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To all whom 1t may concern:

Be it known that I, R. I, HartE, of Ma-
rietta, in the .county of Washington and
State of Ohio, have invented a new and use-

ful Mathematical Instrument, for drawing

parallel ellipses and the tangent and normal
lines to any point in the elliptic curve and

for determining the angles which such tan- |

- gent and normal lines and other lines 1n the
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plane of the ellipse make with certain other
lines in other planes; and I do hereby de-
clare that the following is a full, clear, and
exact description of the construction and
operation of the same, reference being had
to the annexed drawings, making a part of

- this specification, 1n which— |

[igure 1 is a perspective view of the in-
strument. Fig. 2 a plan or horizontal sec-

~ tion of certain designated parts. Iig. 3 a
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corresponding elevation of the same. Iig.
4 a plan of certain other designated parts.
Fig. 5 a corresponding elevation of the same.

Similar letters of reference indicate corre-
sponding parts in the several figures.

The instrument is constructed of metal,
wood or other suitable material. | |

(A) represents a standard attached to the
drawing board, (or plane surface upon
which the drawing is to be made,) by means
of a clamp, wood screws, or other equivalent

~ device, and having a plane surface, or face
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°Y right angles to the plane surface of the

5O

perpendicular to the surface of the drawing
board. _ '

B represents a plate having plane sur-
faces af right angles to each other, of which
one face, by means of pivot (a) and thumb
serew (a’) is attached to the perpendicular
face of the standard (A), and the other face
by means of pivot (0) and thumb screw (0”)
is attached to the roll or spindle (¢) so that
the axes of the spindle (¢) and the pivot (0)
and the axis of the pivot (@) continued, will
coincide in the same point, whereby the
spindle (¢) is allowed to turn on the pivot

(0) in a plane at right angles to the plane

of the standard (A), and the plate (B), and
spindle attached, is allowed to turn on the
pivot (@), the axis of which pivot is parallel
to the surface of the drawing board and at

"means  of the

standard (A). Thus by

thumb screws (¢’) and (0”) the spindle (¢)
may be held with its axis at any required
angle with the surface of the drawing board.
D represents a collar which 1s allowed to
move along and around the spindle (¢).

“ing from the plate

E represents a graduated bar movable

longitudinally in a groove in the collar (D)
at right angles to the axis of the spindle (¢)

-and by means of a thumb screw or equiva-

lent device is held firmly to the collar (D)
having its extremity at any required dis-
tance from the axis of the spindle (¢).

IF represents a graduated bar or stem mov-
able longitudinally in a groove at the ex-
tremity of the bar (E) at right angles to
that bar and parallel to the axis of the
spindle (¢). and by means of thumb screw
(¢) or its equivalent is held firmly to the
bar (E) with its extremity at any required
distance from that bar. This stem (If) 1s

larly to the face of such plate, which 1s per-

forated for the reception of the pivot (g)

from the index bearer (Gr). R
(G represents an index bearer consisting

of a plate (G) which by means of pivot

(¢) and thumb screw (g’) or equivalent,
is attached to the head plate (f) of the
stem (I) and by loosening the thumb screw
(¢’) may be turned on such pivot. Project-

ception of the short shaft (4) (or equlva-
lent pivots), so that the axis of that shaft
is parallel to the face of plate (G). At-

oent index (¢*) having its indicating edge
perpendicular to the face of plate (&) and
in a plane passing through the centers of the
perforations in the ears (¢*) and (¢°).
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“attached firmly to a plate (f) perpendicu-
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(@) are the ears (¢°)
and (¢g°) which are perforated for the re-
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tached to the index bearer () 1s the tan-
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H represents a shaft-bearer, or bar, to

which at right angles is attached the short
shaft (A) which passes through the ears
(¢?) and (¢g*) of the index bearer (G) and
is allowed to turn in the same. Projecting
from the bar (H) are the ears (2*) and (2°)
which are perforated for a pin (A*), so that
the axis of such pin continued, will nter-
sect at right angles the axis of the short
shaft (A) to the bar (H), perpendicularly
to the plane of the axes of the short shaft
(%) and of the pin (A*), is attached the
oraduated tangent bar bearer (4°), long1-
tudinally along which slides the graduated
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tangent bar (J ), the graduated straight

edge of which is parallel to the pin (2*)
and touches the indicating edge ot the
tangent index (g¢*) and this tangent bar
(J) by means of a thumb screw, or equiva-
lent, is held to the tangent bar bearer (A°)
at any required distance from the plane of
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' axls of this

&

the axes of the short shaft (4) and of the
pin (A*). To the bar (H) is also attached
the normal index (A°) having its indicating
edge at right angles to the axis of the pin
(#*) and In a plene ‘passing through tha,t

‘ax1s.

K represents a tangent ruler (to move on
the drawing board) attached to which are

the standards (") and (&%) which are per-
forated for the reception of the pin (A%),

which passes also through the ears (2*) and

(A#*) of the shaft bearer (H), so that the
pin (A*) 1s In a plane perpen- .
~dicular to the face of the drawing board

(or under surface of the ruler) and paral-

lel to the directing edge of the ruler and |
at the same distance therefrom as 1s the
1n the standard (A) )
from the surface of the drawing board.

L represents a graduated protractor or
plane table attached to the taneent ruler.
(K) having a plane surface in “the plane

axis of the pivot (&)

generated by the revolution of the indicat-
mfr' edge of the normal index (A°) which

has for its axis of revolutlon the ams of the

pm_(A*). -
M represents a ﬂraduﬂ,ted normal ruler

attached to the tangent ruler (K) having

its directing edge at right angles to the dl—'

recting edcre of the tangent ruler, and in
the same plane therewith, and in a plane

perpendicular to the surface of the drawing

board (or under surface of the ruler) and
passing through the mtersectmg
the axes of the short shaft (A) and of the
pin (A*). Attached to the normal ruler
(M) are the pencil holders (m) (m?) and

- (m®) and the pencils (m’) (m‘*) and (m°)
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arranged so as to allow the points of the
pe:ncﬂs to press upon the surface upon which

the drawing 1s to be made at points in the

directing eaﬂ*e of the normal ruler, at any
1eq1111ed distance from the dlrectmg edcre
of the tangent ruler.

The operation is as follows: Fasten the
etandald (A) to the plane surface upon
which the drawing is to be made. By means

- of the thumb screws (¢’ and b”) adjust the

50

spindle (¢) with its axis perpendicular to
that surface. From the point where the
axis of the spindle (¢) in its perpendicular
position would intersect that surface draw

- lines thereon one parallel with the face of

05

" normal ruler

the standard (A) as represented in Fig. 1
by the dotted line s—s, and another at right

'. angles thereto as represented by the dotted

Adjust the dlI’GCtlIlO’ edge of the
(M) to coincide with either

line #—+¢.

_ of these lines and tighten the thumb screw

€0

(9"). The collar (D)

shoulder of the spindle (¢). The bar (E)

_ 1s parallel with the surface upon which the
- drawing 1s to be made, and is attached to
the lower portion of the stem (F) and its
65 graduatlon indicates at the collar (D) the |

'now rests on the

point, of |

‘graduated tangent bar (J)

Joosen the thumb screw (b’)
spindle

_ thumb SCrew

30,816

distance of the pomt of intersection of the
directing edges of the tangent and normal
rulers (K and M) irom the axis of the Spin-
dle (¢) the indicating edge of the tangent
index (¢g*) coincides with the zero (o). of the
and the indicat-
ing edge of the normal index (A°) coincides
with the zero (o) of the graduated pro-
tractor or plane table (L). Now, to de-
scribe an ellipse and draw the normal and
tangent lines at any point of the curve, the
major and minor axes of the ellipse bemg
given, adjust the bar (I) to-the required
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semi minor axis and tighten the thumb

screw . of the collar (D), set off on one
of the lines (say the line #—¢) from its in-

&0

tersection with the other line (s—s) the re-

quired length of the semi major axis; loosen
the thumb screw (07), raise the collar (D)
along the spindle (0) until the point of
intersection in the dir ecting edges of the
rulers (K and M) coincides “with the
point designating the extremity of the

seml minor exis and tighten the thumb

screw (0”); move the rulers along the
plane surface on which they rest, and the
collar (D) along the spindle (c) and the
pencil (m”), havmcr 1ts point.at the inter-
section of the dlreetmg edges of the rulers

(K and M), will describe half the ellipse

required, and the pencils (m*) and (m)
will describe sem1 ellipses parallel thereto.
The pencil () resting at any point of the

‘curve, a line drawn alono* the directing edge

er (K) “will be a tanoent to

of the tangent ru.
point; and a line drawn

the curve at that

along the directing edge of the normal ruler

(M) will be a normal to the curves at the
points of intersection. The other half of
the ellipse may be described by adjusting the
Spmdle to the same angle with the other
seml major axis.
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To describe the ellipse preduced by the |

intersection of a plane with the. cwcumfer—
‘ence of a right cyhnder having a given cir-

cular base, the plane cutting the cyhnder at
a given angle (say an angle represented by
the base and hypotenuse of a triangle which
has a base of 12 and a perpendlcular of 8
equal parts)

dius of the ClI’CUIELI‘ base. Adjust the top of

‘the tangent bar (J) to the 12 on the grad-

uated tenoent bar bearer (A°). The normal
ruler (M) coinciding with one of the lines,

drawn as before, (Sa,y the line s—s) and the 1

spindle (¢) being at right angles thereto,
and incline the
c) until the tangent index (g*)
coincides with the point 8 on the graduated
edge of the tangent-bar (J), and tlghten the 1
(0”). By moving the rulers
the required ellipse and ta,ncrent and normal
lines may be described as before and the
pencil (m”)
the tangent 111dex ( g*) will indicate on the

adjust the bar (E) to the ra-

resting at any point of the curve
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tangent bar (J) the angle which the tangent | thumb screw (¢’) and make the directing

line drawn through that point makes with
the base of the cylinder (or a plane at right
angles with the axis of the spindle ¢), and
the normal index (A°) will indicate on the
protractor (L) the angle which the normal
line drawn through the same point makes
with a line in the base of the cylinder pro-
duced by the intersection with such base
of a plane passing through the normal line
and perpendicular to the tangent line.

To describe an ellipse produced by the 1n-
tersection of a plane with the circumference
of a right cylinder having a given circular
base, one diameter of the ellipse to cut the
cylinder at a given angle (say an angle rep-
resented by the base and hypotenuse of a
triangle which has a base of 12 and a per-
pendicular of 8 equal parts) and its conju-
gate diameter to cut the cylinder at a given
angle with the base (say an angle represented
by the base and hypotenuse of a triangle
which has for its base the radius of the base
of the cylinder and a perpendicular of one
and a half inches). The instrument being
adjusted as last afore mentioned, raise the
bar (E) on the stem (F) the given dlis-
tance (14 inches) and tighten the thumb
screw (e¢). Loosen the thumb screw (a’)
and allow the spindle (¢) to turn on the
axis of the pivot («) until the collar (D)
rests on the shoulder of the spindle (¢), the
directing edge of the tangent ruler (IX) be-
ing parallel with the line (#—?), or the di-

S :
recting edge of the normal ruler being par-

allel with the line (s—s) tighten the
thumb screw («¢’). By moving the rulers,
the required ellipse, and tangent and nor-
mal lines may be described and the angles
they make with the base determined, as be-
fore. The normal line drawn when the
tangent index (¢g*) coincides with the zero
(0) of the tangent bar (J) will be the trans-
verse axis of the ellipse, and the normal line
drawn when the normal index (A°) coin-
cides with the zero (o) of the protractor

(L) will be the conjugate axis of the ellipse.

To determine the angle which a given
straight line in a plane having a given 1n-
clination to another plane or base malkes
with such base. In the mode afore de-

scribed adjust the spindle (¢) so that the
plane or base to which it is perpendicular
will have the given inclination to the plane
in which is the given straight line. Loosen
the thumb screw in the collar (D) and the |

iy gl g pe——— - = ¥ K

' marked on (/%)

edge of the tangent ruler (K) coincide with
the given straight line. The tangent index
(¢*)” will indicate on the tangent bar (J)
the angle required. '
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The annexed drawings are on a full-size

scale, but in the construction of the instru-
ment it is not necessary to be confined to the
forms, proportions and arrangements herein
set forth, but others substantially the same
may be adopted as convenience or fancy
may suggest, and, if desired, a protractor or
plane table (similar to the plane table (L)
above described) may be substituted for, or
combined with, the movable tangent bar
(J), and a tangent bar (similar to J) may

be substituted for, or combined with, the

plane table (L), or the tangent bar (J)

may be dispensed with, and the parts (4°)
and (¢*) have coinciding points marked on
each at any length of radius (say two
inches) from the axis of the short shaift
(%), then, on any rotation of the part (g*)
on the axis of the short shaft (A), the pomnt
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marked on (¢*) will diverge from the point

and the degree of rotation
or angle made by the radii drawn from the
points to the axis of the short shaft (%) may
be determined by measuring the length of
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the cord line extending from one point to
the other, as accurately as the same angle 1s

determined by means of a tangent line In
the manner above set forth. A similar sub-
stitution and arrangement may be made for
the protractor (L.). '
What I claim as my invention and desire
to secure by Letters Patent 15—
- The construction and arrangement of a
drawing instrument having the ruler or
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rulers or parts designed for holding or di- -

recting the pencil, attached by means of a
universal joint, or joints or pivots equiva-
lent thereto, to a bar which is movable
around and along a rod or spindle held at
any required angle to the plane surface upon

which the drawing is to be made; and also,

the combination therewith of the joint or
pivot (g) the adjustable stem (I) the in-
dices (g* and A°) the graduated tangent bar
(J) and protractor (L), constructed and
operating substantially as above described

and for the purposes above set forth.
-~ R. E. HARTE.

Witnesses:
F. A. LovELr,

- Jouxw TEst.
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