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This invention relates to improvements in the
logarithmic slide rule.

A principal object is to provide in a slide rule
means to facilitate the rapid, and error-free plac-
ing of the decimal point in first, intermediate,
and final factors and answers in making mathe~
matical computations.

Another object is to facilitate the determina-~
tion of the proper scale for use in certain types
of problems.

Still another object is to provide means for
the rapid and error-free determination of the
correct sign—plus or minus—in the solution of
problems.

A further object is to provide in a slide rule
having two relatively movable members with
graduations and indié¢ia thereon to form a basic
scale and graduations and indicia thereon to
form a discrete scale in combination, a legend
adjacent said discrete scale, said legend compris-
ing a series of characters and a decimal point
which is positioned with respect to said series of
characters the same as that of the absolute value
of the numerical value. indicated on the basic
scale opposite any numerical value indicated on
the discrete scale.

These and other objects may be attained
through the practice of this invention which is
more particularly set forth in  the description
‘herein and in the accompanying drawing in
which—

PFigure 1 is a view in plan showing the obverse
side or front face of a slide rule.

Figure 2 is a view in plan showing the reverse
side or back face of a slide rule of the embodi-~
ment of Figure 1.

In the linear slide rules now commonly used
are found many types of scales, each having a
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useful function in the solution of certain kinds -

of problems. Among such scales with their cus-
tomary designation are the following:

Group I.—Single cycle logarithmic scales repre-
senting numbers

C on the slide graduated left to right from 1 to 10

D on the body graduated left to right from 1 to 10

CI on the slide graduated left to right from 10 to 1

DI on the body graduated left to right from 10to 1

CF on the slide graduated left to right from =
to 10~

DF on the body graduated left to right from
to 107

CIF on the slide graduated left to right from 10r
tor

DIF on the body graduated left to right from 10«
to =

40

45

50

55

2
Group II—Multiple cycle logarithmic scales rep-
resenting numbers

A on the body graduated left to right from 1
to 100

B on the slide sraduated left to right from 1
to 100

AT on the body graduated left to right from 100
to1l

BI on the slide graduated left to right from 100
tol

K on the body graduated left to right from 1
to 1000

KI on the body graduated left to right from 1000
tol

Group III.—8ingle cycle or double cycle loga-
rithmic scales representing angles

S Emgles whose sines range left to right from 0.1
0 1.0

ST angles whose sines range left to right from
0.01 to 0.1 ,

T angles whose tangents range left to right from
0.1to0 1.0

SI angles whose sines range left to right from
1.0 to 0.1

STI angles whose sines range left to right from
0.1 to 0.01

TT angles whose tangents range left to right from
1.0to 0.1

Group IV.—A scale of decimal exponents of 10

L, a full-length, equal-parts scale graduated left- -
to right from 0 to 1

Group V.—Logarithmic scales of logarithms or of
powers. These may be to any base depending
upon the value opposite the index of the C
or D scale, such as 10 or the base of natural
logarithms, i. e. e(=2.718+). Where the base
e is opposite the index of the D scale, the fol-
lowing is the arrangement;

LL1 powers of e in the range left to right from
0.01 t0 0.1

LL2 powers of e in the range left to right from
0.1 to 1.0

LL3 powers of ¢ in the range left to right from
1.0 to 10.0

LLO01 powers of e in the range left to right from
—0.01 to —0.1 -

LL02 power of e in the range left to right from
—0.1to —1.0

LLO03 powers of e in the range left to right from
—1.0-tc —10.0
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Group VI—Logarithmic scales of hyperbolic
functions

Shl hyperbolic sines in the range left to right
from 0.1 to 1.0

Sh2 hyperbolic sines in the range left to right
from 1.0 to 10.0

Th hyperbolic tangents in the range left to right
from 0.1 to 1.0

The scales in Group I will be called “basic”
scales, not only because they have a single loga-
rithmic cycle in the length of the rule, but par-
ticularly because their indicia permit the reading
on them of any real number whatever, as will be
understood, by the proper placing of the decimal
point; that is, by multiplying the number by an
integral power of 10, to bring it between 1 and 10.

The scales in Groups III to VI inclusive will be
called !‘discrete” scales because their indicia have
discrete values.

The scales in Group II are basic in the sense
that their indicia may represent numbers of
various powers of ten, but these powers are
selective. They could be basic scales where any
of the other scales are “referred” to or read
against.them. For example, if the trigonometric
scales are refetrred to the A and B scales, these
scales become basic scales.

Any single scale on the slide rule is ordinarily
of no value by itself but becomes of value as it is
used in reference to some other scale on the rule.
Reference between two scales may be termed
“static” when both scales are on the body or both
on the slide, or when the rule is closed as in Figs.
1 and 2. Reference may be called “dynamic”
when it is between a scale on the body and a scale
on the slide.

Because of the construction of the slide rule
as explained above, I have discovered that the
static or fixed reference from any discrete scale
to its scale of reference which in this case would
be scales C or D represents a range of values on
C or D whose limits may be encompassed pre-
cisely by a single power of 10. Not only do the
indicia of discrete scales have discrete values
themselves, but they also impart discrete values
to the C or D scales in static reference. I have
discovered a way to equip each discrete scale
with a legend indicating such range of values,

and by so doing have greatly enhanced the utility :

of the slide rule. Earlier suggestions to help
place the decimal point have been very compli-
cated or cumbersome or did not assist in indicat-
ing the scale of reference.

My invention, therefore, teaches placing one
or more symbols or legends adjacent a discrete
scale to indicate the range of values associated
with that scale in static reference to C or D or to
some other basic scale which is also correlated
by the legend.

Referring to Figs. 1 and 2 one embodiment of
the invention is illustrated on the slide rule
shown therein. The slide rule itself consists of
the usual fixed or body members 2 and 4 provided
with a slide or relatively movable number §. The
fixed members are held in position by end plates
8. The usual indicator {0 with a hairline 12 is
slidable along the slide rule.

The scale arrangement in Figs. 1 and 2 is gen-
erally similar in composition and position to
those shown in Bland Patent 2,422,649, issued
June 17, 1947. At the right end of the various
scales are the special lengends referred to above.
Specifically, at the end of the LI.3 scale is the
legend x.yz on D designated by the reference
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numeral {4. At the end of the LL2 scale is the
legend 0.ryz on D designated by the reference
numeral {6, and, referring to Fig. 2, opposite the
scale LL{ the legend 0.0xyz on D designated by
the reference numeral 8, Similarly, opposite
the scales LI03, LI02 and LL6{ are the
legends —z.yz on D, —0.zyz on D and —0.0zyz
on D, respectively, which legends are designated
by the reference numerals 20, 22 and 24, respec-
tively. These legends are opposite scales which
are normally numbered in red but are referred
to black scale D or when the rule is closed also
to C. Instead of including the words “on D” the
legends which refer to the basic D (and C) scales
may have the same color as the basic scale to
which it refers. In these cases they would be
black.

The scale marked T when read from left to
right and right to left i{s graduated for angles
from 6° to 45° and from 45° to 84°. The numerals
from 6° to 45° which refer to C (or D) are usu-
ally in black, The numerals from 45° to 84°
(except 45° per se) which refer to CI (or DI)
are usually in red or otherwise distinguished
from the first set of numerals. The tangents
for values from 6° to 45° are read opposite the
angles on the C or D scales which are black. The
values of the tangents of angles from 45° to 84°
are read opposite the values on the scale CI
(or DI) which are usually numbered in red.

Accordingly, the legend 0.xyz on C (26) may
be in black to correlate with the C or D scales
and the legend z.yz on CI (28) should be in red
to correlate with the CI scale.

If an angular value in black on the T scale is
used to read a co-tangent, it will be read on the
CI scale which is numbered in red. The legend
r.yz on CI (28) which is in red gives the posi-
tion for the decimal point of such co-tangent
when determined on its basic or reference scale
which is in red. If an angular value in red on
the T scale is used to read a co-tangent, it will
be read on the C or D scales which are num-
bered in black. The legend 0.zyz on C (26)
which is in black gives the position for the deci-
mal point of such co-tangent when determined
on its basic or reference scale which is in blank.

At the end of the scale ST is the legend 0.0xyz
on C, designated by the reference numeral 390.
The values of sines (or tangents) from about .6°
to about 5.7° are read on the C or D scales (black)
and, accordingly, the legend 0.0zyz (30) is pref-
erably black.

At the end of the scale marked S are the leg-
ends z.yz on CI (31), preferably in red, O.xyz
on C, designated by the reference numeral 32,
preferably in black. Since sines from 6° to 90°
which are numbered in black on the S scale are
read on the C or D scales (also in black), the
legend 0.xyz (32) in black gives the position for
the decimal point of such sines. The co-secants
of angles from 6 to 90°, numbered in black on
the S scale, are read on the CI (or DI) scales
which are numbered in red. The position of the
decimal point in the numerical values of such
co-secants is indicated by the legend z.yz (31)
in red at the end of the S scale.

The S scale may be numbered from right to
left from 0 to 84° in red. 'The numerical value
on the D scale in black opposite any angular
value in red on the S scale gives the cosine,
Since the cosine is read on a black scale, the
legend 0.xyz (32) is used to assist in placing the
decimal point. The same red numbers on S give
the angular values for secants the numerical
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values of which are read oh a red scale, CI or DI,
and accordingly the legend z.yz (31) in red is
used to assist in placing the decimal point.

The L scale has a legend z.y2 on D at its end
and is designated by the reference numeral 34.
Since its basic scale is the D or C scale, the legend
is in black.

In the foregoing discussion reference has been
made to color. It will be understood that other
means may be used for correlating the legends
and the nutnerals or other indicia on the scales.
For example, numbers and legends which are in-
dicated as being black above may be forward
slanted and legends and numerals indicated as
being red may be back slanted. Other similar
devices may be used as will be understood. - Such
characteristics with or without the direct state-
ment of the scale of reference provide the corre-
lation.

In another embodiment of the mventmn nu-
merals are used for the legends. These numerals
show the range of the absolute value of the nu-
merical value indicated on the basic scale oppo-
site any value on the discrete scale.

~In describing this embodiment of the inven-
tion reference will be made to the same basic
arrangement of slide rule scales as is illustrated
ag in the embodiment of Pigs. 1 and 2. Opposite
the scales LL3, LL2 and LL{ would be the legends
1.0-t0 10.0, 0.1 to 1.0 and 0.01 to 0.1, respectively.
Similarly, scales LI03, LL02 and LL8I would
have the symbols —1.0 to —10.0, —0.1 to. —1.0
and--0,01 to.—0.1, respectively.

Opposite the T scale and with characteristics
similar- to. those of the numbers 6 to 45 would
be the legend 0.1 to 1.0, and with the charac-
teristics of the numbers 50 to 84 the legend 10.0
to0.1.0. The legend 0.01 to 0.1 may be placed at
the 'end. of scale ST and opposite the sine scale,
S, the legend 0.1 to 1.0. The legend 1.0 to 10.0
at the end of the L scale gives the absolute value
when referred to scale D (or C).

The specific arrangement of scales and the
legends applied in connection with these scales

are given for purposes of illustration. It will be

understood that the same principles may be-ap-
plied to many :other scales and other scale ar-
rangements in-addition to those illustrated.

The principle of applying the invention will be

explained in detail for the T scale as an example 5

of the method followed in applymg 1t to all dis-
crete. scales.

In these symbols, “0” represents zero, ¢ rep-
resents a decimal point, “a” represents any in-
teger from-1-to 9, inclusive, and “y” and “2” each
represent any integer 0 to 9, inclusive. Thus the
symbol 0.xy2 represents a number which must be
no less than 0.100 and no greater than 0.999--,
thatis, any number from 0.1 to 1.0. In the same
manner. 0.0xyz represents any number  from
0.0100 to 0.1 and x.yz represents any number from
1-to 10. The plus sign (+) .in 0.899--, while not
inherent, may be readily inferred since the se-
lection of letters x, ¥ and 2 is limited to three for
convenience only, as any number of additional
letters could be added each representing integers
up to 9 to bring this number infinitely close to
1.0, but such a procedure is unnecessary on ac-
count of the limits of accuracy of the slide rule
whieh are-not greater than 999 to 1 on the usual
ten-inch rule.

" "The letter T at the left of the so-called tangent
scale is understood to mean in part “opposite an
angle on this scale-may be read its tangent in
static reference to the basic scales (C or D).”
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Likewise the legend “0.xyz on C” at the right of
this scale is understood to mean “the tangent so
read on the basic scales (C or D) has a range of
values lying between 0.100 and 1.0.”

* Since 0.1=tan 5°44’ and 1.0=tan 45° the
symbol 0.zyz applies only to angles from 5°44’ to
45°, The T scale may be used for angles greater
than 45° by making use of the trigonometric iden=
tity

tan ¢= —1———~ 1)
tan (90°—¢)

It is customary to equip the T scale with two sets
of angle indicia which permits the use of this
scale to find tangents of angles from 45° to 84°16’
but on account of the reciprocal relation (1) ref-
erenee is to the reciprocal scales CI or DI instead
of to C or D. Consequently the second symbol
z.y2 on CI means in effect “when this scale is used
for angles greater than 45° and static reference
is made to CTI or DI, the range of values so read
lies between 1.0 and 10.0.” In order to avoid con-
fusion, it is customary to show this second set of
indicia either in different colors or by slanting
the indicia or both. The symbol z.y2 may be simi-
larly treated and correlated to the basw scale for
the sake of clarity.

In like manner the symbol 0.zyz on C opposite
the & scale means “in static reference from angles
on this scale sines as read on C or D have a range
from 0.1 to 1.0.”

The symbol 0.0xyz on C at the end of ST means

“in static reference from angles on this scale sines
or tangents as read on C (or D) have a range from
0.01 to 0.1.”

The symbol x.yz on scale L. means “in static
reference from a power of 10 on this scale its
value as read on scales C or D has a range from
1.0 t0 10.”

The symbol 0.0zyz on scale LI means “in statis
reference from a power of e on this scale its value
on scales C or D has a range from 0.01 to 0.1.”

The symbols 0.xyz on scale LL2, z.yz on LLS3,
—0.0zyz on. scale LLOI, —0.zyz on LI02 and
—x.yz on LLO3 have corresponding meanings as
will be understood. Similar legends or symbols
can be provided for any discrete scale whatever.

Another embodiment of this invention is to use
instead of the “xyz” notation described above a
series of legends in. which the range limits are
actually stated numerically. Instead of 0.0zyz,
the legend “0.01 to 0.1”; instead of 0.xyz “0.1 to
1.0”; instead of x.yz “1.0 to- 10 0”: Instead of
—z.y2 “—1.0to —10.07; ete.

The practical use and value of these legends in
static reference will be seen from the following
exambples: )

Find the angle whose sine is 0.065. The answer
will appear opposite 65 of scale C (or D when the
rule is closed) on either the S or ST scale, both
of which are scales of sines. By consulting the
legends of S (0.1 to 1.0 or .xyz) and ST (1.01 to
0.1), we note that the answer will fall on ST be-~
cause 0.065 lies in the range of .0xyz or 0.01 to
0.1. Hence we read opposite 65 on D, 3.725° on
ST. Without the aid of the legend we might have
read in error 40.5° on S.

Find the angle whose tangent is 0.577. The
angle sought will appear on one of the tangent
scales T or ST. The symbols found opposite
these scales are 0.zyz2 and z.yz opposite T and
0.0xyz opposite ST. Since the number 0.577 is in
the range 0.xyz, the black symbol on T, we must
read from a black scale such as C or D to scale

76 T. Since we are using a direct function, we read
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on the same colored numbers of scale T which in
this case is black. Therefore, opposite 577 on C
we read on T, 30°=tan-1 0.577. Or suppose the
problem is to find tan-1 0.0577. The number
0.0577 is in the range 0.0ryz which is seen to be
the black symbol of the ST scale. This shows
that scale C and the ST scale must be used in this
problem. Therefore, opposite 5§77 on scale C, we
read on scale ST, 3.31°=tan—! 0.0577. Further-
more if it is required to find tan—! 5.77 we find
the appropriate symhol z.yz opposite scale T, and
note that this symbol is colored red (or given
some other significant treatment such as slanting
backward) which suggests that the red numbered
basic scale, i. e.: CI, is to be used, rather than
the black numbered basic scale C, according to
the particular plan adopted, such as black-to-
black and red-to-red, straight-to-black and
slanting-to-red, or the like. Therefore, opposite
577 on scale CI, we read on scale T red
81.7°=tan~1 5.77. To determine the angle whose
cotangent is .577 refer to the legends 26 or 28 op-
posite the T scale. It will be seen that this value
is within the range of .1 to 1 (26) and the legend
is in black. Therefore, the indicator hairline is
set at .577 on the black C or D scale and under
the hairline on the t scale is the graduation
60—30. Since the cotangent is the function to
be read, the red number 20 is the angle whose
cotangent is .577.

If we wish to determine the angle whose cotan-
gent is 5.77, we proceed in the same manner.
5.77 is between 1 and 10, legend 28, which is in
red. The hairline is set at 577 on the CI (or

DY) scales and under the hairline on the T scale ..

is a graduation which is either between 9 and
10 (black) or between 80 and 81 (red). Since
we are concerned with a co-function, the red to
black relationship is used, i. e. red on the CI
to black on the T, and the value is between 9
and 10 or 9.85°. The angle whose cotangent is
5.7 is 9.85°. These examples illustrate the prin-
ciple by which the symbols or legends specify the
correct scales to use over a wide range of values
of angles and of their tangents and cotangents.

Find the tangent of 70°. We find 70° to be
a red (or back-slanting) number on the T scale;
therefore, the red or back-slanting legend “z.y2”
or “10.0 to 1.0” is to be used. The inverted order
of this numerical legend even in the absence of
“on CI” also suggests correctly that the inverted
scale CI is to be used. Hence we read from T
to CI, tan 70°=2.75. The legend also specified
2.75 rather than 0.275 as the correct value.

Pind antilog 0.25. This problem may be restat-
ed, find x in x=10%%, Since the L scale represents
exponents of 10, opposite 0.25 on L (which is
numbered 0, .1, .2, etc. to .9 and 1.0) read 178 on
D. The legend of L is 1.0 to 10.0; therefore, the
answer lies between these limits and must be
1.78.

Find €95, Since the LL:{, LL.2 and LI3 scales
represent powers of e, we consult their legends
and find that 0.75 is in the range of the LIL2
scale legend. Therefore, opposite 75 of D read
2.117 on LL2.

Find e-132, Since scales LLOI, LL02, and
LI03 represent minus powers of e, we find —1.32
in the range of the LL03 legend and read opposite
132 on D, 0.267 on LLO3.

Find loge 1.06. Opposite 1.06 on LLI read 583
on D. Since the LL{ legend is 0.01 to 0.1 we place
the decimal 0.0583, to fall within its range.

In some cases a folded scale may be a basic
scale. In such case the legend opposite a discrete
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scale might read 0.4 to 4.0 or .004 to .04,
etc. Where the basic scale is a multiple cycle
scale such as A or B, the legend could be, for
example, 0.01 to 1.0.

The above examples are only a few of the
many that might be given to illustrate the great
value of the legends in static reference. But
their value is by no means limited to static ref-
erence. They are also useful in dynamic ref-
erence, as indicated by the example given below.

Find 2.5 sin 15°. To 25 on D set left index
of S; opposite 15° on S read 0.647 on D. The
decimal point is placed by noting from the legend
that sin 15° lies rather less than half the distance
0.1 to 1.0, therefore the answer is about 1; of
2.5 or somewhat less than 1.0.

Many other examples could be given. The
legends are also useful in cross reference. For
example, find etan 4°, It is obvious that tan 4°
is found on scale ST and etan 4° on an LL scale,
but which LL scale? We simply find the one
which has the same legend as that of the ST
scale, namely 0.01 to 1.0 and note that the LL{
scale has the same legend. We, therefore, close
the rule and opposite 4° on ST, etsn ¢°=1,072 on
LLi.

Beyond all these specific uses of the legends,
they are extremely valuable to the student in
clarifying his basic conceptions of the nature
and use of the slide rule as a mathematical instru-
ment.

I claim:

1. In a slide rule having two relatively mova-
ble members with graduations and indicia there-
on to form a basic scale and graduations and in-
dicia thereon to form a discrete scale in combina-
tion, a legend adjacent said discrete scale, said
legend comprising a series of characters and a
decimal point which is positioned with respect to
said series of characters the same as that of the
absolute value of the numerical value indicated
on the basic scale opposite any value on the dis-
crete scale,

2. In a slide rule having two relatively mova-
ble members with graduations and indicia there-
on to form a basic scale and graduations and in-
dicia thereon to form a discrete scale in combina-
tion, a legend adjacent said discrete scale, said
legend comprising characters giving a range of
absolute values the same as the range of the ab-
solute values within which the numerical value
indicated on the basic scale opposite any value on
the discrete scale falls.

3. In a slide rule having two relatively mova-
ble members with graduations and indicia there-
on to form a basic scale and graduations and in-
dicia thereon to form a discrete scale of loga-
rithms of logarithms in combination, a legend ad-
jacent said discrete scale of logarithms of loga-
rithms, said legend comprising a series of char-
acters and a decimal point which is positioned
with respect to said series of characters the same
as that of the absolute value of the logarithm in-
dicated on the basic scale opposite any value on
the discrete scale of logarithms of logarithms.

4. In a slide rule having two relatively movable
members with graduations and indicia thereon to
form a basic scale having characters with prede-
termined characteristics and graduations and in-
dicia thereon to form a discrete scale in combina-
tion, a legend adjacent said discrete scale, said
legend comprising a series of characters of the
same predetermined characteristics and a decimal
point which is positioned with respect to said
series of characters the same as that of the abso-
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lute value of the numerical value indicated on the
basic scale opposite any value on the discrete
scale.

5. In a slide rule having two relatively mova-
ble members with graduations and indicia there-
on to form a basic scale, graduations and indicia
thereon to form a second basic scale, and gradu-~
ations and indicia thereon to form a discrete scale
in combination, a first legend and a second legend
adjacent said discrete scale, each of said legends
comprising a series of characters and a decimal
point one of which is positioned with respect to
said series of characters the same as that of the
absolute value of the numerical value indicated
on the first basic scale opposite any value indi-
cated on the discrete scale, the other of which is
positioned with respect to said series of charac-
ters the same as that of the absolute value of the
numerical value indicated on the second basic
scale opposite any value indicated on the discrete
scale.

6. In g slide rule having two relatively movable
members with graduations and indicia thereon
to form a first basic scale, graduations and indicia
thereon to form a second basic scale having char-
acters with special characteristics and gradu-
ations and indicia thereon to form a discrete scale
which can be used to give values on either the
first or second basic scales, in combination, a
first legend adjacent said discrete scale having
characters with the same characteristics as said
first basic scale, a second legend adjacent said
discrete scale having characters with the special
characteristics of said second basic scale, said
first legend comprising a series of characters and
a decimal point which is positioned with respect
to said series of characters the same as that of
the absolute value of the numerical value indi-
cated on said first basic scale opposite any value
on the discrete scale, said second legend com-
prising a series of characters having special char-
acteristics and a decimal point which is positioned
with respect to said series of characters having
special characteristics the same as that of the
absolute value of the numerical value indicated
on said second basic scale opposite any value on
the discrete scale.

7. In a slide rule having two relatively mov-
able members with graduations and indicia there-
on to form a first basic scale with values increas-
ing from left to right, having indicia characters
with predetermined characteristics, graduations
and indicia thereon to form a second basic scale
with values increasing from right to left, having
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indicia characters with special characteristics and
graduations and indicia thereon to form a dis-
crete scale of angles which can be used to give
values of trigonometric functions on either the
first or second basic scales, said discrete scale of
angles having indicia characters of said pre-
determined characteristics and said special char-
acteristics, in combination, a first legend ad-
jacent said discrete scale having characters with
the same predetermined characteristics as said
first basic scale, a second legend adjacent said
discrete scale having characters with the special
characteristics of said second basic scale, said
first legend comprising a series of characters and
a decimal point which is positioned with respsect to
said series of characters the same as that of the
absolute value of the numerical value of the
trigonometric functions indicated on said first
basic scale opposite any value on the discrete scale,
and said second legend comprising a series of
characters having special characteristics and a
decimal point which is positioned with respect to
said series of charagcters having special charac-
teristics the same as that of the absolute value
of the numerical value of the trigonometric func-
tion indicated on said second basic scale opposite
any value on the discrete scale.

8. In a slide rule having two relatively mov-
able members with graduations and indicia
thereon to form a first basic scale, graduations
and indicia thereon to form a secoad basic scale
having characters with special characteristics
and graduations and indicia thereon to form a
discrete scale which can be used to give values
on either the first or second basic scales, in com-
bination, a first legend adjacent said discrete
scale having icharacters with the same character-
istics as said first basic scale, a second legend
adjacent said discrete scale having characters
with the special characteristics of said second
basic scale, said first legend comprising numerical
characters giving a range of absolute values the
same as that of the absolute valueg of the nu-
merical value indicated on said first basic scale
opposite any value on the discrete scale, and
said second legend comprising numerical char-
acters having special characteristics giving a
range of absolute values the same as that of the
absclute values of the numerical value indicated
on said second basic scale opposite any value on
the discrete scale.
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