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We, PIcRETT & ECREL, INC., a corporation
organized under the laws of the State of
Hlincis, United States of America, of 542,
South Dearborn Street, Chicago, Illinois,
United States of America, do hereby declare
the invention, for which we pray that a
patent may be granted to us, and the method
by which it is to be performed, to be particu-
larly described in and by the following state-
ment:-—

This invention relates to a slide rule having
an Ln—L scale arrangement for simplifying
the use of a slide rule in computations involv-
ing the base e, reducing considerably the
number of settings required in comparison
to the usual slide rule when this base is used.

The present invention provides a slide rule
including the combination of cozxtensive
logarithmic and linear scales in which for
one decade of said logarithmic scale there are
2.302585+units of said linear scale, and a
cursor movable along said scales and having
a hairline against which they may be read
enabling the direct finding of powers of e and
logarithms to the base e under the hairline
of said cursor.

A further object of the invention is to
provide an Lo scale which is uniform or
lincar the same as an L scale, but bears rela-
tion to the L scale of the constant log e 10
or 1--M=2.302585+ for the full length of
the Ln scale compared to 1.0 for the full
length cf the L scale whereby the Ln scale
may be used in problems involving the bass
e in like manner as the L scale is used with
problems invelving the base 10.

Ancther cbject is to provide an Ln scale
which may be ccmbined with other slide rule
scales such as C and D and which is related
to the C and D scales by the constant e or
Naperian base (2.7182818+), and may also
bz cocmbined with the CI and DI ccales to
find the powers of e, logarithms to the base
e, logarithms of proper fractions, pewers for

[Price 4s. 6d.]

negative  exponents, and martissas  of
logarithm by direct reading across from the
Ln and L scales to the C, D, CI and DI
scales.

Another cbject is to provide a slide rule
having Ln, L and C and/or D scales bearing
the relationship per scale length graduated in
the following ratio: —

Ln=2.302585+

L =10

C =100

D =10.0 and wherein the e points of the
C and D scales=2.7182818+and are coin-
cident with 1 c¢m the Ln scale, the values
stated bzing more accurately identified as:—

2.30258 4+ and

2.71828 +respectively, according to the
MacMillan Logarithmic and Trigonometric
Tables, Page 133.

Still another object is to provide Ln and L
scales of linear or uniform progression used
in combination with other scales of log-
arithmic progression involving relative set-
tings of the body and slide of the slide rule
whareby multiplication and division with
powers, the logarithms of combined opera-
tions, the pewer of other bases, and hyper-
belic functions may be dstermined on a slide
rule of our design.

A further object is to provide a slide rule
so scaled as to make possible combined opera-
tions with the power of e and logarithms to
the base e, with the results accurate to three
or four significant figures and readable
dirzctly without the necessity of reading a
value off one scale and then setting it on
another one in order to continues with another
calcuiation. Thus a series of calculations
invelving the base ¢ may be performed with-
cut the use of a log logscale and without
the necessity of reading off intermediate
valuss and resstting scales, the final result
conly be directly read on the appropriate scale,

Still a further object it to provide a slide
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rule having a scale for the base e capable of
deing everything that the L scale does for
the base 10.

An additional object is to provide a scale
for a slide rule which makes possible the
readng of e to any exponent between O arnd
2.3 dirzctly on the C or D scales of the rule,
or e to any exponent between O and —2.3
dirsctly on the CI or DI scales, as well as ¢
to any power between 1 and 10 on the C
or D ccales, or e to any power betwzen 1
and —10 on the CI or DI scales.

Another additional cbject is to provide an
Ln scale so related to all legarithmic scales
of a slide rule that problems involving any
logarithmic scale and the bass e are greatly
simplified, and particularly so in combined
operations, in comparison with such preblems
when worked on a slide rule having no Ln
scale,

With these and other objects in view, our
invention consists in the construction, arrange-
ment and ccmbination of the various parts
of cur Ln—L scale slide rule, whereby ths
objects abovs contemplated are attained, as

erzinafter more fully sst forth, peinted out
in cur claims and illustrated in dztail on the
accempanying drawings, whersin:—

Figure 1 chows an arrangement of scales
for a slids rule wherein our Ln scale is on
th: slide and arrangsd back to back with
respect to an L scale;

Figurs 2 shcws another scale arrangement
whirein the Ln and L scales are providsd
on the bedy cf the slide rule, and

Figurz 3 shows a complete slide rule with
ths ccales of Figurz 1 thereea.

On the accompanying drawings we have
uced in Figures 1, 2 and 3 the reference
numzrals 10 and 12 to indicate the bedy por-
ticns cf a slide rule, and 14 the slids thereof.
Th= bedy portions 10 and 12 are connzcted
by end members 16 in the usual way, and a
cursor 18 of transparent matzrial is sup-
ported by clides 20 and 22 that slide along the
top and bettom of the rule so that the hair-
lina Z4 of the curser 18 may be matched
with various slide rule graduations as
required. :

Thz bedy 10—12 in Figure 1 is provided
with such standard scales as Leg-Leg (LL1,
LL2, LL3 and LL4) and the slide and body
arz provided with C and D scales rasspec-
tively. The slide 14 is also provided with
linear leg scale (L) to which the logarithmic
C and D gcales are related, and TH and SH
scales are alse provided on the clide.

The important scale ¢f our inventicn is
the Ln scale which is calibrated in accord-
ancz with Napierian or ratural logarithms
(logarithms to the base ). Napier explained
in his bock of 1614 thz value of e=2,71828
aprroximatzly. Accerdingly, 1.0 of cur La
emale is ceincident with 2.7182818+ of the
C szale in Figure 1 and the D scale in Figure

2, and is designated with a mark identified
epzilen () throughout the drawings.

The Ln scale 1s a uniformly divided scale
and its length is equal to log 10 to the
base e, or 2.302585+. It accordingly bears
the relationship of this number to the length
1.0 of the L scale as shewn. Thus calibrated,
the Ln scale is useful to simplify problems
invelving the base e when used with the Log
scale and/cr with any of the other scales that
arz related (a logarithmic to linear relaticn-
chip) to thes Log scale, as will hereinafter
b: explained in detail.

Figure 2 shows further scales as follows: —

a D scale folded at = (DF)

a C scale folded at = (CF), and

a CI foldad scale (CIF) reciprecal to CF,
all rzlated to th: Log scale so that they may
be used in computations involving the base ¢
threugh their relation with the Log or L
ccale and its relation to our L, scale.

Figure 1 also shows DF/M and CF/M
szales folded at the value 2.302585+ which
may bz used in some ccmputations likewise
involving the Ln scale as well as the logarith-
mic scales cf our slide rule.

In general, the Ln scale is used for pro-
blems with the bace e. In explanation of
the usz of the designation “Ln”, this is a
eymbe!l now cocmmonly used in mathematical
bcoks, being an abbreviation for “ natural
logarithm ”. Lecg 8 is an expression used for
“Jegarithm of 8 to base 10, and likewise
Ln 8 is fcr “logarithm of 8 to base e”.

The range cf cur Ln ccale (from 0 to 2.3)
is greater than the rangs of the L ccale (frem
0 to 1). By computing a “ characteristic ” one
can uge the Ln ccale to find any power of
2; thus, the effective range for powers of e
is frem O to infinity. Also, for many problems
it is mere conveniznt t¢ use an Ln scale than
Leg-Log ccales, and in particular it enables
cze to solve problems with powers of e in
ccmbined cperations.  Since powers of e are
r2ad in the C (or D) scale, accuracy to three
c: four significant figures is cbtained no
matter hew large or hew small the numbers

r2. Our Ln scale thereby saves steps in
many computational prcblems.

Wz now propos: to use 2.3 as divisor in
placz of 2.30258. We require the quotient
to b2 g, but gt a naw remaindsr which we
dzrcte by R, where R>r. Then,

n=2.3q+R, wherz R<2.3.

Subtracting this from the equation, we have
¢=20.00258g+r—R, cr r=R—0.00258q.

Thus the error, R—r, in the remainder is
0.00258q.

If this is roundsd off to 0.0025q, it
expresses one-fouth of 1 per cent of the
giotisnt.

A SrorT Cut v Using Lnl0=2.30258.
Tc extend the rangs of Ln the number
2.30258 is needed. Suppose that, to save
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912,872 3
work, the number 2.3 is used. Some error clossd of lcgarithmic scales with which the
will of course occur. For example, the remain- Ln scale can b used, and any other logarith~- 65
der in division will be too large. How can mic scales usable with the L, scale can also
we easlly correct for this error? The follow- be used in an obvious manner with the Ln
ing simple rule will serve:— - scale for valuss to the base e instzad of the
Rule. Take 1 per cent of the quotient and  baze 10,
divide it by 4. Subtract the result from the
remainder to obtain the correct remainder WHAT WE CLAIM IS:— 70
to set on Ln. 1. A slide rule including the combination
Examgle. Find e'™* of co-extensive logarithmic and linear scales
Divide: in which one decads of said logarithmic scale
7. 7. there are 2.302585+ units of said linear scale,
—_— —_— and a cursor movable along said scales and 75
2.3/17.4 or 2.30258/17.40000 having a hairline against which they may be
161 - - 16.11806 read enabling the direct finding of powers
— _ of ¢ and legarithms to the base e under the
1.3 1.28194 kairline of said cursor.
Take 19 of 7; 0.01 X 7=0.07; divide by 4. 2. The slide rule according to Claim 1, 80
0.07+-4=0.02, approx. Subtract 0.02 from including a plurality of coextensive legarithmic
1.3, to obtain 1.28, the corrected remainder. scales, one cof said logarithmic scales being
Then e'"*=¢"*x10". The basis of this rule inverted for finding logarithms of proper frac-
is explained below. tions and the powers for negative exponsants.
Consider x=e". Divide n by 2.30258, and 3. The slide rule according to Claim 1, 85
dencte the integral part of the quotient by g including a linear L scale having a length of
and the remainder by r. ons unit, said linear scale comprising an Ln
Then, n=2.30258q +r, r<<2.30258. scale coextensive with said L scale and
When this slide rule is used to divide by graduated in equal increments totalling
2.30, proceed as follows: — 2.302585+, and at lsast one of said log- 90
Set 2.30 of C over 17.4 of D. Under 1 of arithmic scales having graduations from 1 to
C read 7.56 on D. The integral part, or 10 coextensive with said Ln and L scales.
“characteristic ?, is 7. Multiply the decimal 4. The slide rule according to Claim 3,
fraction 0.56 by 2.3, using the C and D wherein one of said logarithmic scales is in-
scales.  Obtain 1.29 as the reduced exponen: verted and coextensive with said Ln scale 95
of e having graduations frcm 10 to 1 whereby
In Figure 1, the quotient may be obtained powers of e for negative exponents, and
by merely setting the exponent on DF/M logarithms ¢f proper fractions to the base e,
and reading the quotient on D. The relation may be d:termined from said Ln scale and
between readings cn the D and the DF/M  s1id inverted logarithmic scale when used in 100
scales may be indicated symbelically as conjuaction with each other.
fellows : — 5. The slide rule according to Claim 1,
(D3X2.30=(DF/M) and (DF/M)=2.30= including a plurality of logarithmic scales,
(D). seme of said legarithmic scales being inverted
For some purposes and for soms exponents, and others being folded at 2.302585+ for 105
this slide rule methed is not sufficiently finding the logarithms of proper fractions, the
accurate. powers for negative exponents, for multipli-
The L and Ln can be used in combination cation and division with powers, logarithms
with cther scales. The metheds used when of combined operations and values of hyper-
the L scales are on the bedy (Figure 2) differ  bolic functions. ' 110
from these used when they are on the slide 6. The slide rule according to Claim 1,
(Figure 1). In solving problems, the num- including a plurality of logarithmic scales,
bers are expressed in ctandard form. The sems of caid logarithmic scales being inverted
calculations are carried through within the and others being log log scales for finding
rangzs of L and Ln scales, and the decimal the logarithms of proper fractions, the powers 115
Foints are determined by known rules. for negative exponents, for multiplication and
Having described our invention and the use  division with powers, logarithms of combined
of a number of the disclosad scalss in com- crarations and values of hyperbolic functions.
binaticn with each cther, it is believed 7. The slide rule according to Claim 1,
cbvicus how our Ln—L scale simplifies pro- including multipls logarithmic scales and a 120
blems to the bas: e, and is eperable in com- log scale coextensive with said linear scale
biration with many different types of log- and said logarithmic scales and of unit length,
arithmic scales of a slide rule such as the scma of said logarithmic scales being inverted,
CF, DF, CF/M, DF/M, CIF, LL, TH and cthers being folded, and ar least one being
SH ccales chown in Figures 1, 2 and 3. These inverted and folded for finding the logarithms 125

scales are illustrated in their proper relations
to the Ln and L scales. Examples are dis-

of proper fractions, the powers for negative
exponents, for multiplication and division
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with powers, logarithms of combined opera-

ticn and values of hyperbolic functions. STEVENS, LANGNER, PARRY &

8. A slide rule constructed and adapted to ROLLINSON,
cperate substantially as herein described with Chartered Patent Agents,
5 reference to the embodiments illustrated in Agents for the Applicants.

the accompanying drawings.

Printed for Her Majesty’s Stationery Office by the Courier Press.—1962. i
t Office, 25, Southampton Buildings, London, W.C.2, from which copies may be obtained,
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