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This invention relates to calculating devices
and is particularly concerned with devices for
solving problems of the type exemplified in the
selection of change-gear wheels in machine tools.

One arrangement for changing the speed ratio 5

between a driving and a driven shaft in machine
tools comprises the provision of a range of gear
wheels of all numbers of teeth from a minimum
to a maximum, and the fitting of four gear
wheels selected from the range to the machine,
one to the driving shaft, one to the driven shaft,
- and two to an intermediate- shaft to engage
respectively with the gear wheels on the driv-
ing and driven shafts. By these means, with
quite a modest range of gears, an enormous hum-

ber of possible speed ratios between the driv- .

ing and driven shai{ may be obtained, the num-
ber of ratios available being little short of a
quarter of the fourth power of the number of
gears in the range. Difficulty arises, however,
in selecting the best set of four gears from the
range.to give any desired ratio. Short of exam-~

(CL 235—171)
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ining separately the enormous riumber of pos-

sible ratios, or of arranging them in order of
magnitude for the purposes of selecting one close
to the desired magnitude, there appears to be
no method at present known whereby the best

set of gears may be selected. Since several mil-

lions of possible gear ratios may easily be in-
volved, e. g. with a range of 70 possible gear
wheels, the task of evaluating and tabulating
the possible compound ratios . available is too
great to be undertaken. It is the purpose of

_ the present invention to provide a device where~

by the problem outlined above, and other prob-
- lems involving  similar considerations may be
readily solved in a short time.

In general, the problem to be solved may be
expressed as the selection of a plurality (at least
three) of values from a range of a finite num-
ber of distinet values to provide a given function
of that plurality of values which shall most nearly
approximate fo a value selected from a finite and
continuous range. Thus in the particular prob-
lem of change-gears involving four gear wheels,
there are four integral values (the numbers of
teeth for the four gears) to he selected from a
given range, of which values the product of two
divided by the product of the:other two shall
approach as nearly as possible to a given desired
value. If, e. g. for reasons of machine design,
the size of one of the gears of the train is fixed,
there are only three integral values to select,
and, though. the problem-is simpler, it may still
be too laberious to solve it by mere inspection.

‘It has been found that the problem may be
simplified by finding two sub-functions, each in-
volving some only of the variables to be selected,
which sub-functions may be combined to form

the desired function' of all the variables or some
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other function that is in one-one relationship
with the desired function. Thus in the particu-
lar problem involving four gear wheels, two sub-
functions that may be selected are respectively
the algebraic sum of the logarithms of the num-
ber of teeth of any two gears of the compound

‘train (the second and fourth gear of the train

being regarded as having negative logarithms
since an increase in them decreases the com-
pound ratio) and the slgebraiec sum of the log-
arithms of the number of teeth of the other two
gears, these two functions being combined by
simple addition to give the logarithm of the
desired compound ratioc. For this purpose, the
first and second gears of the train may be paired,
and the third and fourth, or (and preferably)
the first and third and the second and fourth;
in the latter case the result of the addition may
be regarded as finding the difference (instead
of the sum)  of the arithmetic (instead of alge-
braic) sums of the loganthms of the numbebs
of teeth in the gears.

According to the present invention, an appa-
ratus for facilitating the selection of at least
three values each from a range of a finite numni-
ber of distinct values to provide a given function

. of the values selected which shall approximate
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most closely to a desired value lying in a finite
and continuous range, comprises means for pre-
senting  in juxtaposition two scales marked in
accordance with every possible value of two sub-
functions of the variables $o be se’ected, some
of the variables being involved in the sub-func-
tion of one scale and the remainder in that of
the other, and means for adjusting the juxta-
position in such a way "that if two values, one
from each of said juxtaposed scales, involve val-
ues to be selected which will provide a function
of the desired value, these two values will coin-
cide in the juxtaposed scales. Thus for the par-
ticular problem of selecting at least two pairs of

- gear wheels from a range of gears to give a
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compound gear ratio approximating as closely as
possible to a desired ratio, the apparatus may
comprise two scales, each marked at distances
from a datum equal, in one case to the algebraic

“sum of the logarithms of every possible combina-

tion of at least two gears from said range, and
in the other to the algebraic sum of the loga-
rithms of every possible combination of the re- -
maining number of gears required, means for
juxtaposing said scales so that marks in one
scale may coincide with marks in the other, and
means for relatively displacing said scales by an
amount equal to the logarithm of the desired
ratio, whereby any pair of marks that coincide,
one in each scale, correspond to a plurality of
gears- giving the desired compound gear ratio.
For the purpose of relatively displacing the scales
so that they are out of register with one another
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by a distance equal to the logarithm of the com~
pound gear ratio requived, one or both of the
seales referred to above may be provided with
a simple logarithmic scale beginning (log 1=0)
opposite the mark representing the square of
the lowest number of gear feeth in the rangs.
The two juxtaposed scales being displaced in this
manner, any two marks, one on each scale, thal
coincide represent two pairs of gears which to-
gether give the desired ratip. If there is no
exact coincidence, the pair of marks nearest to
one another gives the nearest approximation to
the desired ratio.

For the purpose of examining the juxtaposed
seales it is generally convenlent to make the
scales opague with fransparent scale marks, so
that any coincidence of marks on the two scales

10

with one ancther may easily be percelved by the -

transmission of light through both scales. In
this way the attention. may more easily be drawn
by the light showing only through colncident
seale marks than by the coincldence of fTwo
opagque marks on .an opague or tratisparent
. ground.

. Bince with relatively few avauable gem.a 2
wery large number of gear ratios may be obtained,
and In conseguence & very close approximation
{o any desired compound ratio, the best use can
only be made of the device if the displacement
of the two scales relatively toc one another can
be adjusted with a very high degrze of ascuracy.
For this purpose the simple logarithmie seale
marking the compound gear ratic reguired needs
to be very long, and o sirvalght and rigid scals
is generally too unwieldy for the purpose.
cording to & further fenture of the preseng in-
. vention, however, the sceles may be provided on
flexible strips, e. g. of metal, or preferably of
Alm. Such strips may e colled on reels and
unwoling together, one in lead of the other by
an amount necessary to give the required dis-

- placement between the scales.” In order to aveld
difficulties arising from stretching or, shrinking

of film material, ordinary cﬂnematongaphic flm
mey be employed, and the perforntions provided
at the edges thereof may be made use of to keep
the scales slways in the correct relationship.
Thus, if the scales are initially marked on the

films against the perforations employed as =z

standard, any shrinkage or stretching of the film
becomes irrelevant except insofar as it affects
the distance between the point at which the flim
is engaged by a sprocket whose teeth enter the
perforations and the point at which the two films
are superposed for examination. This distance
may be made very short, and any difficulty from
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scale'v and the third and fourth that may nccur‘
in any positlon of the second and third scales
with reference to the other two must be cbserved.
While the simulianeous observation by eye of
two such coincidences may be difficuls, it may be
eflected by means of & pair of photoeleciric cells
each adapted to be rendered electrically conduct-
ing when exposed to light. If the cells are ar-
ranged in series and exposed respectively to any
light passing through the juxiaposed first and
second scales and the juxtaposed third and fourth
they will only pass & current when on sliding
theé one pair of scales (e. g. the second and third)
relatively $o the ofther, a simultoneous colnei-
dence on both pairs of scales occurs and this
current may be used {o stop the motion of the
scales; and/or to atiract the attention of the op-
erator, who will then observe the coincidences.

While the particular application of the inven-
tion described above relates to compound gear
ratios given by four gears it is evidens that ra-
tiog given by any greater number of geRrs.may
be selected by similar means. For example where
siz gears are employed the apparatus for seleci-
ing them may comprise two scales ench repre-
senting every possible product of the numbers
of teeth in three gears.

By way of example, three formg of apparatus
according 1o the nvention will now be described
in greater detail with reference to the accom-
panying drawings in which:

Figure 1 iz 2 plan view of one {orIn of APDATE~
{us; -

Figure 2 is an Inverted plan of a detail of Fig-
re 1; A

F}*jgnr@ 3 is & deball of Figurs 1 on an enlarged
seale;

PFigures & @nﬂ % pre views of parts of the two
filins employed in th@ apparatus shown in Flg-

ure 13

Figure 8 ig & side lelevation of & further form
of apparptus according to the invention;

Figure 62 15 an enlarged view of o detail of
Pigure €; :

Figure 7 shows a third form of apmmtm B
cording to the invention; and

Figure 8 is & section through the wmmtuu

- ‘of Figure 7.
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The’apparatus shown in Figure 1 comprlseg es-
sentially o conventional type of fllm viewer in-

. dicated at §, mounted on a base board £, and
_adapted for viewing simultaneously two films

&6

stretching or shrinkage of the film substantially -

removed. An aliernative method of providing’

long superposable scaleg that can easily be ex-
amined, is to form them as helices on cylinders,

3, 4. Four film reels 8, §, 1, 8 are provided, two
for each of the flims 3, 4, each film being rTun

‘continuously from he reel (b or 1) to the other
: (8 or B).

The apparatus is without the usual
shutter arrangement, the films being run contin-

' -uously through the viewer and providing a con-

e. g. ag a helical series of perforations in a sheet .

" metal ecylinder, one cylinder being & close it
inside the other so that the scales on the cylin~
ders are superposed in any desired relationship.

" 'The apparatus broadly outlined above may
be elaborated so as to perform its function re-
peatedly. 'Thus, instead of two scales each rep-
resenting the product of two gears, four scales
each representing a single gear may be em-
ployed, the ratio required heing represented as

‘a displacement between the first and last scales,

while the second and third scales, juxtaposed re-

spectively against the first and fourth, are fixed
with reference to one another. Then simultane-

ous coincidences between .the first and second

i
{
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- tinuously moving image on the screen 8 of the
.60

device. The screen 9 is partly masked by two
hinged flaps {0, {1, the latter of which is provided
with an auxilary sliding mask 12, for a purpose
hereinafter to be described. The ﬂa.ps 18, 11 are
shown in the “down” position in Figure 1 and
in the raised position in Figure 3, flap 1{ being
raised to a vertical position so that it is seen
edge-on while the flap 10 is swung past the ver-
tical position so that its undersurfa.ce is visible
in Figure 3.

The fllms 3, 4 are each driven by a pair of
sprockets 13, i4; 15, 16, mounted on spindles 19,

- 20; 21, 22, respectively Each pair of sprockets,

- 18, M or 18, I8,

%

is capable of being driven in
either direction, the two pairs working separately
or in accurately geared relatlon§h1p to one. an-
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-other. This is effected by the means shown in
the inverted plan view of Figure 2. The spin-
dles 19—22 carry at their lower ends bevel gears
23, the gears on the spindles 19, 20 engaging with
bevel gears 24 on a shaft 25, while the gears on
the spindles 21, 22 engage with bevel gears 26
on a shaft 21. The shafts 25, 27 carry gears 28,
28 engaging with a large gear 30 -driven by hand
by means of a handle 31. The gear 28 is fixed
to the shaft 25, so that rotation of the handle
31 always drives the shaft 25. The gear 29 is
free on the shaft 21, but may be secured thereto
by means of a clutch 32 operated by a small hand
wheel 33. A second hand wheel 34 is provided
by means of which, When the gear 29 is disen-
gaged from the shaft 21, the shaft 27 may be
driven independently of the shaft 25, the clutch
32 serving to secure either the gear 29 or the
- hand wheel 34 to the shaft 27.
when the gear 29 is disengaged
21, the shafts 21, 25 may be driven independently
by means of the hand wheel 34 and the handle
81 respectively. When the gear 29 is secured to
the shaft 27, the shaft 25 and the shaft 27 may
be driven together in synchronism by means of
the handle 31. The reels 5, 6,1, 8, are drivenby
a slipping frictiona] drive, or lightly braked, by
means of ‘spring belts. 35, engaging either with
pulleys 36 mounted on the spindles 18—22 oy by
stationary dises disposed below the pulleys 36.
The reels receiving film are driven, their -belts
engaging the pulleys 36 while the reels deliver.
ing film are braked, their belts engaging the
stationary discs. As the drive may be effected
in either direction, it is necessary on reversal to
change ‘the positions (and functions) of the
belts 35. '

In this way the films 3, 4 may first be ad-
Jjusted in-any desired relationship to one another,
and then driven together through the device by
means of the handle 381 while the initial relation-
ship between them is accurately maintained.
Each of the films 3, 4

1]

" scale with numbers at

By these means, -
from the shaft .
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is guided into and out |

of the device by means of g bair of rollers 31, 38 -

mounted on sliding plates or frames 39, 40, which
may be drawn back during the initial adjustment
of the films so as to avoid scratching the faces
of the films by relative sliding motion between
them. While the films are run together through
the device no relative motion takes place and the
films may be run with their faces in contact,.
Each of the filmg 3, 4 is a 45-foot strip of 35 mm,
film, identically marked, and designed .to facili-
tate the selectiqn of four gears from g range of
71 gears having every possible_ number of teeth

through the device with their emulsion faces to-
gethey in order to give a clear superposed image on

the screen 9, the image of one film wil be inverted,
as indicated in Figure 4. - ;

Each film carries two scales 42, 43, e'ach ex-

tending along the whole length of the film, ex-
cept for a short length at each end. The scale

42 is formed by black marks on g transparent -

.- 8round and is a simple logarithmic scale extend-

ing from unity at one end (as shown on the left

of Figure 5) to a ratio of 20.25 at the other, this
being thgf ratio 9090/20x 20, the greatest ratio
that can be dealt with by four gears selected from
the range with which the device is concerned.
The scale 43 is formed with transparent wedge-
shaped marks on g black ground gnd occupies the
middle strip of each film, A mark is provided
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' scale 42 is in the field

7R

3> between and on each side

3

for every possible product of any two gears in
the range, the mark that represents the product
of two gears of 20 teeth being opposite the unity
mark on the scale 42, while the mark that repre-
sents two gears each having 90 teeth is opposite
the other end of the scale 42, The mark that
represents any other two gears is opposite that
point of the scale 42 which indicates the product
of the two gears divided by 400 (20x20). The

order of arrangement of the marks is therefore
the order of the magnitudes of the products they

‘represent, and for the purpose of identifying the

numbers whose products are so represented it is
hecessary to provide a table, in order of magni-
tude, of every possible product and to mark the
intervals, say, every tenth
any scale mark may be
and the numbers whose product the
scale mark represents found from the table.

Thus in Figure 4 the one numbered scale mark,
40 is visible at the top of the strip, and in Figure
5 three numbered scale marks, 0, 27 and 28 are
visible near the bottom of the strip, each figure
also showing severa] un-numbered scale marks
of the numbered marks,
Two extracts from such a table, covering the
right-hand parts of Figures 5 and 4 respectively
are given below: : :

scale mark, whereby
identified

Exiract I

20X66; 22x60;
33¢40.

21 63; 27%49.

2553,

26x51; 34%39,

35X 38. .

3637,

.31x43. .

23X 58; 29%46.

2067, ’

22 61.

21 64; 24x56; 28 48; 32x42.

25x54; 27X50; 30%45, '

26 % 52,

3341,

23X%59.

Extract I7

20x81; 27x60; 30x 54; 3645,
28X58; 29%56. :
25 % 65, :
22%74; 37x44.
23x171,
24X 68;
38x43.
21X78; 26 63; 39x42,
20 82; 40x41, L
31x53,
35x47.
27x61,
2275;
28x 59, ) .
23X72; 24x69; 36 46.
21x79.
20x83.. - A
26X 64; 3253,
37x 45,

3449,

In the operation of the device one film is ad-
Justed so that the unity mark of its logarithmic

of view (as on theleft-hang -

side of Figure 5) » While the other is ™in past until

270 24X55; 30x44;

28

BN O D00 T DU L0 B

32%51; 34%48,
40

N'Hccooc-qc:m.;wm»—ocbmqmm»hw

25 66; 30x55; 33 x50,

41

.. the mark on its logarithmic scals correspondine

ta thn Aanden
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on the first film. Thus the left-hand parts of
Figures 4 and 5 show the films in suitable posi-
tion (though not, as they would be, superposed)
for a desired ratio of 1.22506, the right-hand parts
of the film being in the corresponding relation-
ship.  The final adjustment of this setting will,
of course, be made by the hand wheel 34. When
the setting is exact, the sprockets driving the two
films are firmly clutched to one another by means
of the hand wheel 33 and the films are then
driven together through the device by means of
the handle 31. The part.of the film on the screen
9 corresponding to each of the simple logarithmic
scales 42 is masked by means of the hinged flaps
10 and I}, so that light transmitted through this
part of the film does not distract the attention
of the observer. In consequence of the black
ground of the remaining scales 43 of the films no
light will be thrown upon the exposed part of
the screen 9, unless two transparent marks, one
on each fllm, coincide. 'This may be observed as
a flash of light crossing the screen 9. When this

occurs the films are run back together until the -

coincidence can be seen and observed and the
flaps 10, I{ are opened so that the coinciding
parts cen be identified. ‘This is shown in Figure
3, and it will be seen that the flap 10 has a
bright ‘reflecting surface on its underside (the
side visible in Figure 3), so that the figures on the
film whose image is inverted can more easily
be read.

From Figure 3 it will be seen that two marks do.

~ fully coincide at 44, the coincident marks, as
shown in Figures 4 and 5, being those numbered
397 on the one scale (inverted) and 276 on the
other scale. -Reference to the table of which ex-
tracts are given above shows that these two num-
bers correspond respectively to the gear pairs 23
and 11 in the one case and 31 and 43 in the other,
so that desired ratio is given by the four gears
23x71/31X43. These are the marks which are
shown as being in line in the right hand parts of
Figures 4 and 5, and also in Figure 3.

The sensitivity of the device is adjustable by
means of wing nuts 58, shown in Figure 1, by
means of which the film reels 5, 6 and the
sprockets 13, 14 in connection with one of the
films may be pressed downwards against springs
surrounding their spindles, or allowed to. rise
under the influence of these spnngs In this way
the films 3, # are not laterally in register with one
another except in the. mean position but only
overlap so that the tips or the bases and not the
‘whole lengths of the wedge-shaped marks on
the scales #3 coincide. At the same time, the
mask 12 may be slid over the exposed part 9 of
the screen to prevent light showing through the
transparent part of one film and the wedge-
‘shaped marks on the other. It will be seen from

Figure 3 that if this is done the coincidence 44

will remain while any partial coincidence would
be obscured and would not appear. In practice
the films may be run through with the bases of
the wedge-shaped marks overlapping until any

coincidence is observed, the coincidence being

then noted and the wing nuts 50 evenly tightened
until it is obscured. The film is then run on until
another coincidence is observed, which, if it oc-
curs, will be a closer coincidence than that first
noted. This coincidence is noted, and in turn
-obscured by the tightening of the wing nuts 59,
and the film is run on again, and so on. The last
coincidence to be noted in this way will give the
four gears which most closely approach to the

2,375,878

desired raﬂo, the earlier ohservations being re-
garded as superseded and ignored.
The device shown in Figure 6 is one in which

" the scales are marked on- helices formed round

10
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cylinders. Two hollow cylinders 61, 62 are pro-
vided, both formed of thin sheet mebal the cyl-
inder 61 sliding as a close fit inside the cylin-
der 62. 'The scale corresponding to the scale
43 in Figures 4 and 5 is formed on the upper
half of each cylinder, and consists of a helical
series of wedge-shaped perforations, shown on
the outer cylinder 62 at 63. Although the scale.
of Figure 6 is too small for the shape of the per-
forations to be distinguished, the form of the
scale, both as regards the shape and the spac-
ing, is exactly as described with reference to
the middle scales of Figures 4 and 5, the flexible
scales of those figures being wound helically
round the cylinder. The corresponding series of
perforations on the inner cylinder 61 is, of course,
concealed by the outer_cylinder but is identical
in form thereof, except that the wedge-shaped
perforations point downwards in one case and
upwards in the other (compare Figures 4 and 5.

The simple logarithmic scale corresponding to the
logarithmic scale 42 in Figures 4 and 5 is marked
at 64 on the lower part of the inner cylinder
61. The lower edge of the outer cylinder 62 car-
ries an index piece 635, whereby the outer cylin-
der may be adjusted with reference to the inner
cylinder with any desired degree of displacement
between the two scales 63. The several marks
on the index piece 65 correspond to different
degrees of sensitivity to which the device may
be .adjusted, for if the middle mark coincides
with the helical line on which the scale 64 is
based, the wedge-shaped perforations of the
scale 63 coincide with the length of the corre-
sponding perforations in the scale on the inter-
nal cylinder 6!/. When, on the other hand, one

‘of the end marks on the index 65 coincides with

the line on which the scale 64 is based, only the
tips or the bases of the wedge-shaped perfora-
tions in the two cylinders 61, 62 overlap. ’

The device is illuminated by means of a long
electric bulb 66 mounted inside the cylinder 61
and coiniciding approximsately with the axis
thereof. The bulb 66 is fed with current through
a cable 61, passing through one of the handles
68, by means of which the device may be ma-
nipulated. The plain part 89 of the outer cyl-
inder 62-serves to mask altogether the part of
the perforated scale of the inner cylinder 61
which does not coincide with any part of the
scale on the outer cylinder 62. Similarly the
upper end of the inner cylinder 6f is blanked
off so that the upper part of the scale on the
cylinder 62 is not internally illuminated.

In the operation of the device the cylinders
61, 62 are adiasted relatively to one ancther by
an axial and rotational adjustment until the edge
of the index.piece 65 coincides with the mark
on the'scale 64 corresponding to the desired
ratio. The bulb 66 is then illuminated, and it
may be seen, preferably by examination in a
darkened room, whether any light shows through
two coincident wedge-shaped perforations, one
in the eylinder 61 and the other in the cylinder
62. If two perforations coincide in this manner,
these are the perforations corresponding to pairs
of gears which together will give the desired
ratio. If several coincidences should occur, some
being more accurate than others, the cylinders
61, 62 may be slid axially to the extent covered
by the marks -on the index pieces 65 until the
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less perfect coincidences are eliminated. The

device shown in Figure 6, though simpler in use, .

may be more expensive in construction, since it .

depends on & considerable degree of accuracy in
the marking of the scales thereon.

A device that is even simpler in construction
* though more difficult to use is shown in Figure
7, in which the pr-aciple of the present inven-
tion is applied, as it were, twice in series. This
device comprises four scales 16, 11, 12, 13, all
identical in form and having one mark for each
of the 71 gears in the range to be dealt with.
The distance of each mark from the left-hand
mark of the scale Is proportional to the loga-
rithm of the number of teeth in the correspond-
ing gear divided by 20 (the latter figure being
the number of teeth in the smallest gear).
device is in the form of a slide rule, ang at the
bottom of the rule is a fifth scale 15, which is
a simple logarithmic scale extending from unity

to a ratio of 20.25, this scale thus being twice -

as long as each of the scales 18 to 73. The
scales 10 and 15 are fixed with reference to one
another and the scales Tl and 12 are fixed with
reference to one another. The scale 13 is ca-
pable of sliding, so that its left-hand mark co-

<1

10

15

The

incides with a mark on the scale 15 selected to

correspond to the desired ratio. The scales Tf,
.72 may then be slid together with reference to
the scales 70 and 13, and when, simultaneously,
a mark on the scale 70 coincides with a mark
on the scale Ti, while & mark on the scale 12

coincides with a mark on the scale 13, the four

marks involved correspond to four gears wh'ch
together will give a compound ‘gear ratio corre-
sponding to the displacement hetween the scales
73, 75. In the structure of the slide rule shown
in Figure 7 the scales T{, 12 are prevented from
sliding out of engagement with the scale 13 by
means of a pin 16 running in a groove 17 in a
base plate 78 secured to or formed integral with
the scale 73.. The scale 13 and base.plate 18

extend sufficiently far beyond the marks on the |

scale 13 at each end to permit the scales 14, 72
any degree of adiustment within which comc1-

dence may occur between marks on the sca1e~

72 and marks on the scale 13.

The device well illustrates the prmciple of the
present invention, though in practice its great-
est utility would be to check the fact that four
given gears, selected for example by the device
shown in Figure 6, do, in fact, combine to give
a desired ratio.

Having- described my invention, what I desire
to secure by Letters Patent is: -

1. A calculaing device comprising a plurahty of
mutually adjustable scales having transparent

scale marks on an opague ground, said scales be-
ing arranged in superposition and adapted to .

be observed by light transmitted through them
whereby the scale marks of each are cbscured by
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the ground of the other except where the scale

marks of one coincide with those of the other.

2. A calculating device for facilitating the se-

lection of a set of at least two pairs of gears from
a range of gears to give a gear train having a
compound gear ratio approximating as c}Osely as
possible to a desired ratio, said device com-
prising two mutually adjustable opaque scales,
one of said scales being marked with transpar-

ent scale marks, each at a distance from a datum

proportional to the logarithm of the product of
the numbers of teeth in some selection from
said range of the odd gears of said train, all such
selections being represented, the other scale be-
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ing marked with transparent marks each at a
distance from a datum proportional to the loga-
rithm of the product of the numbers of teeth in
some selection of the even gears of said train,

. all such selections being represented, said scales

being arranged in superposition and adapted to
be observed by light transmitted through them
whereby the scale marks of each are obscured
by the ground of the other except where the scale
marks of one coincide with those of the other.

3. Device according to claim 2 adapted for

“the selection of two pairs of gears, each scale

involving two of the four gears of the train,

4. Device according te claim 1, comprising
means for directing light through the superposed
scales. -

5. Device accordmg to claim 1, comprising a
strip of cinematographic film for each scale and
a film-viewing device for inspecting the scales
in superposition.

6. Device according to clalm 1, comprising a
strip of cinematographic film for each scale and
a film-viewing device for inspecting the scales in
superposition, said film having uniiormly spaced
perforations at its edges serving as units of
length for the marking of said scales and for the
purpose of keeping the two films in correct mu-
tual adjustment in said film-viewing device,

7. Device according to ciaim 1, comprising two
cylinders, one fitting inside the other, the scales
being formed, one on each cylinder, as a hehcal
series of perforations.

8. Device according to claim 1, compnsmg an
additional scale associated with at least one of
the scales and fixed in relation thereto, for the
purpose of facilitating the des1red mutual ad-
justment of the scales.

9. Device according to claim 1, wherein the
transparent scale marks on each scale are wedge-
shaped and point across the scales in opposite
directions, said device comprising means for ad-
justing the scales laterally with respect to one
another so as to vary the degree to which the
superposed scales overlap.

10. A calculating device for selecting two palrs
of gears from a range of gears to give a train
of four gears having a compound gear ratio ap-
proximating as closely as possible to a desired
ratio, sald device comprising two strips of opaque
cinematograph film €ach having uniformly spaced
perforagtions at its edges, a film-viewing device:
tor inspecting said strips of film in superposition,
and means in said film-viewing device for-later~

-ally adjusting said strips so as to. vary the de-

gree to which they overlap, each of said strips
veing marked with transparent wedge-shaped
scale marks pointing across the films in opposite

. directions in the two scales, each scale mark be-

ing disposed at a distance from a datum propor-
tional to the logarithm of the product of the
number of teeth in two gears selected from said

-range, each possible pair of gears being repre-

sented on ‘each scale, one of said scales being
provided with an additional scale fixed relatively
thereto and being a plain logarithmic scale to
facilitate the longitudinal adjustment of the
strips of fllm, said perforations serving as units

o of length for the marking of said scales and for
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the purpose of keeping the two films in correct
displacement relatively to one another in said
film-~viewing device. .

11. A calculating device for select,mg two pairs
of gears from a range of gears to give a train
of four gears having a compound gear ratio ap-
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proximating as clesely as possible to & desired
ratio, seid device comprising two cylinders onhe
fitting inside the other, each cylinder having &
helical series of wedge-shaped perforations point-
ing parallel to the axis of sdid cylinderg bub i
opposite directions in the two cylinders, each of
seid marks being disposed af an angular dle-
tance Ifrom sz detum proportional to ¢he loga-
rithm of the product of the numbers of festh

In & palr of gears gelected from sald range, each
such pair being represented on each scale, one
of sald cylinders having e plein logarithmic scals
helically marked thereon to fzeilifate the adjusi-
ment of eaid two geries of perforsiions reloiively
0 one another, and a source of Yght within the
cylinders.



