(19) I*I Canadian Office de la Propriété (11) CA 465387 (13) A

Intellectual Property Intellectuelle
Office du Canada (40) 23.05.1950
An Agency of Un organisme
Industry Canada d'industrie Canada
(12)
(21) Application number: 465387D (51) Int. CI:

(22) Date of filing:

(71) Applicant  KEUFFEL AND ESSER COMPANY. (72) Inventor. BLAND JAMES R ().

(54) SLIDE RULE (57) Abstract:
(54) REGLE A CALCULER

This First Page has been artificially created and is not part of the CIPO Official Publication



Case 262
8/6/47

465387

This invention relates to slide rules and has as
its objeot to provide a rule of enhanced power and in the
use of which by a process requiring generally one but no i
more than one movement either of the hair-line or of the ?
slide for each number in the expression to be computed. The
improved capabilities of the new rule can be best explained

with reference to an actual embodiment such as is shown by

way of illustration in the accompanying drawing in which
Figure 1 is a view of one face of a slide rule in
accordance with the invention and

Flgure 2 1s a view of the other face.

As a matter of convenient reference, the face of the
rule shown in Figure 1 will hereinafter be considered to be
the front face and the face shown in Figure 2 to be the rear
face. I have chosen to show the invention as applled to a
Tule which is the same In mechanical structure as that shown
in Patent No. 2,170,144 granted August 22, 1939. As in the
said patent, reference letters H and J designate parallel

bars secured together by end plates so as to provide a slotted
body in the slot of which a slide N is relatively movable.

In the said patent, the reference letter X designates & ruaner
having transpavent faces carrylng a hairline Y. For the sake
of elarity, the runner has been omitted from the present
drawings.

The slide N, Figure 1, 1s provided with the usual

3l

> soale, graduated in accordance with the logarithms of numbers

~from 1 to 10, and of unit length. The body carries the usual

D scale which is exactly the same as the C scale and these two
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scales are herein consldered to be basio scales since all
other scales are directly assoclated with them so that all
slide rule operations are most easlily explainable by means
of them. ;

i
i

Above the C scale, as viewed in Figure 1, is a

CI scale which is identlcal and co-extensive with the C aoale§
except that it 1s inverted with respect thereto. The term i

"oco-extensive” as used hereilm includes the meaning of registr&,
i.e., the inclusion within common parallel terminal lines,
insofar as effective extent is concerned.

Above the Cl scale is the CIF scale which is the
same &s the CI scale except that it is folded at 7, while
the immediately adjacent OF scale is identical with the C
scale except that it is folded at 7~ . The immediately
adjacent DF scale, on the body, is identical with the CF
scale. . |

On i1ts rear face, the slide mrries a B scale whiech:
18 co-extensive with the C scale and is graduated in accordance
with the logarithms of numbers from 1 to 100. Below the B

scale,'as viewed in Figure 2, the slide carries the co-extensive

trigonometric scales T, ST and S. The T soale is graduated
in accordence with the logarithms of the values of the natural
tangents from 59 43' to 459, the ST seale is graduated in

accordance with the logarithms of the values of the natural
sines of the angles from 34' to 5° 43', while the S smle is
like the ST scale except that its range is from 50 43' to 909,
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On 1its rear face, the body oarries K, A, D and L
scales all co-extensive with the first-mentioned D scale.
The K scale is graduated in accordance with the logarithms
of numbers from 1 to 1000, the A scale is identical with the
B scale, hereinbefore mentioned, the P scale is ldentical
with the first-mentioned D scale, and the L gcale is uniformlyi
graduated in ten main primary divisions and appropriate sub-
divisions. |
The LL scale, as here shown, 1s in three sections, |
IL1l, LL2 and LL3 each of full unit length, of which LL1 appears
on the rear face, and LL2 and LL3 aﬁpear on the front face.
Each section is coextensive with the C and D scales and the
entire scale 1s graduated in accordance with the logarithms
of the logarithms of numbers greater than unity. Finally, the
rule 1s provided with an LLO scale in three sections each of
full unit length of which section LLOLl appears on the rear
face and sections LLO2 and LLO3 appear on the front face. The
sections of this scale are each co-extensive with the basie
scales and the scale as a whole is graduated in accordance
with the logarithms of the co-logarithms of the positive
numbers less than unity or, to express it differently, in
accordance with the 1ogarithms of the logarithms of the"‘ o
feeiprocals of the numbers of the LI soale.
The range selected for the LLO scales corresponds
to the range used for the LL scales. In the i1llustrated

embodiment e and e~l are opposite an index of the D scale.

s
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In the case of a rule in which i1t is necessary to conserve
space on the face of the rule, a different renge of values

could be selected for the LL scales and a corresponding range

would be selected for the LLO scales. In such a case, Some
mumber other than e would be placed opposite the index of D,
front fece. The choice in this matter would depend upon a |
selection of the most useful range of values on the LL and on
the LLO scales. For example, if a single LI scale seetion
meré to be used, the range of values chosen might be from
1.585 (approximately) to 100. In this case, the first of
these numbers would be set opposite the left index of D, while
the 100 would be set opposite the right index of D. With this
cholce for a single line LL scale, the co-extemsive single
ling LLO seale would have the range of 0.631 [approximately)
‘jto 0.01. The first of these numbers would be placed opposité

he left index of D, vhile the poiﬁt 0.01 would be set opposite
Ehe right index of D.

As here shown, the LL0O scale is gradueted in accord-

ce with the logaritbhms of the co-logarithms of positive

umbers between ¢~0+Cl gqua1s 0.9900,‘gnd e~01 oquals 0.9048,

. - -3 -
=01 ang e 1 equals 0.3679, end e~  ana e~1° equals 0.000052,
espeetively. These graduations are so épaced that, like the

LL. scale, the trigonometric smles and the K,4,B,L,DF,CF, CIF

lnd CI scales, the LLO scele is directly associated with
umbers on the basic scales ¢ and D. By "directly associated,®
mean that when the rule is closed (i.e. when the indioces

re aligned) and the hairline is pushed to & value on any scale
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other themn the C and D. sceles, the value of the function of |
this socale assoolated with the marked velue is directly read-
eble at the hairline om scele C. For example in the case f
i01‘ the trigonometric scales, if the heirline 1s pushed to em |
‘angle on the S scale, the sine of that angle will be merked
at the hairline on the C scale; if the hairline is pushed to
e number on the B scele, the square root of the number will l
be marked at the hairline on the C scele; if the hairline

'! 1s pushed to a number on the Ci scale, the reciproocal of that
number will be marked at the hairline on the C scele; and 1if
the hairline is pushed to a number on the CF scale, the hair-
line will mark on the C scale the number divided by:?ri

A great advantage arises from fhe direct association

T the LLO scale with the basic scales C and D instead of with
he scales A and B, which latter has been the practice hereto-
ore 28 illustrated, for example, in the sbove mentioned ‘
atent. Every socale outside of the C and D scales is directly
gssociated with the C and D scales, Consequently, the rules
overning the placing of the decimal point and the result
jerrived at in the use of the LLO scale are very similar to
hose goterning the placing of the deeimal goint 1; a ;esult
rrived at in the use of the LL scales. dperatingwfules-of
very unlike and therefore confusing nature govern

-the use of the two corresponding sets of log log scales in
prior art rules of the type shown in the said patent.

The new LLO scale gives additional power to the rule

and mekes the cperator'more acocurate in meking settings, since
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| the prinociples are similar to those involved in other settings,
and this simplicity is achieved by the described assoclation
of the LLO scale with the basiec C and D scales. The operator -
has the advantage of belng able to obtain negative powers of |
numbers greater than 1, and negative powers of numbers less
than 1 simultaneocusly. The LL and LLO scales may be used

in cooperation with the C and P scales in one operation. ‘Fbri
example, if the operator wishes to find 4‘2, he sets the left
index of C opposite 4 on the LL3 scale, pushes the hairline
to 2 on the C scale, and at the hairline reads 0.062 on the
1LO3 seotién. ?

| The advantages arising;from the new association of
scales will be evident from the following examples:

Example 1. - Evaluate:
-0001

3.47°°%, 3.477%0,3.47°° %, ana 3.47

Solution.- Set hairline on glass indicator to 3.47

on scale LL3

At heirline on LL2 read 3.47°°1 -1.1325

‘At hairline on LLO2 read 3.47°°°1 ~0.083

At hairline on LLl read 3.47°°%1 <1.0125

At heirline on LLOl read 3.47‘0'Ol~-0.9877

Example 2.~ Find the logarithms to the base e
(2.7183 approximately) of the numbers 1.135, and its reciprocal
0.883, 1.0125, and its reciprocal 0.9877.

Solution.- Set hairline on the glass indicator to

1.135 of scale LL2
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At halrline on D scale read log e 1.1325 {(found on
LL2)= 0.1242

At hairline on D scale read log e 0.883 (found on
[LLO2) =-0.1242

At hairline on D scale read log e 1.0125 (found on
LLY) = 0.01242

At hairline on D scale read log e 0.98765 (found on
LLOl)= -0.01242 ’
Observe in Example 1, that the answers for like

exponents were found on like numbered scales, and in Example

2 that the decimal point in the answers were similerly placed
when the answers were derived from like numbered scales.

In prior art rules, no such simplicityhobtained because the |
scales marked LLOO and LLO were read against the A and B
scales whereas the scales marked LL1, LL2, and LL} were

| read against the C and D scales for practically every impor-
tant problem. It was a matter of common experience, that
students had great difficulty in using soaleé marked LLOO
end LLO on prior art rules because of difficulties arising

because the A and B scales were repeated scales. Thesse

difficulties do not arise in the operation of the slide rule

to both sets of the log log scales.

In the use of the new sllde rule most practical
applications of the log log scales are operated in conjunction
lwith the C and D scales. However many impbrtant applications

|involve their use with other scales. In every case likeness

of the present invention, since like rules of operation apply

s
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of method of operation and of Placing the deocimal point

obtain when the rule of this invention is employed. The
following exampies will illustrate this fact.

Example 3.- Evaluate 518 30° ... .-sin 30°
Solution. - Using the rule of the Present invention,
close the rule, that is, set the left mark nunbered 1 on

soale C opposite the seme numbered left mark of soale D,

}push the hairline on the glass indicator to 30° on scale s,

at the bairline on scale LL2 read 1.65 and on scale LLO2 read
e~Sin 300::0.606. Observe that like numbered log log scales
LL2 and LLO2 were used.

Example 4.- Evaluate 5°08 70° . . 5=cos 700
Solution.- Opposite 5 on secale LL3 draw left index of
C, push hairline to 70° (red) on scale S, at the hairline on
LL? read 1.734 = 5€08 7°0vand at the hairline read 5°°8 70°=

110.577 on LLoz.

Exemple 5.- Evaluate 0.2t&8n 250 4,4 o, o-ten 250 |
Solution.- Opposite 0.2 on seale 1103, set 1 of scale
C, push hairline to 25° on boale T,
" At hairline read 0.2%88 25°_ o .95 on seale LLO2
At‘hairlinevfead O.Q“tan 25°_ 5.12 on scale LLZ.
Exemple 6.-Evaluate . N

9.155}5 and 0.157 3+%,

: Selution.- Draw index Of CI opposite 0.15 on. scale
LLOB,:push hairline to 5.2 on CI,

At heirline read

o. 15312’

At heirline read o

=0.69, on scale LLO2

L (0.25)7 3% =3 44 on soale LL2
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Example7. - Evaluate
0.80/;and 0.80 < ‘/5/
Solution.~ Draw left index of B opposite 0.80 on
scale LLO2, push hairline to 5 on left half of B,
At hairline read
0.80¢g‘=0.607 on scale LLO2
at halrline read , i
0080-%;.ﬂ4647 on LLZ2Z
Example 8. - Evaluate
o ~3V33 4 333 o
Solution.- Push the hairline to 33 on the middle
K secale,
At hairline read
=3 V33 . .0404 on LLO3
At hairline read
B V33 ., -24.7 on LL3
Exemple 9.~ Evaluate 6.24 6.24
o-énti-log 10° and T 2nti-log 10
Solution.- Push the hairline to .624 on scale L
At hairline read , '
g-anti-log 106.24 20.656 on seale LLO2
At hairline read - o
Rt ,anti-10g 10
Example 10.- Evaluate 2. 1éyzf;nd 2.1 @/br
Solution.- Draw right index of CF to 2.1 of LL2, push
the hairline to 6 of CF
At hairline read 2. 16/WK;4 12 on LL3

At hairline read 2.1 6/?6,242 on LLO3

6.24 Rk
~l.524{ on seale 1Lz g
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Example 1l. -Evaluate

1 1
O DL Py
(0.25) and (0.25)

Solution.- Draw index of CIF opposite «25 of
ILO3 push hairline to 2 of CIF

At halrline read |
4 -

VR 7
(0-g§) - =0.11 on LLO3

At halrline resad
1

(0.25) °°7 9.1 on L3

The examples given above show the same likeness
of operation and of plaeing the decimal point for the log log
scales In conjunction with each of the other scales on the
rule. Examples for the A,D,DF,and ST scales“arg_not given
since they”ﬁﬁuld dupiicate in principal examples already
given. ’

The slide rule of the present invention has more
power than the prior rules_as regards the log log scales. Fon
exémple, the expression 0.2’1-'8“'1'250 oceurring in Exauwple 5
could not be evaluated with a single setting of the slide on
the prior art slide rules, neither could such expressions

-0.31 o ;
3 - These expressions involve the use

as 2.9 ~%°3 ana 0.29
of scales LLl, LL2 and LL3 in conjunction with the C scale

and the scales LL01, LLO2, and LLO3 on the rule of this

the slide.

-10-
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" Thus to evaluate 2.9"0'3

Draw the index of C opposite 2.9 on LL3,
Opposite 3 on C read 2.97°-3. 0.726 on LLO2 1
And to ev;luatp 0.25°21

Draw the index of C opposite 0.29 on LLO3

Opposite 31 on C read 0.2970°1.1.467 on 112.

Hyperbolic funoctions are belng used more and more
In engineering practice. With the new LLOl, LLO2, and 1103
scales in eonjunction with the seales marked LLl, LL2 and
IL3, it is a simple matter to find the valhe.or various
hyperbolic functions. Thus to find sinh 2 and cosh 2, push
the hairline to 2 on scale D and read ét the hairline on LL3
7-39 and on LLO3 0.135. Hence sinh 2 =%(7.3970.135) =3.627
and cosh 2= $(7.3940.135) = 3.762. It 1s to be observed in
this process thet sinh 2 and cosh 2 were easily obtained sinecs
both the numbers 7.39 and 0.135 wers found at once on log log
scales LL3 and LLO3 having like numbers when the hairline was
pushed to g_on secale D. With the prior art slide rules, the
number 7.39 is found as above and the number 0.135 is found
opposite 2 of one of the left A scales on theIlLO scale. In-
stead of a gingle'setting of the hairline on the rule of the
present invention, two settings are necessary on the prior art
rules and complicated Tules of determining what scales apply
are invelved.

As 1llustrating the obtaining of a final result

by continuous DProgressive manipulations of the new slide rule
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in the evaluation of expressions involving logarithms of
numbers less than unity which eveluation would require re~ ‘
setting in the use of any prior art slide rule, the followlng

exemples are glven:

Example 12.- Evaluate

17 lozg 0.04

Solution.- To d.dL;;ﬁ Lﬁbsmécaléhbu
Draw 31 on B (right) seale,
Push indicatér to 17 on CF scale and
Read 9.83 on DF scale.
Example 13.~ Evaluate

loge 0.7145 sin 45°

cos '70°

Solution - To 0.7145 on 1LLO2 scale
Draw 70° on S (red) -

Push indicator to 45 on S scale and
Read .695} on D scale,
Example li.- Evaluate

cos 79° 05! loge 0.9525 seec 70°10°
’ gin 55°
Solution.~ To 0.9525 on LLO1

Draw 55° on S,

Push hairline to 79° 05' on S (red)

Draw 70° 10' on S (red) to hairline and
1 Read at the index .03319 on D.

o =i2-
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Example 15.-~ Evaluate

. €e U- 86

Solution.- To 0.007, on LLO3 scale

Drew 60° on S scale,

Push hairline to 16.2 on B and !

Read 22.8 on D scale.

Observe that it is impossible, by meens of prior |
art rules of any kind, to evaluate each of the expressions
in Examples 12, 13, 14 and 15 by entinuous progressive i
menipulations, that is by a process requiring generally one
bw@ no more than one movement either of the hairline or of the
slide for each number in the expression to be computed.

Example 16.~ Evaluate

-loge 0.72 tan 25°

e . Sin 1'00 5 . TR T s /f'l"""--
Selution. N

Push hairline to 0.72 on scale LLOZ,
Draw 40° of S scale under the hairline,
Push the hairline to 25° of T scale,
Draw 35 of B {(right) under the hairline,
Push the hairline to index of C,
At the hairline read 1.0412 on LL1 scale.
Example 17.- Evaluate

-108el.311 tamn 40°

o1
e cos 47 F 7,00t 35°
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Solution.
Push the halrline to 1l.311 on scale LL2,
Draw 47° of seale S (red) under the hairline,
Push the hairline to 40° on scale T,
Draw 3.7 of scale CIF under the hairlinme,
Push the hairline to 35° of scale T,
At the hairline on scale LLO3 read 0.0664.
Bxample 18.- Evaluate
(loge 0.65) (/23)
e 8in 40O

Solution.

Push hairline to 0.65 on scale LLOZ2,

Draw 40° of S soale under the hairline,: 

Push the haifline to 23 on B right,

At the hairline read 0.0401 on scale LLO3.

Two Tesebbtings would be necessary to perform this
evaluation by means of the slide rule of Patent No. 2,170,144.

Another feature of improvement over the above
nentioned prior patent llies in the disposition of the sine, co
sine, tangent and co-tangent numbers. In said prior patent,
the co-sine and co-tangent numbers are in red and are to the i
right of the markings, whereas the sine and tangent anumbers |
are in black and to the left of the markings, adjacent numbers
being inclined toward the common marking. As shown in
Figure 2, the co-sline and co-tangent numbers, which are in red

are placed at the left of the markings, while the sine and
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tangent numbers, which are in black, are placed to the left
of the markinga, and adjacent numbers are inclined away from
the common marking. The transposition of the assoolated
numbers and their upward divergence greatly facilitate
accurate settings.

It is well understood that in slide rules the slide
may be rectilinearly movable in a slot, as herein shown, or
in a channel, or the rule may be in disc or oylinder form with
a rotary slide member. When in the following claims a slide
member is recited, ii is to be understood that it may be of
any of the known types. Variations from the specific dis-
closure herein, for example in the relative positioning of
g8cales, are possible and are contemplated in the oclaims
which follow. |
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The embodiments of the invention in which an
exclusive property or privilege is claimed are defined as
follows:

1. 4 sllde rule comprising a body member and a slide
member, a scale of unit length on said slide member graduated
in accordance with the logarithms of numbers from 1 to 10, a |

i

cooperating corresponding scale of unit length on said body
member graduated in accordance with the logarithms of 2
numbers from 1 to 10, said scales constlituting the basie E
scales of the rule, a scale on said body member graduated in
accordance with the logarithms of the logarithms of numbers
greater than unity and indexed at the base of the natural
logarithnms, Q scale on said body member graduated in ‘
accordance with the logarithms of the co-logarithms of
-numbers less than. unity and 1ndexed at the reciprocal of the
base of the natural logarithms, the two last—namad scales
being each composed of at least one section having the same
unit length as sald basic scales for direct association with
said basic scales. '
2s A slide rule comprising two body members and a slide
'ﬁember, a seale of unit length on said slide member graduated
1n accordance with the logarithms of numbers from 1 to 10,

a cooperating corresponding scale of unit length on one of
sald body members graduated in accordance with the logarithms
of numbers from 1 to 10, sald scales constituting the basic
scales of the rule, a first seriles of scales on one of said
body members graduated in accordance with the logarithms of
the logarithms of numbers greater than unity each successive
scale of the series poslitioned farther away from the basic
scales belng for successively smgller numbers approaching

unity, a second series of scales on the other of sald body

members graduated in accordance with the logarithms of the

/¢
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vo-logarithms of positive numbers less than unity each

successive scale of the serles positioned farther away from
the basic scales being for successively larger numbers
approaching unlty, the two last-named series of scales being
each composed of sectlions having the same unit length as
sald basilc scales for direct assoclation with said basic.
scales, sald first and second series of scales being indexed
with respect to the bBasic scale on the body member so that
graduations on one series of scales are dlrectly opposite
graduations representing reciprocal values on the other
serlies of ascsasles,

Se A sllde rule comprising a body member and a slide
member, a scale on one of said members graduated in accord-
ance wlth the logarithms of numbers, a first series of
scales on cne of said members graduated in accordance with

the logarithms of the logarithms of numbers greater than

.unity of which said scale graduated in accordance with the

logarithms of numbers is its basic scale, a first set of
different symbols, each of the scales of the first series of
scales being ldentified by a specific symbol of said first
set of symbols, a scale on the other of said members graduate
in accordance with the logarithms of numbsers, a second‘series
of scales graduated in accordance with the logarithms of the
co-logarithms of numbers less than unity indexed at the
reciproéal of the index of the scale graduated in aceordance
with the logarithms of logarithms of numbers greater than
unilty and of which the scale on the other of said members
graduated 1n accordance with the logarithms bf numbers 1is

its basic scale, a second set of symbols duplicating those

| of the first set of symbols, each scale of the second series

of scales whilch 1s graduated for values reciprocal to a
scale of the first series of scales being identified by that
symbol duplicating that ildentifying said scale of the first

series of scales.

17

[=7)
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4. In a slide rule comprising a body member and a siide g
member having a scale of unit length on said slide member
graduated in accordance with the logarithms of numbers from
1l to 10, a cooperating corresponding scale of unit length
on sald body member graduated in accordance with the logarithQs
of numbers from 1 to 10, said scales constituting the basic

scales of the rule, and a series of trigonometric scales

giving the values of trigonometriec functions on said basic
scales the improvement comprising, a first serles of scales
on sald body member graduated in accordance with the 1ogar1thﬂs
of the logarithms of numbers greater than unity, a second
series of scales on said body member graduated in accordance
with the logarithms of the co-logarithms of numbers less than

unity, the two last-named series of scales being each com~

posed of sections having the same unit length as said basiec
scales for direct association with said basic scales, said
first and second series of scales being indexed with respect
to the basic scale on the body member so that graduations on dne
serles of scales are directly opposite graduations representing
reciprocal values on the other series of scales.

5e In a slide rule comprising a body member and a slide

member having a scale of unit length on said slide member

graduated in accordance with the logarithms of numbers from 1
te 10, a cooperating corresponding scale of unit length on
saild body member graduated in accordance with the logarithms
of numbers from 1 to 10, said scales constituting the basic
scales of the rule, and a series of trigonometfric scales on
the sllde member giving the values of trigonometriec functions
on said basic scales the improvement comprising, a first
serlies of scales on sald body member graduated in accordance

with the logarithms of the logarithms of numbers greater than

/J
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unity, a first set of different symbols, each of the scales
of the filrst series of scales being identifiled by a speclfic
symbol of sald flrst set of symbols, a second serles of
scales on said body member graduated in accordance with the
logarithms of the co-logarltlms of numbers less than unity,
the two last-named series of scales being each composed of
sections having the same unit length as sald basic scales
for direct associatlion with said basic scales, said first and
second series of scales being indexed with respect to the
basic scale on the body member so that graduation on one
series of scales are directly opposite graduations
representing reciprocal wvalues on the other series of scales|
and a second set of symbols duplicating those of the first
set of symbols, each scale of the second series of scales
which is graduated for values reciprocal to a scale of the
first series of scales being ldentified by the symbol

duplicating that identifying said scale of the first series

Stevens, Langner, Parry & Rollinson,
120 East Alst Street,
New York City 17, N.Y.

Smart & Biggar
609 Victoria Building,
Ottawa, Canada

Patent Agents of the Applicant

/7
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