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Case 313

This Invention relates to slide rules and has as
its object to provide a rule of enhanéed power and in the
use of which by a process requirihg generally one but no
more then one movement elther of the hair-line or of the
slide for each number in the expression to be computed,

The improved capabiiities of the new ruie can be best ex-
plained with reference to an actual embodiment such as is -
shown by way of illustration in the accompanying drawing
in which .

Pigure 1 1ig é view of one face of a slide rule in
accordance with the invention and

FPigure 2 ig & view of the other face.

Ag a matter of convenlent reference, the face of
the rule shown in Figure 1 will hereinafter be consldered to
be the front face and the face shown In Figure 2 to be the
Iféar face. I have chosen to show the inventlon as applied
to a rule which is the same in me;hanical strugture as that
shown iIn Patent No, 2,170,lhh g;aﬁted August 2?, 1939, . As.
in the said patent,'reference 1éﬁ?ers H and J aesignate ;
parallel bars secured together bﬁlend plates go as to provide
a slotted body in the sloé of which a slide N is relatively
movable, In the said patent, the reference letter X designake
a runner having transparent faces carrying a hairline ¥,
FPor the sake of clarity, the runner has been omitted from

the present drawings,

-
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The slide N, Figure 1, is provided with the usual
C scale, graduated in accordance with the lbgarithms of

numbers from 1 to 10, and of unit length., The body carries

the usual D scale which is exactly the seme as the ¢ scale

5 ) and these two scales are herein consldered to be basic
scales since all other scales are dlrectly assoclated with
them so that all sllide rule operations are most easily ex-~
plainable by means of them,

j‘ - ‘ .Above the C scale, as viewed in Figure 1, iz a
I&h 10 CcI scale which 1ls identical and co-extensive with the C
séale except that it is inverted with respect thereto. The
term "co-extensive"” as used herein includes the meaning of
3{‘ ? regisﬁry, 1,e.,,thé inclusion within dbmmon parallel terminal
| lines, insofar as effective extent l1s qoncerned.

ﬁ 15 = Above the (1l scale is‘thékCIF scale which is the
seme as the CI scale except that it 1ls folded at 7/ , while
the lmmedlately adjJacent CF scale 1s 1dentical with the C
scale'except that it is folded at // . The immedlately
adjacent DPF scale, on the body, is identical with the CF

20 scalee

ey R A

On its rear. face, the lede carries a B scale

P

which 1s co-extensive w1th the C scale and is graduated in

accordance with the logerithms of numbers from 1 to 100.

| Below the B scale, aé viewed in Pigure 2, the slide carries

25 the co-extensive trigonometric scales T, ST and S. The T
scale is graduated in accordance wifth the logarithms of the
velues of the natural tangents from 5° L3t to 45°, the ST

scale is graduated in accordance with the logarithms of the

values of the natural sines of the angles from 3@' to 5o

130 431, while the S scale is like the ST scale except that its
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range is from 5° 31 to 900,
On 1ts rear face, the body carries X, A, D and T,
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 ldentical with

the B scale, hereinbefore mentioned, the D scale ig identical
with the first-mentiocned D scale, and the I, scale is uniform-
ly graduated in ten main primary divisions and appropriate
gsub-divisions.

| The LL scale, as here shown, is in three sections,
LLE, LL2 and LL3 each of full nnit length, of which LL1
dppears on the rear face, and LL2 and LL3 appear on the front
face; Each section is coextensive with the C and D scales
and the entire scale is graduated in accordance w1th the
logarithms of the logarithms of numbers greater than unitye.
Finally, the rule 1s provided with an LLO scale in three
sections each of full unit length of which section LLO1
appears on the iear face snd sections LLO2 and LLO3 appe ar
on the front féée. The sections of this scale are each
co-extensive with the basie scaies and the scéle as a whole
ls graduated in accordance with the 1ogarithms of the cow
logarithms of the positive numbers 1@35 than unity or, to -
express it differently, in accordance with the logarithms of
the logarithms of the reciprocals of the numbers of the LL
scale,

The range selected for the LLO scales corresponds
to the range used for the LI scales, In the illustrated
embodiment e and e~! are opposite an index of the D scale.

Iﬁ the case of a rule in which it is necessary to conserve

space on the face of the ruls, a different range of values
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could be selected for the LL scales and a corresponding
range would be selected for the LLO scales. In such a case,
some number other than e wouldbe -placed opposite the index
of D, front face. The choice in this matter would depend
upon & sgselectlon of the most useful range of values on the
LL and on the LLO scales, For example, if a single LL

scale sectlon were to be used, the range of values chosen
might be from 1.585 (epproximately) to 100, In thils case,
the first of these numbers would be set opposite the left

index of D, while the 100 would be set opposite the right

the co-extensive single line TLO scale would hé?g/the range
of 0.631 (approximately) to 0.0l. The first of these numbers
would be placed opposite the left index of D, while the point
0,01 would be set opposite the right index of D.

As here  shown, the LLO scale ls graduated ln ac-
cordance with the logarithms of the co-logarithms of positive

numbers between e~C¢01 eguals 00,9900, and e'o’l equals

10

1 and o~

0.90u8,e”0'1 and o™t equals 0,3679, and e~ equals
0.600052, reaspectively. These graduatlons are so spaced that,
like the LI scgle, the trigonometric scales and the K,A,B,L,
DR, CF,ICIF and éI scales, the LLO scale is directly éséodi~
ated with numbers on the basic scales C and D. By "directly
associated," I mean that when the rule is closed (i;e., when
the indices are aligned) and the hairline 1s pushed to a value
on any s cale other than the ¢ and D scales, the value of the
functlon of thils scale assoclated with the marked value is
directly readable at the hairline on scale C. For example

in the case of the trigonometric scales, 1f the hairline is

pushed to an angle on the S scale, the sine of that angle

-5
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will be marked at the hairline on the C scale; if the hair-
line is pushed to a number on the B scale, the square root
of the number will be marked at the hairline on the C scale;
if the hairline is pushed to a number on the CI scale, the
reciprocal of that number will be marked at the hairline on
the ¢ scale; and 1f the hairline is pushed to a number on
the CP scale, the halrline will mark on the (¢ scale the numbexn
divided by <7

A great advantage arises from the direct assoclation
of the LIOG scale with the basic scales C and D instead of‘
with the scales A and B, which latter has been the practice
heretofore as illustrated, for example, in the above mentioned
pétent. Every scale outside of the C and D scales 1s direct-
1y aésociated wlth the C and D scales, Consequently, the
rulas_governing the placing of the decimal point and the re-
s&lt arrived at in the use of the LLO scale are very similar
to those governing the placing of the decimal polnt in a
result arrived at in the use of the LI scales. Operating
rules of a very unlike and therefore confusing nature govern
the use of the two corresponding sets of log log scales in
pfior art rules of the type shown in the said patent,

The new LLO scale gives additional power to the
rule and mekes the operator more accurate in making settings,
since the principles are similar to those involved in other

settings, and this gimplicity 1s achileved by the described

gggsoclation of the LLO scale wlth the basiec C and D gcales.

The operator has the advantage of being able to obtain

negative powers of numbers greater than 1, and negative
powers of numbers less than 1 simultaneouslys The LI and

LLO scales may be used in cooperation with the C and D scales

-
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in one operation. For example, if the operator wishes to
find h’a, he sets the left index of C opposite I on the T.L3
scale, pushes the halrlilne to 2 on the C scale, snd at the hai
line reads 0,002 on the LLO3 section.
The édvantages arising from the new association of
scales will be evident from the following examples:
. Exémpleln ~ HBRvaluate:
34700, 3047700 5 470000 ing 3.0770+01
Solﬁtion. - Set halrline on glass indicator to
3.7 on scale LL3
At hairline on LL2 read 3,47°'l-= 1.1325
’ At hairline on LLOE read 3.47-C+1 = 0,883
" At hairline on LLl read 3.L70:°1 = 1,0125
At hairline on LLO1l read 3.47-0:0% = 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.

Solutlon. -~ Set halrline on the glass indicator to
1.135 of scale LL2
At hairline on D scale read log e 1l.1325 (found on
IL2) = 0i12h2 ‘ "

,k‘ At haifline 6n b scale read lég s 0.883 (foﬁﬁd on
LLO2) =-0,12h2
At hairline on D scale read log e 1.0125 (found on
LL1) = 0,01242

0.98765 (found

Aﬁ hairline on D scale read log

@

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 similarly'placed

-l
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when the answers were derlved from like numbered scales,

. In prior art rules, no such simpiicity obtained because the
scales marked LILOO and LLO were read agsasinst the A and B
scales whereas the scales marked LLl, LL2, and LL3 were

5 read against the C and D scales for practically every impor-
tant problem. It was a matter of éommon experience, that
students had great difficulty in using scales marked LLOO
and LLO on prior art rules because of difficulties arising
becéuse the A and B scales Were rebeated scales, These

10 difficulties do not arise in the operation of the slide rule

of the present invention, since like rules of operation apply

to both‘éets of the log log scales.

In the use of the new slide rule most practical
applications of the log log scales are 6perated in conjunc-
15 tion with the C and D scales. However many important applica
tions involve thelr use with other scales. In every case

likeness of method of operation and of placing the decimal

point obtain when the rule of this invention 1ls employed.

The following examples will illustrate thils fact,

e S S i i e

3 (o]
20 Example 3. - Evaluate o510 30° gpg o=sin 30

PR

‘ Solutlion. - Using the rule of the present ine

vention, close,the‘rule, that is, set the left mark numbered

1 on scale C opposite the same numbered left mark of scale

D, push the hairline on the glass indicator to 30° on scale

25 S, at the hailrline on scele ILL2 read 1.065 and on scale
LLO2 read e-Sih 30° _ 0,606, Observe that like numbered
log log scales LLZ2 and LL02‘were used,

Example l. - Eveluate 5008 70° gng g-cos 70°

Solution, —_Oppdsite 5 on scale LL3 draw left index

30 of ¢, push hairline to 70° (red) on scale S, at the hairline

| -8-
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o
on LL2 read 1,734 5°°° 70

and at the hairline read 57°©8
70° . 0.577 on LLO2.

Example 5. - Evaluate 0,288 25° ang o,2-tan 25°

Solution., - Opposite 0.2 on scale LL0O3, set 1 of
scale ¢, push halrline to 25° on scale T,

At hairline read 0,2%8% 25° _ 0,472 on scale ILO2

At hairline read 0.2-%81 25°% ., 2,12 on scale LL2.

Exemple 6, - Evalu%te i

0,15372 and 0,157 5.2

Solutlon. - Draw index of CI opposite 0.15 on
scale TLO3, push hairline to 5.2 on (I,

At hairline read 1

0.15%?2 = 0,69l on scale LLO2

At hairline read 1

(0.15)" 5.2, l.lli on scale ILL2

Example 7. - Bvaluate

| O.BO«E—Qnd 0,80~ 5
Solutions, - Draw left indexwf B opposite 0,30 on
scale LLO2, push hairline to 5 on left half of B,
At hailrline read

o.Bng/'= 0.607 on scale LTO2
at hairline read ‘
0.80"V5 . 1,647 on LL2

Example 8, - Evaluate
- \( Vv
_ & 3N33 and 63 33
Solution, ~ Push the hairline to 33 on the middle
K scale,

At halrline read
6~3 V33 . ,olol on 1103

At hairline read

o3V 33

= 2.7 on LL3
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EXample 9., - Eyaluate
o-enti~log 106+24 and dentl-log 106"21F
Solution. - Push the hairline to .62l on scale I,

At hairline read

. 6.2l :
o-anti-log 10 20,656 on scale LLO2

At hairline read
eanti-log 100-2 =1l.52) on scale LI2
' Bxauple 10. - Evaluate 2.1§/ﬂf and 2.1'@%?*
Solution, - Draw;right index of CPF to 2,1 of I1ILZ2,
push the hairline to & of CF
At hairline read 2,1é67’ = }+12 on LL3
4% hairline read 2,179/ 20.242 on 1503
Example 11i - Bvaluate 1
(0.25) 07267/ and (0.2556726?/
Solutlon. =~ Draw index of CIF opposite .25 of
LLO3 push hairline to 2 of CIF

At_hairlinelread

(0.25) 67247: 0.11 on LLO3

At halrline read

(0.25) = 9.1 on LL3

The examples given above show the $amé 1ikeness'
of operatlon and of placing 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 are not
glven since they would duplicate 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,

~ - o
For example, the expression 0.2 tan 25 occurring in Example

]
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5 could not be evaluated with a single setting of the slide
on the prior art slide rules, nelther could such expresslons
as 2.9 =03 gna 0.29 =0+31,  These expressions involve the
use of scales LLl, LL2 and LL3 in conjunction with the ¢ scals
and the scales LILOl, LILO2, and LILO3 on the rule of tinils
invention and are easlly evaluated with a single setting of
the slide.

Thus to evaluate 239'0‘3

Draw the index of C opposite 2.9 on LIL3,

Opposite 3 on C read 2.9"O°3 =
"0031

0.726 on LIO2
And to evaluate 0,29
Draw the index of C opposite 0,29 on LLO3
Opposite 31 on C read 0029"0’31 = 1,167 on LL2.
Hyperbolic functions are belng used more and more
in engineering practlce. With the new LLOl, LL0O2, and LILO3
scales in conjunction with the scales marked LLl, LLZ and
LL3, 1t 1s a simple matter to find the value of various
hyperbolic functions. Thus to find sinh 2 and cosh 2, push
the hairline to 2 on scale D and read at the hairline on
IL3 7.39 and on LIO3 0.135. Hence sinh 2 = 3(7.39764135)
= 3.627 and cosh 2 = £(7.39 + 0.135)= 3.762. It 1s to be
observed 1in this process.that sinh 2 and cosh 2‘were‘§asily
obtained since both thelnumbers 7¢39 and 0,135 were found
at once on log log scales LL3 and LLO3 having like numbers
when the hairline was pushed to 2 on scale DQ With the prior
art slide rules, the number T7.39 is found as above and the
number 0,135 is found opposite 2 of one of the left A scales
on the LLO scale. Instead of a single setting of the hair-

line on the rule of the present invention, two settings are

necessary on the prior art rules and complicated rules of
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determining what scales apply are involved.

48 illustrating the obtaining of a finsl result
by oontiﬁﬁous progressi#e manipulatlions of the new slide
rule in the evaluation of expressions involving logarithms
of numbers less than unity which evaluation would require re-
setting in the use of any prior art slide rule, the follow-
ing examples are glven:

Example 12, -~ Evaluate

17 loga 0,0l
Vit

Solution. - To 0,04 omn LLO3.. scals

Draw 31 on B (right) scale,
Push indicator to 17 on CF scale and

Read 9,83 on DF scale.

j Example 13. ~ Evaluate

loge Oe7145 sin 450
cos T0©

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

Push indlecator to 45 on 8 scale and
Read .6955 on D scale

Exaﬁple 1l. - Evaluate

cos 79° 05! log, 0.9525 sec 70°10!
sin bbh0

Solution. - To 0.9525 on LLO1

Draw 55° on S,

Push hairline to 79° 05t on S (red)

Draw 7092 10' on 8 (red) to hairline and
Read at the index .,03319 on De.

i Example 15, = Evaluate

v16.2 logg 0.00T7hL csc ©0°

-l2w
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Solution. - To 0,007k on LIO3 - scale
Dpaw 60° on 8 scale, |

Push hairline to 16.2 on B and

Read 22.8 on D scéleo

Observe that it is impossible, by means of prior

art rules of any kind, to evaluate each of the expressions

in Examples 12, 13, 1l end 15 by continuous progressive

manipulations, that is by a process requiring generally one

but no more than one movement either of the hairline or of

the slide for each number in the expression to be computed.

Exemple 16. - Evaluate
~logg D.72 tan 25;6
e sin 40° V3§

Solution.

Push hairline to 0.72 on scale LLO2,
Draw 40° of § scale under the hairline,
Push the hairline to 25° of T scale,
Dpaw 35 of B (right) under the hairline,
Push the halrline to indexwof C,
At the hairline resad 1.0412 on LL1 scale,
Example 17. - Evaluate ‘

-loggle3ll tan LO°

e cos L7° E%TZfbot 35°
Solution.
Pugh the hairline to 1.311 on scale LLQ,
Draw L7° of scale S (red) under the hairline,
Push the hairline to L40° on scale T,
Draw 3.7 of scale CIF under the hairline,
Push the hairline to 35° of scale T,

At the hairline on scale LIO3 read 0.066k.

wl e
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Example 18, - Evaluate

(Loge 0.65) (¢§§) |
e sin 4O° .

Solution.

Push hairline to 0.05 on saale-LLoég

Draw L}0° of S scale under the halrline,

Push the hairline to 23 on B right,

At the halrline read 0,040l on scale LIO3.

Two resettings would be necessary to perform this
evaluation by means of the slide rule of Patent No., 2,170,114}

Another feature of improvement over the above
mentioned prior paﬁent lies in the disposition of the sine,
co-sine, téngent and co-tangent numbers. In sald prior
patent, the co-sine and co~tangent numbers are in red and
are to the right of the markings, whereas the sine and
tangent numbers are in black and to the left of the markings,
adjacent numbers belng Inclined towérd the common markinge
As shown in Figure 2,’the co-sine and co-tangent numbers, |
which are in red, are placed at the left of the markiﬁgs,
while the sine and tangent numbers, which are 1in black, are
placed to the $£§% of the markings, and adjacent numbers are
inclined away from the common marking. The transposition
‘of the assoclated humbers and théir‘upwérd‘diVefgencéfgreatn
1y facllitate 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 cylinder form

with a rotary slide member. When in the followlng claims a
slide member is recited, 1t is to be understood that 1t may.

be of any of the known types. Variations from the specific
disclosure herein, for exmmple in the relative positioning of
scales, are possible and are contemplated in the claims which

followe

~Lllp= i : ;

.......
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Case 313

The embodiments of the invention in which an ex-

clusive property or privilege is claimed are defined as

follows:

le In a slide rule a trigonometric scale having

graduations designated on the right by a series of numbers

ascending from left to right and on the left by a complementany

serles of numbers descending from left to right, the numbers
associated with each graduation diverging upwardly with

,réSpect’thereto.

Langner, Parry, Card & Langner,
120 East 41lst St.,
New York, N.Y.

Smart & Biggar,
- 609 Victoria Bldg.,
Ottawa, Ontario

Patent Agents of the Applicant.
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