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- PROVISIONAL SPECIFICATION

- Improvements in Calc'urlaﬁ'n»g Apparatus

I, Rrcuirp Groree Duce, British Sub-
ject, of. 51, Earls Court Square, London,
S.W.5, do hereby declare the nature of
this invention (which has been communi-

b cated to me by HEerserr JoHN Duck,
British Subject, of 6, Prince Alfred
Terrace, Ireland Island, Bermuda), to be
as follows:— o

The invention relates to calculating _

10 apparatus of the kind depending on
logarithms. It is primarily intended for
carrying out mathematical operations

which are adapted to be effected by the -

use of tables of logarithms.

16  The simplest calculating device based

on the principle of logarithms is the com-.

mon slide rule, but its accuracy is limited,

though forms have been constructed in -

which the effective length corresponding
20 to a difference of 1 in the characteristic
was Increased by inseribing the scale in a
helix on the surface of a drum. .
The basic idea of the present invention
is that of replacing the graduated scale
26 of a slide rule by a table of anti-
logarithms. Tt is eclear that in such a
table consecutive mémbers bear a  con-
stant ratio to each other, the argument or
logarithm increasing in equal additive
80 steps. : C
“According to the invention the appli-
ance consists essentially of two or more

assemblies with releasable positive coupl-

ing means therebetween to permit inde-
85 pendent or related movement;, and each
assembly comprises a drum bearing an
antilogarithm table in rows and columns
with last and first rows spaced apart by
substantially the same distance as con-
40 secutive rows, a screen rotatable with
small clearance around the drum and
having apertures arranged on a multi-
start helix. to expose the numbers in one
row in sequence through successive aper-
4pb tures as the “screen is rotated, transfer
mechanism by which the drum is rotated
by an amount equivalent to the spacing
between consecutive rows when the screen
is moved from a position in which the end
50 number in a row is exposed to a position
in which the next number that should be
exposed is in an-adjacent row, the next
helical liné of apertures being so:located
[Price 1/-] :

“that the said next number is exposed
when the screen has been moved from a b5b
‘position exposing said end number by an
amount equal to that by which it is moved
to-expose-the next number along the row
o the one previously exposed, and a view-
ing slot or window limiting the observer’s 80
view to one row. - .. ; ) .

Preferably the drum also has upon it
the equivalent of a difference table in the
form of an axially extending scale in line
with  each row and subdivided into as @b
many graduated parts as the mean differ-
ence. between the successive numbers -in
the row, including the first number of the
next succeeding row, the said scales being
equal in length, and a transparent screen 70
rotatable with small clearance around the

“difference portion of the drum and carry-

-ing as many dots as there are rows of
numbers, the dots being equidistantly
spaced on a single helix of pitch equal to 75
the length of the said scales and located
to~indicate on the scale visible through
the viewing slot'a graduation correspond--
ing” to the rotational position of the
sereen, -~ T T T T . 80
- Further features of the invention will
appear from’a déseription now to be given
by way of example of a calculating appli-
ance in “accordance with the invention.
This appliance has two assemblies of anti- 85
logarithm drum and associated parts and
acoupling device movable selectively into
three positions. ~ It is intended primarily
for multiplication and division and works
to five significant figures. . 90

The first assemably compriges a_drum
mountedin- bearings-on. a baseplate, two
screéens rotatable about the drum and a
fixed sereen.” The druimn carries a table of

“antilogarithms to-base 10 of the argu- 95
nents (logarithms) .000, .001, .002 . . . .
999 arranged in ten columns and one
hundred rows all equally spaced and with,
the first row following the hundredth at
the same distance as successive rows. 100
Thus the first row “contains the anti-
logarithmg of .000 to .009, namely 10000,
10023, 10046, 10069, 10093, 10116, 10139,
10162, 10186, 10209. Iikewise the last
or hundredth row contains the anti- 105
logarithms: of ;990 to-.999, namely 97724 --
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97949, 98175, 98201, 98628, 98855, 990883,
99312, 99541, 99770. N
‘The antilogarithms just described
_occupy the left hand par} of the drum,
6 which will be called the antilogarithm
. section. The right hand part of the drum
will be called the difference section, since
it serves the same purpose as the usual
~ difference tables. In line with each row
10 of antilogarithms there is a graduated
scale in the difference section. All the one
hundred scales are of the same length
and commence at the same right section
o of the c¢ylindrical surface of the drum,
15- so that they also all finish at the same
-right section. Each scale is divided into
a number of equal graduations obtained
as. follows. The nine differences between
the ten anfilogarithms in the row con-
20 cerned and the difference between the last
one in.that row and the first in the next
are averaged and this provides the num-
ber of graduations. Thus the scale in
line with the first row has 23 graduations

25 and that in line with the last 228.

- Between-the two sections of the drum
there is a two-figure number in line with
each row and scale. -These numbers are
the first and second decimal places of the

0 respective argument (logarithm). The
third decimal place is marked on a fixed
screen to be described later and is 0 for
the first column, 1 for the second, and so
on_to 9 for the tenth. The fourth and

35 fifth decimal places are ascertained when
required . by means of the difference
section as will be explained later.

“Around the antilogarithm section of the

 drum & cylindrical , sereen is rotatable

40 with small cléarance but with no appreci-
able-eénd play. - The screen is opaque and
has in it one hundred slots each of the
right size'and shape to expose one of the
‘numbers én the drum. The slots are so
40 arranged that when one exposes the num-
ber in the first column and first row, nine
others éxpose in the first column the num-
bers-in the 11th, 21st, 31st . . . . and 91st
rows. At the same time ten slots expose
60 in-the second column the numbers in the
~ 2nd, 12th, 22nd - . ;- 92nd rows, and se-on to
the tenth column, where ten slots expose
the numbers in every tenth row from the

- 10th to the 100th. Tt will be seen that the

5d slots are located on a ten-start helix.
This ~ screen will be called the anti-

. logarithm sereen. - : '

. - ~A screen-is similarly rotatable around
the- difference section of the drum but is

80 transparént and has no slots.  On this
difference- screen there are one hundred
dots equally spaced along a helix in such

a manner that in what will be called the

- first position ¢f the difference sereen the
66 first dot is at the left hand end of the

difference scale in the first row, the second

"is on the scale in the second row at a

distance from the left equal {o one
hundredth of the length of the scale, and
so on. The hundredth dot will then be
‘o the scale in the.hundredth row short
of the right hand end by one hundredth
of the scale length. o

The casing has a cover over the
assembly, in which there is a thin fixed
screen close to the rotating screens. The
fixed screen has a slot of such shape and
size that through it one and only one row
of antilogarithms can- be seen- together
with its associated difference scale and the
first two decimal numbers of the argu-
ment. It is just above the slot in this
fixed screen that the third decimal place
of the argument is entered.

The fourth and fifth figures of the
argument arve inscribed in a similar way
to the first and second but on the differ-
ence screen, the slot in the fixed screen
‘being long enough to bring one of these
numbers into view. The number 00 is in
line with the dot furthest to the left, the
nunmber 01 with the next, and so on, the -
number 99 being in line with the dot
furthest to the right. The number show-
‘ing at any time is the number of 96
hundredths of the scale length from the
left of the scale to the dot, and the actual

70

5

80

86

80

"number on the scale graduation nearest

to the dot is the difference to be added to
the number visible through the anti-
Jogarithm screen to give ~the anti-
logarithm of the argument of which the
first five decimal places are shown as
indicated. )

TFor instance assume that the twenty-
fifth row on the drum is under the slot of
the fixed screen and the antilogarithm
screen is turned to expose the number in
the fifth column, namely 17639. Above
this number 4 appears on the fixed screen,
and between the two sections of the drum
the number 24 appears. Assume also that
the difference screen is turned to show the
number 28 in the slot of the fixed screen.
The dot now visible is 28/100 of the scale

100
105 -
110 |

116

“length from the left of the scale. This

scale has 40 graduations, and the nearest

one to the dot-is 11." The argument or
logarithm shown by this setting is .24428,
and the antilogarithm or number is 120
17539 + 11 =17550.

The drum bearings are in two plates
one at each end of the appliance and
mounted on the base. - Four plates
between the first two carry bearings, two 125
for the antilogarithm sereen and two for
the ~difference screen, the drum and
sereens being rotatable independently of
each other in so far as the mounting is
concerned. -~ For convenience in deserip- 180
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tion the plates will be regarded as being
numbered from the left, the drum being
supported by the first and sixth, the anti-
. logarithm screen by the second and third
U and the difference screen by the fourth
and fifth.

All the three moving elements just

referred to-are provided with ratchet gear

similar to that of a typewriter platen to
define each of the one hundred positions
which each can occupy with the figures
centred fairly in the slot of the fixed
scTeen. : -
The antilogarithm screen has a raised
15 portion to serve as a handwheel for rotat-
ing it, this portion being immediately to
the left of the second plate. To the left
again is a portion on which gear teeth
are cut, and further to the left transfer
20 gear with ten teeth to cooperate with a
pinion journalled in the first plate. This
pinion meshes with a gear having one
hundred teeth cut on the extreme left
hand end of the drum. The effect of this
26 arrangement is that, when the anti-
logarithm™ screen is turned, the anti-
logarithms of one row are exposed in turn
from left to right. A further step of the
screen brings the first slot of the next

80 helix into position and at the same time

turns the drum one step to show the first
number in the next row. The transfer
mechanism operates in a corresponding
manner on backward rotation.

85 The antilogarithm screen also has a
portion with gear teeth at the right
hand end between the third and fourth
plates.  The purpose of the two gears
will be described later. The difference

40 screen has at its right hand end just
bevond the fifth plate a raised portion-to

serve as a handwheel for rotating it and -

bevond this a portion on which gear teeth

are cut. At the left hand end the differ-

45 ence screen has a single tooth for actuat-
ing transfer mechanism. 7

A second assembly of drum and screens

as just described is carried in the same

plates at the same level as but behind the

50 first assembly and can be viewed a row at

a time through a slot in a second fixed

sereen as in the case of the first assembly.

The two assemblies differ in the widths of

some of the gear faces, but they are alike

0b in the other parts specifically described.

A coupling frame is mounted in the

plates between the drums to slide longi-

tudinally into anv one of three defined

positions, but it is held at all positions

80 against rotation. The frame carries four

pinions, which are free to rotate indepen-

dently of the frame and of each other but

are not capable of sliding along the

frame. The first position of the frame is

08 that in which it is-furthest to the left,

the: third that in which it is furthest to
the right, the second being between these
two. » :

One of the pinions is located to engage
the gear teeth near the left hand ends of 70
the two antilogarithm screens. It engages
those of the second screen in the second
position- but not in the first and third. -
The gear teeth on the first antilogarithm
screen are made wide enough to remain 76
always in mesh with the- pinion, so as to
ensure correct engagement of the pinion
with the gear teeth of the second screen
when moving to the second position from
either of the others. ) 80

‘Another pinion is located to engage
the gear teeth at the right hand ends of
the difference screens. It engages those
of the second screen in the third position
but not in the first and second. The gear 86
teeth on the first difference screen are

-made wide enough to retain engagement

with the pinion in all position for the
reason mentioned above.

The other two pinions engage the gear 90

" teeth at the right hand ends of the first
‘and second antilogarithm screens respec-

tively and are made wide enough to retain
this engagement in-all three positions.
In the first and second positions these 95
pinions have no other engagement, but
in the third position each one is so located
that it is moved one tooth forward by the
transfer tooth on the respective difference
screen when the latter passes from its 100
hundredth to its first position or vice
versa. The first position of the difference
screen s that in which the dot furthest to
the left is visible through the slot in the

" fixed screen, and the hundredth position 1056

that in which the dot furthest to the right
is 8o visible. ) '

The foregoing description makes it
clear how the assemblies and the elements
thereof cooperate, but a better under- 110
standing of the apparatus will be
facilitated by enumerating briefly the
various effects obtained. In each assembly
the drum is not directly rotatable by hand
but is only rotated through the transfer 115
mechanism from the corresponding anti-
logarithm screen, this transfer mechanism
being operative irrespective of the posi-
tion of the coupling frame.

“In the first position of the coupling 120
frame both antilogarithm screens and
hoth difference screens are independent,
and anv one of the four can be rotated by
hand without affecting any other. In the
second position of the coupling frame the 125
two, antilogarithm screens are coupled
together, and as a result any rotation of
ane is accompanied by an exactly equal
rotation of the other. The difference
screens are still independent of each other 180
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'an& of th.e, aﬂtﬂog‘aritﬁﬁ screens. - When

the coupling frame is moved to the third -

: Eo’sition, there is no direct connection

etween the two antilogarithm sereens, but -

‘b the difference screens are coupled
together, so that any movement of one is

_ accompanied by an exactly equal move-
“ment of the other in the same direction.

© At the same time each difference screen-

10 is coupled to its associated antilogarithm

~ screen by the transfer'mechanism. Since

the twodifferencescreensarenot necessarily

in exactly similar positions, the transfers

may not take place simultaneously, hence

16 the necessity for releasing the direct con-

nection between the two antilogarithm

‘screens. ~ - R

- Some examples will show how the

-appliance is used for caleulation. Sup-
20 pose it'is required to evaluate.

26167%52812 -
. 39569 - ¢ -

The coupling frame is set into its first
position to uncouple all the elements and
the four screens are set into their first posi-
20 tions, in which the antilogarithm screens
‘both expose the numbers 10000 and the
dots of both difference screens are at 0 on

their respective “scales.” The first anti-

logarithm screen is rotated in a forward
80 direction until the number 26122 (the
nearest number lower than 26167) comes
“into view; this is the number in the 42nd
row and 8th column, so the-screen will
-have been rotated from position 1 through
856 417 changes of position to position 418.
The 42nd graduation seale (0—60) will
have eome into view, and the-first differ-
ence screen’is rotated ina forward direc-
- tior until the dot is in the position nearest
40 to the 45 (26167—R6122) graduation; this
: is position 76 and -the sereen will have
heen rotated from position 1 through 75

- changes of position. :
~The coupling frame is next set to its
48 second position, and -the second anti-
logarithm screen is rotated in a forward
direction until the number 52240 comes
intp view: this is the nmumber in the 72nd
" row and 9th column and the screen will
50 have been rotated from position 1 through
718 ‘changes of*'position” to position -719.
The coupling frame is: next set to its
third position. - The - 72nd graduation
scale. (0-—120) will come into view and the
BB second difference sereen is rotated in o
forward direction until the dot is in the
- position nearest to the 72 (52312--52240)
graduation; - this is position 61 and the
-~ sereen will have ‘been rotated from- posi-
60 tion 1 through 60 changes of position.
--Rotation of the second-antilogarithm
screen will have caused the first sereen to

- rotate -through.-the same" number of

- changes of position in the same diréction,

that 1s, to position 136 (position 418 plus 66
718 changes of position gives position
1136 which is position 136, the cycle
recommencing after.position 1000); the
number in the 14th row.and 6th column,
that is, 13646, will. then.be in view. 70
Similarly the rotation of “the second

_difference . screen will have caused the

first screen to rotate to position 86 (position
76.plus 60 changes of position.give posi-
tion 136, which 1is position 36, thé cycle 70
recommencing after position 100) and the
dot will be nearest to the 11 graduation.
Also the first difference screen in heing
rotated through its 100th to the Lst posi- . -
tion will have caused the antilogarithm 80
screen to be rotated one position forward,
that is to position 137, and the number
13677 will be in view. Thus 13688 (13677
plus 11) is the (first five figures of the)
product of 26167 multiplied by 52312 = 85

To divide by 32669 the coupling frame
is set to its first position, and the second
antilogarithm screen is rotated until the
number 32509 is in view, that is; fo posi-
tion 513, and the second difference screen 90
until -the dot is nearest to graduation 60,
that is, to- position 81. The coupling
frame is then set to its second position,
and the second antilogarithm screen is
rotated in a reverse direction to position 95
1, that is, through 512 changes of posi-
tion, which will cause the first anti-
logarithm screen to be rotated to position -
625" (position- 137 minus 512 changeés of
position). - Thé coupling frame is then set 100
to its third position, and the second differ-
ence screen- is rotated in a reverse direc-
tion to position 1, that is, throungh 80
changes in position, which will eause the
first difference screen to be rotated to posi-
tion b6 (position 36 minus 80 ¢harnges of
position) and the dot will be nearest to
the 53 graduation. Also the first differ- -
ence screen, in being rotated through its
1st to-the 100th position will have caused 110
the -first antilogarithm . sereed to ™ be
rotated one position in a reverse direc-
tlon, that is, to position 624, and the num-
ber 41976 - will bé in view. Thus 42029
(41976 + 53) is the (first five figutes of the) 115
required evaluation. T -

To obtain the square root of 26167, one
assembly is set to read this number in-its
antilogarithm -section; it will then read
41775 in the argumenit section. With tlie 120
coupling frame in its first position the
other assembly is set t6 réad 4177572 or
20888, in 1its argument section; it will
then read 16176 in its antilogarithin
section, and-this is the first five figures of 125
the requited evaluation, ignoring decimal
points. To obtain "~ the square root of
2616.7, the second agsembly is set ta read

105
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10

20
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141775/2 or 70888 in its argument
section; it will then read 51163 in 1ts anti-
logarithm section.- o

Additional -assemblies can be fitted to
extend the scope of the appliance to
include dealing Sirecﬂy with calculations
involving other functions such as trigon-
metrical functions of angles. For example,
one such assembly might cover sines of
angles over the range of the angle whose
in[l)%ﬂi()s .10000 to the angle whose sine is

Many variations in the size and degree

-of accuracy - of the instrument are

possible; -since the arrangements would
apply generally with any number of
rows and columns of antilogarithms
except that in  most cases the arguments

* if shown would have to be shown in a non-

Tepeating sequence.

 Dated the 27th day of March, 1945,
- CARPMAELS ‘& RANSFORD,
- Agents for the Applicant,

- 24, Southampton Buildings,

. .~ London, W.C.2.

COMPLETE SPECIFICATION:
Improvements in Calculating Apparatus

1, Riciarp Grorce Dres, British Sub-
ject, of 51, Barls Court Square, London,

N§.W.5, do hereby declare the nature of.

this invention (which has been communi-

cated to me by Herrerr Jomy Duce,

British Subjecf, of 6, Prince Alfred

in what manner the same is to be per-
formed, to be particularly described and
ascertained in and by the following state-
ment : — .

The invention relates to calculating
apparatus of the kind depending on
logarithms. It is primarily intended for
carrying out mathematical operations
which are adapted to be effected by the

use of tables of logarithms. ,
" The simplest calculating device based
on the principle of logarithms is the com- .
mon slide rule, but its accuracy is’

limited, though forms ~have hbeen con-
structed in which the effective length

corresponding to a difference of 1 in the-

characteristic was increased by inscribing
the scale in a helix on the surface of a

drum. : .

The basic idea of the present invention
is that of replacing the graduated scale

of a slide rule by a table of anti-

logarithms. = Tt is clear that in such a
table consecutive members bear a con-
<tunt ratio to each other, the argument or
logarithm increasing in. equal -additive
steps. ) T :

'Accor'dinrgrr to -the invention the

appliance consists ~essentially of two or
more assemblies with releasable positive
coupling means therebetween to permit
independent or combined movement, and
each assembly comprises s drum bearing
an  antilogarithm ~table "in rows and
columns with last and first rows spaced
apart by substantially the same distance

»s consecutive rows; a screen rotatable.

with small clearance around the drum and
having apertures arranged on a “multi-

start helix to expose the numbers in one
row in sequence through successive aper-
tures as the screen is rotated, transfer
mechanism to rotate’ the -drum by an
amount equivalent to the spacing between
consecutive rows when the screen is moved
from a position in which the end number
in a fow is exposed to a position in which
the next number that should be exposed
is in the next adjacent row, the next
helical line of apertures being so located
that the said next number is exposed
when the screen has been moved from a

_position exposing said end number by an

amount substantially equal to that by
swhich it is moved to expose the next
number along a Tow to the one,previously

16

20

70

7%

80

exposed, and means such as a_viewing

slot or window for directing the observer’s
view to one row of numbers. -
_ Preferably the drum also has upon it

86

the equivalent of g difference table in the -

form of an axially “extending scale in
line with each row and subdivided into as
many equal parts as. the mean difference
between the successive numbers in the

" row, including . the first number of the

next succeeding row; the said scales being
equal in length, and a transparent screen

‘is rotatable with small clearance around

the difference portion of the drum and
carries as many dots as there are rows of
numbers, the™ dots being. . equidistantly

“spaced on a'single helix of pitch equal to
“the length of tﬁ

e said scales and located
4o indicate onthe scale visible through

tion corresponding to the rotational posi-

_ ton of the screen. -

- According” to - another aspect of the
invention each assembly comprises a table
of antilogarithms wniformly spaced in
rows -and columns with™ constant differ-

‘ences between the arguments (logarithms),
“selection means to indicate any one of the
“antilogarithms of " the table, means for

80

08

100

“the viewing slot or like means a gradua- =

105

110
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applying relative movement fo the table
and the selection means to perform a
mathematical operation, and ‘a transfer
device associated with the selection means
5 to bring the next adjacent row or column
of - consecutive antilogarithms
cooperation therewith at the appropriate
time, - ' ' '
The table of logarithms in each
10 assembly -is - advantageously associated
with a set of difference scales each one
graduated: to indicate mean proportional
differences between a sequence of con-
secutive antilogarithms, and an indicator
15 is provided to mark on any difference

scale the difference required to increase -
the antilogarithms indicated to the quan-

tity in question (which is smaller “than
the mnext -higher -antilogarithm), the
_ 20" indicator being movable in relation to the
difference scale, and transfer means being
provided by which: the selection means
‘can when required be actuated by the
relative movement of the indicator and
25 -difference scale. : '
- The invention provides a calculating
appliance in compact form with a high
degree of accurdcy and yet simple to
operate, since the quantities operated on
80 and the results are read off direct in
 figures. - T
~ The invention is illustrated by a calcu-
lating appliance with two assemblies for
‘five-figure numbers shown in the accom-
86 panying drawings, in which:—
- Figure 11is a plan view of the appliance
‘with most. of the cover removed and with
one assembly shown in section on the
, centre line; - - - :
40 ° TFigure 2 is an end elevation taken in
section on the line II—IT of figure I, the
cover being shown in place; -
> Figure 3 shows on an enlarged scale
, art - of the markings on the drum
4b developed on to a flat surface; and
Figure 4 is a detail,
- The appliance shown comprises a base
1 on which six plates are mounted to con-
stitute bearings for the working parts.
50 The plates are all parallel and are refer-
enced in pairs. The two outside plates 2,
2 form end bearings, and between them
‘there is"a pair of plates 3, 3 and another
pair 4, 4. The plates 2, 3 and 4 support
b8 two assemblies, which are alike except for
cerfain details of the gear drive. These
differences will be referred to' subse-
quently, but in the drawings some refer-
ences- are’ shown- on one assembly and
- 80 some on the other. The ‘assembly A is
shown in section @nd the assembly B in
oooplan: -0 - - S ) .
. 'The essential parts of each assembly
are a cylindrical -drum 5 jouinalled in
68 recesses in the end plates 2, 2 and not

into-

otherwise supported, a cylindrical screen
6 journalled in the plates 3, 8 which will
be called the antilogarithm screen, and
another cylindrical screen 7 journalled
in the plates 4, 4 which will be called the 70
difference screen. The screens 6 and 7
are quite close to the surface of the drum
5, but due to the exigencies of drawing
they have been shown not only further
from the drum than in actual practice 75
but also very much thicker than in
reality. ' :

The drum § carries a table 8 of anti-
logarithms to base 10 of the arguments
(logarithms) .000 .001, .002 . . . .999 80

arranged inten columns and one hundred

rows all equally spaced as shown in figure
3 and with the first row following the
hundredth at the same distance as succes-
sive rows. Thus the first row contains the 85
antilogarithms of .000 to .009, namely

-10000, 10023, 10046, 10069, 10093, 10116,

10139, 10162, 10186, 10209. Likewise the
last or hundredth row contains the anti-
logarithms of .990 to .999, namely 90
97724, 97949, 98175, 98401, 98628, 98855,
99083, 99312, 99541, 99770.

The antilogaritilms just described
occupy the left hand part of the drum
under the screen 6 which will be called g5
the antilogarithm section. The right
hand part of the drum under the screen 7
will be called the difference section, since
it serves the same purpose as the usual
difference tables. In line with each row 100
of antilogarithms there is a graduated
scale 9 in the difference section. All the
one hundred scales are of the same length
and commence at the same right section
of the cylindrical surface of the drum, so 105
that they also all finish at the same right
section. Bach scale 9 is divided into a
number of equal graduations obtained as
follows. The nine differences between the
ten antilogarithms in the row concerned 110
and the difference between the last one in
that row and the first in the next are
averaged and this provides the number of
graduations. Thus the-scale 9 in line
with the first row 8 has 23 graduations 115
and that in line with the last 228.

Between the two sections of the drum 5
there is a two-figure number as shown at
10 in line with each row and scale. These
numbers are the first and second decimal 120
places ~of the ~respective  argument
(logarithm), and they are visible between
the screens 6 and 7 as shown in figure 1.
The third decimal place is marked on a
fixed screen to be described later and is (0 125
for the first column, 1 for the second, and
50 on to 9 for the tenth. The fourth and
fifth decimal places are ascertained when
required by means -of the difference
section as will be explained later. 130



Around the antilogarithm section of
the drum b the antilogarithm screen 6 is
rotatable with small clearance but with
no appreciable end play. The screen is

5 opaque and has in it one hundred slots 11,
11 each of the right size and shape to
expose one of the numbers on the drum.
The slots are so arranged that when one

exposes the’ number in the first column -

10 and first row, nine others expose in the
first column the numbers in the 11th, 21st,
31st . . . . and 91st rows. At the same
time ten slots expose in the second column
the numbers in the 2nd, 12th, 22nd . . ..

156 92nd rows, and so on to the tenth column,
where ten slots expose the numbers in
every tenth row from the 10th to the
100th. It will be seen that the slots are
located on a ten-start helix.

20 The difference screen 7 is similarly
rotatable around the difference section of
the drum 5 but is transparent and has no
slots. On the difference screen there are
one hundred dots 12, 12 equally spaced

26 along a helix in such a manner that, in
what will be called the first position of
the difference screen, the first dot is at the
left hand end of the difference scale in the
first row, the second is on the scale in the

80 second row at a distance from the left
equal to one hundredth of -the length of
the scale, and so on. The huné’redth
dot will thus be on the scale in the
bundredth row short of. the right hand

85 end by one hundredth of the seale length,
In figure 1 the part of the helix on the
under side is also shown though actually
out of sight. ) - —

A cover 13 is fitted over the two

40 assemblies, in which there is a-thin fixed
screen 14 close to the rotating screens of
each assembly. Here again the thickness
and spacing are exagger_a’ced for clarity in
drawing. Hach fixed screen has a slot of

4h such shape and size that through it one
and only one row of antilogarithms can
be seen together with its associated differ-
ence scale and the first two decimal
numbers of the argument. When viewed

50 as in figure 1 it is just above the slot in
the fixed screen 14 that the third decimal
place of the argument is entered.

" The fourth and fifth figures of the argu-
ment are inscribed at 15 in a similar

56 way to the first and second buf-on the
difference screen, the slot in the fixed
screen 14 being long enough to bring one
of these numbers into vie. The number
00 is in line with the dot furthest to the

80 left, the number 01 with the next, and
so on, the number 99 being in line with
the dot furthest to the right. The number
showing at any time is the number of
hundredths of the scale length from the

65 left of the scale 9 to the dot, and the
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actual. number.on the scale graduation
nearest to the dot is the difference to be
added to the number visible through the
antilogarithm screen 6 to give the anti-
logarithm of the argument of which the 70
first five decimal places are shown as
indicated. - :

~ Tor instance assume that the twenty-
ffth row on the drum 5 is under the slot

of the fixed screen 14 and the anti- 75
logarithm screen 6 is turned to expose the
number in the fifth column, namely
17589. Above this the number 4 appears

on the fixed screen 14, and on the drum 5
‘between the screens 6 and 7 the number go
24 appears. - Assume also that the differ-
ence sereen 7 is turned to show the number

28 in the slot of the fixed screen 14. The

dot- now. visible is 28/100 of the scale
length from the left of the scale. This 85
scale has 40 graduations, and the nearest '
one to the dot is 11.. The argument or
logarithm shown by this setting is .24428,
and the antilogarithm or number is
17539+ 11 =175650. : 90

The antilogarithm screen 6 has a
raised portion 16 projecting through the
cover 18, by which it can be rotated for
performing a calculation. Likewise the
difference screen 7 has a raised portion 17 95
for the same purpose. The drum 5 is not
moved direct by hand but enly indirectly
as will be subsequently described.

A coupling frame designated by the
general reference C is mounted in the 100
plates 2, 3, 4 for longitudinal sliding.
The frame comprises two rod portions 18
and 19 terminating at the outside in
knobs 20, 20, by which the frame can be
moved. The inner ends of the rod por- 105
tions 18 and 19 terminate in oval plates
21, 21 coupled together positively by
links 22, 22. A ratchet 23 cooperates with

“a spring 24 to define three positions which

the coupling” frame C can éccupy. The 110
position shown in figure 1 may be called
the first position and the others in succes-
sion the second and third.
A pinion 24! is freely rotatable on the
rod 18 but is held against longitudinal 115
movement. The antilogarithm screen 6
of assembly A has a gear wheel 25
mounted on it which is wide enough to
engage the pinion 24! in-all three posi-
tions of the latter. A gear wheel 26 is 120
mounted on the antilogarithm screen 6 of
assembly. B but is of such width and
position that it only meshes with the
pinion 24*.in the second position of the
coupling frame C. - _
Another pinion 27 is mounted in the
same manner as 24* on the rod 19 to mesh
with a gear wheel 28 on the difference
screen 7 of assembly A, the width of the

128

- gear wheel 28 being such that engage- 130
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ment with the pinion 27 is maintained in

all three positions of the frame C. A gear

wheel 29 is mounted on the difference

screen 7 of assembly B but is of such
0 width and position that it only meshes
with the pinion 27 in the third position
of the coupling frame C.

Two pinions 30, 80 are mounted on long
spindles 31, 31 journalled for free rotation
in the plates 21, 21, one pinion bein,
associated with each of the assemblies
and.-B. Each pinion 30 meshes with a
%iear“wheel 32 mounted. on “the anti-

logarithm screen 6 ‘and having 100
_ 15 teeth, and the face width of the pinion is
such. that the meshing engagement is
~maintained in all three positions of the
_coupling frame C. - Kach difference
- screen 7 has at its left hand end a single-
- 20 tooth 33 adapted to engage the pinion 30
~only when the coupling frame C is in its
" third position. :The ecircumferential
position of the tooth 33 on the screen 7 is
such that, when the difference screen 7 is
rotated forward by one step from its
hundredth to its- first position, the gear
wheel 32 is rotated one tooth pitch for-
ward- and correspondingly for reverse
rotation. The parts 30, 82 and 33 thus
constitute transfer mechanism.

Rach drumbhas at its antilogarithmend

..a gear wheel 34 with- 100 teeth. At the
same end each antilogarithm screen has a
, gear wheel 35 -0f the same diameter but
86 with ten teeth-only. The gear wheels 34
and 85 both mesh with a pinion 36
journalled in the left hand plate 2 and in
a bracket 37 attached thereto.  The teeth
.~ of the gear-wheel 35 are so placed that they
" 40 only engage the pinion 36 when the anti-
logarithm sereen-is moved to bring the
end slot 11 of one helical line into posi-
tion under the slot of the scréen 14 in
place of the slot at the other end of the

45 adjacent helical line. - :
The transfer mechanism just deseribed
comes into action’ each fime the anti-
-~ ~logarithm’ screen 6 is rotated from the
. tenth to the eleventh position or the
50 twentieth to the fwentyfirst and so on,
includirg the hundredth to the first, and
it has the effect of bringing the next
* succeeding row of antilogarithms on the
__ drum 5 into position under the slot in 'the
58 fixéd screen-14-to be-exposed in turn

10

26

30

~through’ the next helical line of slots 11 -
- in the -antilogarithm ‘sereen 6. The -

réverse -action takes place on feverse rota-

... tion of the antilogarithm screen 6.
60" It is necessary for the drums 5, § and-
the -rotating - sereen 6, 7 to-be properly
“positioned to bring the drum markings
, and _ screen slots  and ~markings -into
- i register with the slots in the fixed screen
- 4614, For this purpose a spring 88 is

mounted as shown in figure 4 on the base
1 and has a V-shaped end 39 ta make.
engagement between the teeth of the gear
wheel 28 in the same manner as in the
case of a typewriter platen. Similar
springs engage the gear wheel 29, the
pinions 30, 30 and the pinions 36, 36.
Thereby both drums and the four rotat-
ing screeng have their positions defined.

- It has been stated above that certain
of the pinions and gear wheels are made
of sufficient face width to remain always .
in meshing engagement with other gear
wheels or pinions. The reason for this
feature is in part to ensure the effect just
described and in part to ensure that the
respective gears are in position to make
correct engagement on the movement of
the coupling frame € where that engage-
ment has only to be madé in one particular
position of the frame.

From the above description it will be
seen that in' the first position of the
coupling frame C hoth antilogarithm
screens 6, 6 and both difference screens,
7, 7 are independent, and any one of the
four can be rotated by hand without affect-
ing any other. In the second position of
the coupling frame the two antilogarithm
screens 6, 6 are coupled together, and-as a
result any rotation of one is accompanied
by an exactly equal rotation of the other.
The difference screens 7, 7 are still inde-
pendent of each other and of the anti-
logarithm sereens 6, 6. 'When the coupl-
-ing frame C is moved to the third posi-
tion, there is no direct connection between
the two antilogarithm -screens 6, 6, but
the difference- screens 7, 7 are coupled
together; so that any movement of one is

70

76

80

85

90

96

100

108

~accompanied by an exactly equal move-

ment of the other in the same direction. At

the same time each differefice screen 7 is
coupled ‘to its associated antilogarithm
screen 6 by the transfer mechanism. Since 110
the two difference screens 7,-7 are not
necessarily in exactly similar positions,
the transfers may not take place simultane-
ously, hence the necessity for releasing the
direct ‘connéction between the two anti- 115
logarithm screens 6; 6. -

Some examples will show how the
appliance is dsed for éalculation. Sup-
pose it is required fo evaluate :
ST R6167 x 52312

- _— T 120
< T T - 32669 0 0 -

The coupling frame is-set into its- first
position to uncoiiple 4ll the elements, and
the foul screems are set into their: first
positions,” in- which~ the antilogarithm~
screens both ‘expose -the numbers 10000 125
and the dots of both -difference” screens

~are at 0 on their respective scales. The

antilogarithm screen 6 of assembly A is



s B

rotated in a forward direction until the
number 26122 (the nearest number lower
than 26167) comes into view; this is the
number in the 42nd row and 8th column,

5 so the screen will have been rotated from -

position 1 through 417 changes of posi-
tion to position 418. The 42nd graduated
scale 9 of the difference portion (0—60)
will have come into view, and the differ~
10 ence screen 7 of assembly A is rotated-in
a forward direction until the dot i in the
position nearest to the 45 (=R6167—
26122) graduation; this is position 76 and

the screen will have been rotated from

position 1 through 76 changes of position.

The coupling frame C is next set to its
second position, and the antilogarithm
sereen 6 of assembly B is rotated in a

15

forward direction until the number 52240 -

comes into view; this is the number in the
79nd row and 9th column and the screen
will have been rotated from position 1
through 718 changes of position to posi-
tion 719. The-coupling frame € is next

20

25
ated scale 9 of the difference portion

(0—120) will come into view, and the.

difference screen 7 of assembly B is
votated in a forward direction until the

80 dot is in the position nearest to the T2

(=H231—5H2240) graduation; thisis posi-
g

tion 61 and the screen will have been
rotated from position 1 through 60

changes of posifion. o -
Rotation of the antilogarithm screen 6
of assembly B will have caused the screen
6 of assembly A torotate through the same
number of changes of position in the same
direction, that is, to position 136 (position
40 418 plus 718 changes of position. gives
position 1136 which is position 136, the

36

cyele recommencing after position 1000) ;

the number in the 14th row and 6th

column, that is, 13646, will then be in-

48 view. Similarly the rotation of the
difference screen 7 of assembly B will
have caused the difference screen 7 of
assembly A to rotate to position 36 (posi-
tion 76 plus 60 changes of position gives

50 position 136, which is position 36, thé

cycle recommencing after position 100),:

and the dot will be nearest to. the 11
graduation. - Also the difference screen 7
of assembly A in being rotated -through
55 its 100th to- its 1st -position will have

caused its-associated antilogarithm screen-
6 to be rotated one position forward, that-
is to position 187, and the number 13677
(18677 plus*
g0 11) is the (first five figures of the) product

will be in view. Thus 13688

of 26167 multiplied by 52312, - -
To divide by 82669 the-coupling frame
C is set to its first position, and the anti-

logarithm- screen 6 of assembly B is-

65 rotated until the number 32509.is in view,

set to its third position. The 72nd gradu- -

that is, to position 513, and the difference
screén 7 of assembly B until the dot is
nearest to graduation 60, that is, to posi-
tion 81. The coupling frame C is then
set to its second position, and the anti-
logarithm screen” 6 of assembly B is
rotated in a reverse direction to position
1, that is, through 512 changes of posi-
tion, which will cause the antilogarithm
screen B of assembly A to be rotated to 75
position 625 (position 187 minus 512
changes of posifion), The coupling frame
C is then set to its third position, and the
differerice screen 7 of assembly B is
rofated in a reverse direction to position
1, that is, through 80 changes in position,
which will cause the firsh -difference

70

80

“screen to be rotated to position 56 (posi-

tion 36 minus 80-changes of position) and
the dot will be nearest to the 53 gradua-
tion. Also the difference screen 7 of
assembly A in being rotated through its
1st-to its 100th position will have caused

85

its associated antilogarithm screen 6 to

be Totated one position in a reverse direc- 80
tion, that is to position 624, and the num-
ber 41976 will be in view. Thus 42029
(41976 +53) is the (first five figures of
the) required evaluation. -

" To obtain the square root of 26167, one
assembly is set to read this number in its
antilogarithm and difference sections as
above described; it will then read 41776
in the argument section, With the coupl-
ing frame in its first position the other
assembly is set to read 417752 or 20888,
in its argument section; it will then read
16176 in its antilogarithm and difference
sections, and this 1s the first five figures
of the required ‘evaluation, igmoring 105
decimal points. To obtain the square

06

100

‘root of 2616.7, the second assembly is set

to read 141775 /2 ox 70888 in its argument
section; it will then read 51153 in its anti-
loiarithm and difference-sections.

- Additional assémblies can be fitted to
extend the scope ‘of the appliance to
include ~dealing -directly with calcula-
tiong involving other functions such as
trigonometrical functions of angles. For 115
example, oné such assembly might cover
sines -of angles over the rangée from the

110

angle whose sine is .10000 to the angle
whose ‘sine ig 1.0000. TFurther coupling

means would be requ_ired for any additional 1920

assemblies. ~ - . ) :
- Many variationg in the size and degree

of accuracy of the instrument are possible,
singe thejarrangements would apply gener-

ally: with any number of rows and 125

columns of antilogarithms except that in
most -cases_ the arguments if shown would

‘have to be shown in a non-repeating -

sequence. -

_ Having now particuiarly,desgrilied and 180
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.~ ascertained ‘the hiature of my said inven-
" tion and in what-manner the same. is to
“be performed, T declare that what I claim.
LIste— s LT L
& 1 A caleulating appliance of. the
logarithmie type comprising two or more
assemblies' and releasable positive coupl-
ing eans therebetween to permit inde-
pendent “or ‘combined movement, each
assembly comprising a dram bearing an
‘antilogarithm table-in rows and columns
-with last and fizst. rows spaced apart by
substantially. the-same distance as con-
secutive Tows; a- screen rotatable with
- 15 smiall ‘clearanee around: the drum and
* having apertures arranged on a multi-
start-helix to expose the numbers in one
_ToW 1in seqience through successive aper-
_.. tures ‘as the screen is rotated, transfer
20 mechanism 1o rotate the drum by an
amount equivalent to the spacing between
consecutive rows when the screen is
moved from g position in which the end
number in a row is exposed to a position’
8b in which the next mumber that should be
- exposed is-in the next adjacent row, the
next helical line of apertures being so
located that the’ said’ next. number is
- exposed when the sereen has been moved
80 from a position -exposing ‘said end num-
ber -by- an amount substantially equal to
- that by which it is moved to expose the
next nuinber along a row to the one pre-
viously: exposed and means for directing
--88 the observer’s view to one row of numbers..
-+ 2. An appliance as claimed in claim 1,

10

in which the drum has upon it the equiva- -

. lent of a difference table in the form of

-~ an axially extending scale in line with
40 eath row subdivided into as many equal
- -parts as the mean-difference between the
successive numbers in the row, including

the first numbér of the next sueceeding'

_ row, the said scales being equal in‘length
4B and starting at the same right. section
of the drum, and in which a transparent
screen is Totatable with small ‘¢learance
arouid the difference portion of the drum
__and carries a-plurality of dots equi-
80 distantly spaced on a single helix of pitch

. equal to the length of the said scales and
located to indicate a number of divisions
corresponding to _the rotational position

, _of the screen on the scale assoeiated with -
--8b- the row containing the number to which -

-the observer’s_eye is directed.
- 3. An applignee a3 claimed in claim 2
in which the coupling méans between two
. assemblies is adapted fo be set into three
- 80 positions, firstly,”one in which the four
- rofatable sereéns are all eapable of inde-

pendent ~movement, secondly, ome in.

which - thié- fwo “screens for cooperation
- with the antilogarithm tables are coupled
_0b for equal movenieht 4nd the two screens for

589,711

coopgration with- the- difference scales ave

iree, and thirdly, ene in which the screens
for cooperation-with the difference scales
are coupled- together for equal movement
and each said screenis coupled by transfer 70
meehanism - to- the - sereen -adapted to
eooperate. with-- the-- assoeiated anti-
logarithm table, -the last named screens
being otherwise independent. - - - - -
~4:-A- - ealculating- appliance - of -the 75
logarithmie type-in ‘which two or more
assemblies are adapted to be coupled
together for combined movement or un-
eoupled- for independent movement, and
in which each .assembly comprises-a table 80
of- antilogarithms uniformly spaced in
rows-and- columns with constant differ-
ences - between the arguments -(log-
arithms), selection means to indicate any
one of the antilogarithms of the table, 8
means for applying relative movement to
the table and the selection means to per-
form a mathematical operation, and a
transfer device associated with the selec-
tion- means fo bring the next adjacent 9o
row -or -eolumn of consecutive  anti-
logarithms into cooperation therewith at
the appropriate time, R
5.-An appliance as claimed in claim
4 in-which the tablé of antilogarithms is 95
associated with a set of difference scales
each onegraduated to.indicate mean pro-
portional differences between a-sequence
of consecutive antilogarithms, - and an
indicator -is provided to mark on any 100
difference scale the difference required to
increase the antilogarithm indicated to
the quantity in question (which is smaller
than the next higher antilogarithm), the
indicator being movable in relation to the 105
difference-scale and-transfer means being
provided by- which ‘the selection means
can when required be actuated by the
relative movement of the indicator and
difference secale. - 7 T .7
6. An appliance as claimed in any of
claims 1 to § in which the antilogarithm
table of each assembly has ten columns

110

and one hundred raws. . . S

- 7._An appliance as claimed in claim 6 115
in which the argument (logarithm)_ is
entered as fo its.first twa digits.in line
with each row of antilogarithms, as to its
third digit on,a fixed member in a loca~
tion corresponding to the several columns, 199
and, where difference scales as claimed in,
claim 2 or 5 are proyided, as to its fourth.
and fifth digits on the difference indicat-
ing means so that the two final _ digits
exhibited correspond fo. the difference 125
indicated.. . e T

8. An appliance as claimed in any of
claims 1 to 5 in“which the antilogarithms.
entered in the table of .at. least one -
assembly are functions other than plain 180
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numbers, such as tmgonometncal fune- Dated the 15th da of March, 1946.

tions.  CARPMAELS & RANSFORD,

9. A calculatlng appliance substanti- - Agents for the Applicant,
ally as described herein with reference to 24, Southampton Buildings, .
the accompanying drawings. - London, W.C.2.
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