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My invention relates to instruments for
solving mathematical problems, and for use
in surveying, range finding, etc.; and the
particular object of my invention is to pro-

s vide an instrument by which plane triangles

10

of all descriptions may be rapidly and accu-
rately solved, their areas and altitudes found,
and arithmetical operations depending upon
the similarity of triangles rapidly per-
formed. o RN .

Tt is also my object to produce an instru-

. ment such that if any three determining

parts of a triangle are set, the other parts
of the said triangle may be at once read. -
It is further the ob{'ect of my invention

" not only to simplify calculations in practical
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-engineering, but also to simplify and hu-
manize the teaching of mathematics.
Some of the uses for my instrument in
ractical engineering are the automatic so-
ution of triangles in ordinary surveym%;
finding the area of any triangle as the prod-
- uct of the base and half altitude; the auto-
matic solution of all sextant problems, such
as finding the altitude and distance of a visi-
ble object; range finding both on land and
sea; and in the rapid solution of trigo-
_nometrical equations and the finding of the
six trigonometric functions of any angle.

In simplifying the teaching of mathemat-
ics it enables one to combine the arts of
plane geometry and trigonometry under one
subject head, which I term trigonometry ; and
in such a manner that any problem in geom-
etry involving triangles may be presented by
the instructor in a very attractive way; and
so that the truth of the solution of a problem
is at once seen by the student. With the use
of my trinometer it will be possible to cover
more ground in mathematics in a given time;
and it will aid the student in acquiring in a
shorter time a thorough understanding -of
the science. .

Among the arithmetical operations which
~my trinometer may be used to perform are

the multiplication of two numbers, the di-
vision of one number by another; extract-
ing the square root of a number;.and, in
fact, many arithmetical processes that can

be made ‘dependent upon similarity of tri-

angles. _ R ‘
Referring to-the drawings, which form a

part of this specification: Figure 1 shows a

plan of my trinometer; Figure 2 is a detail

55 showing in plan the head of the instrument;

‘Figure 2; Fi

. edges of this bar

Figure 8 is a section of the head shown in

re 4 shows in detail one of the.

sliding members of the instrument; Figure .

5 is & cross section of the instrument taken
on the line 5—5 in Figure 4; and Figure 6
is a4cross section taken on line 6—6 in Fig-
ure 4, ‘ : '

In Figure 1, E—F, is a straight bar having
on one side the beveled slot G. One of the
for convenience the lower

one, is gmduated as shown at H. In some

‘cases I graduate the upper edge of the bar,

as described later. Sliding upon the bar
E—F, which for the sake of brevity I refer
to as the “base-bar”, is the mechanism D;
which consists of a plate I, on the upper part
of which is mounted a protractor J, and on
the lower part of which is engraved a ver-
nier scale K arranged to ride against the

‘graduated edge of the base-bar. Mounted

within and concentrically with the protrac-

tor J is a revolving plate L, to which is at- -

tached a vernier M which lies against the
scale engraved on the circular limb of the
protractor J. On the revolving plate L is
mounted the sheath N through which slides
a scale-arm O. The graduated side of the

scale-arm O passes directly through the cen-

ter of the axis of the revolving plate Li; and
on the said plate L there is engraved a ver-
nier S which lies against the graduated
scale-arm O. The movement of the slide I
along the base-bar is controlled by the screw
P; the revolution of the plate L in the pro-

tractor is governed by the screw ), and the

sliding of the scale-arm O through the sheath
N is governed by the screw R. On the slid-
ing vernier K the zero is located exactly
under the center of the protractor J. The
zero of the vernier S is located directly on
the center of the protractor J. The zero of
the vernier M is located on the 90 degree
graduation of the protractor J. Tt will be

_noted that the 90 degree graduation is to one
'side of the vertical, so as to clear the edge
of the sheath N.

At B is shown a mechanism similar fo
that shown at D, except that the protractor
is graduated clockwise, whereas the protrac-
tor in D is graduated anti-clockwise. In the
mechanism B the various details are indi-

‘cated by letters like those used to indicate
- the details in D, but with a prime added ; ex-

cept that the scale-arm which: passes through

the sheath N, is indicated by the letter T.
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A

- left hand side; which sid?jpasse's through the
e o

~center of the

ii;gtractor . AL
At A is-a third protractor J, similar in
most of its details to the protractors at D

and B. In this case the scale-arm U lies
against the rear face of.the protractor; and-

. the zero of the vernier M, is arranged on

10
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- J;; both zero and center lying on the dotted.
- line ¢—d. " In some instruments for special

20

" bar; with means for fixin

the center line of the tevolving plate L, so-

that when it coincides with the 90 degree
aduation-of the protractor, the scale-arm

‘sliding through the sheath N, will be at

right angles to the base-bar E—F. * =
n Figures 1 and 5 the protractor: J, is

shown fixed on the back of ‘the base-bar
EF; and the zero of the scale H is marked -

exactly below the center of the protractor

purposes- it -is preferred to make: the pro-
tractor J, slidable on the rear of the base-
it in -any. de-
sired. position on the base-bar. This con-

- struction is described and claimed in a sepa-
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rate application filed May 9, 1927, Serial
Number 189,882, entitled Mathematical in-

.struments. ’

- The centers of each of the three protractors
J, J, and J,; and the centers of each of the
‘three revolving plates L, L,, and L, are on
the line ¢—b, and are at the same distance
from the base-bar E—F, - In:Figure 1 the

base of the triangle CDB lies between the -

“centers-of protractors J and. J, and’ passes

4B
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- centers; and’ it is

through the eenter of protractor J,. That
is, the base of the triangle connectsthe three

: projected to the scale H
for :measurement. . T
- The graduated edges of scale-arms O, U
and ‘T,- which pass through the  centers of

_ protractors J, and J,, and J,; respectively,

converge towards the head C; and if pro-
- jected would pass directly through. the cen-

" ter of the pivot of the head C. This head C
_consists of a disc or protractor V, on which
- ds engraved a scale W. The space within

.. this scale W is countersunk, as at V,, so that
..the graduations of the verniers X and X,,
" which are engraved on the heads Y and Y,

50

‘of the 'scale-arms O and T, may abut

~against, rather than overlap, the gradua-

- tions on scale W. The central portions of

65

the heads Y and Y, are fitted together in
‘the usual way on the pivot Z, as shown in
Figures 2 and 3, so that the scale-arms O

- and T, and their head verniers X and X,

D

may-lie'in the same plane. The movenient

-of arms O and T about the pivot Z may be
locked by means of the screws Q,, T,

Movement of O .and .'T may ‘also: be con-
trolled by the clamping nut Z,, which ‘en-
gages the threaded end of the pivot Z; as
shown in Figure 3. ‘ .
The upper end of

the scale-arm U may be

‘imade integral with the protractor V; or it

This arm it will be seen is graduated on its

}- 1,661,008

may terminate in & head which is riveted

or screwed to the protractor 'V, as shown. in
- Figures 2 and 3. I do not limt the attach-

ment of -arm U to protractor V to the rigid
form, for it may for certain uses be found

to be more convenient to pivot the scale-arm -
-XJ on the back of the protractor V, control-

ling ‘its movement with respect to protractor

.V by means of a setting screw in the usual

way. :

" 'I'be protractor J, is graduated so that-
~the 90 degree division lies on a-line at right
" angles to the base-bar E—F; and the zero
‘of the vernier M, lies on the same line when

the scale-arm: U is at right angles to the
base-bar E—F. On protractors J and J
the 90 degree divisions are to the right and
left, respectively, of the line at right an-
rles to: the ‘base-bar, ‘because the zeros of
the verniers'M and M, must not be hidden
by the sheaths N and N, which are on the

fronts or near sides of the plates L and L,

respectively. On the protractor V the zeros
of the circular scale W are located so that
the ‘zeros on the verniers X and X, on the

heads Y ‘and Y, of scale:arms O and T

will register with them when the graduated

10
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edges ‘of the scale-arms O and T coincide -

with the graduated edge.of the scale-arm

-U.  Consequently- the reading of the vernier

X will give the angle between scale-arms O

and Uj; and the reading of the vernier X,

will ‘give ‘the angle between scale-arms T
and U.
give the angle between the scale-arms O
and T. . - - : L ‘

" In describing the use of my trinometer it
will be convenient ‘to- designate. the center

‘of the pivot. Z as C, the center of the pro--

tractor J as D, the center of the protractor
J,-as'A, and the center of the protractor J,
as B. Referring to Figure 1: we then have
a triangle DCB, with base DB; a triangle

‘DCA, with base DA; and a triangle ACB,

with base AB. - : ;

"To measure the altitude and the area of
triangle ACB, and to determine the three
angles, the three sides having been given:

first: the clamping screws Q, R, Q,, Ry, Q,,.

R;, P, P, and O,, T,, are loosened ; the scale-

‘arm U is slid through the sheath N, until
the distance CA. is equivalent to the length

of a side of the triangle, and clamping
screw R, clamps it in pldace in the sheath

‘N, i the scale-arm T is slid through sheath

95

The sum of these two readings will .

100

liu

120

N, until CB is equivalent to the length of

the other side of the triangle, and clamping

screw R, holds it in place; mechanism B is

lent tosthe length of the base of thetriangle,
and clamp P, bolds it in place. ~As these
operations are performed, ‘the scale-arm T

will pivot on Z, the plate L, will turn-in-
. -protractor J,, and plate L, will turn in pro-

tractor J,. 'We now have the triangle with

slid along the base-bar until AB is equiva-

1257
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~ the three given sides; and we can read the

10

18

angle ACB-on vernier X,, the angle ABC
on vernier M,, and angle CAB on vernier
M,. The mechanism D is now slid on the
base-bar until vernier M reads 90 degrees,
when the arm O will be at right angles to
the base bar E——F, and to DB. The read-
ing CD on vernier S is then the equivalent
of the altitude; and the area of the triangle
CAB equals ABxCD/2.

If the triangle CAB has three acute angles
the altitude CD will intersect the base AB.
In constructing the triangle CAB the mecha-
nism D will slide along the base-bar E—F
past the mechanism A until it lies at a point

_on the base-bar between A and B.

20
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In constructing similar right triangles we

can proceed in two ways. If the scale-arm
U is used as the common side, it is swung
until the zero of vernier M, reads on 90 de-

rees of the protractor J,. Clamping screw
62 is then locked. The arm U is then slid
through sheath N, until CA is equivalent
to the length of the side common to the two
triangles. If the bases of the two similar
triangles are given, then the mechanisms D
and B are slid on the base-bar, D to the left
and B to the right, until DA and AB are
equivalent to the lengths of the two bases.
CD and CB will then be equivalent to-the

~ lengths of the two hypotenuses; and we can

read the several acute angles on verniers X,

" X,, M and M,. . If the scale-arm O is used

35

as the common side, the mechanism D is
slid to the right of mechanism A; and AD
and DB are made equivalent to the lengths

- of the two bases. Scale-arm O is then swung

40
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until- vernier M reads 90 degrees on pro-
tractor J; and arm O is slid through sheath
N until CD is equal to the equivalent of the
length of the common side, the length being
read on vernier S, The several acute angles
may then be read on verniers X, X,, M,, and
M,, and the lengths of the two hypotenuses

on scale-arms U and T. .

If the angles of similar triangles are

‘given, we may select one of the scale-arms,

as U, for the common side, and set the ver-
nier M, to read the angles enclosed by the
common side, and the bases.” We then set
mechanism D away from mechanism A a
distance so that DA will equal the length
of one of the bases to any assumed scale.

Scale-arm U is now slid through sheath N,

until angle CDA equals the angle to be en-
closed by base DA and side DC. Similarly,

mechanism B is slid away from” A until the

6o

angle CBA is equal to the angle to be en-
closed by base AB and the side BC. The
angles DCA and BCA may then be read on
verniers X and X, ; and the lengths of the
sides DC, and BC, and AC, may be read on

- scale-arms O, T and U respectively, and the

lengths of the two bases on scale H, to the

scale selected when assuming the length of &

the base DA,
- Another examplé in similar triangles, the

angles CAB of one triangle beh‘lig fiven, may
1de

be constructed as follows. arm. U
through sheath N; to make CA of any length,

T

and forming given angle CAB with the base .

line a—b. Swing arm T on pivot Z to form
Sven angle ACB; read on vernier X,.

lamp screw T,. As arm T is swung on Z,
mechanism B will slide to its place on base-

.bar E—F, formin%base AB and the remain-

ing given angle ABC. Now swing arm O on

78

BiVOt Z, at the same time sliding mechanism -

on base-bar E—F, until the sum: of the
readings of vernier X, (which is now fixed
by clamp T,) and verniér X equals the read-
inﬁ of angle CAB on vernier M,. Angle
CDB will then be equal to angle ACB, which
is true because angle DBC is common to the
similar triangles CAB and DCB, S

If it be required to find the height of and
the distance to an inaccessible object, the
summit of which we will designate as S,;
looser, all clamping screws on the instru-
ment, and place the bar E—F in a horizon-
tal gosition (which may be checked with a
bubble), with the scale-arms O, U, T in a
vertical plane:
of arm
A by means of clamping screw Q,. Move
a convenient distance back to a second point
of observation, and slide mechanism B along
the base-bar E—F so that AB will be equiv-
alent to the distance between the two points

Sight on S; over the edge

‘of observation, and secure B by clamping-

screw P,. Slide U through sheath N,; and
at the same time slide arm T in sheath N,
and also rotate T about B, until S, is sighted
along the edge of arm T. Set clamping
screw Q.. This fixes the triangle ABC.
Now slide mechanism D along the base-bar
E—F, allowing arm O to pivot on Z and
also. to slide in sheath N, until arm O is
perpendicular to the base-bar E—F, readin

on vernier M. Then CD is the height of the
distant object; and AD and BD are its hor-
izonta]l distances from the first and second
points of - observation, respectively. For

‘convenience in sighting, sights of equal

height may be clipped onto the arms U and
T; and for extreme accuracy in the field tele-

, and fix the revolution of U about

80
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scopic sights may be used in the same way. .

From the foregoing descriptions of solu-
tions of triangles on my trinometer, it will
be seen that other problems may be solved.
For instance : the solution of a triangle, hav-

120

ing given two sides and the included angle,

or two angles and the included side; or
three sides; or two sides and the angle oppo-
site one of them. - : o

"~ To illustrate the extraction of a square
root, of any number, n, set arm U at right

angles to a—>b; slide mechanism B until AB

125




is equal to n. 'Then slide Iﬁechanisin D until

- AD is-equal to unity, to the same scale at z.

10

With-these two lengths now fixed, slide arm
U through sheath N, until the angle DCB
is 90 degrees. Then the length AC is the
desired square root; for,"by similar trian-
gles, AC*=ABXAD=nX1; and therefore

AC=/n. To square a'number n, the arm

U .is adjusted to make AC equal to n and
AD is made equal to unity to the same scale;
then swing T on pivot Z until DCB is 90

. degrees.. Then ADis equal to »?; for, by

20

similar triangles, 1X AB=AC?, or AB=n?
The natural trigonometrical functions of
all acute angles may also be found on the

‘trinometer. To illustrate: Swing arm U to

the 90 degree position, and set clamping

screw Q,. Make BC equal to ‘any tens of -

units by sliding arm T in sheath N, and set
clamping screw R,. Angle CAB and side

“BC are now. fixed.  Now - form different

25
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values of angle ABC by sliding arm U in
sheath: N,, at the same- time- sliding mech-
anism B along the base-bar.. For each valta
of angle ABC, AC and AB will give the
values of the corresponding sine and: cosine,
respectively. - To obtain tangents and se-
cants; fix AB equal to any tens of units. and
set U at right angles to AB. Obtain differ-
ent angles ABC by sliding arm U in sheath
N, and by sliding arm T in sheath N, at the
same ‘time rotating arm T on pivot Z and
about B.' "For each value of angle ABC, AC
will give the tangent, and BC the secant of
angle ABC.: To obtain cotangents and co-
secants; fix AC equal to any tens of units,
Slide mechanism B on the base-bar to form
angles ABC, at the same time allowing arm
T to slide through sheath N,. Then for
each value of angle ABC, AB is the cotan-
gent, and BC is the cosecant, of the angle
ABC. - R
In the description of some of the uses of
my trinometer I have generally used the
arm O to measure altitude of triangles. - So
also may either of the arms U and T be used
to measure altitudes.” For instance O is used
to measure the altitude of a triangle ABC;
U to measure the altitude of -a triangle
DBC; and T to measure the altitude of a
triangle DAC.
_In the drawings the circular scales are
shown. graduated in degrees. The gradua-
tions between' the zeros of the scale W ad-
jacent to-arm U may be numbered in any
convenient. way or left blank. On these
-graduations the angles enclosed by the arms
may be read approximately. The gradua-
tions of the straight scales may be in any
preferred wunits. " In those cases when the
protractor J, is made slidable on the rear of
the base-bar, & scale, corresponding to the
scale H, is engraved on the top of the base-
bar for convenience in reading the position
of the protractor with reference to the zero

1,881,005

of H.' Or,if it is pfeferred';:?a scale similar

to H, and corresponding with it, is engraved
on-the back of the base-bar.” Tt will'be un-

anism A) is made slidable on the rear of the
base-bar, it is provided with a vernier simi-
lar to the verniers K'and K,.

The accuracy of my trinometer, -and the
accuracy ‘of the solution of any triangle is
tested at all times; since the instrument

shows the three angles of the triangle; and-

the sum of those three angles must be equal
to 180 degrees. For this reason my trinom-
eter has great advantages over any instru-
ment in which the third angle must be found
by subtracting the sum of two angles from
180-degrees. e '

A triangle, or any geometric figure, is
bounded by lines; not %y members having
breadth and thickness. The parts of an in-
strument. must have breadth and thickness,
as well as length; and the instrument such
as-my. trinometer ‘is constructed so that its
measuring parts are in fact lines'lying upon
one face or another of the several members
of the instrument. For instance: in Figure
1 of the drawings the arms O, U, and T
have length, breadth, and thickness; but for
an understanding of the use of the instru-
ment they may be assumed to be graduated
straight lines pivoted together at a common
point.” (The graduated edges of the arms,

v})roduced, will ‘pass through the pivot).

for . structural -reacons the base-bar has
breadth and thickness; and the protractors
attached to the base-bar are mounted with

their centers somewhat above it; prineci-

pally to give a clear sight of the verniers
which register the positions of the protrac-
tors on the base-bar. But for an under-
standing of the use of the instrument, the
base-bar may be considered to pass through
the centers of the protractors, as the line
a—>b; and the points of intersection of the
arms or lines O, U, and T with the base of
the triangle under investigation, are the
points of intersection of the $aid lines O, U,
and T with the line ¢—>b; which line passes
through the axes of the protractors. So,
geometrically speaking, the lines O, U, and
T pass through the center of pivot Z; and
they also pass and slide through, and turn
about, the centers of the protractors J, J,,
and J,, which centers lie on, and are adjust-
able with reference to one another on, the
line a—b, which line is the base of the tri-
angle or triangles under investigation when
the lines O, U, and T .are the sides. The
protractors are shown annular in form. The
shape is immaterial, for a protractor is an
instrument graduated for the purpose of
measuring angles; and it may be of any
external shape so long as it offers a plane
surface on which angular graduations may
be marked. The center of the protractor is

«derstood that when protractor J, (or mech- -
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“the point from which the arlxgular gradua-
]

tions radiate. . The sheaths N,, and N,
through which arms O, U, and T, are slid-
able, are merely means for holding the slid-
ing lines O, U, and T, on the centers of the
rotractors; and so that the lines O, U, and
may be rotated about the protractor cen-
ters on which they lie.. I have termed the
protractors J, J, and J, the base-bar pro-
tractors, as their centers are points in the

“base of the triangle or triangles under in-

vestigation. The protractor V. shown in
Figure 1 I term the floating protractor, as

" it may be moved, with the arm pivot, to the

15

20

25

right or left of the position shown, or nearer
to or further away from the base-bar, while
remaining in the plane of the instrument.
" In graduating the arms O, U and T I
measure from zero at the center of the pivot
Z. In graduating the base-bar I prefer to.
lace the zero at a point midway of the base-
ar; or where (frotractor J, 1s fixed, at a
point projecte erpendicularly by line
o—d onto the base-bar from the center of J,.
The zeros of verniers K and K, are pro-
jected perpendicularly to the base-bar from

“the centers of protractors J and J,.

- 30

In the description of my instrument I

have used the capital letters A, B, C, and D
to designate the points of intersection of
lines forming the triangle or triangles under
investigation; as for instance the point A,
the point of intersection between line U and
line a—b; the point B, the point of intersec-
tion between Iine T and the line a—b; the

“point C, the point of intersection between

40

the three lines O, U, and T; the point D,
the point of intersection between the line O

and the line a—b. I have so designated
‘these points because it is customary to so

- designate similar points in geometry. For

45
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the sake of simplifying the description I
have also designated the assembled protrac-

tors and their paris as “mechanisms.” For.

instance : the assembled protractor J; at the
point B is designated as the mechanism B;
the assembled protractor J, and it§ parts
located at the point A is designated as the
mechanism A. This method of designating
the points of the triangles, and the mecha-
nism assembled at these points, makes the
deseription” of the instrument shorter and
more easily understandable by the reader.
I claim:

1. In an instrument of the class deseribed:

a plurality of graduated arms pivoted to-
gether at one end ; means for measuring the
angular relations of the arms to one another;
an added graduated arm, means for adjust-
ably attaching said added arm to the piv-
oted arms so that the lengths of the pivoted
arms intercepted between ' their common
pivot and their points of intersection with
the added arm may be varied and so that
the distances apart of the points of intersec-

tion of the pivoted arms ‘with the added
arm may be varied; and means for measur-
ing the angular relations of the pivoted
arms to the added arm. o

2. In an instrument of the class described:
a graduated base-bar; a plurality of sliding
members adjustably arranged on the base-
bar; sheaths pivoted on the sliding mem-
bers and so arranged that the pivots of the
sheaths are in one plane; a.plurality of
graduated arms pivoted together at one end,
and arranged to slide in the sheaths; means
for measuring the angular relations of the
arms to one another; and means for measur-
ing the angular relations of the arms to the
plane of tﬁe sheath pivets.

3. In an instrument of the class described :

0

75

80

a graduated base-bar; a plurality of pro-
tractors slidably mounted in line on the base- -

bar; means for registering the relative posi-
tions of the {)rotmctors‘ on the base-bar;
sheaths pivotally mounted on the centers of
the base-bar protractors; a floating pro-
tractor arranged to one side of the base-
bar; a plurality of graduated arms pivoted
at one end to each other and to the center ot
the said floating protractor, and adapted to
slide in the sheaths over the centers of the
base-bar protractors; and means for wneasur-
ing the angular relations of the arms to the

lane passing through the centers of the

ase-bar protractors.

4. In an instrument of the class described:
a' graduated base-bar; two. protractors
mounted on the base-bar, and adjustable as
to their distance from one another; pivots

arranged on the centers of the two protrac--

tors; two graduated arms pivoted together at
one end and slidably mounted on the pro-
tractor pivots so that the lengths of the arms

‘intercepted between the arm pivet and the

protractor pivots may be varied, and so that
the angular relations between the arms and
the plane of the pivots may be varied ; means

~for measuring the angular relations between

the arms; another protractor mounted on
the base-bar, its center in line with the cen-
ters of the other protractors; a pivot ar-
ranged on the center of the third protractor;
a graduated arm pivoted at a common point
with the first two arms and slidably mount-
ed on the pivot of the third protractor so
that the length of the third arm intercepted
between the arm pivot and the pivot of the
third protractor may be varied; means for
varying the angular relation of the third arm
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to the plane of pivots of the protractors; -

and means for measuring the angular rela-

tion between the third arm and the ﬁrst two.

arms.

125

5. In an instrument ‘of the class described: . -

a base-bar; a protractor member fixed on the

base-bar; two similar protractors slidably .

arranged on the base-bar and déesgosed one
on either side of the fixed pivoted protrac-

1



“tor; three graduated arms ﬁiv_oted together
gt one -end ; -and arranged to slide on and

. other arm and with the base-bar.
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turn about the centers of the protractors on
the base-bar; and means for fixing the angu-
lar relations of any one of the arms with any

_ described :
the instrument as described in claim 5; and
means for fixing the lengths of arm or of
base-bar intercepted between the pivots,

7. In an instrument of the class described :
a base-bar; a protractor fixed on the base-
bar; two similar protractors slidably mount-
ed on the base-bar, and disposed one on
either side of the fixed protractor; sheaths
pivotally mounted on the centers of the
protractors; means for fixing the angular
relations of the sheaths to the protractors;
three arms pivoted together at one end, and
adapted to engage in the sheaths; means for

6. In an instrument of the class

“locking the three arms in their angular rela-
tion to one another; the arrangement of the’

arms being such that the lengths of the sides
of the triangles formed by the arms and the
base-bar may be varied without changing
the angular relations of the arms to one an-
other and to the base-bar.

8. In an instrument of the class described:
a graduated base-bar having two scales ex-
tending along its length in opposite direc-

-tions, the zeros of the two scales coinciding

on one line; a protractor mountéd on the
base-bar and having its center registering
with the zero of the base-bar scales; two por-
tractors mounted slidably on ‘the base-bar so
that they may pass the first protractor, ana
so that a line passing through he centers of
the three protractors lies in a plane parallel
to the base-bar; means. for fixing each of
the sliding protractors in position independ-
ently ; sheaths pivotally mounted on the cen-
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ters of the protractors; means for measuring
the angularity of each sheath with the plane
passing through the centers of the protrac-
tors; means for fixing the angular position
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of each sheath; a graduated arm slidably

mounted in the sheath on the first protrac-
tor; means for fixing the arm in the sheath;
two graduated arms pivoted to the first arm

-at one end, and- slidably mounted in the

sheaths on the slidably mounted protractors;
means for fixing the arms in the sheaths on
the slidably mounted protractors; means for

measuring the angularity of the three arms.
to one another ; means for fixing the angular

position of the first arm to each of the other

the relative
gether. . .

9. In an instrument of the class described :
a graduated base-bar; two protractors slid-
ably mounted on the base-bar; sheaths piv-
otally mounted on the centers of the protrac-
tors; a floating protractor located to one side
of the base-bar; a sheath pivotally miounted
on the center of the floating protractor; two
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_arms independently; and means for fixing .
positions of the three arms to- -
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graduated arms pivoted together at one end

. and slidably mounted, one in the sheath on

one of the base-bar protractors, and the other
in the sheath on the floating protractor; a
third graduated arm pivoted on the center
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of the floating - protractor and slidably

mounted in the sheath  on the other base-bar
protractor; the three arms and the base-bar
forming a quadrilateral figure; means for
measuring the lengths of the arms-and the
base-bar 1ntercepted between the pivots; and
means for measuring the angles included be-
tween the four sides of the figure.

In testimony whereof I have hereunto af-
fixed my signature. ' .

’ JOSEPH EUGENE ROWE.
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