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UNITED STATES

PaTEnT OFFICE.

JOHN GOODMAN, OF LEEDS, ENGLAND.

PLANIMETER.

SPECIFICATION forming part of Letters Patent No. 496,562, dated May 2, 1898,
Application filed September 9, 1891, Serial No, 406,201, (Nomodel) Patented in England Jannary 9, 1891, No. 407; in Belgium

August 6, 1891, No. 72,304, and in F

To all whom it may concermn:

Be it known that I, JOHN GOODMAN, a sub-
ject of the Queen of Great Britain and Ire-
land, residing at Leeds, in the county of York,
England, have invented new and useful Im-
provements in Planimeters, (for which I have
applied for Letters Patent in Great Britain,
No. 407, bearing date January 9, 1891; in
France, No. 202,216, dated August 10, 1891,
and in Belgium, No. 72,5304, dated August 6,
1891,) of which the following is a specifica-
tion.

My invention refers to improvements in
that description of instrument known as the
“Stang ” planimeter (Cornelius Knudsen, of
Copenhagen, maker) which consists essen-
tially of a light rod or beam, hereinafter re-
ferred to as the beam, carrying at one end a
tracing point,and atthe opposite end a marker
or hatchet, which are hereinafter referred to
ag the tracer and hatchet respectively. This
hatchet has a blade or edge which disposes it
to run in straight or slightly curved lines;
lateral motion being resisted by the sides of
the slight groove which it forms in the sar-
face of the paper or other material over
which it runs. This edge is however, so
rounded from end to end as to allow a cer-
tain amount of pivotal motion.

The mode of using the Stang planimeter is
as follows: The tracer is placed as near as
can be judged at the center of the figure
whose area is to be measured, and a dent or
impression is made upon the surface of the
paper with the hatchet. The tracer is then
moved away from the instrument side of the
figure in a straightline toa point onthebound-
aryline of the figure, and carried completely
round and along the boundary line until reach-
ing the starting point on the boundary line,
and therefrom back to the center starting
pointalong the previously mentioned straight
line. A second dent is then made with the
hatchet. The area of the figure is a funection
of the distance between the two dents and
the length of the beam;or more strictly of the

“angle included between the first and final po-

sitions of the beam, and the length of the
beam. Now if the figure whose area is to be
measured is inclosed in a rectangle, and the
length of the beam be made equal to the

rance August 10, 1891, No. 202,216,

length of the rectangle, then the distance be-
tween the hatchet dents givesthe mean height
of the figure. In some cases, as for example
the indicator diagrams from -steam and gas
engines, it is rather the average height than
the area of the diagram which it is desired to
obtain.

Now wmy principal improvement consists in
making the instrument of the same length
as the diagram, and as thelengths of the dia-
grams usually vary 1 make either the hatchet
or tracer adjustable on thebeam. Or forthe
same reason, the beam may be made in two
parts the onecapable of sliding telescopically
within or over the other.

To facilitate accurately adjusting the dis-
tance between the tracer and the hatchet,
the vertical edges (preferably the inner ones)
of the tracer and hatchet legs may be formed
so as to give exactly the distancebetween the

.central longitudinal lines of the said tracer

and hatchet. Suchedges are formed at right
angles to the beam.

I have further found that when the instru-
ment is used as hereunder set forth, there is
an almost constant error of two and a half
per cent. in the result, so that I make the
edges of the hatchet and tracer, so that there
is a difference between the actual length of
the diagram and the length of the beam to
counteract the above error. Owing to the
comparatively small variation in the lengths
of the diagrams, this alteration of two and a
half per cent. on the mean or usual length of

the diagrams, is a sufficient correction forall’

diagrams taken with the same instrument
(indieator). ’

The tracer or hatchet (when their distance
apart has been adjusted) may be fixed in po-
sition by meansof ordinary clamping screws,
but preferably they are provided with a
spring friction lever arrangement, so that
while insuring sufficientfrictional resistance
to prevent any aceidental or unintentional
alteration of the position of the tracer or
hatechet,the pressure of thelever can beat once
readily released for the purpose of permitting
adjustment by hand. ‘

Figure 1 is a longitudinal elevation of my
improved planimeter, in which the hatchet
and tracer sockets areshowninsection, Figs.
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2 and 3 are cross sections on lines A B and
C D respectively of Fig. 1. Fig. 4 is a dia-
gram of an irregular figure with lines which
illustrate the method of measuring the same.
Figs. 5 and 6 are additional diagrams illus-
trating the mathematical computation em-
bodied in the specification. Fig. 7 shows the
planimeter applied to an irregular figure for
the purpose of causing the working length
of the beam to correspond thereto; and Figs.
Sand9are perspective viewsof the operator’s
hands and the planimeter in different posi-
tions taken during theoperation of theinstru-
ment, the figure to be measured and the ma-
terial on which it appears being also shown.

In all the figures the same letters refer to
the same or corresponding parts.

« is the beam.

b is the hatchet.

¢ is the hatchet leg socket.

The spring frietion lever arrangement con-
sists of the hinged lever d and the flat spring
e, the short arm of the former being kept
pressed down against the beam by the upward
force of the spring e on the longer arm. On
pulling down the longer arm the friction on
the beam is relieved and the socket can be
readily moved along (i. e. adjusted on) the
beam.

fis the tracer which may be permanently
fixed to the beam as shown in the drawings,
or it may be attached thereto by an adjust-
able socket in a similar manner to that shown
for the hatehet.

In using the planimeter it is of importance
to hold the tracer end very freely, so that the
pressure of the hand always acts through the
vertical axis of the tracer, which insures that
no twisting motion is imparted to the beam
except such as arises from the motion of the
tracer over the boundary line and over the
line to and from the starting point, from and
to the boundary line. To facilitate the use
of the instrument in this manner, a handle¢g
is provided having a conieal socket N fitted
to one end of the handle by means of the trun-
nions or screw center studs <. The conieal
socket i fits over the conical part of the tracer
leg. The legs of the hatchet and tracer are
as shown cut half away on their inner sides
at right angles to the length of the beam in
order to facilitate the accurate adjustment of
the length of the beam which for the purpose
of this caleulation must be understood as ap-
proximately the distance between the central
longitudinal lines of the tracer and hatchet
which by adjustment of the latter is made to
correspond with the length of the figure to be
measured.

As an illastration of the mode of using my
improved planimeter I will deseribe its appli-
cation to ascertaining the mean or average
pressure from a steam engine indicator dia-
gram. The instrument is set so that the dis-
tance between the inside of the legs is equal
to the length of the indicator card. A point
a, see Fig. 4, is chosen near the center of the

card (by eye) and a line ¢ b drawn from it to
the boundary. The card is pinned down to
the table, and the tracing leg of the instru-
ment held in the right hand, the point being
placed at a¢ and the hatchet at «, <. e. with the
instrument roughly square with a 0. The
hatchet is pressed in order to make a slight
dent in the paper at . The finger having
been removed from the hatchet, the tracing
point of the instrument is caused to traverse
the line ¢ b and the boundary becd e b, return-
ing to avia b a. It will now now be found
that the hatchet has taken up a new position,
and it is again lightly pressed in order to
make a fresh dent in the paper (at y). The
instrument being held in this position the in-
dicator card is revolved through about one
hundred and eighty degrees (by eye) using
the point of the instrument as a center, care
being taken that neither the point nor the
hatehet shift while the card is being turned.
a b will again be roughly at right angles to
the beam but in a reversed position as indi-
cated by the dotted line A B, as also the dot-
ted lines and ecapital letters indicate the re-
versed position of the figure. The tracing
point is now caused to traverse the boundary
(in dotted lines) as before but in the opposite
direction viz:—A B ED CB A. Thehatchet
will take up the new position X which may or
may not coincide with 2. The mean of xy
and Xy is the main height of the card. It
is well to aim at getting the mean position
of the instrument (i. e. a2) roughly at right
angles with ¢ b rather than making it so to
start with. The hatchet should not be al-
lowed to work on a rough surface, wood es-
pecially is unsuitable asthegrain of the wood
tends to make the instrument move along it.

The theory of ny instrument may be dem-
onstrated as follows.

Let O B C be the closed curve moved round
by the tracing point, and « and % the co or-
dinates of any position of the tracing point,
¢, 7 the co-ordinates of the corresponding posi-
tion of the hatchet. It is evident thatf the
hatchet can only slide along the line joining
zy to £,7. Thepoint £, 5 therefore has no mo-
tion or velocity perpendicular to the line join-
ing ay to &, 5; that is

@. dv-dy Cos v—dx Sin v=0 (1)
« being the length of the instrument.
f—x=a Cos v.
n1—y=a Sin v.
Differentiating thelast two equations, we get

1 df=da—a, Sin v, dv.
anc

i dn=dy-l-a. Cosv. dv.
Therefore

n d§—§ dy=(y-Fa. Sin v) (de—a. Sin v. dv)—(a-ta. Cos "
Cos v. dv) F ) C v)-(a-t-a. Cos v) (dy-+a

or

:;{(gl():c;;a)c dy—at dvta (de. Sin v—dy. Cos v)~a. dv (. Sin p-}-

From equation (1) the third and fourth

70

75

8o

85

[2]e]

95

100

105

I10

115

I20

125

130



5

15

20

25

30

40

45

50

55

496,562

terms of this last equation equals 0. There-
fore

ﬁy. dz—a. dy)= f (. dé Idnta / (¥ Sin vz Cos ) dv.

Now if thetracing point travelscompletely
round the curve

— ((y.dx—~2z.dy)=2 (area of curve OBC)
suppose=2 A,: :
but &€ and 7 do not return to their origipal
position, but the hatchet occupies a position
as Q, suppose P be the original position, so
that PNQ is the glissate traced out. Let the
angle QOP=a. Then taken between the lim-
its Pand Q :
/SRR

where QLP is the are struck with OP (or OQ)
as radins. . ‘

=% area PQN-}-a2a
suppose =2A'+-ala,

Therefore
2A=2A'-ta%—a, / dv(z.Cos v}.Sin v)
Integrating by parts, we obtain.

/ zd (Sin v) =2 Sin v— _/ Sin v.dx
and ‘

- ./;/.d (Cos v)=—y Cos v+ f Cos v.dy.

or
(2 Cos vy Sin v) dv=( Sin v~y Cos v)
f - f (Siz v.dz—Cos v dy)

and by substituting from equation (1).

' =g Sin v.—y Cos v.—-aﬁ,/ dv

and taking this between the limits corre-
sponding to P and Q

_/ (z Cos vy Sin v)=—a2a’
therefore
2A=RA'{-2a%a
or
A=a.arc PQ-+A’,

Now I have found by experiment that when
the tracing point is made to follow the bound-
ary as above described, the value of A’ is
two and one-half per cent. of the area to be
measured. IHence I alter the length of the
instrument to this extent, so that still keep-
ing the same scale, no correction need be
made for A'.

In the “Stang?” planimeter (by Cornelius
Knudsen of Copenhagen) the position of the
instroment with regard to the line a b was
not specified. Consequently the value of A’
varied. The value of A’had to be ealculated

by a long and tedious process which rendered
the instrument practically useless to any but
first-rate mathematicians. In the last equa-
tion above therefore, if the length of the in-
strument (@) is made two and one-half per
cent. longer than the diagram, then A’ may
be eliminated from this equation and we ob-
tain
A=a.arc PQ,

or :

4

a

Having now particularly deseribed and as-
certained the nature of my said invention and
in what manner the same is to be employed,
Iclaim as myinvention and desire to secure
by Letters Patent—

1. In a planimeter, the combination of a
rigid beam with a tracer and a hatchet mount-
ed thereon the said tracer being provided with
a point for following the lines of the figure to
be traced, the said hatchet being provided
with an edge which is curved as desecribed for
allowing it to turn while confining the said
hatchet to certain lines of motion and one of
the aforesaid parts being adjustable length-
wise of the said beam to suit the length of
the figure substantially as set forth.

2. In a planimeter the combination of a
rigid beam with a hatchet and tracer mounted

—=mean height of diagram=arc PQ.

-| thereon the said hatchet being brought to an

edge and the said tracer to a point as described
and the legs of the said tracer and hatchet be-
ing cut away approximately to their central
line substantially as set forth.
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3. In a planimeter the combination of a

rigid beam with a tracer and ahatchet mount-
ed thereon, the former being provided with a
tracing point and the latter with an edge and
the hinged lever d and spring ¢ whereby one
of the said parts is clamped adjustably on the
said beam in order that the said hatchet and
tracer may be brought nearer to or farther
from each other according to the length of
the figure to be measured substantially as set
forth.

4. In a planimeter a rigid beam and a tracer

and a hatchet mounted on the said beam the

former being provided with a point and the
latter with an edge for bearing on the paper
in combination with a handle g and a conical
socket  and trunnions ¢ for connecting the
said lever to the said tracer leg substantially
as set forth.

JOHN GOODMAN.
Witnesses:
HENRY LABHART,
ApaM LEHR.
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