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1 .
FACTORMATIC SLIDE RULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to slide rules and more
particularly to a slide rule effectively lengthening a log-
arithmic scale without increasing the length of the in-
strument containing the scale:

It is generally understood with linear slide rules the
longer the overall length of the rule or the greater the
diameter of the rule, in circular slide rules, the more ac-
curate will be the interpolations of significant figures
and the ability to determine additional estimated fig-
ures, The accuracy in each case depending upon the

~ ability of the user. The most popular side rule is known
as the *“10 inch” slide rule for the reason that it is a con-
venient size for carrying or storing and that the scales
provided thereon are of sufficient size and spacing to
assure reasonable accuracy. Many longer length slide
rules are available where greater accuracy is required
but, because of their size, are not generally used except
in laboratories, or the like. Although more accurate in-
terpolation and easier reading can be effected by a rea-
sonable increase in the length of a logarithmic scale it
must be increased 10 fold to increase the calculating
capacity by one significant figure throughout the scale,
therefore, logarithmic scale calculators heretofore
have generally been confined to the 10 inch slide rule.

2. Description of the Prior Art. .

U.S. Pat. No. 3,286,920 discloses an elongated slide
rule formed of flexible material so that the rule may be
rolled up for storage when not in use.

This invention is distinctive over this patent and con-
ventional slide rules by increasing the significant figure
calculating capacity by placing an elongated logarith-
mic scale on a plurality of lines successively scored lon-
gitudinally on the slider without an increase in longitu-
dinal dimenison of the slide rule.

SUMMARY OF THE INVENTION

This invention comprises a frame having a start-
answer or index line transversely scored across its re-
spective end portions. The frame slidably receives a
slider having end lines transversely scored on its sur-
face at its respective end portions coinciding with the
index lines. Scale indicia is scored on the slider unit at
one longitudinal side between the slider end lines. The
remaining transverse width of the slider is longitudi-
nally divided by a plurality of equally spaced-apart
scale lines parallel with the longitudinal sides of the
slider and between its end lines. Each scale line is as-
signed a value or scale line number to distinguish it
" from the remaining scale lines.

A cursor extends transversely across the slider and is
supported by the frame for registering with the indexes
and linear values on the slider. The cursor includes a
cross hair or hairline parallel with the index lines and
increments of indicia for registering with the values on
the slider. The cursor slidably supports a movable scale
line calculator comprising an elongated strip extending

across the slider and frame for locating the scale line-

containing a calculated value. The line calculator con-
tains a repeating series of indicia, respectively, equal in
value to the values assigned to the respective scale lines
on the slider. : oo
The principal object of this invention is to provide a
means for increasing the significant figure and esti-
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2

mated figure accuracy calculating capacity of a slide
rule by lengthening a logarithmic calculating scale
without lengthening the longitudinal dimension of the
slide rule the logarithmic scale is placed on.

‘BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of the slide rule;

FIG. 2 is a top view of the slider unit, per se;

FIG. 3 is a vertical cross-sectional view, to a larger
scale, taken along the line 3—3 of FIG. 1;

FIG. 4 is a vertical cross-sectional view taken along
the line 4—4 of FIG. 3;

FIG. § is a fragmentary vertical cross-sectional view

-taken along the line 5—5 of FIG. 1;

FIGS. 6A and 6B illustrate an example of multiplica-
tion;

FIGS. 7A and 7B illustrate an example of division;
and,

FIGS. 8A and 8B illustrate an example of obtaining
a logarithm mantissa and a root of a value.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

-Like characters of reference designate like parts in
those figures of the drawings in which they occur.

In the drawings:

Numerals and increments of the scales normally ap-
pearing through overlying transparent components of
the slide rule have generally been omitted for clarity.

The reference numeral 100 indicates the slide rule,
as a whole, comprising a support or frame 102, a scale
member or slider 104 and a cursor 106. The frame 102
is substantially conventional with linear slide rules
comprising elongated side members 108 and 110
joined in parallel spaced-apart relation at their respec-
tive ends by preferably transparent upper and lower
bars 112 and 114, respectively, which are secured at
their respective end portions to the respective frame
side members 108 and 110 by pins 116. The upper bars
112 are longitudinally marked or scored medially their
width to define startanswer or index lines Y and Z adja-
cent the respective left and right ends of the frame, as
viewed in the drawings. The slider 104, having a length
slightly greater than the length of the frame 102 for
ease in manipulation and a width coextensive with the
spacing between the frame members 108 and 110, is
cooperatively received therebetween in conventional
tongue and groove fashion. The slider 104 is provided,
adjacent its respective left and right end portions, with
a transverse scored or printed line coinciding with the
spacing between the index lines Y and Z, as indicated
at LE AND RE, respectively. The slider 104 is longitu-
dinally scored between its end lines LE and RE to form
a plurality of longitudinally extending parallel segments
or spaces filling the transverse width of the scale for re-
ceiving scale indicia, as presently explained. The longi-
tudinal space on the slider, adjacent its marginal edge
facing the frame side 108, is provided with a square
root scale, indicated by the square root symbol, and
comprising a repeating series of indicia with assigned
values with the central portion of the scale being indi-
cated by a division point 118 with the letter A indicat-
ing the series of indicia to the left of the division point
118, as viewed in the drawings and indicated by the ar-
row, while the letter B is placed on the opposite or right
side of the division point 118 with the arrow indicating
the second repeating series of indicia for the purposes
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presently explained. The longitudinal spacing on the
slider 104, adjacent the square root scale, is provided
with a log scale L comprising indicia with assigned val-
ues extending throughout the length of the scale L in
equally spaced-apart relation with every tenth incre-
ment being assigned a value. It should be noted that the
spacing of the increments forming the log line L bear
a relationship to the increments forming the square
root scale such that the spacing between any two-incre-
ments of the log line is equal to twice the spacing be-
tween any two increments of the square root scale.
Stated another way, each increment of the log scale L
is aligned, transversely of the slider, with every other
one of the increments forming the square root scale.

The remaining spaces; extending longitudinally of the
slider between its end lines LE and RE and occupying
the remaining transverse width of the slider, equal 10
in number in the example shown, and are assigned val-
ues, such as the numerals 0 through 9, printed on the
respective frame end members 112 for identification of
these segments or spaces which are hereinafter referred
to.as “scale lines.” A logarithmic scale, equal in length
to the log scale L, is increased 10-fold in length and di-
vided into ten segments, each equal in length to the
spacing between the end lines LE and RE of the slider
with these ten segments of the logarithmic scale having
the increments thereof scored on the respective scale
lines numbered O through 9. Selected increments, each
equaling the value of the extended logarithmic scale,
are assigned identical values on the respective scale
lines, such as by using the numerals 11 through 99 in
sequence. It should be understood that the value at the
slider right end line RE of any one of the scale lines,
numbered 0 through 9 , is the identical value of the log-
arithmic scale at the slider left end line LE beginning
the succeeding scale line. For example, the value at the
end of the scale line numbered O is the identical value
at the end line LE of the second scale line numbered
1 and so on ending with the scale line 9.

The preferably transparent cursor 106 overlies and
extends transversely of the frame 102 and slider 104
and is slidably supported, at its respective ends, by the
respective outer lateral surfaces of the frame members
108 and 110 by substantially conventional cooperating
tongue and groove joints so that-the cursor may-move
from one index of the frame to the- other index. Be-
cause of the structural arrangement of the componénts
the undersurface of the cursor overlying the slider and
frame is preferably spaced slightly above the slider and
frame side members a distance sufficient to permit the
cursor to slide over or overlie the respective frame end
member 112 for the purposes readily apparent.

The cursor is provided with a hairline H extending
transversely of the frame and slider perpendicular with
respect to the longitudinal direction of the scales longi-
tudinally scored or printed on the slider. A column of
scale line values, identical with the scale line values 0
through 9, is printed or scored on the cursor along one

marginal edge in alignment with and overlying the re-
spective scale lines for ease in identifying a particular -
scale line during calculation as hereinafter explained.

The opposite side or marginal edge of the cursor, ex-
tending transversely across the frame and slider, is pro-
vided with a longitudinally extending slot or opening
for slidably receiving a line calculator 120. In the exam-
ple shown, the line calculator 120 comprises an elon-
gated rectangular strip of material having sufficient ri-
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gidity to permit .its being manually moved longitudi-
nally through its surrounding slot in a to and fro action
across the frame and line calculator. The slider 120 is
longitudinally - divided by a centrally scored line and
transversely scored or marked throughout its length in
equal spaced relation with respect to the scale line posi-
tions of the logarithmic scale lines numbered 0 through
9 for receiving a repeating series of values equal to the
10 scale lines, such as the numerals. 1 through 0, which
are scored or printed.on the upper surface of the line
calculator at one side of its longitudinal dividing line
while a repeating series of the value 10 1, such as the
numerals 0 through 9, are placed on the opposite or
right side of the line calculator dividing line, as viewed
in the drawings, for obtaining the number of the scale
line on which a value or unknown quantity being calcu-
lated will be found as hereinafter explained.

A scale line reference point, such as the circular-dot
122, is marked on the upper surface of the ‘cursor at
one side of the hairline H and in overlying position with
respect to the scale line numbered 0 for the purposes
presently explained. :

The scale lines numbered 0 through 9, having the log-
arithmic scale indicia scored thereon similarly bear a
definite relationship to the log line L.

Two basic concepts relating to logarithmic scales are:
(a)-the circularity of logarithmic scales and (b) the use
of relative logarithmic distance and relative reciprocal
logarithmic distance in calculation. The circularity of
logarithmic scales is attested by a circular slide rule and
by anology a table of logarithms. Circularity means that
a small addition to the highest value on the scale will
result in the lowest and conversely, a small substration
from the lowest value on the scale will result in. the
highest. With a'table of logarithms, the mantissas (loga-
rithmic values) behave in this manner, whereas the
characteristic shows.the actual increase or decrease in
value.

The relative logarithmic distance hereinafter referred
to as “distance” of the value on the slider is the dis-
tance between the left end line LE of the first scale line
numbered 0 and the value. The relative reciprocal loga-
rithmic distance hereinafter referred to as *‘reciprocal
distance” of a value on the slider is the distance be-
tween the right end line RE of the last scale line num-"
bered 9 and the value. Movement to the right with this
slide rule is-equivalent to addition of distance or recip-
rocal distance and movenet to the left is equivalent to
substration of - distance ‘or reciprocal distance. In
anology with a table of logarithms, multiplication is ac-
complished by the addition of distance or the substrac-
tion or reciprocal distance and division is accomplished
by the subtraction of distance or the addition of recip-
rocal distance as more fully explained by examples
hereinbelow.

Disregard the decimal point in the mantissa and con-
sider a four place table of logarithms as simply 10,000
places. The log scale L contains 100 equally spaced in-
crements or places. Estimating 10 places between any
two increments results in 1,000 estimated places. The
positions of the increments on the extended logarith-

" mic scale are plotted to equal 0 to' 1,000 places on the

65

scale line numbered 0 and 1,000 to 2,000 places on the
scale line numbered 1 and so on through scale line
numbered 9. It, threfore, seems evident that the mantis-
sas for all values on'line numbered | start with the num-
ber 1. Thus, when one of the indexes Y or Z or the hair-
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line H is aligned with a value on one of the scale lines
the indicator will simultaneously be aligned with the
same value on the log scale L. Therefore, the number
of scale lines employed, to contain the extended loga-
rithmic scale, must be contained an even number of
times in the desired total of marked and estimated
places of the extended logarithmic scale. It seems obvi-
ous, in the example illustrated, that additional logarith-
mic value indicating increments may be added between
any two increments shown on the respective scale lines
for increased accuracy. ‘

Thus, the mantissa of a logarithmic value may be ob-
tained by the position of one of the indicators, such as
the hairline H, positioned over the selected value on
one of the scale lines of the logarithmic scale and read-
ing the value of the indicia on the log line L. As is well
known, the square root of a given number may be ob-
tained by dividing the characteristic and logarithm of
that number by two and obtaining the antilog from a
log table which is accomplished by this slide rule by lo-
cating the value of the numeral on the log scale L and
then using the square root scale for placement of the
indicator to read the resulting root on one-of the loga-
rithmic scale lines in the manner more fully explained
hereinbelow. '

Let C equal the characteristic of a given value and M
the mantissa of that value. This can be expressed as C/2
+ M/2 (1). Let D represent the distance of a given
value. Substituting D for M in formula (1) results in C/2
+ D/2 (2). If the characteristic of the given value is 0,
as in 4.0, formula (2) becomes D/2 (3). Any whole
number in formula (2)may be cancelled for the reason
any whole number would be a characteristic. Thus, if
a given value has an even characteristic, such as 4, for-
mula (2) becomes 4/2 + D/2 or 2 + D/2, then cancel-
ling out 2 as it is a whole integer, results in D/2 above.
If the characteristic is an odd number, such as Sformula
(2) becomes 5/2 + D/ 2 or 2% + D/2. Cancelling out
2 results in 1/2 + D/2 (4). The 1/2 or 0.5 is a mantissa
and represents 1/2 of the total distance of the slide rule
scale. Thus, for values which have an even numbered
characteristic or a characteristic of zero, the formula is
D/2 or the distance of the value divided by 2. If the
characteristic of the value is odd, the formula is 1/2 +
D/2 or the distance of the value divided by 2 plus 1/2
the total distance of the slide rule scale.

The drawings illustrate a slide rule having 10 loga-
rithmic scale lines, and 1/2 the total distance is five
scale lines. In the drawings, where N is a value with an
even characteristic or a characteristic of zero, V 10N
will be at the same position between the scale end lines
as V N but five scale lines down. If any odd numbered
scale line is divided by two the result is a fractional re-
mainder of 1/2. This is 1/2 a scale line. Therefore, the
answer position will be in section B of the square root
line. Therefore, two additional columns of square root
location indicators are placed on the cursor and indi-
cated by E and F so that these two columns of values
contain the scale line values numbered O through 9 and
also either the left or right square root.scale A or B, as
viewed in the drawings, are included in the respective
columns E and F for determining which section of the
square root scale is to be used and on which scale line
the result will be found. The number-letter sets in col-
umn E, for even numbered or zero characteristics, for
each scale line number is obtained by dividing that line
number by two and substituting A for no remainder and
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B for a remainder of 1/2. The number-letter sets in col-
umn F for odd numbered characteristics, is obtained by
adding five to the column E for each scale line number.

The present invention involves use of some of the
techniques employed in manipulating a conventional
slide rule. For example, in a conventional slide rule in-
dicia relating to quantities or numerical values are in-
cluded on a pair of elements slidably mounted with re-
spect to each other with the indicia generally displayed
in the form of logarithmic scales extending between
end Ilimits called indexes at the beginning and end of
the scales. The conventional slide rule also includes a
transparent cursor containing a hairline. As set forth
hereinabove in this invention all of the scales are
placed on the slider between end limits forming indexes
which coincide with end limits or indexes scored on the
respective end portions of the slider supporting frame.

For the most part manipulation of this slide rule in
performing multiplication, division, etc. will be readily
understood by one accustomed to performing numeri-
cal calculations on a conventional slide rule.

MULTIPLICATION

An example of multiplying 3 times 13, accomplished
by adding distances, is illustrated by FIGS. 6A and 6B.
The frame index Z is placed over the value 3, (shown
as 30 on the scale line numbered 4). The line calculator
120 is moved within its slot to position the numeral 4,
on the right side of the calculator, so it is horizontally
aligned with the indicator dot 122 (because only the
numbers on the right side can be immediately next to
the indicator dot 122). The cursor 106 is then moved
so its hairline H coincides with the slider end line LE
while maintaining the slider stationary with respect to
the frame sides 108 and 110. The slider 104 is then
moved so that the numeral 13 on the slider is posi-
tioned under the hairline H (FIG. 6B). The scale line
on which the numeral 13 is on may be seen to be
aligned with the value 5 on the right side of the line cal-
culator 120, which side corresponds with the right
index line Z that is over the scale. This numeral § is the
key for locating the scale line or distance along the log-
arithmic scale on which the answer will be found which
appears under the frame end line Z as 39 on the scale
line numbered 5. Multiplying other selected values one
with the other proceeds in an identical fashion wherein
the magnitude of the unknown value, or in other words,
on which the scale line the unknown value will be
found, is determined by the line calculator in position-
ing the line number on which the selected starting nu-
meral is located in alignment with the indicator dot so
that the line number of the second multiplier, aligned
with a numeral on the line calculator indicates the scale
line number on which the product is Iocated. Obvi-
ously, right or left end lines on the frame and slider are
employed in such calculations as in conventional slide
rules.

In the above example it will be readily apparent that
the number of the scale line on which the product is
found is the total of the scale line numbers of the multi-
plier and multiplicand. This is true if the number of
complete scale lines equaling the distance to the multi-
plier is added to the number of complete scale lines
equaling the distance to the multiplicand (if the sum of
the partial distances to the multiplier and multiplicand
is less than the full distance of one scale line). There-
fore, if the right index line Z is on the slider 104 at the
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time a multiplier or multiplicand is under the hairline
H, in normal multiplication of two values, the correct
scale line number on which the product is found is ob-
tained by simply adding the scale line numbers.

However, consider multiplying 18 by 3. The initial
setting of the slide rule will be identical to the setting
shown by FIG. 6 A wherein the value 3 is located under
the right index line Z and the hairline H is positioned
over the left end line LE. The slider 104 is then moved
so that the value 18 is aligned under the hairline H, not
shown. This moves the left index line Y over the slider
104 so that it is simultaneously aligned with the product
54. Adding scale line numbers 2 plus 4 equalling 6 in
this example would be incorrect. for the reason the
product is actually on scale line number. 7. Therefore,
if the left index line Y is over the slider 104 at the time
a multiplier or multiplicand is under the hairline H, in
the normal course of multiplication, an additional scale
line must be added to the sum of the numbers corre-
sponding to the scale lines the multiplier and multipli-
cand are on. The line calculator 120 accomplishes this
function as may be observed in FIG. 6A where scale
line number 7 (in the left column of repeating series of
scale line numbers) is aligned with the scale line on
which the value 18 is located. The line calculator is par-
ticularly useful in determining the correct scale line
number on which the product or quotient will be found
during chain multiplication and/or division.

In chain calculations the scale line number on which
the product or quotient was located becomes the next
starting scale line number of the line calculator which
is -positioned -adjacent the. indicator dot 122 as ex-
plained: hereinabove.

Conversely, it will be readily apparent that FIGS. 6A
and 6B illustrate dividing 39 by 13 in which the index
Z is placed over the value 39 and the hairline H is
placed over the value 13 (FIG. 6B). The slider is then
moved so that its end line LE coincides with the hair-
line H so that the index Z is then located over the value
3.

DIVISION

An example of dividing 18 by 3, accomplished by
substracting distances, is illustrated in FIGS. 7A and
7B. The left index line Y is placed over the numeral 18
on the slider (FIG. 7A). The cursor 106 is moved so
that its hairline H is over.3 (or 30) on the slider. Since
the numeral 18 is located on scale line numbered 2, the
line calculator 120 is moved so that the number 2, on
the left side of the line calculator, is aligned with the
value 3 (or 30) (FIG. 7A). (The left side of the line cal-
culator is used for the reason that the left index Y is
over the scale lines). The numeral adjacent the indica-
tor dot 122, on the line calculator, is 7 thus indicating
that the result of dividing 18 by 3 will be found on the
scale line numbered 7 on the slider. Either the left end
line LE or the right end line RE is then moved to coin-
cide with the hairline H, in either case the opposite
index Y or Z is then over the numeral 6 (or 60) on scale
line number 7. In this example the right end line RE
was aligned with the hairline H.

Similarly, FIGS. 7A and 7B illustrate an example of
multiplying 3 by 6 in which the index Y is positioned
over the value 6 the hairline H is positioned to coincide
with the right end line RE (FIG. 7B). The slider 104 is
then moved so that the value 3 is aligned with the hair-
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line H with the product 18 appeaﬁng under the index
Y.

LOGARITHMS

The mantissa of a value is obtained by using the scale
lines 0-9 in combination with the log scale L by the re-
lationship set forth hereinabove. For example FIG. 8A
illustrates the manner in which the logarithm of 4 (or
40) is obtained. The left index Y is aligned with the nu-
meral 4 (or 40) on the slider. The value on the log line
L under the index' Y may be seen as 021 by estimating
the value one. Since the numeral 4 (or 40) is on scale
line number 6, indicating that the total distance or six
complete scale lines preceeds the value 4, the numeral
6 becomes the first figure of the mantissa to which-the
value on the log line is attached for completing the
mantissa 6021 of 4(or 40).

OBTAINING THE SQUARE ROOT OF A VALUE

FIGS. 8A and 8B illustrate the example of obtaining
the square root-of 4 (or 40). The left index Y is posi-
tioned over the value 4 (or 40) on scale line numeral
6 as explained hereinabove.

In the column of values E on the cursor the value co-
operating or horizontally aligned with the scale line
numbered 6 is the value' 3A which indicates, as ex-
plained hereinabove, that the square root of 4 will be
found on scale line numberéed 3 in section A of the
square root scale. The left index Y is moved to coincide
with the value 02 1-in‘section A of the square root scale,
The index Y is then over the value 2 on scale line num-
bered 3. The same setting of the index Y also provides
the square root of 40 by noting that in the column F on
the cursor the value horizontally aligned with the scale
line 6, on which the value 40 is located, is 8 A indicating
that the square root of 40 will be found on scale line
number 8 in section A of the square root scale. The
index Y may be seen to be over the value 632 on scale
line number 8 (FIG. 8B). Locating the decimal, thus
6.32, results in the square root of 40.

It seems readily apparent that cube roots of values
may be similarly obtained by this slide rule by the addi-
tion of a cube root scale divided into three equal sec-
tions with the total length of the three sections coexten-
sive with the log scale L and keyed with other columns
similar to the cursor columns E and F for locating the
cube root section and scale line number,

Obviously the invention is susceptible to changes or
alterations without defeating. its practicability, there-
fore, I do not wish to be confined to the preferred em-
bodiment shown in the drawings and described herein.

1 claim:

1. A slide rule, comprising:

a frame including side members joined at their re-

spective end portions in parallel spaced relation by

an end member, .

each said end member having an index line scored
thereon transversely of said frame;

a slider slidably supported by said side members for

movement longitudinally-of said frame,

said slider having an end line scored on its respec-
tive end portion in cooperative simultaneous reg-
isterable relation with respect to the end member
index lines,

said slider having indicia thereon located in a pre-
determined-order and at a predetermined spac-
ing,
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said indicia corresponding to quantitative parame-
ters and comprising a logarithmic scale,

said logarithmic scale being divided to form a plu-
rality of segments of equal length extending lon-
gitudinally between the end lines of said slider in
parallel juxtaposed progressive relation forming
a like plurality of scale lines;

and,
means cooperating with said frame and said slider for

aligning a first selected quantitative parameter with

a second selected quantitative parameter produc-

ing an indication of an unknown quantitative pa-

rameter and its magnitude,

said means including a cursor slidably supported by
said frame for longitudinal movement there-
along,

said cursor having a hairline extending transversely
of said frame and having an indicator scored
thereon,

said indicator overlying the position of said scale
line containing the lowermost values of said loga-
rithmic scale, and,

scale line calculator means on said cursor and co-
operating with said indicator for determining
which scale line of said plurality of scale lines
contains the unknown quantitative parameter,

said scale line calculator means including a rectan-
gular strip supported by said cursor for to and fro
movement transversely of said frame,

said strip having a repeating series of indicia scored
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thereon with the value of each series of the re-
peating series of indicia corresponding to the nu-
merical value of the plurality of scale lines when
consectively numbered transversely of said
slider,

the spacing between the indicia of each repeating
series of indicia being such that each indicia co-
incides with the position of one of the scale lines
of said plurality of scale lines when one of said
repeating series of indicia is disposed in overlying
relation with respect to said plurality of scale
lines.

2. The slide rule according to claim 1 in which the
predetermined order and spacing of said indicia further
includes:

a log scale comprising a single series of values scored

on said slider between its end lines.

3. The slide rule according to claim 2 in which the
predetermined order and spacing of said indicia further
includes:

a root scale comprising a repeating series of values

scored on said one slider between its end lines.

4. The slide rule according to claim 3 and further in-
cluding :

scale line and root value locating indicia scored on

said cursor transversely of said slider in overlying
aligned relation with respect to said plurality of

scale lines.
* * * * *



