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COMPLETE SPECIFICATION. o
‘¢ Improvements in Calculating Machines,"?

I, Famer AMBROSE SrersY, of 855, Case Avenue, Cleveland in the State
of Ohio, United States of America, Civil Engineer, do hereby declare the nature
of this inventioh and in what manner the same is to be performed, to be par-
ticularly described and ascertained in and by the following statement:

This invention relates to that class of calculating machines in which a circular
or spiral logarithmic scale is carried by a dial, arranged beneath radial pointers
or hands one or more of which are movable relatively to the dial so that they
can be set at any desired reading on the scale.

The improved calculator, which is usually a pocket device of about the
size and shape of a ‘watch, may have movable dials and hands on one or both
sides, and one dial may carry a multicircular or spiral Iogarithmic scale while
the other dial has a single-circular logarithmic scale. The movable parts are
operated by suitable mechunism. In the preferred form, a multiplying gear cr
other mechanism serves to rotate the opposite dials at different rates of speed,
so that a dial employing a scale which exteénds, for example, three times around
tho dial, will-rotate three times as fast as the dial having a single-circular scale.
The hands on the opposite faces may also be driven by intermeshing gears or other
mechanism which will cause one hand to fraverse the entire multicirenlar or
spiral scale in the same time that the other hand traverses the single-circular
scale, that is, a hand reading on a three-circular scale moves with three times
the angular velocity of the hand reading on the unicircular scale. The dials
and hands are usually driven by a stem or pendent corresponding to that used
to wind a watch. When the calculator has two faces, the driving mcchanismn
is such that both the dial and hand on one face move in the opposite direction
to the dial and hand on the oppusite face, so that, when looking at either
face, the operation of the stem in a given direction always rotates the dial
and hand in the same direction, for example, clock-wise. The stem carries
mechanism by which it can be employed, at will, to drive different elements
or sets of elements. In the construction shown the stem itself is shiftable
longitudinally, to engage the mechanism which drives either the dials or the
hands, A two-circular logarithmic scale for determining squares, cubes and

‘square and cube roots may be placed upon the -dial, within the unicircular

scale.

The invention will be more readily understood by reference to the accom-
panying drawings, in which: :

Figure 1 is a plan view of the calculator, looking at the dial which carries
the multicircular scale; ~.

Figure 2 is a plan view, looking at the opposite dial;

Figure 3 is a transverse; central section;

Figure 4 is a section on line IV—IV of Figure 3, parts being broken away;
and ‘ :
Figure 5 is a detail sectional end view of a portion of the driving mechanism.
As shown, the calculator has a movable dial 1, IPigure 1, on which is a three-
circular logarithmic scale, reading up to 10, the space between numerals 1
and 2 being subdivided into one hundred parts; the spaces of each unit from 2
to 4 being divided into twenty parts; and the spaces of each unit from 4
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to 10 being divided into twenty. parts, the opposite dial Z, Figure 2;"has an
outer unicircular logarithmic scale reading up to 10, the space from 1 to 2
being - divided into fifty parts, and the spaces of each wunit from 2
to 10 into twenty parts. © Within the outer wunicircular scale is a
two-circular scale for the calculation of squares and square roots. "The dials 1, 2,
which may be of celluloid or paper,: are cemented or otherwise secuied on thin
revoluble .metal disks 8, 4, respectively. The peripheral portions of disks 3,4
have flanges 5, 6, respectively, extending inwardly. at right-angles to the plane
of the disks. Teeth 7 ave ¢iit 11 the“ad@e ‘of cdch Hange, each disk thus con-
stituting a crown gear wheel. The central portion of each dial supports a
mirror 8 or 8 which inay be secured to the dial by cement. Narrow, straight
hands or pointers 9, 9!, carried by central pivots, extend radially out over each
‘dial, being:of sufficient length to read on ‘the entire maulticircular or spiral
scale. Narrow, straight, fixed indexes 10, 10, also extend radially inward
‘over the scales on calh dial. The dials 1, 2 are provided with intermediate
gearing by which they are ‘driven in opposite directions, the ratio of the gears
being such that. the angular veloeity -of dial 1 is three times that of dial 2,
so that the three-circular -dial 1 makes three. revolutions-while. unicircular dial 2
" revolves once. - .

The case of the caleulator comprises a’ circular ring 11 having flanged
edges 12, 12'. The flanged edges have circular. rebates I3, 13!, which receive

thin metal disks 14, 15, secured to the ring.by screws. Near the outer edge
of each of these disks is an .annular depression 16, 16!, which receives the.

flanges b, 6, respectively, of disks 3, 4. These depressed ‘portions ‘are each
cut away through arcs of about thirty-five degrees, near the operating stem 17,
leaving slots 18, 18!.through which extend portions of the toothed flanges 5, 6,
respectively. Between the fixed disks 14, 15 and parallel thereto are thin,
revoluble metal disks 19, 20, having oppesing toothed flanges =i, 22 -whick
extend at right angles to the disks: ¥ach of these toothed disks constitutés a
crown gear wheel. - The disks 19, 20 have central outwardly projecting journals
23, 24, to which are secured, by screws, the -hands 9, 9!, respectively. The
journals 23,24 revolve -within: bushings 25, 26, respectively, secured at their
inner ends, by flanges or otherwise, within central holes ih fixed disks 14, 15,

and extending outward loosely through the dials 1; 2, serving as pivots upon.

-which these dials and their supporting disks may revolve. The outér ends of
the bushings may be flanged outwardly over thé dials ‘1, 2, or the mirror at
the center thereof, to retain them in place. A spacing washer 27 is interposed
between each dial and the corresponding fixed disk 14 or 15.

Secured to the operating stem 17 by a cross ~ pin 28 is a shaft 29 which
exteénds radially inward between the crown wheels 19, 20." Secured to shaft 29
at some distance .from -its inner end is a clut¢ch' member 30 having teeth 31, 32
at its opposite ends. Surrounding member 30 dre two \f-shaped- grooves 33,
34, either of which may receive the bent free end 35 of a‘spring 36, the other
end of which ‘is secured to the fixed disk 14. The shaft 29 is free to recipiocate
endwise a sufficient distance to throw the teeth at either end of clutch member 30

into engagement, as the stem I7-is pulled- Sutward or pushed inward, and’

spring 36 serves to retain it in either of these positions.” Near the opposite
sides of ring 11 and between the‘fixed disks ‘14, 15 avé two similar sefs of
gears. The left-hand set, shown in Figure 4, acting through crown gears 19,
20, serves to operate hands 9, 9'. The right-hand set, acting through crown
gears 3, 4, serves to rotate the upper and lower dials 1, 2. The left-hand set
of gears.is carried by a’ piece 37, which is screwed to the inner face of depressed

portion 16! of lower disk 15. The driving shaft 38 of this set is journaled

at its outer end in box 39 of piece 37, while its inner end 40 is. somewhat
.enlar and has a central bore loosely receiving the inner eénd“41 of shaft 29.
The end of shaft 29 thus serves as' a pivot for shaft 38, ‘while the boie of
_shaft 38 reciprocally acts as a journal-box-and guide for shaft 29.° The fige
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end of shaft 38 carries a toothed - c¢lutch member 42, in position to engage
with the teeth 31 of clutch member 80, when the stem 1s: pushed inward..
Secured mnear the outer end of shaft 38 is 4 gear wheel 43, which cngages at
one side with a gear wheel 44 and at the other side with a gear wheel 45.
Gears 44, 46 have the relative diameters of 1 to 3. The shafts which carry
gears 44, 45 rotate in journal boxes which form a part of piece 37 and the
shaft of gear 44 carries a gear 46 which engages the teeth 21 of crown gear 19,
while the shaft which carries gear 45 also carries a gear 47 of equal diameter
to gear 46, which engages the teeth 22 ‘of crown gear 20. It will thus be
seen’ that. when, the stem 17 is pushed -inwardly, its rotation acting through
the clutch, shaft 38 and left-hand set of gears, will serve to rotate the hands 9,
9! in opposite directions at -the relative speeds of 3 to 1. The right-hand set
of gears is similar to the left-hand set except that it is in engagement with
the crown gears 3, 4, which carry the disks. Thé right-hand gears are carried
upon a piece 48 which is screwed to thé lower'disk 15, and comprise a driving

r 49, carried by a shaft 50 with clutch  member 51; gedars 52, 53 at each

-#ide of and engaging with'the central gear; and gears 54, 55-rigid with gears 52,

53 respectively, gear 54 engaging the teeth of crown gear 4 which rotates dial 2,
while gear 556 engages’ the tegth ‘of crown gear 3, thus fotating dial 1 in "the
opposite direction to and with-three times the speed of dial.2. =~ |

- The upper dial 1 is inclosed by .a ring 56 ‘holding a ‘crystal 57. The lower
dial 2 is inclosed by a similak ring. 58" hiving -a ¢rystal 59 The rings 56, 58
may be revolubly secured -to the'irame'ring 11°'by sét scréws €0 with beveled
ends which smoothly engage beneath -the flinges ‘12, 12' of ring 11, or- the
crystal may itself revolve freely withih. the-ring, A small convex lens 61 is
cemented within a-circular opening in‘both “the-upper ana the lower erystal,
in position to magnify the scale divigions'ofithe outer circle on each dial.
A radial line 75 is scratched upon the crystal for: purposes liereinafter described.
The mirrors 8, 8! in the center of-the-dials servé to prevent, parallax in noting

the readings of the hands upon -the scales, the images of the -hinds being
_brought. into coincidence with- the hands-themselves. It is necessary that -the

line of sight should always be nofmal to ‘the-dials and parallel to their axes,
to insure” the correct reading. “ It is 'therefore 'important’ that the mirrors

.should be concentric to the dials and 'scales. The images of the hands' will

then be maintained giving accurate -readings whatever the position of the
instrument. A concave, silvered glass ‘mirror reflécting a reduced image; is
preferable, aiding in bringing thé-whole fa¢é inore ‘quickly to-the correct plane
for accurate reading. The hand and index reading on each dial, 9,710 and 9%,
10!, respectively, should be of dissimilar métals, to prevent them' from being
attracted toward eéach other by’ any eleétrical or’magnetic action and thereby
interlocking, as these elements aré necessarily veéry thin and come’ in -close -
proximity. . " R o
As the hand on dial 2 travels- but -once-around the:outer scale circle while
the hand on dial 1 travéls -thred tinies' dround the three-circular scale, the
hand on dial 2 serves to indicate the particular ecircle on dial 1 from which
the reading should be’taken and ' may “be -said-to servé as an index for such
dial. - So far as this featurc is ‘conceried the®unidircular scale need mnot- e
placed on the dial 2 but' might be" ‘placed on a &émall:‘dial inset in dial 1
at one side of its center, similarito that comonly used in'watches for reading
the seconds. This unicircular scale miglt ‘also ‘be -placed directly around the
mirror 8, with a reading hahd conceniric. with' but ‘béneath the hand-9, like
the hour hand of a watch. Such additional Band and scale should, of dourse,
male but one revolution while "hand ‘9 and "dial 2 make thrée Tevolutions.
It will be noticed that in shifting the-clutch ‘30 or other actuating device
from one set of moving elemonts to thie other,” a minute- motion might be
imparted to one of the sets if they are too free of movement, or they may be
shifted by a jar of the -instyument if- normally free -to ‘move. 'I-have thepefgpe
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provided damping devices to prevent such movement .and-to. retain the moving
elements in- position after being set. Those consist of any friction device, as,
for examplé, springs 70 and 71, and 70! and 71!, secured to a stationary portion
of the apparatus and arranged to bear lightly upon the moving elements or a
part directly connected therewith. i )

It is evident that the indexes 10 and 10* may be mounted upon revoluble
rings, like the riigs 56 and 58, and may thus constitutc moving elements, in

S

lieu of the faces or dials. It will thus e scen that the calculating instrument

comprises three co-operating clements, two of which are movable with, regard
to each other and to the third, it being immaterial to the result which two
are moved. If the indexcs are moved, a similai mechanical coupling may
exist between them, in which vent they will obey the law of action of the
machine which may be briefly stated as follows:

The ratio of velocities of the twe corresponding moving elements must equal
the ratio of the arc lengths of the scales on the two dials.

The use and operation of tho device will at once be apparent from the fore-

- going deseription. . Problems involving multiplication, division, ratio and
proportion, interest, percentage, roots and equations of any degree may be readily

solved. In short, all “slide rule” calculations may be carried forward on
this apparatus much more readily and with greater ease and rapidity than on
the straight rule, owing to the fact that the scale is continuous and practically

. endless and no * resetting ” is required during a calculation of any maguitude.

Again the lack of portability and well known inaccuracy, owing to expansion,
of the very long slide rules have their sclution in the device of the multi-
circular scale, which brings the scales of a thirty-seven inch slide rule casily
within the compass of a small time piece, while the instrument is lighter and
more portable than a watch. All the usual calculations may be readily made
by. use of the multicircular scale, without reference to the other dial. In
carrying out involved caleulations or those émploying large numbers however,
it may happen that the particular circle of the multicircular scale upon which
an. answer or factor is to be found has becn lost sight of. The importance
of the relation which exists betwecen the scales on the two dials of the calculator

‘in then apparent, the single circle giving the approximate answer and serving

as an index to the particular circle of the multicircular scale upon which the

" exact.reading. will be found. With the hands and dials in the position shown

in Figs. 1 and 2, the multicircular scale admits of six different readings and
expresses nine different ratios. The unicircular seale on the other dial, how-
ever, at once shows that the ratio 26 to 548 is the desired one. The single
circular scale thus serves as a check on the calculation, both as a whole and

.as to.each successive step thercof. As a simple illustration of the use of one
-face of the instrument, assumed that it is desired to multiply any number by

six : —The dial is rotated. until the numeral G is brought under the stationary
index 10 and is left in this position while the hand ¢ is brought .over the
numeral 1, that is, over the broken radial line joining the ends of the spirals.
The angle thus established with refercnee to the index is maintained while
the dial is rotated under the index and hand, in either direction, until the
desired multiplicand is beneath either of these pointers. The product of this
multiplicand and the multiplier 6 will then bte found under the other pointer.
For division, the dividend and divisor are respectfully brought under the two
pointers, that is, the index and hand, by successively rofating t{he dial and
the-hand. While the relative angle between the pointers is maintained, the
dial is revolved until the unit or broken radial line is brought under the pointer
which previously stood over the divisor. The quotient is then found under
the other pointer. These illustrations hold for either of the three scales on
the two dials.’ ~ ' .

I have found that the radial scratch line 75 on the crystal is of service in
determining squares and roots, being especially valuable in.determining cube
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roots from ihe relation of inverse.squares upon the unicircular scale, the hands
and indes retaining the unit relation to the cube or mumber. — Accuracy in
reading the scales is secured by the use of the reflectors, avoiding paraliax;
and for the closest readings the léns in the crystal is swung into the. field
5 and used in connection with the reflector. A detailed description of the use:
of the instrument is omitted, the manipulation being precisely identical with
that of the familiar slide rule, with the noticeable exception that the operation
of “setting back” is unnecessary, from the fact that the logarithmic scale is
circular, plotted on a multiple of 860° and therefore endless. -

10 The form and arrangement of the varivus parts may evidéntly.be meodified
and any opecrating mechanism may be employed which will give the same result
as that shown and described. - The term " multicircular ”, as used in the claims,
is intended to cover a spiral scale extending more than once around the dial. -

Having now particularly described and ascortained the nature of my said
15 invention and in what manmner the same is to be performed, I declare that

) what I claim is;— _ '

. 1. A caleulating machine, -comprising a dial carrying =a multicircular scale,
a hand reading on the various circles of the scale, and a separate device con-
structed to indicate the particular circle which should be read, as set forth.

20 2. A calculating machine, comprising two ials, a multicircular scale on
ong dial, a hand reading on the various circles of the scale, and means on
the other dial for indicating the particular circle which should be read, as set
forth. ' : .

3. A calculating machine, comprising two opposite dials, a multicircular scale -

95 on one dial and a unieircular scale ou the otber dial, two hands, one of which
reads on cach scale, and meuns for causing one hand to indicate on the uni-
cirecular scale the particular circle of the multicircular scale which should be
read, as set forth. . : .

4. A calculating machine, comprising two dials, a multicircular scale on one

- 80 dial and a unicircular scale on the other dial, two hands, one of which.reads
on cach scale, and means for simultaneously revolving the hands, each at an
angular speed corresponding to the angular length of the scale upon which it .
reads, as set forth. . i '

5. A calculating machine, comprising two movable dials, a multicircular scale

45 on one dial and a unicircular scale on the other dial, two hands, one of which
reads on each scale, and means for simultaneously revolving the dials or hands,
each at an angular speed corresponding to the angular length of the secale on
that dial or upon which that hand reads, as set forth. .

6. A. calculating machine, comprising a plurality of groups of three elements,-

40 each group consisting of a calculating scale, an index and a pointer, two of the
olements being movable with reference to each other and to the third, and means
“for coupling the moving clements of different groups, as set forth. .

7. A calculating machine, comprising two groups of three elements each group
consisting of a circular calculating scale, an index and a pointer, two of the

45 elements being movable with reference to each other and to the third, the arc of-
one scale being longer than that of the other, and means for coupling the moving
clements of one group to those of the other group so as to drive them at different
speeds and with a speed ratio equal to the ratio of the are lengths of the respec-

" tive scales, as set forth. ' .

50 8. A calculating machine, comprising a plurality of groups of three elements,-
cach group consisting of a calculating scale, an index and a_pointer, two of the
elements being movable with reference to each other and to the third, means
for coupling the moving elements of different groups, and means for manually
actuating the moving elements, as set forth. '

55 9. A calculating machine, comprising a plurality of groups of three elements,
cach group consisting of a calculating scale, an index and a pointer, two of
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the elements being movable with reference to each other and to the third, means

_for coupling the moving elements of different groups, and a common means for

manually actuating -each coupled group of moving elements, as set forth.
10. A calculating. machine, comprising a dial carrying a multicircular scale
and a unicircular scale, and three radial indiges, said indices revoluble with

‘reference to said dial, as set forth.

11, A calculating machine, comprising two movable dials, edch of which
carries a calculating scale, the two scales béing interrelated, two hands, one
arranged to read on each scale, and a fixed index over each dial, as set forth.

.12. A calculating machine, comprising iwo opposite movable dials, each of
which carrics a calculating scale, the two scales being ‘interrelated, two hands,
one arranged to read on each scale, and a fixed index over each dial, as set forth.

13. A calculating machine, comprising two movable dials on opposite sides,

‘each of which carries a calculating scale, two hands, one arranged to read on
each scale, and means for simultaneously revolving the dials or hands in epposite

directions, as set forth. ,
14. A calculating machine, comprising a_dial carrying a scale, a hand read-

ing on the scale, a cover glass revolubly supported above the dial, and a leas

carried by the cover glass and focusing upon the scale, as set forth. o

15.. A calculating machine, comprising a dial carrying a scale, a hand read-
ing on the scale, a cover -glass revolubly supported above the dial, a line on the
cover glass, and a lens carried by the cover glass and focusing upon the scale,
as set forth. . ’ ’ . ,

16. A calculating machine, comprising a dial carrying a scale, a hand read-
inghon the circular scale, and a minitying mirror beneath the hand, as- sct
forth. . . S '

17. A calculating machine, comprising a dial carrying a logarithmic scale,
a hand reading on the -scale, a mirror on the dial beneath the hand, a cover
glass revolubly supported above the dial, and a lens secured in an epening in
the cover glass, as set forth. :

18. A calculating machine, comprising two dials and two hands, one hand -

reading on each dial, separate mechanisms for simultaneously revolving either
the dials or the hands, a shifting stem having a driving member, and means

. for engaging said member with either mechanism when the stem is shifted, as

set forth.

19. A calcul;iting 'niachiile, comprisi'ng“t'vkro dials and two hands, one hand.

reading on each dial, separate mechanisms for simultaneously revolving either
the dials or the  hands, a driving member, mesans for engaging said member
with either meéchanism when shifted, and a device for retaining said member
in engagement, as set forth. S :

© 20. A calculating machine, comprising two opposite dials and two hands, one
hand reading on each dial, and mechanism for relatively moving each dial and
its hand, comprising a pair of duplicate parallel gears, one beneath. each dial,
and a train of gears between said pair of gears, one gear of said train engaging
one gear of said pair and another gear of said train engaging the other gear of

(31
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said pair, whereby one dial and hand may. be given any desired relative speed

of movement with relation to the other dial and hand, as set forth. _

21. A calculating machine, comprising two oppositely facing, movable dials.

and two hands, one hand reading on each dial, and gecars arranged to simul-
tanecusly revolve said dials or hands, as set forth.

22. A calculating machine, comprising two opp
hands, one hand reading on each dial, and duplicate sets of gears arranged to
simultaneously revolve said dials or said hands, as set forth. )

23. A calculiting machine, comprising two opposite -movable dials dnd two
hands, one hand reading on each dial, duplicate sets of gears arranged to rotate
said dials or said hands in opposite directions, and a driving member arranged

16 engage either set of gears, as set forth,

osite, movable dials and-two g
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24. A calculating machine, comprising a plurality of groups of moving
clements, an actuating device for the elements, means for shifting the device into
engagement with either group of clements, and a damping device for one or
more of the moving elements, as set forth. )

Z Dated this 15th day of October 1904 L
WL P. THOMPSON & Co.,
6 Lord St. Liverpool, and

: 322 High Holborn, London W.C.

- ' Agents for the Applicant. )

S ———
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