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PROVISTIONAL SPECIFICATION

Improvements in Slide Rule Calculators, other Scale Devices,
and Direction Drawing Instruments

We, Huserr BoarDpMsw, of Carlton
House, 144, Radclifie New Road, White-
field, in the County of Lancaster, a
British  Subject, ArLBerT  EDMUND

5 (ravTox, of 5, Queens Road, Cheadle
Hulme, in the County of Chester, a
British Subject, FELIx SAMUEL NAYLOR,
of 41, Grosvenor Road, Rugby, in the
County of Warwick, a British Subject,

10 and A. G. Tmornton Limrrep, of King

Street West, Manchester, 3, in the County

of Lancaster, a British Company, do
hereby declare the nature of this inven-
tion to be as follows:—

The invention concerns the application
of groups of two, three, four, five, six or
seven related angle and trigonometrical
scales designed in accordance with plan
deseribed later, to the stock or slide of
90 slide rule calculators, or to direction

drawing instruments (such as graduated
adjustable set squares), or to a strip or
sector of material; for use with a cursor
that enables perpendicular to lengthwise

95 or radial projection to be effected; the
combination to afford particular advan-
tages when it is desired to inter-relate an
angle and its corresponding trigono-
metrical functions or inter-relate the tri-

30 gonometrical functions without reference
to the angle; and in the case of direction
drawing instruments, to permit of these
instruments being set direct from trigono-
wmetrical function data independent of

85 whether angular dimensions or the means
of ascertaining angles from the given
data are available.

Where 2=a numerical value

f(x)=a function of z, logarith-
40 mic or otherwise, and ¢, 8 and ¢ denote
angle values, the prior art groups of
applied scales may be considered as
related angle and trigonometrical func-
tion scales expressed by the form
f(2)=sin o=cos S=tan ¢
and usually comprise such scales as:—

a number scale graduated to values of
f(2) and numbered according to z,

a sine scale graduated according to
50 corresponding f(z) values and numbered

in angles for the range of o
a cosine seale graduated according to
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corresponding f(«) values and numbered
in angles for the range of 8

a tangent scale graduated according to
corresponding f(x) values and numbered
in angles for the range of ¢
arranged parallel straight or concentric,
the various graduation lines which com-
prise these scales being positioned to
dimensions measured from a common
datum or radial respectively.

‘With such combinations a given cursor
position furnishes the various angles
whose respective function values are 2.

In comparison with these prior art
scales where

a=an angle

f(a)=a function of «, logarithmic or
otherwise, and 2, ¥ and z are numerical
values, the newly invented groups of
applied scales are related angle and trigo-
nometrical function scales expressed by
the form

fo)=sin—z=cos~'y=tan"z . . . ()
and comprise such as:—

an angle scale gradu-
ated to f(a) values

and numbered accord-
ing to a
an inverse sine
scale labelled sine graduated to the
corresponding  f(a)
values and numbered
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according to values of 89

z
an inverse cosine
seale labelled cosine graduated to
the corresponding f(a3
values and numbere
according to values of
Y
an inverse tangent
scale labelled tangent graduated to
: the corresponding f(o)
values and numbered
according to values of
2
arranged parallel straight or concentrie,
the various graduation lines which com-
prise these scales being positioned to
#(a) dimensions measured from a common
datum or radial respectively.

With such combinations a positioned
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curgor furnishes the sine, cosine and
tangent of a particular angle.

Only the principal trigonometrical
functions, sine, cosine and tangent have
so far been referred to, but as occasion
arises the invention will incorporate the
other familiar functions such as secant,
cosecant and cotangent. The so called
cosine scales of the invention may in addi-
tion be numbered according to versine
values, and the angle scales may have
double numbering according to the angle
and its complement.

Of the so labelled angle, sine, cosine,
tangent, cosecant, secant and cotangent
scales of the invention the groups of two
applied scales which come within the
scope of this invention are any two of the
forementioned scales other than the angle
scale, whilst the groups of three or moie
may comprise any of the many possible
combinations of the scales enumerated.

In regard to the scales applied to direc-
tion drawing instruments “the principal
group to be applied is that where f(o) of
eq. )

=,
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In certain cases where groups of two
such labelled scales as tangent and
cosine are applied, the need of a cursor
may be obviated by arranging the scales
in contaet with one another.

By the means previously deseribed it

30

will be possible to arrange groups of -

scales that will furnish, at a single setting
of the cursor, all relative proportions of
sides also the corresponding angles of any
right angled triangle under consideration
and so meet a special need in regard to
the determination of resolutes of vectors
and many other trigonometrical and
technical computations.
Dated this 22nd day of February, 1936.
HUBERT BOARDMAN,
“ALBERT E. CLAYTON,
FELIX SAMUEL NAYLOR,
A. G. THORNTON, LIMITED,
ALEXANDER JAMES THORNTON,

Director,
Samn. Cmarmaw, ]
: Director,
W. WHINHEAD,
- Secretary.

COMPLETE SPECIFICATION

Improvements in Slide Rule Calculators, other Scale Devices,
and Direction Drawing Instruments

‘We, Huserr Boarpmaw, of Carlton

" House, 144, Radclifte New Road, White-

45

field, in the County of Lancaster, a
British ~ Subject, Azssrr Epmunp

. Crayrox, of 5, Queens Road, Cheadle

50

5b

60

65

70

Hulme, in the County of Chester, a
British Subject, Frrrx Samuern Navror,
of 41, Grosvenor Road, Rugby, in the
County of Warwick, a British Subject,
and A. G. TmornToN Lrimrtep, of King
Street West, Manchester, 8, in the County
of Lancaster, a British Company, do
hereby declare the nature of this inyen-
tion and in what manner the same is to
be performed, to be particularly described
and ascertained in_and by the following
statement:—

This invention concerns impiovements
to slide rule calculators, other scale
devices and direction drawing instru-
ments, characterised in that a group of
inter-related angle. and trigonometrical

scales as hereafter explained are provided -

in connection with an instrument includ-
ing a cursor, such scales.being propor-
tioned in accordance. with simultaneous
equations (2), so that with a single setting
of the cursor the various trigonometrical
functions of an angle or alternatively the
inter-relating of various trigonometrical
functions without reference to the corre-

.sponding angle are ascertained.

Also
direction drawing instruments of the
adjustable set squares type with a group
of scales affording direct means for setting
the straight edges of the set square to
relative directions which comply with
trigonometrical data without the neces-
sity of previously ascertaining the corre-
sponding angle values,

In order to make the underlying prin-
ciple of the invention clear, "the theory
underlying the prior art mode and that
of the invention will be contrasted,

(I) Prior art mode of applying angle
and trigonometrical funetion scales.

here 2=a numerical value
f(z)=a function of 2, logarith-
mic or otherwise, and e, 8 and ¢ denote
angle valués, the prior art groups of
applied scales may be considered as
related angle and trigonomeirical func-
tion scales expressed by the form

f(z)=sin a=cos B=tan ¢ 1)
and usually comprise such scales as:—

a number scale graduated to values of
H(#) and numbered according to ,

a sine scale graduated according to
corresponding f(z) values and numbered
in angles for range of a _

a cosine scale graduated according to
corresponding #() values and numbered

.....

35

40

&
80
854 |
90
0

100



10

15

20

25

30

35

40

45

50

55

60

468,257

in angles for the range of 8

a tangent scale graduated according to
corresponding f(r) values and numbered
in angles for the range of ¢
arranged parallel straight or concentric,
the various graduation lines which com-
prise these scales being positioned to
dimensions measured from a common
datum or radial respectively.

With such combinations a given cursor
position furnishes the various angles
whose respective funetion values are @

(I1) Related trigonometrical function
and angle scales of the invention.,

In comparison with these prior art
scales where

a=an angle )
f(a)=a function of o, logarithmic or
otherwise, and #, y and z are numerical
values, the newly invented groups of
applied scales are related angle and trigo-
nometrical function scales expressed by
the form

#o) =sin—tz=cos~ty=tan~"z . . . (?)

and comprise such as:—
an angle scale gradu-
ated to f(e) values

and numbered accord-

ing to o
an inverse sine
scale labelled sine graduated to the
corresponding [(03
values and numbere
according to values of
@
an inverse cosine
scale labelled cosine graduated to
the corresponding f(a)
values and numbered
according to values of
K
an inverse tangent
scale labelled tangent graduated to
the corresponding f(e)
values and numbered
according to values of

2

arranged parallel, straight or concentric,
the various graduation lines which com-
prise these scales being positioned to
#(a) dimensions measured from a common
datum or radial respectively.

A description of the three instruments
represented in Figs. 1, 2, 3, and 4, which
incorporate scales in accordance with
equation (2) and explanation of their use
now follows.

Tig. 1 shows a wooden, metal, op cellu-
loid faced rectangular piece of material
grooved on the longitudinal edges for a
cursor K, and on the face of which, from
the given datum line AB:—

Scale B is an angle scale graduated
according to () and numbered according

85 to a. In this particular application the

angle scale is uniform i.e. the distances
from the datum ADB of the various angle
values are directly proportional to those
angle values.

Scale F labelled Sine, is graduated
from AB in accordance with inverse sine
values (which are angles) to the same
unit as the angle Scale E and numbered
according to the corresponding sine
values.

Scale G labelled tangent. is graduated
from AB in accordance with inverse tan-
gent values (which are angles) to the same
unit as the Scale E and numbered accord-
ing to the corresponding tangent values.

Scale H labelled cosine, is graduated in
accordance with inverse cosines and
numbered in accordance with cosines.

With the combination shown, when the
line M of the cursor K is arranged at the
angle say 36.9° on the angle scale E, the
sine of 36.9° can be read from the I scale
viz:—.6
the tangent of 36.9° can be read from the
G scale viz:—.75
the cosine of 36.9° can be read from the
H scale viz:—.8.

Similarly if the remaining principal
trigonometrical functions, cotangent,
cosecant, secant, versine or coversine are
required, appropriate scales hased on the
same principle will be applied.

Thus it will be seen that with the com-
bination it is possible to provide with a
single setting of the cursor the answer to
such questions as:—

(I) Given the sine, determine the cor-
responding angle and the tangent and
cosine of that angle.

(IT) Given the tangent of an angle,
determine the sine or cosine of the angle.

Prior art scales do not permit of such
group evaluation for a single setting of
the cursor.

“ig. 2 shows a form of adjustable set
square in which the arm Z is pivoted at
W to the main set square piece Y. To
the arm Z a quadrant piece X is attached,
A fixed cursor K,, carrying line M, is
secured to Y and whilst X may move be-
tween the eursor K; and Y, a screw device
at V enables X (and in consequence Z) to
be secured in an angular relationship
to the main set square Y. The direction
of the line M. on the cursor K, is through
the centre of the pivot W.

Prior art devices normally incorporate
only a uniform angle scale J on the circu-
lar edge of X ; the invention concerns the
addition of coneentric scales L, O and N,
which bear the same relationship in
radial projection to the scale J, as do the
scales F, G and H, in perpendicular pro-
jection to the scale E, of the device repre-
sented in Fig. 1.
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With this form of adjustable setsquare
the edge ef may be set 1n relation to the
edge ¢d of the main square to a direction
expressed either by means of an angle or

- 5 the angle’s trigonometrical data.

e.g. When the arm is positioned so that
.75 in the tangent scale O coincides with
the line M,, the angle between the lines

cd and ef is the angle whose tangent is.

10 .75 and the value of this angle, if re-
quired, may be read from the angle scale
J viz:—36.9°." Also the value of the sine
and cosine of this angle may be read from
the scales I and N viz:—.6 and .8 with-
15 out any change of setting.

The instrument shown in Fig. 2, also
provides, like the instrument shown in
Fig.-1, at a single setting the angle and
particular related trigonometrical fune-
tions.

In the preceding theoretical statements
contrasting the prior art and the invented
scales, reference is made to
- f(e)=a function of «, logarithmic or
25 otherwise. '

The instruments illustrated in Figs. 1
and 2 incorporate scales of the *‘ or other-
wise ”’ group where ‘“ or otherwise ’’ in
the particular cases cited arve such that

80 the scales of o are directly proportional
to a,

The caleulating slide rule shown in
Fig. 3 and, with slide readjusted in Fig.
4, incorporates scales corresponding to the

85 scales K, F, &, H, of Fig. 1 but where
the f(e) 1s a logarithmic function of «.
ig. 3 is a front elevation of a slide
rule which comprises a stock g in which
a slide h can move. The stock g
is also grooved and a transparent cursor
K., so made as to permit of the cursor’s
relative movement to the stock or slide.
On the transparent face of the cursor, ad-
jacent to the stock and slide, there is an
45 index line marked M, that enables per-
pendicular to lengthwise projections from
one scale to another to be effected.

On both stock and slide graduation

marks comprise scales for various pur-
50 poses. Of these scales we refer to:—

(1) The scale on the slide indicated by
the letter ¢ and that on the stock marked
D are identical logarithmic scales of num-
ber to a selected unit from the datum A

B,

% (2) Scale P is a logarithmie tangent
scale to same unit as C and D and from
the same datum numbered in angles.

(8) Scale Q is a log. tan sin™ z scale

60 numbered according to values of 2.

(4) Scale R is a log. tan cos™ =z scale
numbered according to values of z.

With this combination of scales when
the cursor is arranged at a position (say)

65 36.9° on the scale P, the walue of the

20

40

tangent of 86.9° can be read on the scale
D, viz:—.75; the value of the sine .
36.9° can be read on scale Q viz:—.6 and
the value of the cosine of 86.9° can be
read from scale R, viz:—.8. . . -

In comparison to the prior art devices
incorporating standard. logarithmic tri-
gonometrical scales such a combination of
scales offers- advantages as regards mini-
mum slide and cursor movements when 79
(important electrical) eomputation as the
undermentioned have to be effected.

‘Where tan a=$% determine the value of
cos a.

This would be effected by moving the 80
slide so that 4 on scale C is in alignment
with 3 on scale D and placing the cursor
at C10 or (C1). The value of cos o can
then be read from scale R at the cursor
line M, viz:—.8. ' 85

Fig. 4 shows the instrument of Fig. 3,
adjusted for this computation.

Having now particularly described and
ascertained the nature of our said inven-
tion and in what manner the same ig to 90
be performed, we declare that what we
claim is;—

1. Slide rule caleulators, scale devices,
and direction drawing instruments, char- _
acterized in that a group of inter-related 99
angle and trigonometrical scales as here-
in explained are provided in conmection
with an_instrument including a cursor,
such scales being proportioned in accord-
ance with the simultaneous equations (2) 100
so that with a single setting of the cursor
the various trigonometrical functions of
an angle or alternatively the inter-relat-
ing of various trigonometrical functions
without - reference to the corresponding 105
angle are ascertained.

2. A direction drawing instrument of
the adjustable set square type with a
group of scales as claimed in Claim 1
affording direct means for setting the 110
straight edges of the set square to relative
directions which comply with trigono-
metrical data without the necessity of
previously ascertaining the correspond-
ing angle values.

3. A scale device comprising an instru-
ment including stock scales, and cursor,
all so devised and arranged and capable of
use to provide inter-related trigono-
metrical data without reference to tri- 120
gonometrical tables, as described with
particular reference to Fig. 1. '

4. A direction drawing instrument of
the type of adjustable set square which
incorporates hinged contrivances with 125
scales and cursor to provide means for
inter-relating angle and trigonometrical
functions and permits of réelative direc-
tions of straight edges of the instrument
to be set to trigonometrical data as de- 130

115
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seribed with particular reference to Fig. .
Dated this 9th day of January, 1937.

. 0
5. A slide rule calculator comprising a

stock, slide, cursor device and scale For the Applicants,
5 arrangement capable of being used for E. K. DUTTON & CO.,
effecting computations of the type set Chartered Patent Agents,

forth and as described particularly with 5, John Dalton Street, Manchester, 2.
reference to Figs. 3 and 4.

Leamington Spa: Printed for His Majesty’s Stationery Office, by the Courier Press.—1937.



[7Fis Drawing is a reproduction of the Original on a reduced scale,/

648,257 COMPLETE SPECIFICATION

A
F ( >jflllTlTlHlllllT[]lll|]||]|J||III||L||l|IIL
o 05 R 5 2 28 ‘3 3§ 4 A
1’9999 999 99 -98 97 96 95 94 93 92 3 .9
H > 1 1 1 l|l|lHlIHlﬂHHlIH!IHllIlllllnlmnmlllulllu|m|llllmﬂ | |
? o 2 3 j 4
G LT P T I T T T T T T T T A T T T i
o 5 10 15 20 25
e [T T T T T T T T T 1S
E FIG. L.

5 £
Y

'Y,
(-] /,/7
7,
° 7,
: 7,
2%,
ch P A
% ® 2
® %
%. o 7;
%, 2%
9..* 9;
X z
Z
% 5
2
oz
0z
v% . 9=
& _Z\7,
=
22
W. Z\
-3 o ¥=
° —
3 g‘&—]"
7= 4 p
A
o ©O
S e’
S v O O
o /

X N Lo J
Fla.2.




2 SHEETS
SHEET 1

WL IT O I TT T T T T T TT
: -35 P 45 5

‘95 94 93 92 .9l .9 B9 -8Q BT -96 g5

LT ETT
55 .

-84 83 92 8! -8

N VO OO I L I A
610 69 P2

70

JOUHOTI T T T T T T T T T T

LITPTTIT

o - I8 -
IRNRRERRERRNNRRANARENRNA)

4 -5 -6
LTI O T T O I T

-7
NERRERREDR

8 . 10
mrmnrﬂ]:[[f]I[mm

20 25 30
Ill]lllll!llllIIHHIIUHIIH

38 M
IENERNZE

40 45
RN EREERERE

FI1G. 1.

Y

ki

il

..
xd

/
M

Nk

3§ 2y

/e
/ |
/ |
N Lo J y4

FIG 2.

Malby & Sons, Photo-Litho



Ly
S
5%
) @
o
2
0. H g
5 o X
N ¥
H H.
s 4 N
Ly \S
R o -
= 3 -
s H H = ¥
1”3 H -
=R H -H =
30 *H o
He H M4 >
] ¥ = °H
0 osH H H
1 o o H
H ¥ o4 H b4
HH H 0 .
H o
¥ = .
Ht - S >' ‘“\\‘“\
-] 1 — N e
l F T \ <N
:,,. - \\\\“‘\\\"’ x
ud & QL
§
H] H \\‘“\\\\\‘D& 3 v
n H Fo M X
wy Gl S’
: L '. >, m
] I (]
Hsa - b KH E
[ L]
H H
I H e
He -
T -: »
F4 I u
=l H. L
- - -
< H* -
9 1 fdq
[ : ] a
(3] - N —
e < o old o ‘\‘
: l {
(1]
[=
t
put
i
=
0
8 ]
B w T O (11}
N
o
<
©

W

——N
.

AT b 2
\“: 40 0 o o
T o

q-\
o W = ~Z
< >

FIG.2.

Malby & Sons, Photo-Litho

[ 21098 peompas v uo JouIBLIY Y3 Jo UOINPALIRL D S2 LuiBITSTY], ]



7 of the Original on g reduced scale,/

(Lo

die

awing &s @ repro

[ ThisDr

468,257 COMPLETE SPECIFICATION

Al

P ~ g T T T T T 1 T 1
- 3 7 ! 9 0 0 12 3
2 » 4
i 9 8 o 6 3. f s Py
C werbogafseentovevivenonteatdyyonepngalo g oo eebov v v oo g p by 090t
—> 2 3 4 5 6 T 8 9 2
D oy S OO A M S S M i S B e S s s oot A AR
2 > 4 5 6 T & 8 2
|
R ] 905 ‘994 993 982 ‘9N ‘9% 935 *930
- S N O .

Bl

e 7 3 5 o i 13
2 4 5
;

MmN E AR SERTR TR o
I

3
& 7 8 9 (0
"l

| S R O N




2 SHEETS
SHEET 2

T T T I T Y T N MY SO SO RVUUDN TN NN OO S SO U S 8 S Mot | 1\1\ {0 W ) T
12 3 4 5 16 1T 18 19 20 25 30 35 N 4#a 45
[
T :?#?:%:s:f:ot ¥ ‘.:L::::g:o::n.....slo..r..,.fo. 5?0.6:0.73587T%°_‘f°
5 '64 7 8 9 o . 20 30 40 5 60 T gg 9a o
4 9 7 s 5 3 -3
|:|||||Llnllll|lltlr||v||v||i«ll?nlllu?llxlllt'l’
3 4 5 6 1 3 9 10 7‘
A e e A A S A P OV M P GO A S O S S S St o L VMmN NMmAREmMALRArans]
' 3 4 3 € ’ [ g* 10
s . . o o 9 o . o g o
o T %6, 95 9. 93 192 w8l 90 s 15 s ’ .esT® o ) f
) 1 1 L 1 T L I ;8 L 1 3 L L H [ S R S S MO SN S S/ AU S S G WA N 55 S MM M DS S50 R MO A M R AN N A ] 3URE MO i /
FIG.D g
/
12 13 1+ 15 16 17 18 19 20 F43 o 35 40 4
5 & 7 8 o 20 o 3 -] 3o S0 7o 90 100
L . 1T I,L‘ 1' . ll '- T ; a——— 1 111
8 9 !0 22 30 40 50 6 |10 80 g0 ibo
Z 9 8 7 6 § & 3 2 '
[0 O O W T WO N TR U SO O U SNUENE WU UG UMDY NS S W U DA SR | [ - P I T B
3 4- 5 [ 7 8 1o
- LSRN O S BAENUVIENRERARYS NV ANEAY I
I — r ; o - s L ,qn—.—q—is.
je 97, 96 ‘95 ‘S4- 93 9, ‘Y ‘90 35 ‘go TS| .70 ﬁ
25 35 - %5, . 55 . ‘. L
I 1[lrIlrlLlxlT‘llll[l(u|(1(1||‘|||||l|(rl’#lnl|$'1—_l_|’; / J

Malby & Sons, Photo - Lith.



‘4311 - 030ud *suog g Fqjew

LNt B B WAL LN LR L
L__ 9 ]

[
R e e Be oth. nmﬁlﬂ\\l\l\\ bl
1 s o & T % i Q.
L % 5 ¥ © ¢ ~—— |
L3 B B I R UL R B AL L L Ry 2
“ w68 .y s s * £ T
o 6! !e. tn ﬂ.o .\..b .!o n.o w Y o~ 3 .«u L -2
N e e ——— 2 d
B
v
2 L3FHS NOILVOId103dS 313 TJWOO [Sc 89V

S.U33HS 2

[ 21095 poampas U0 TOUIGHIG 7] JO UOHINPOLIRI D 57 GUIMPITSHY]




	Bibliography
	Claims
	Drawings
	Description

