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UNITED STATES

PaTeENnT OFFICE.

EDWIN THACHER, OF PITTSBURG, PENNSYLVANIA.

SLIDE-RULE.

SPECIFICATION forming part of Letters Patent No, 249,117, dated November 1, 1881,

Apphcfntlon filed February 3, 18281,

To &ll whom it may concern :

Be it known that I, EDWIN THACHER, of
Pittsburg,county of Allegheny,State of Penn-
sylvania, have invented or discovered a new
and useful Improvement in Slide-Rules; and
I do hereby declare the following to be a fall,
clear, concise, and exact description thereof,
reference being had to theaccompanying draw-
ings, making a part of this specification, in
which—like letters indicating like parts—

Figure 1, Sheet 1, represents a cylindrical
slide rale illastrativeof my ivvention, one-haif
being shown in side elevation and one-balf in
longitudinal section. Fig. 2 is av end view of
the same. TI'ig.3 represents a section throngh
TFig. 4
represents a section through A B looking to-
ward-the center. Tig.b represents a top view
of one-half of the rale. Fig. 6, Shect 2, repre-
sents a development of an arrangement of
logarithmic scales as applied to the surface of
the slide for first-power computations. Fig.
7-represents a similar development or a corre-
sponding set of scales ns formed on the en-
velape. . Figs. 8, 9, and 10 are diagram views
further.illustrative of the manuer of arranging
the scales on the rule; and TFigs. 11 and 12,
Sheet 3, represent, by aun enlarged view, a de-
velopment of seales for computing in second
powers.

My invention relates to certain improve-
ments in logarithmic slide-rules, and, in gen-
eral terms, counsistsin making the raleof cylin-
drical form, haviug a rotary audlongltudmallv
moving shde inclosed by a series of bars or an
envelqpo, and on such slide and bars are ar-
ranged logarithmic scales of greater length
than the length of the graduated space of the
rule, parts of such scales being laid offon sepa-
rate parallel lives, as hereinafter described.

In the drawings, Sheet 1, O represents a
cylindrical slide, on the smf(ue of which are
graduuted logarithmie scales, as presently de-
scribed. At regular intervals around and in-
closing this slide are arranged longitudinal
bars E, on the edges ¢ of which are also grad-
nated scales, as presently described. These
bars E may be made separate and their ends

- secured in sockets d formed in rings or bands

50

D, or they may be formed by cuttmo slotted
opemngs ¢ lengthwise in a c¢ylinder of metal

(Model.)

or other suitable material. The length, size,
and thickness of slide C and bars E may be
varied as desired ; but I prefer that the bars
be made thick enough to lay off scales on their
slightly-beveled edges ¢, sothat the divisions
of such scales may come in contact with the
surface of the slideC. Thisis for convenience

-and aceuracy of comparison, and is not an es-

sential element, as the bars may be made thin-
ner and the scales be laid off on their upper
faces. When the bars are light or are of con-
siderable length they may be supported at the
center by an encircling’band, I, which, being
made narrow or ecut away somewhat at the
points f between bars, will not materially hide
the scales made on the edgeseand on the slide.

The bands D and bars E constitute an envel-
ope within which the slide C can be moved

longitudinally back and forth or be rotated at

pleasure. The under faces of the bars are
wade to conform to the curve of the slide, or
are made concave, so that their nnder edges
may come close to theslide. The slide shoald
be made to move within the envelope with a
little frietion, and thereby preserve any rela-
tive position or setting which may be desired.
To this end strips of flannel or other soft or
elastic material may be placed between the
bars and slide, and as such material becomes
worn the bars may be set down upon the slide
by means of screws d’. Suoch strips will also
tend to keep the surlace of the slide clean and
prevent rubbing.

TFor convenience in supporting
ing the role, especially when madé of consid-
erable size or heft, I provide standards or sup-
ports G, which are secured to a base, H, and
receive the journals I of bands D in open bear-
ings g formed in the tops of the standards.
If preferred, however, the bearings may en-
circle(he journals by capsorequivalent means.
In either case the envelope may be held and
the slide be revolved or moved endwise, or the
slide may be held and the envelope revolved,
or both slide and envelope may Le moved si-
multaneously.

The width of bars I and of spaces ¢/ between
the bars is, by preference, made equal, or abount
equal, to the distance between graduated lines
on the slide so as to permit convenient read-
ing of the scales on the surface of the slide,

-

~~

and operat- .
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and with such precaution the number of bars
E may be muitiplied as desired. I preferthe
relative widths of bars and spaces shown in
Figs. 3 and 4, and when a greater number of
bars are desired than there shown I prefer to
increase the diameters of slide and envelope.

The graduated lines on the slide C are par-
allel with bars E, and of equal number with
the side edges of such bars, and they are ar-
ranged at equal intervals around the surface
of the slide, so that all lines on the slide may
be exposed between bars at the same time.
These lines, as well as thoss on the edges ¢ of
the bars, are gradunated as parts of logarithmic
scales—that is, scales in which the distance of
any number from the beginning of the scale
represeuts the decimal part of the logarithm
of that namber. Such scales are usually laid
off from 1 to 10 or from 10 to 100, the latter
numbering being adopted in the present in-
stance. These numbers, or the values of the
divisions represented thereby, arve purely ar-
bitrary. Thus 10 on the scale may mean 1,
10, or 100, or .1, .01, &c., as-the nature of the
problem to besolved may require. Such scales
represent the logarithmms of all numbers, the
accuracy of the reading depending upon the
length of scale employed aund the number of
its subdivisions. The manner of using such
scales for making computations is well under-

stood and need not here be described in de- |

tail.

The purposes of my invention are to increase
the length and acecaracy of such scales with-
out increasing the length of the rule, and to
render the use of such rule more convenient.
An important means to this end is the arange-
ment or disposition of such scales upon dif-
ferent parts of the rale, which I will now de-
scribe.

In Figs. 6 and 7, Sheet 2, I have shown a de-
velopmentoflogarithmiescales asemployed for
first-power computations, all the scales being

- of the same length, and each being longer than

the length of gradnated space. Fig. 6 shows
twelve successive lines of graduations as laid
off lengthwise upon and at regular iutervals
around the surface of slide C, and Fig. 7 shows
the same number of lines as laid off on the
side edges of the six bars E. Two complete
scales, numbered from 10 to 100, are shown
in each of these figures, four in all, each ex-
ceeding the length of the graduated space,
parts of such scales being laid off on separate
equidistant and parallel lines in the direction
of the ranle’s length. These scales may be read
on the lines in two different ways—that is, on
alternate lines from left to right entirely across
the graduated space on the rule—and in this
case one scale in each of the figures begins at
the left of the upper line and, continuing on
lines 35 7 9, ends on the right of line 11, such
numbers being as marked in the left-hand mar-
gin and counted from the top of each figure
downward. The other scale begins with line
2-at a division of the scale corresponding with

BEST AVAILABLE COP'

the middle division of thie upper line and, con-
tinuing on lines 4 6 810.ends in the middle of
line 12, the balance of this line toward the right
containing that part of the seale preceding the
beginning of line 2; or, on the other hand, the
lines may be read in the same direction from
left to right, but half-way across only, and on
suceessive half-lines from the top downward.
Iu the latter case the graduated part of the
rule is assumed to be divided into right and
left hand columus by an imaginary center line,
(represented by a,) and thehalf-lines thus made
are, for convenience of reference, numbered
from 1 to 12 in the margins in the order which
such partlines oceupy in their respectivescales.
Iupractice, however, it willbe found convenient
to substitute for these marginal nambers the
nambers corresponding to the end or end and
middle gradnatious oneachline. I have chosen

70

8o

s

the nomeration shown simply for brevity and -

simplicity indeseription. Ontheleft hand side
of suchimaginary division atheseale runs from
the top to the bottom half-lines in regular or-
der and succession. Oun the right-hand side
the scale runs in the same order and succes-
sion, but Legins at the top with the second
half-line, the first halfline of this scale being
found at the bottom. When wrapped around
or formed on the surface of the slide C or on
the envelope I, this feature of beginning the
scales at different points relatively results in
causing the divisions or half-lines of the scale
to follow each other in regular and the same
order, whether readin either of the ways above
described, and also carries the half-lines of the
scale in one column one step in advance of the
corresponding half-line in the other column.
This I consider an important feature in the ar-
rangemeunt of the scales, as by it complete
scales are found in contact on slide and envel-
ope for each setting of the slide, and resunlts
are obtained thereby which could not be ob-
tained with equal facility if the scales in Loth
columns began on the same line. As a mat-
ter of eonvenience the graduated lines on the
slide, Tfig. 6, are numbered on both sides, so
that the numbers may be visible whichever
side of the lines may be exposed between the
bars .

It will be observed that whicliever way the
scales arercad a complete logarithmic scale is
fouund on either the right or left hand side of
center line, a, on both slide and envelope ot

bars. Also that by rotating either the slideor -

envelope,or both,any half-lineon theslide may
be brought in contact with any desired- half-
line on the bars, and that by the longitudinal
motion of the slide any two graduations or sub-
divisionsin those half-lines may be brought in
contact or made to register without moving
the end of the slide beyond the ceuter line, «,
of the envelope; and, further, that when so set
completelogarithmicscales will befound in con-
tact for-direct comparison, one on the lines of
the slide and oune on the edges of the bars.
This is true for every possible setting of the
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rule; it being understood, of course, that when
the desired setting may be made in more than
one place, that one be chosen which involves
the least endwise movement of the slide. Con-
sequently, the scales on slide and envelope be-
ing set for any given ratio, such ratio may be
multiplied by every possible number within
the reading limits of such scales, and the re-
sults be read without a resetting of the rule.
Thisrale,baving fourscalesof the same length,
two on the slide and two on the envelope, ar-
ranged as shown and described, is adapted to
the working of all commercial problems_which

: be , .
can be stated nnder the form a="r, including

problems in multiplication, division, propor-
tion, fractions, interest, fellowship, valuation,
including pay-rolls, areas, weights, ieasures,
&e., by the following general rule.

-Rule I: Set oneof the numeratorson theslide
to the denominator on a bar of the envelope;
then opposite the otber numerator on the en-
velope read the answer on the slide.

The proper statement of such problems,and
the manner of solving them by meaus of loga-
rithmic scales, is well understood in the art,
and need not be described in detail.

The following examples are given by way of
1]1ustrat10u

The product of one number multiplied by an-
other may, in accordance with the above rule,

bxe
be stated as a=——.

1 Let D=5 and e¢=13.
Then set 5

5 on the slide C to 1 on bars E; op-
posite 13 on the bars read the produot aon
the slide.

’l‘he quotient of one number divided Ly an-
other may Le stated as a—b)(;_l, Lot =63
and d=7. Set 1 on slide C to 7 on bars If;
opposite 63 on the bars read quotient aon the
slide.

In proportion the termsare commonly stated,

Let b=6, C=14, and d=
2

3. Bet 6 on slide C to 3 on bars E; opposite
14 on bars B read a on the slide.

The same features of arrangement and the
same-advantages are embodled in and secured
by the above-described rale, having logarith-
mic scales differing in length adapted to com-
puting problems involving powers and roots.
I have illustrated one such case by the devel-
opment, Sheet 3, FFigs. 11 and 12, and the dia-
gram view, Fig, 10, Sheet 2.

In Fig. 11 are shown scales as drrdnoed on
the slide, such arrangement being the same in
all respects as th'\t before described, except
that the scales are only one-third the length
before showu, or are arranged on one-third the
namber of lmes, andin order tofill all thelines
on the slide such scales are given in full three
times when read in eitherof the ways deseribed
in Figs. 6 and 7.

In Flg 12 are shown scales of two dxﬁ"ueut

bxe
as above, a= I

BEST AVAILABLE COP'
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lengths. Two scales (marked X) are of the
same length and arrangement as those in Fig.
11, except that they are laid off on the edges
of two of the bars E instead of on the slide.
On the edges of the other four bars I are ar-
ranged two scales, Y, each of which is twice
the length of secales X, and occupy four full
bars instead of two.. In manner of arrange-
ment and reading scales X and Y are the same,
their only difference being in length.

The scales, Fig. 11, being (mmnged as shown
and described on the slide C,and those of Fig.
12 on the bars of the cmelope, it is obvious
that by rotating either the slide or euvelope,
or both,any two half-lines on slide and envel-
ope may be brought in contact, and that by
longitudinal movement of the slide any two
graduations or subdivisions in sueh part lines
may be brought in line or contact, and when
thus set any desired multiplications or divis-
ious may be made which can be stated under
the form a _%,

Rule II: Set b on the slide to d on line X of
the envelope; then opposite ¢ on lines Y of the
envelope read the answer on the slide. For
example, let b =0, ¢ =14, and d=3. Then
set 6 on slide C to 3 on lower lines of bars E;
opposite 14 on upper lines of I read a =392

For problems involving third powers the
scales Y should be three times the length of
scales X.

In respect to the fea,turcs of arrangement

by the ful]owmd rule:

‘above describe.l. the second and third power

scales embody in part the same invention as
the scales for first-power computations above
described. By adding other features of in-
vention seales fur powers may be arranged
along with the scales of Fig. 7 on the bars I,
and both be used in common with the scales
of Fig. 6 on the slide, and problems involving
various powers be solved Ly the one instru-
ment. Such additional featares of invention
will, however, form the subject-matter of a
separate application for patent.

In Figs. 8 and 10, Sheet 2, I have further
illustrated by dmgrams the manner of arrang-
ingthe scales upon the rale. Inthesefigures
the heavy arc lines I? represent the bars of the
envelope, and the blank spaces ¢ represent
the exposed sarface of slide C between bars.
The numbers on the dotted radial lines repre-
sent the half-lines of the scales, such numbers
correspondiug to tlie numbers as the margins
of the developmeut views, and of such nam-
bers those adjacent to the arc lines Eon the
outside and inside represent the divisions of
the half-lines as they recur on the env elope
and slide respectively on the lefs half of the
rule, and the numbers more distant represent
the correspouding order of half-lizes on the
right side of the rule. In addition to this the
letters X and Y, Fig. 10, represeut the relative
positions on the bars I of the scales so lettered
in Fig. 12. This illustration is given ou ac-
count of the difficuly of showiug such gradu-
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ated scales on a cylindrical surface, and, taken
in connection with the other figures and the
description hereiu given, will indicate with
sufficient clearness the application of scales,
Sheets 2 and 3, to a rule substantially such as
that shown in Sheet 1. .

In Fig.9 I haveillustrated a1ule of the same
character as that of Fig. 8, except that it is of
greater diameter, and has twelve bars instead
of six,and tweuty-four graduated lines on both
slide and bars instcad of twelve, as before.
The scales are carried over these lines and ar-
ranged on the right and left of the transverse
center in the same order as above described,
except that they are carried over a greater
number of lines,and are.thus made longerand
capable of more minate subdivision, Such a
rale having the same length as that of Fig. 8
wiil have double the length of scales, and will
thus enable closer reading and more aceurate
results. By thus inecreasing the diameter of
therale and the number of bars and graduated
lines, scales may be made capable of any de-
sired accuracy withont material increase in the
size of the rule and without any increase in its
length. This in practice is a consideration of
great importauce, as the value of such rules
for computing purposesdepends in large meas-
ure upon the accuracy or reliability of the re-
sults obtained, and also the rapidity and ease,
both mechanical and mental, with which sach
results can be found. These conditions are ef-
fectually and practically secured by my inven-
tion. .

“As represented in Fig. 9 the scales are twen-
ty four times as long as in the ordinary rale of
equal length, and this difference may be in-
creased to any extent by increasing the diam-
eter and number of lines, as above described.

By arranging twoor more scales ou separate
lines on both slide and bars, and continaing
or exteuding parts of such scales over succes-
sive lines in regular order, as described, and
providing for both rotary and longitudinal mo-
tion of the slide, I secure very important ad-
vantages in working the rule over rules com-
monly in use.

My improved rule can be set to any required
numbers with « minimum movement or exten-
sion of the parts. Being set to a common ratio,
any desired number of multiplications can be
muade of such ratio and the results read with-
out resetting, and such results are all found
on a surface of comparatively small length and
within easy reading distance.  Also, the rule
may be adapted for either ordinary commercial
salculations or for the more intricate problems
met in the work of civil engineers or for both
such classes of work, and any desired degree
of accuracy may be secured therein without

making the rule of iuconvenient proportiois.

I claim herein as my invention—

1. A slide-rale Laving on both the slideand
ou the body or Dars of tlie ruleé two or more
logarithmic scales, each exceeding in length

the length of graduated space on the rule,’

parts of suchscales being laid off on snccessive
parallel lines, and means for bringing the sev-
eral parts of scales on slide and bars in posi-
tion for direct comparison, substantially as set
forth. ~

2. Aslide-rulehaving, incombination, aslide,
C, of exlindrical form, with graduated scales
formed on its surface in the direction of its
Iength, and parallel bars E,in any desired nuwmn-
ber, connected together and arranged at inter-
vals around the surface ofthe slide, with grad-
uated scales formed on sach bars, the slide and
bars being capable of rotary and longitudinal
motion with relation to eachr other, substan-
tially as set forth. )

3. In a slide-rule, a cylindrical slide, G, hav-
ing graduated scales formed on its surface in
successive equidistant and parallel lines of
any desired number, in combination with an
inclosing-envelope formed of connected bars
E,in any desired number, the width of bars
and spaces between bars being equal, or about
equal, to the distance between the graduated
lines on the slide, such bars having graduated
scales formed lengthwise thercon, and the
slide and bars being capable ot both rotary
and longitudinal motion with relation to each
other, substantially as described, whereby any
desired graduations in the scales on slide and
bars may be brought in contact or made to
register,and when so adjasted the other gradu-
ated lines on the slide will be exposed between
the bars of the envelope in position for direct
compatison with the gradonated lines on the
adjaceut bars.

4. A slide-rule having a cylindrical slide,
C, with two or more logarithmic seales formed
on its convex surface, parts of such scales be-
ing laid oft on two or more equidistant parallel
lines in the direction of the length of the slide,
in combination with counected inclosing-bars
B, equal in number to half the number of
lines on the slide, such bars having at their
side edges two or more logarithmic scales, parts
of such scales being laid off on separate edges
of the bars, substantially as and for the pur-

‘poses seb forth,

5. 1In a slide-rule, a cylindrical slide, C, hav-
ing oue or more complete logarithmic scales
on both the right and left of the transverse
center of its graduated face, equal parts of
such scales being laid off on sucecessive par-
allel lines around the surface of the slide in
the direction of its length, such parts follow-
ing each other both around and lengthwise of
the slide in the regular order of scales, in
combination with an inclosing envelope hav-
ing on its bars E logarithmic seales arranged
in'the same order and succession as on the
slide, such slide and envelope being eapable
of both rotary and ewdwise motion with re-
lation to each other, substantially as set forth.

6. .A slide-rule baving, in comnbination, a cy-

lindrical slide, C, an envelope composed of

connected bars I, in any desired number, ar-
ranged parallel with the slide at equal intervals
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around its convex surface, such slide and en-
velope being capable of both rotary and lon-
gitudinal motion with relation to each other,

-with two or more logarithbmic scales on the

surface of the slide parts of such scales, being
laid off on separate parallel and equidistant
lines in the direction of the slide’s length, such
part scales forming one or more complete
scales on Dboth the right aud left sides of -the
transverse . center of the graduated-surface,

and two or more logarithmic scales of the same

BEST AVAILABLE COP'

or different lengths on the bars of the envel-
ope, parts of such scales being laid off on
different edges of the bars in the same order
and sucecession as on the slide, substantially
as aud for the purposes set forth.
In testimony whereof I have hereunto set
my hand.
EDWIN THACHER.
‘Witnesses:
R. H. WHITTLESEY,
C. L. PARKER,

&



