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The ordinary 11 inch slide rule used by scientists
and engineers is too well known to need description. It
consists of a main rule in which are mavked a scale or

scales which correspond to the logarithms of nunbers.

Moving in this rule 1s a slide which ig also marked in a
gscale or gcales which correspond to those in the main rule,
Also moving on the main scale is a cursor on which is marked
a halr line, Multiplication:; of two nunbers X and ¥ is
performed by setting the cursor line at X on the main gcale,
moving the slide i1l the number one on the slide colncides
with the hair line, moving the cursor Xim till the hair

line coincides with ¥ on the slide, and reading off the
product as the position of the hair line on the main scale.
The operation depends on the princlple that the logarithm
of the product of two mmbers is the sum of the logarithms
of the nmunbers themselves., In dividing one nunber by another
the logarithm of the second nunber is subtracted from that
of thé first. This operation can a}so be performed on the
gslide rule. In particular a series of multiplications
combined with divisions can be performed rapidly within

the limits of the scales, When the limits of the scales
are likely to be overrun, the artifice of dividiﬁg or
multiplying by ten or powers of ten is used to keep the
nwibers within the limits of the scale,

The 11 inch slide rule is marked on the main ruler
wlth two scales, the so called A and D scales marked up to
100 and 10 respectively, and the slide is marked with scales,
so called B and C scales,also marked up to 100 and 10, A and
B scales are the squares of C and D, For accurate work the
scales C and D have to be used. “The scales are characteriged
by the varying degrees of accuracy obtainsble in ditfferent

parts, In the region between 1 and 2 for instance in the

C and D scales nunbers can be read +to three sipgnifTicant
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| res without eye estimatlon and Lo four figurégrES 3693
+th eye estimation and in the region between ¢ and 10,

readings are possible to two significant rigures without eye

estimation and three with eye estimation. It 1s not possible

t0 use accurate methods of reading a poslition between scale

marks by the use of the vernier or micrometer because the
logarlthmic scale 1s non~uniform. This 1s the inherent

defect in the ordinary slide rule.

; Other slide rules have been invented to improve the
accuracy of the 11 inch slide rule. One wethod 1s the use of

a longer, for instance the 22 inch slide rule, combined with

a magnifying cursor which gives an added figure of accuracy.
The second method is the use of a circular scale (watch pattern)
in which the numbers are marked in a series of concentrilc
clrcles. In the Fowler's slide rule for instance numbers

from one to 10 are marked in 6 concentric circles giving an
overall length of scale of 50 inches as compared with 10 inches
of an ordinary slide rule. It is not possible on this scale
to have a second scale slidlng in the first scale so that the
main scale has to be made movable with respect to a fixed
datum line, and an independently wmovable cursor line has &lso
to be provided.

A third method of increasing the accuracy 1s by the use
of a logarithmic scale marked on a helic on the outside of
a cylinder. Here again a long length of scale can be achleved
but a datum and cursor have to be provided as only a single
scals 1s used.

In the slide rule of the present invention uniform
scales are provided so that 1t is bellieved for the first time
the possibility of accurate reading by utlilising the mlcrometer
eye plece, vernier or other gclentific devices 1s provided.

The limit of accuracy is set only by the accuracy of wmanufacture
and not by inherent causes such as the non-linearity of the

scale.
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The invenition will now be descoribed with reference
to the accompanying drawings in whichs~

Fig.l, Sheet 1, shows chords of a circle intersecting

externallyo

Fig.2, sheet 1, shows chords of a circle intersecting
internally.

° Pig.3, sheet 1{ shows chords of a circle intersecting
internally, one of the chords being bisected at point of
intersection.

Fig.4, sheet 1, shows the invention digramatically.

Fig.5;, sheet 2, shows a perspective view of one embodiw
ment of the inventlon.

Flg.6, sheet 2, shows one of the fixed links,

Fig.7, sheet 2, 1s an end elevation showing the fixed
links pivotted on bearing pin through which varisble arm
DasSBes,

Fig.8, Sheet 3, is a plan view of the left hand half
of instrument,

Fig.9, sheet 3, is a section in line AA of Fig.8.

Fig.9A,sheet 3, 1s a section in line BB of Fig,8,

Fig,10 is a plan view of left hand cursor looking upwards.

Filgell is a view of glass scale of left hand cursor.

Fig.12 is a view of glass scale of right hand cursor,

The principde underlying thé invention is the well known
proposition in BEuclid that when two chords of a circle intersect
externally or internally the rectangles formed by the segments
of the chords are equal. Fig.l shows chords. intersecting
externally., Here OA x OB = OC x OD. Fig@R shows chords interw
secting Internally, Here AO x OB = CO x OD. Both the above
principles can be used In the slide rule of my invention. It
is found mechanically more convenient to arrange an apparégggé
on internal intersection. A4 rule which is based on external

intersection will have to have provisions for crossing over

of cursors, as will be seen later. It will however give a
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slide rule of shorter overall length,

In particular, if in Fig. 2, the chord OD is inter-
sected by AB at its mid~point then (fig.3) A0.X OB= CO x OD =
0c? = EC® - 0B®,  Now =C

I

BEA = BB = Radius of the circle

2 -OE2, If R and OB are

R{say)., Therefore AO x OB = R
fixed the product Ab X% 0B is constant., In particular if OR
is fixed and BTA and AB arve fixedrradial arms free to glide
along the line AB then ihe product AO x OB is constanﬁ,

The practical enmbodiment of the above principle is
shown diagraﬁ?tically in Fig.4, where PQ represents the
centre line of a main scale divided into 2 portions OP and
0Q which are scaled off from O to 10 in the directions OP
and 0Q respectively as shown, Qn the left hand portion a
cursor L is adapted to slide, The position of I on the scale
can be read off by a vernier attached to I (not shown)., The
zero divisions of this vernier points to the centre of the
bearing A of fixed 1link AE., Similarly R is the right hand
cursor sliding on 0Q provided with a vernier whose gzero
coincides with the centre of the bearing B of fixed link BE,
AR and BE are fixed equal links representing the radii of
the Fixed circle. AR is pivotted to the cursor L at A& and to
a pin at B, BE is pivotted to the cursor R at B and to the
pin at B to which AE is pivotted. OT represents an arm
pivotted at O to the main scale and slideble in a hole {in the
pin at E. When necessary the arm OT can be clamped to the
pin at B by means of clamping écrew C. It was shown that
A0 x OB = R®- 0E2, Since R = AE = BE is fixed the product
A0 x OB is solely dependent on OL. If the arm OT is clamped
at B and the cursors are made to slide along the scale, the
cursors will slide:in such a way that AC x OB is constant.

Buppose it is required to use the slide rule for
calculating the product XY. Undo clamp C and set the nwdber
X on the leflt hand curaor by moving it along OF. Set the

nunber Y on the right hand cursor by sliding it along 0Q.

i
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The verniers are used in the above manipulation to set the
cursors exactly on the required poinits of the scale, Now the
clamp C is locked, thereby making the length OB fixed,
Movement of the cursors gannot now take place independently

of' each other, but as explained above, they move mm relabively
to each other such that the product A0 x OB remains constant,
Wow the left hand cursor I is moved till the zero mark in
vernier points to 1. Then the reading of the right hand
cursor giVes the product. In case the latter manipulation

makes R overshoot the scale, then I, is moved so that the zero

of vernier points to 10 on the scale, Then the right hand

vernier reading gives 1/10 of the required product. In the
adbove it is assumed that X and Y are both as shown 10 or
greater than 1. INunbers outside these limits are divided or
miltiplied by 10, or powers of ten till they are within these
limits as in calculation with the brdipary slide rule.

To obtain the value of %%‘ the above procedure is
followed up bto the clamping of the screw C which makes the
product A0 x 0B = XY constant. Then the left hand cursor
is moved till the zereo point of the vernier points to % in
the scale. The reading of the right hand vernier gives the
result., Further manipulation of the instrument for obtaining
the ﬁroduct of a series of nunbers divided by the product of
another series of numbers will now be apparent to those
accustomed to manipulatéon with the ordinary slide rule,

In the practical embodiment of the instrument the
index number 1 denotes bthe main metal scale which ig marked
off from the centre in both directions in 11 main divisions
each of which ig subdivided inte 10 sub-divisions. The line
15: in Figs.5, 10 and 8 denctesthe geometrical centre line of
this metal scale. Index 16, Pigs. 5 and 8 denotes the nut
for tightening a bearing pin on the underside of the metal

scale, On the bearing pin is mounted the bearing A% of the
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variable ®m length arm shovm at the top in Pig.7. The
variable arm rotates with centre at the zmero point of both
scales. The variable length arm comprises the bearing 17 to
which is fixed the right hand screwed pin 18, a left hand
serewed pin 7 passing through a hole in the bearing pin 20,
the nut 8 one half of which is right hand threaded to co~operate
with 18, and the other half left hand threaded to co~-cperate
with 7, and the springs 9 and 10 abutting against the nut 8 and
against fixed stops on 7 and 18 respectively., Instead of the
right and left hand screw arrangement it may be prefewed in
some cases to have both screws either right handed or left
handed but with different pitches,

The cursor 2 is gré%ed so as to allow the scale 1 to
slide along the groﬁve (see Fig.9). Keeping the metal scale
in position in its groove is the glass vernier plate 3 (see also
Fig.11) which is held firmly in tggzi;ﬁpacking rieces 4 and
serews 5. 10 divisions of the vernier =msalm plate correspond
to 9 divisions on the main scale. Mounted on the underside of
the cursor is the bearing pin for the fixed link 6 which is
held firmly but rotatably in contact with the bearing pin by
means of a washer, spring washer and nuts generglly shown at 14,
The whole assembly is of such a nature that the zero line of the
vernier in the glass plate and centre line of scale should
intersect at the centre of the bearing pin at 14,of link 6,
Aé the cursor moves along the scale the centre of the bearing
pin moves along the centre line 15 of the main scale. Its
Position on the scale is read off by the vernier which moves |
in a line parallel to 15 along the subdivisions of the main
scale, A spring 12 may be £itted to the cursor %o také up
any back lash.,due to inaccuracies in machining the groove in
the cursor for the metal scale. The clamping screw 13 passes
through the cursor and may be used to clamp the cursor in any

desired position with regard to the metal scale,
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The right hand cursor is subsgtantially of tli@@agﬁéﬁ 9 tﬁ
congtruction. The following differences willl however be
observed. The Inner plate has zero on the left hand gide
(vide Pig. 12) instead of the right hand side as 1n Fig. 11.
The bearing pin for fixed link 19 will also be in left hand
edge of the curgor in line with the zero line of the vernler plate.
The clamping screw corresponding to 13 will be on the right
hand side. The bearing for fixed link 19 in the cursor is so
arranged to allow the link 19 and the link 6 to move in
parallel horizontal planes wlthout interfering with each other.
Thé other ends of fixed links 6 and 19 are mounted on the
bearing pin 20 which is coumon to both. A hole is drilled
through the bearing pin 20 to allow the pin 7 to pass through.
The pin 7 can be locked to the bearing pin 7 by clamping
screv 1l when degired.

It wlll be observed that when one cursor is locked on
to the scale and the pin 7 clamped down by 11 the other cursor
can be moved along the scale by the operation of nut 8 which
shortens or lengthens the varlable arm. By using fine screw
threads on the nut 8 of nearly equal pitch a fine movement can
be gecured.

For the successful operation of an Instrument of thils
kind a very high degree of accuracy in workmanship should be
agsured. In particular all bearings and sliides must be Fres
from back lash and accuracles of much finer order than one
thousandth of an inch wmust be assured. It may be possible
to overcome the sliding frictlon at the cursors by providing
accurately machined rollersg on the cursors for the metal rule
to roll on.

If in the instrument lllustrated the wain divisions
are 1 centimeter apart and the subdivisions one millimeter
apart readings in all polnts of the instrument can be obtailned
to a 3 figure accuracy, using the vernier illustrated, using

the naked eye for estimation. A high degree of preclsion
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is however necessary in tne slides and bearings, usually

29

of the order of 1/10 of a millimeter. A moving eye-piece
with micrometer attached to tihe eye-plece, as used in
theodolites to measure fractions of a second can be used
instead of a vernier. In this way Tive figure precision may
be obtainable in the results, out of'course the glides and
vearings must be finished off with much higher accuracy than
in the previous instance.

For very accurate work however a scale which extends
to 100 centimeters on either side may be used, This will make
a very cumbersome instrument, but wiih give extremsly high
degrees of accuracy irf well made and fitted with micrometer
eye-pieces. It may also be realised that errors in bearings

and slides affect the readings to a great degree only when

 one or other of the slides 1s near the centre of the instrument.

In a slide rule extending 100 centimeters either way it is not
necessary to move the slides (for accu?ate work).nearer the
centre than the 10 centimeter mark. This will eliminate the
inaccuracy of the instrument with scales going up to 10 centi-
meters either way where it is necessary to bring one or other
of the slides to the 1 centimeter mark. The weight of the
instrument can be reduced by using duralminium for the metal

paI‘tSa
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The embodlments of the invention in which an
exclusive property or privilege is claimed are defined

as follows:

1. A calculator rule comprising a main scale
comprising two scales each graduated from the center in
opposite directions, two cursors adapted to move along
the scale, two equal fixed links pivoted at one end in
the cursors on pins which move along the center line of
the scales and to a common bearing pin at the other end
through which passes a variable length arm wh}ch is
Pilvoted at the center of the main scale, ana which can be
clamped at any desired point to the bearing pin.

2. A calculator rule comprising a main scale
graduated from the center in opposite directions, two
cursors adapted to move along said mein scale, two fixed 1links
pivoted at one end thereof to saild cursors and to & common
member at the other end thereof, a variable length arm
Divoted at the center of said main scale and passing through
said common member, said arm being securable at any point

thereof in said common member,
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