the space between these
lines has heen divided into five parts.

In using the device shown in Fig. 5 to obtain
a setting or reading, one must decide on the
proper vertical line of the diagram 32 to use as
a scale. This is done by visually comparing a
particular subdivision of the slide rule scale with
the spacing between the vertical lines of the
diagram 32 and determining which of the latter
spacing corresponds most closely with the said
subdivision. Then if the subdivision is larger
than the spacing that has been selected, the ver-
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tical line to the left of said spacing should be
employed, and if smaller, the line to the right of
said spacing should be employed for measuring
vertical movement of the section 29. It will be
noted that the diagram 32 is sufficiently close to
the area on the section 29 in which readings are
to be taken so that the selection of the proper
scale will be reasonably accurate. Having de-
cided on the proper vertical line or scale of the
diagram 32 to employ, the operation of the de-
vice will proceed in precisely the same manner
as previously described in connection with Fig. 4.

In Fig. 6 of the drawing there is shown a slight
modification of the construction as shown in
Fig. 5. Here the indicator unit 35 has been shown
diagrammatically associated with a more com-
plex slide rule having g plurality of scales there-
cn. Briefly, the C and D scales are the normal
computing scales, the DF and CF scales are
special scales having end indexes at 3.1416 (or
pi) ; whereas the CI and CIF scales are inverted
C and D or CIF and DF scales respectively. It
will be understood of course that the particular
scales indicated here are merely representative of
numerous and varied scales which are employed
in more complex slide rules. On the indicator
unit 39, a scale diagram 36 has been shown which
is basically similar to the diagram 32. The wide
portion of the diagram 26 (the left hand portion,
as shown in Fig. 6) has been provided with addi-
tional subdivisions as will be apparent to facili-
tate greater accuracy in the reading thereof;
while the narrow end of the diagram (the right
hand end, as shown in Fig. 6) is provided with
upper and lower extensions 37 which serve to
extend the range of the scales at that portion of
the diagram. It will be understood in this con-
nection that the particular manner of arranging
the lines and graduations in the diagram 36 may
be varied in any desired manner to facilifate easy
and accurate reading thereof. PFor example, dif-
ferent colors may be employed in the successive
vertical lines of the diagram and individual trans-
verse markings may be employed on these lines
in place of the angular division lines which ex-
tend the full width of the diagram.

The hair-line section 38 is provided with the
normal hair-line 39 and has been shown in the
drawing in a central or neutral position. In
spaced relation on the section 38 and adjacent
the hair-line 39 are short gage lines 40 which
may he arranged on either side of the line 39.
The ends of each gage line 40 are spaced along
the line 3% a distance equal to the vertical spac-
ing of ends of the diagonal line 4{ of the dia-
gram 36 the diagram 36 and diagonal line 41
thereof are determined and laid out in the same
way as the diagram 32 and corresponding line
34 previously described. The lines 40 are spaced
throughout the length thereof at a graduated
distance from the hair-line 39. The end 42 of
each line 48 is spaced from the line 39 a distance
equal to the closest spacing of successive gradua-
tions on the various scales of the slide rule. The
ends 43 are spaced from the line 39 a distance
equal to the wide spacing of successive gradua-
tions of the slide rule scale, while between the
ends 42—A2, the spacing of the line 40 from the
line 39 will represent all intermediate small sub-
divisions of the slide rule scale.

It will be apparent that there is a direct rela-
tion between the gage lines 49 and the diagram
36, and this relation is made operative by means
of index markings 44 along one edge of the sec-
tion 38 and corresponding with the variocus scales
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of the slide rule. To illustrate the use of the
marks 44: If the section 38 is moved to aline
the end 42 of the lower gage line 40 with the C
or D scale of the slide rule, the mark 44, which
is identified as the C—D index, will be in aline-
ment with the lower extremity of the lower line
£{ on the diagram 36; and conversely, when the
end 42 of the gage line 40 is moved into register-
ing position with the C or D scale, the C—D
marking 44 will be in alinement with the upper
extremity of the lower line #i. In other words,
it will be apparent that by setting the section 38
so. that the spacing of the gage line £0 and the
hair-line 39 corresponds to any given subdivision
on the C or D scale, the point on the line 41,
which is:in transverse alinement with the C—D
mark 44, will indicate the particular section or
vertical line in the diagram 36, which should be
employed in measuring the vertical movement of
the horizontal hair-line 45 and thereby making
the fractional or vernier adjustment of the hair-
line 9.

The device as shown in Fig. 6 of the drawing
functions basically in the same manner as pre-
viously described with the additional feature that
means is provided for accurately determining the
particular graduation in the diagram 36 which
should be employed in regulating the movement
of the section 28.

"It will ‘be understood from the present dis-
closure that generally speaking the invention re-
lates to the provision of a means for providing
a fine and measured adjustment of an indica-
tor element which is movable with respect to a
scale; and the invention is by no means limited
to any particular type or kind of scale involving
the parts such as specifically shown and de-
scribed. As hag been illustrated the fine adjust-
ment of the hair-line or other indicator may be
measured directly on the indicator or by registra-
tion with markings formed directly on the scale;
and in either case the particular form:and ar-
rangement of the markings may of course be
varied. This will especially be the case in the
use of the invention on different types and kinds
of instruments.

Having fully described my invention, what I
claim as new and desire to secure by Letters
Patent, is:

1. In a computing instrument having fixed
and movable scales, an indicator mounted on and
movable relatively to said scales, said indicator
including a member mounted for diagonal move-
ment with respect to the path of movement of
the indicator on the scales, said member having
a marking movable longitudinally of the scales
in the diagonal movement of said member, other
markings on said instrument arranged trans~
versely of the scales representing sub-divisions
of adjacent scale markings, and sald member
having another mark movable transversely of the
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scales and with respect to the last named mark- -

ings in indicating sub-divisions hetween prede-
termined successive scale marks,

2. In a computing instrument having fixed and
movable scales, an indicator movable relatively
to said scales, said indicator including a mem-
ber mounted for diagonal movement with respect
to the path of movement of the indicator on the
scales, sald member having a marking movable
longitudinally of the scales in the diagonal move-
ment of said member, other markings on said in-
strument arranged transversely of the scales
representing sub-divisions of adjacent scale
markings, said member having another mark
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movable transversely of the scales and with re-
spect to the last named markings in indicating
sub-divisions between predetertined successive
scale marks, the markings on said member both
comprising hair lines, and the transversely ar-
ranged markings being disposed in groups spaced
longitudinally of said scales.

3. In a computing instrument having fixed and
movable scales, an indicator mounfed on and
movable relatively to said scales, said indicator
including a member mounted for diagonal move-
ment with respect to the path of movement of
the indicator on the scales, said member having
a marking movable longitudinally of the scales
in the diagonal movement of said member, other
markings on said instrument arranged trans-
versely of the scales representing sub-divisions of
adjacent scale markings, said member having
another mark movable transversely of the scales
and with respect to the last named markings in
indicating sub-divisions between predetermined
successive scale marks, the markings on said
member both comprising hair lines, and said
transversely arranged markings being arranged
on said indicator adjacent one edge of sald
member.

4, In slide rules of the character described, an
indicator unit mounted on and movable longitu-

" dinally of the rule, a member mounted in sdid

unit for movement transversely thereof diago-
nally with respect to the path of movement of
the unit on the rule, and said member having 2
hair-line mark arranged at right angles to the
path of movement of the unit on the rule and
movable longitudinally of the rule in the trans-
verse diagonal movement of said member with
respect to said unit,

5. In slide rules of the character described, an
indicator unit mounted on and movable longitu-
dinally of the rule, a member mounted in said
unit for movement transversely thereof diago- -
nally with respect to the path of movement of
the unit on the rule, said member having a hair-
line mark movable longitudinally of the rule in
the transverse diagonal movement of said mem-
ber with respect to said unit, another mark on
said member movable transversely of the rule in
the transverse movement of said member, and a
scale on said unit with which said last named
mark registers gauging the transverse movement
of said member and the longitudinal movement
of said hair-line mark in said unit.

6. An indicator for slide rules of the class de-
scribed, said indicstor comprising a " frame
mounted on and movable longitudinally with re-
spect to the slide rule, a member movable diago-
nally in the plane transverse to the movement of
said indicator on the rule, said indicator frame
having a plurality of transversely spaced fixed
markings thereon, said member bhaving a hair
line movable longitudinally of the indicator in
the transverse movement of said member there-~
in, and ancther marking on said member regis-
tering with the fixed markings of said indicator
in measuring the degree of longitudinal move-
ment of said hair-line marking with respect to
said indicator.

7. In slide rules of the character described, an
indicator unit mounted on and movable longitu-
dinally of the rule, a member mounted in said
unit for movement transversely thereof diago-
nally with respect to the path of movement of
the unit on the rule, said member having a hair
line mark movable longitudinally of the rule in
the transverse diagonal movement of said mem-
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ber with respect to the rule, and another mark
on said member movable transversely of the rule
and co-acting with markings arranged trans-
versely with respect to said rule for gaging the
transverse movement of said member and the
corresponding longitudinal movement to the hair
line thereof.

8. In a slide rule having fixed and movable
scales, an indicator having & hair-line element
movable angularly to said scales for fractional
readings of the scales, each scale having groups
of transversely arranged markings, a mark on
said hair-line element adapted to co-act with
said last named markings in the angular move-
ment of said element, and said groups of mark-
ings being spaced longitudinally of the scales. -

9. A slide rule of the class described, compris-
ing relatively slidable ruler parts each having
longitudinally arranged scales, at least one of
said ruler parts having transversely spaced mark-~
ings said markings being arranged in groups
varying in the transverse spacing thereof in pro-
partion to the spacings of scale markings on said
ruler parts.

10. A slide rule of the class described, com-
prising relatively slidable ruler parts each hav-
ing longitudinally arranged scales, at least one
of sald ruler parts having transversely spaced
markings, said markings being arranged in
groups spaced longitudinally of said part, the
markings of successive groups varying in the
transverse spacing thereof in proportion to the
spacings of scale markings on said ruler part,
and the markings in each group being stepped
diagonally with respect to opposed edges of the
ruler part.

11. In a computing instrument having a scale
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including small subdivisions, an indicator mount-
ed on and movable relatively to said scale, angu-
larly movable means supporting a hair-line
marking in said indicator, maovement of said
means relatively to said indicator providing
greatly reduced movement of said hair-line with
respect to said scale, and means for measuring
the degree of movement of the hair-line between
successive sub-divisions of the scale,

12. In a computing instrument having a scale
including small subdivisions, an indicator mount-
ed on and movable relatively to said scale, angu-
larly movable means supporting a hair-line
marking in said indicator, movement of said
means relatively to said indicator providing
greatly reduced movement of said hair-line with
respect to said scale, means for measuring the
degree of movement of the hair-line between
successive sub-divisions of the scale, said last
named means comprising a mark on said first
named means and a plurality of markings spaced
longitudinally with respect to the movement of
sald first named means. ,

13. In a2 computing instrument having fixed
and movable scales, an indicator mounted on
and movable relatively to said scales, a member
on said indicator mounted for diagonal move-
ment with respect to the path of movement of
the indicator on the scales, said member having
a marking arranged transversely of the scales,
and the diagonal movement of said member pro-
viding greatly reduced movement of said marker
longitudinally of the scales, thereby facilitating
accurate selective adjustment of said marking
with respect to said scales.

THEODORE J. SETERA.



