No. 633,307. | S Patented Sept. 19, 1899.
- T. CLARKSON. -

MATHEMATICAL INSTRUMENT.

{(Application filed Mar, §, 1897.)
{No Model.,) 4 Sheets—Sheet |,

.-ull"'--'
e

ks -

~ _/' _
N :
N\vas
. o
ZNGA S S
,/’" .
..ri lq

. v’
Q i TS N . i W)

l ' Jl--—-l_::q - ?N‘Q:l\
S s

L=

th?lﬁnS,SC,S'I | ._ | 7"72.1/‘6’ ntor,

sl ‘ %W

THE NORRIS PETERS €O, PHOTO.LITHO. WASHJHGTQH. D. €.




No. 633,307, Patented Sept. 19, 1899,

- T. CLARKSON.
MATHEMATICAL INSTRUMENT.

o {Application filed Mar. 5, 1897.) _
{No Model.) o | 4 Sheets——Shest 2,

R w2 "
T A S
- NS — — e e L / £
(AT oY Sepluten — = e e —f= === -EhT
Witnegses, |

Jr g

THE NORRIS PETERS CO., PHOTO-UTHO.. WASHINGTON. O. C.




No. 633,307. . _ o atonted Sent |I9 |
T. CLARKSON. oept. 19, 1899,

MATHEMATICAL INSTRUMENT.

_ (Application filed Mar, 5, 1897.) '
{No Model.) - 4 Sheets—Sheet 3.

i
LT

[} ""'"--.__
“ L o e s B K7
—
> 1

R

B, ™ " " " O ", " W, " e T T .

"
e —————

g
e
Eee———
P

NN AN

AN T

:Z_?z venttor:

Q%‘MWMW '

THE NORRIS PETERS CO., PHOTO-LITHD, WASHINGTON, . &,




No. 633,307, ‘Patented Sept. 19, 1899.

T. CLARKSON.
MATHEMATIGAL INSTRUMENT.

(Application filed Mar, 5, 1897.)
(No Model.)

4 Sheets—Sheet 4.

Wetnesses

THE WNORRIS PETERY €O, PHOTO-LITHO., WASHINGTON, D. C,




IO

'15

UNrtep States PATENT OFFICE.

THOMAS CLARKSON, OF SUTTON,

ENGLAND.

MATHEMATICAL INSTRUMENT.

s

SPECIFICATION formmg part of Letters Patent No. 633,307, dated Septembel 19, 18909.

Apphca,tmn filed March 5, 1897 Serial No. 626,107

(No model.)

o all whom it ma 1/ COMCETH:

Be it known that I, THOMAS CLARKSON a
subject of the Queen of England, resuflmtr at

‘Sutton, Surrey county, England have invent-

ed eertam newanduseful Improvements in or
Relating to Mathematical Instruments for

Use in Drawmw Arcs of Oueles of which the_

following is a speelﬁcatmn

This 1nvent1011 relates to mathematical in-
struments for use in drawing arcs of circles
whose diameters are too gr eat to permit the
arcs to be drawn by ordma,ry compasses.

Hitherto a long wire or rod or a trammel has-

been used as a radius-arm in drawing such
arcs; but these devices are unwieldy and

~cumbrous and frequently need two operators.
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Moreover, the curved lines produced by such

means are more or less wavy or otherwise in-

accurate, owingtotheabsenceof rigidity from
the apparatus. Anothercommon device con-
sists in bending a thin piece of spring-steel
or wood s0 that it will approximately corre-
spond with three points previously deter-
mined upontherequired curve,the said spring

“then constituting a ruler for completing the

curve. It is well known, however, that this
device does not give a true circular are, for
the established reason that a straight spring
when bent either by end pressure or by pres-
sure applied to the middle while the ends are
supported yields more in the center than to-
ward each end, so that its curve approximates
more to a parabola than a cirele. It has also

been proposed to use for like purposes an -

elastic metallic strap of uniform thicknesscut
upon a circle at one edge and straight upon
the other edge; but such 2 strap “will not
form a true circle vertically When the ends
are made to approach each other. :
It is the object of the present invention to
construct a compact and-simple instrument
wherein a novel form of flexible ruler spe-
cially designed to give true circular arcs is

combined _with means for enabling it to be.

easlly given the desired curvature.

The improved flexible ruler is a thin flat
strip so tapered or reduced from the middle
of its length toward its ends that successive
parallel measurements of its width taken par-

50 r1,1161 w1th the 1ntended axis of curvature

s

would 1f plotted side by side perpendicular
to a straight line be ordinates of a symmetric
hyperbolic segment. This is the theoretical
form of the strip. As, however, minute dif-
ferences in temper at different parts of the
plate or in thickness or in guality of the metal
or material may affect the result, I find it de-

| sirable to slightly alter the edge of the plate,

so that it differs a little from the true theo-
retical form abovedescribed. This, however,
would dependvery much upon circu mstances
and the above illustration will serve to 111(11-
cate the broad principle of the construction.
I ecurve the ruler by applying pressure to its

ends, which are speclally shaped for a pur-

pose hereinafter stated. When the ends ap-
proach, the middle bends outward into a true
circular arc. As regards the principle in-

volved in the shaping of the plates it will be

sufficient for present purposes to say that
they are substantially those well understood
in connection with the bending strains of
girders, it being remembered that in this in-
stance the object 1s not to prevent the plate
from bending, but to cause it to bend always
in a true circular are.

- It will be readily appreciated that the form
or construction of the retaining and bending
devices carrying the plate can be greatly va-
ried and that any suitable materials may be
employed for them or for the plate, though

hitherto I have found that for the plate a

high quality of steel gives excellent results.

As a matter of convenience in constructing
these instruments I prefer to make the plates
of fixed lengths commonly useful, so thatthey
may serve for purposes of measurement, and
to make the flat edge true, so that it may be

| used as a straight-edge, and, if desired, to let

the plate bear a scale, so that it may be used

as a ruale, trammel, or for other similar pur-
‘poses.

In the accompanymg drawings, Figures 1
and 2 arerearelevationand plan, respectn ely,
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of one construction of improved instrument gg

according to this invention. Figs. 3 and 4
are plan and front elevation of another con-
struction thereof. FKigs. 5 and 6 are respec-

tively plan and transverse section (the latter
on the line 6 6 of I'ig. 5) of a further &Hel—
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native construction, and Figs. 7 and 8 are re-
spectively plan and rear elevation of yet an-
other alternative formn of the instrument.

Like letters indicate like parts throughout
the drawings.

In theinstrument illustrated in Figs. 1 and
2 1 employ to hold the raler A and bend it
compressors L L, pivoted to each other at 1.2
and provided with jaws B’ B? to engage with
the ends A° of the ruler A. These jaws are
of V form, so as_to put no undue restraint
upon the bending of the ruler A intoares. A
secrewed rod M, which has a milled head M’
thereon, i1s connected with both the compress-
ors L ' insuch mannerthat when the serewed
rod M is rotated by means of its milled head
M’ the compressors I. L' will move about their
pivot L*relatively to each other, so as to bend

~ the plate in the manner indicated in Fig. 2
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by chain-lines or, conversely, to permit it to
partly or wholly unbend. The connection of
the secrewed rod M with the compressors L 1.
is effected by sleeves N N’, both of which are
pivoted to the compressors. Collars O, fixed
on the rod M, bear against the sleeve N, so
that the rod can rotate in the latter, but can-
not move endwise in it. The sleeve N’ is
serew-threaded internally to engage with a
threaded portion of the rod M.

H is a segmental scale graduated along its
arc H'. It is pivoted at L3 to the compressor
L' and coupled at I* to a link P, which at L?
is ptvoted to the compressor L.

L° is an index on the compressor I.'. This
indexisemployed with reference to the gradu-
ations of the are ' to indicate the radius or
other dimension of the circulararcinto which
the ruler A is bent.

The length of the link P and the distances
between the points I.2 and Ltand 1. and L% are

50 chosen and the parts H and P so disposed
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relatively to each other that when the com-
pressors L L' are opened out to allow the
ruler A to be flat, as in Fig. 1, the link P and
the points L’ L% and L® are nearly in line
with each other. The result of thisarrange-
ment is that the ratio of the angular move-
ment of the segmental scale H to equil in-
crementsof theangle between the compressors
L L' decreases rapidly as the compressors ap-
proach each other, and, conversely, increases
rapidly as the compressors open outfrom one
another into the extreme position indicated
in fulllines in Fig. 2. Consequently itis pos-
sible for a small angular movement of the
compressors near this extreme position (ef-
fecting great variations of the radius of the
arc of the ruler A) to be measured by grad-
nations on the scale Il which are not neces-
sarily ecramped, as they would have to be if
variationsin thecurvature of the ruler had to
be indicated directly by the angular move-
mentof one compressor relatively tothe other.

The instrument shown in Figs. 3 and 4 is
similar to that which is shown in Figs. 1 and
2, except that the adjusting-screw M2 by
which the compressors can be drawn together,

has on one end a milled nut N2, with a hemi-
sphericalend, adapted to seat itself in a hemi-
spherical seat on one compressor L5 and has
also a knife-edged nut N° on the other end en-
gaging with a correspondingly-shaped recess
I.”in the othercompressor. The screw-thread

upon the rod Mis of a limited length,so that

only a limited endwise movement of the nut
N=*is possible. Thisarrangementis designed
in order to prevent overcompression of the
ruler A. Theindicating mechanismisslightly
different from that shown in Fig. 2, the scale
H* being marked along the compressor LM
and the index-lever G° being pivoted to the
compressor L° and coupled to a link P,
which is pivoted to and operated by the com-
pressor L' in the movement of the two com-
pressorsrelatively to each other. Chain-lines

in Fig. 3 show the compressors brought to-,

ward each other, the ruler A bent, and the
indicating mechanism in a corresponding po-
sition.

In the' modiffeation illustrated by Figs. 5
and 6 the compressors L' L** instead of be-
ing hinged arms are blocks, one, L', of which
18 fixed at one end of a hollow beam or tube

Q. The other compressor-block L slides
upon the opposite end of the tube, and part
of it enters the interior thereof through a slot

Q', provided in the wall of the tube. J is a
screw with a milled head J'. It is screwed
through the end Q° of the tube, which is
plugged and internally threaded to receive it,

and it engages with the compressor-block 1.1,

which it moves along the tube to compress,
as required, the ruler A. H®isasemicircular
scale graduated on one edge, as shown at I
(° is an index-lever pivoted at H* to the scale
H® and connected by alink P*to the movable
compressor L', The connectionsof theindex-
lever G' and thelink P? with the movable com-
pressor L* of Figs. 5§ and 6 are so arranged
that when the compressors Ll and L*-there-
in shown are moved apart from each otherto
allow the ruler A to become flat the link P?
and the shorterarm of the index-lever G®are
more nearly in line than when the compress-
ors are moved to buckle the raler A. 'T'his
arrangement is to enable clear readings of the
values of thearesof larger radii to be obtained
on the scale and is similar to the devices for
a like purpose hereinbefore desecribed with
reference to IFigs. 1and 2. In Fig. 5 the ruler
A 1sshown fully extended in chain-lines, with

the compressors and indicating mechanism in

corresponding positions.
In the instrument shown in Figs. 7 and 8
theends of the ruler A are provided with small

c¢ylindrical sleeves A° which have saw cuts

along one side into which the ends of the ruler
are passed. This instrument has a flat base
L, which may be regarded as a stationary
compressor. Oneedge of this base is segmen-
tal. Upon the base is pivoted at L!* a lever
constituted by the two arms L and G*. The

arm L% forms a movable compressor, and the
| outer end of the arm G7 travels along the edge
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of the segmental portioﬁ H7 of the base and

may be moved to bend the ruler A as shown

by chain-lines. It ismade to engage with the
ratchet-teeth H® of the base by means of a
spring-detent or thumb-lever G , pivoted toan

-mtermedlary lever G%, whichin turn is pivoted

on the arm G7. The exact adjustment of the
arm G 18 provided for by means of a vernier
G3 and micrometer-screw G, which latter is
carried in the end of the arm G"and adapted
toact through the intermediary lever G? upon
the detent G in a manner which may be well
understood by reference to the drawings.
The other arm L* and the part L3 of the base
carry pins L‘, which enter and engage with
the sleeves A“ so that by adJustlnﬂ* the lever
LY G, the rulel A 1s bent into a circular are
the curvature of which is indicated by a scale
H®, marked in contiguity to the teeth HS,

To prevent backlash, which might produce
error in the mdlea,tlon% of certam of the in-
dicating apparatus hereinbefore described,
I pr0v1de springs R to connect the ends of the
links P with the compressors and the scale or
indexin such a manner as totake up the slack
in the connections.

“Theindicating apparatusin these im proved

standard curves and graduated accordingly,

preferably to indicate the radii of the arcs as-

sumed by the templet. Theindicating mech-
anism may be dispensed with if the 1113131 -

‘ment 1s t0 be used for the production of cir-
cular arcs and it is not desired to know thelrl

radius. .

The instruments are made SO as to 116 ﬂat
and steady on alevel surface, such as that of a
drawing.

To'insure the obtainment of an accurate
templet or ruler, I put it in compression with
its straight edge downwc‘wd S0 that its curva-

ture cmresponds apprommcmtely with a cir-

cular arc of convenient radius which has been
carefully drawn upon a sheet of paper. If
the plate does not exactly correspond with the
drawn arc, those parts of the plate where the
curvature is too flat are narrowed by remov-

- Ing part of the metal from the angular or
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curved edge, for example, until the pla,te eX-
actly eo1resp0nds with the drawn arc at all
points, excepting only for the short distance
at each end where the small portions of the
plate are allowed to remain outside the angu-

lar or curved edge to be eﬂgaged by the coni-
pressors, as before stated; but this may be
compensated for by removing a small portion

of the metal at the adjacent pa,rt of the plate.

I have found by trial that a plate made and
operated in the manner described will al-

“ways spring into a circular arc whether the

bending be much or little—that is to say, if
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a plate is made so as to bend exactly toa

actly correspond with any circular are of any
larger radius by simply allowing its extremi-

tles to move apart or its center to approach
the chord of the arc.

I claim—

1. In amathematical instrument for use in
dl&Wlnﬂ‘ arcs of circles the combination with
a 1eS1henb ruler of hyperbolic outline, (. e.

so tapered from the middle of its lenﬂ'th to-

ward its ends that successive pa,rahel meas-
urements of its width taken paralle] with the
intended axis of curvature of the ruler would
be ordinates of a symmetric hyperbolic seg-
ment if plotted side by side as perpendmu-
lars to a straightline) of retaining and bend-

1ng devices arranﬂ"ed 1o engage the ends of

the ruler and fmee them toward each other

twelve-inch circle it can be also made to ex=
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S0 as to move its middleoutwardly and sepa--

rate mechanism arranged to indicate directly
the curvature of the ruler said mechanism
having actuating connections with the bend-
ing devices substantially as described.

Z2: In a mathematical instrument for use in
drawing arcs of circles the combination with

a 16811161113 plate A having one edge straight

and the opposite edge h} perb{}lle of hlnfred
compressors L L/ and an adjusting-rod M op-
eratively connected with both compressors
and indicating mechanism constituted by the
link P and Seﬂ‘mental scale I substantml]y
as descubed |

In a mathematical instrument for usein
drawmﬂ' arcs of circles and comprising com-
pressors, an index and scale operatively con-
nected to both the compressors, substantially
as set forth and for the purpose deseribed.
- In witness whereof I have hereto set my
hand in the presence of the two subscribing

witnesses.

| THOMAS CLARKSON.
Witnesses: ;

- ALFRED J. BOULT,
- HARRY B. WADE, Jr.
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