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DIRECTIONS FOR USE AND CARE

of the
COMPENSATING POLAR PLANIMETER

CAUTION

Any planimeter is a very delieate instrument, and any injury, even when
not apparent to the naked eye, will result in a loss of aceuracy. Hence, observe
the following precautions at all times.

1. Treat the axle of the measuring roller with the utmost care; protecting
it against jar and pressure. If the fine bearing points of the measuring roller
are once injured, the instrument will not be accurate. Accuracy can then
only be established by repairs.

2. The measuring roller should never be turned by direct action of the
hand when resting on a working surface.

3. The measuring roller is made of hardened steel, the polished surface
of which should not be touched with the fingers. This will avoid the risk of
rust, which affects accuracy.

4. From time to time apply a little fine watch oil to the bearings by means
of a toothpick or similar agent.

5. Keep the socket or sockets for the ball joint of the pole arm perfectly
clean.

6. Do not press the needle point of the pole into the paper, but set it
down lightly on the drawing, since the pole weight is designed to give all the
pressure that is reguired. The pole arm should turn freely about the pole
point, as a eenter.

Observation of these ions will insure th of thei
for an indefinite period.

OPERATION

In operating the planimeter the following precautions should be observed:

1. The sheet containing the plan or other figure to be measured should
be smoothed out until it lies perfectly flat upon the drawing-board or table.

2. The drawing-board or table should be i level.

3. If any liability exists that the measuring roller may pass over the
edge of the plan during the measuring operation, take another shest of paper of
the same thickness and butt its edge against that upon which the plan or other
figure is drawn.

4. Do not operate the instrument until it has warmed up to room tem-
perature (65° to T5° F.).

4. Do not use the instrument until it has cooled to room temperature
(65° to 75° F.).

6. Always set the instrument so that the tracer-arm 4 and pole-arm P
form an approximate right angle, when the tracer T (see page 4) is, as nearly
as possible, in the center of the figure to be measured (see the two diagrammatical
illustrations, Fig. 1).
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7. While observing {6) be sure that no part uf the boundary of the fi fgure
is close to and, at the same time, parallel to the 8). Ifit
is, rearrange the insirument or turn the figure so (}mt this condition is avoided.
Always guide the tracer pmn: by eye, and endeavor to run it away

from the eye rather than toward it. ing along a ruler or other stiff surface
tends to make the error constant in one  direction; whersas, if guided freely,
deviation of the tracer point on one side of the line is usually compensated for
by a deviation upon the other side.
ways endeavor to have the finger grip dlru:tly over the line behind
the tracer poini; i. e., make the guiding impulse a tangential one. Aveid
itions which tend to pull or push in a direction "L right angles to the line
be]n traced. It is quite possible to deﬁect the tracer pomt, and if this is done
zt rlgl c angl& to the line, even so mall a defiection as 0.02 millimeters in

ci iEcle of § ems. (314 inch) radius, will eause a differones of 10 umit
ui the v ETD[ETv

The proper methed of guiding the tracer point is shown in Fig. 2.

10. Always endeavor to make an even number of determinations of the
same area—one with the tracer-arm to the left of the pole arm, and one with
the tracer-arm to the right of the pole arm. This vnﬁ allow the instrument
to give full value; i. e., nstrumental errors will be eliminated by the ayerage
of the results from {he two positions. Do not meve the pole when changing
the position of the tracer arm.

11, Adjust ﬂm support “s” so that the fracer point just touches lightly
upon the paper. A slight pressure upon the head of the tracer point will press
it into the paper; the puncture thus made serving to locate the starting point;
or mark 2 resting poinf in circumscribing a large area.

12, It is advisable to reduce the value of one unit of the vernier by
circumseribing the figure several times without stopping. mee a:mmd the
figure continuously reduces the unit of the vernier one-half; 3 con-
tinuously around the figure reduces the value of one unit of the vernier to one-
third that given in the Table; n_times continuously around the figure reduces
the value of one unit of the vernier

Table value of one unit of the vernier

n

This method increases aceuracy, since, in many cases, the final figure of

the reading is, in reality, a fraction of one unit of the vernier, Several repeti-

made mnzmunu&ly, serve to bring out this fact, not only indicating the

amount of this fractional unit, but praetically giving a fith figure to the reading.

13, Alwaya set the tracer arm to the shortest lem;_h Dossible, especially

with small scales such as 1 100, 1= 200", s will reduce the

value of one unit of the vernier to rhe lnv.e:t 1 terms, The larger the

seale (1" =20, 1" = 10, etc.) the less the hkell].lumi of error will be through
using long settings of the tracer arm.

COMPENSATING PLANIMETER No. 4236.

Setting U Place the planimeter cmthaplan 50 that its rests upon three
points (the running roller I, measuring roller 7, and tracer point T). (See illus-
tration of No. N4238, on p2ge 8).  The ball nud D of the pole arm P is then
placed in the socket (m) (see below), while pole b, which has a point, reste
upon the paper in such a way that the pole and tracer arms are approximately
at right angles as previously explained.

Now lighily cireumseribe the figure to be measured in order to learn
whether this operation can be carried out without diffieulty. If not, move the
pole (b) until a suitable position is found; or, should the figure prove too large

o be airoumseribed in e operation, divide it into sectlons, eirenmseribe each
e e (See also the section which
follows _Bole Within the Figumn

Units of Measure.—Planimeter No. 4236 measures the s.rea m Engl

units; the unit values of the vernier for various seales bein, the Lab}
fixed in the Iid of the instrument case, thus: R =
Value of unit of vernier Constan
Scale Pole inside
Given scale 1"=1" figure
17=100" 1000* 0.010° 21598
1°=50¢ 250° 0.010"
1" =66 0.001 Acre 0.010"
=10" I 0.010"

o determine the value of one unit of the vernier for any other seale, with
the same setting of the divided arm, proceed as follows: 5

R =Value of one unit of the vernier for the de:

ired seale.
Ri=Value of one unit of the vernier for the gwe‘a scale; . e., that in the
1id of the case.

DRy MR
R, A
or R
M:
Example —Find the value of one unit of the vernicr for scale 17 =40'.
mploying (be given seale of 1¥ =107, with the given value of one unit

of the \'Dr"wr or 1

R 140340
1010

16
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Making the Measurement. A position having been selected for tracing,
with the pole and tracer arms in the correct approximate positions shown i in
Fig. 1, bring the tracer point T fo a convenient starting point upon the periphery
of the figure. Reed the reeording dial, measuring roller and vernier, and write
down the reading.

Nov run the tracing point T along the periphery of the dr:w.mg. always

tracing in 2 cloclkwise direetion until the starting point is again reached. Read
the dial, roller and vernier as before; and set this last reading den zhove the
first. The difference hefween the fwo readings, multiplied by the value of one
unit of the vernier. taken from the Table, gives the area of the figure circum-
scribed.

e T
JLE A A

Fig. 3

Reading the Measurement. Fug. 3 shows the registerinz dial (d), the
memumg roller (L) and the vernier (]
The pointer (g) lies b!tw!cn 7 nd § on the rezistering dial, indicating that
the first figure of tge reading is T
The zero of the vernier (17) is berwm:’l 9 and 0 on the measuring roller
indicating that the second figure of The reading is 900. Hence, combining the
first and second figures, the reading, so far, is 7900. s

“The zero of the measuring roller vernier (V) lies between the third an

o et i oot 8 and 3, Iadlating that the
third figure of the reading is 30, Hence, combining the first, second and third
figures, the reading so far is 7930.

Now look along the vernier (W) and see
opposite a division on the roller(L). In this ‘the second division of the
vernier from the vernier zero eoincides with a division of the measuring roller.
This !ndlc:ii.ﬂg that che final, or fourch figure, of the reading is 2. Hence, our
first reading becomes 7932—which means 7932 units of the yernizr.

Example. Suppose that you are to circumseribe a plm drawn to the

vhich of its divisions is exactly

iy
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scale of one inch equals 10 feet. Having set the tracer point T at the starting
‘point, the first reading is as given above—7932 units of the vernier.

Aiter cxrcumsmlbmg t'lE plan, you find the pointer {7) between 8 and 9
on the dial (d); the zero of the vernier (W) between T and § of the numbered
divisions on the roller (L), and between 4'and 5 of the small divisions which
divide thespace between 7 2nd § on the raller; and the first division of the vernier
(Wj fram its we"o is dn-ec:ly nppo\lt.e a lire on the measuring roller. Your

reading is, therefore, §
2nd rend.mg
1st reading
" Differen
the scale one inch equals 10 feet, the value of one unit of the vernier
is ane square foot. Henee, 809 units of ihe vernier multiplied by one square
$00t, gives 809 square feat, the area of the figure circumseribed.

Had the seale heen 1:1; that is, full size, it would have been necessary
for you to multiply 809 units of the vernier by 0.01 square inch (the value o of
one unit of the vernier for the full size seale). The answer would then have

n 8.08 square ing

Conversely, 8.08 square inches, to & seale of one inch equals 10 feet, is
equal to 8.09 times 100 sguare feet, or 809 square feet. This shows the relation
beeween the 1:10 scale and the 1:1 scale, and removes some of the plani-
meter’s mystery.

, if the periphery had been traced continuously four times about,
ding would have been 11,167 (one complete N\'Dlunun ul' the lilal
h ense the difference would have been 11,167—

i i he vernier would have b%—n naduced [o one-
quarter sguare foof. 5 X = 808.750". On the full size scale this would
bcccme 8.0875 square inches.

e Figures. A figure too large to be circumseribed in one operation
of the piammeter with the po[e outside the figure, may have its area determined
in two ways.

1 It may be split irto two or more smaller a

it v and the res
be the only me[hmi possible \-\1[h large areas.

2. Where the area does not exceed the utmost eapa nty of the planimeter
gle operation, the pole may be placed within the fi

Pole Within the Figure. By referring to Fig. 1, m mli be seen that
when the tracer point is maintained in such a m that the plane of the
measuring roller alyays passes exactly through the pule P {the position in

ig. 11, a complete circle may be eireumseribed whose area will not be registered.
In other words, the measuring roller n 2 direction at right angles to its
wn plane, instead of rolling. This circle is known as the “hase” circle, and it
ool e ays be the endeavor in g operations of the planimeter to keop the
measuring roller as far from this base circle as it is possible to get it
rea of the circle is separately determined for each instrument;
and is u.m\,ued i ber’n; of the vernier by the manufacturer. This
value in thes iven in the last eolumn labelled “constant: Pole inside
figure" of (he thle m t—ne lid of the case.
of Constant, If the area to he circumseribed is greater than that of
the b:ue mcle the measuring m i=m will register as many units of the ver-
nier as the area circumscribed is greater than tha base circle. Hence, the
vernier units recorded must be added to the constant before the measurement:
is reduced to terms of area.

If the area circumscribed is less than the base cirele, the measuring
mechanism turns backward; it registers the number of vernier units which
n}u:t be deducted from the constant befora the measurement is reduced to terms
of area.

Since the position of the pole within the figure arises from the necessity

circumscribing a lasge area, the probabilities of the registering dial (d)

as, each of which is
ts'added. This may

fora
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exceeding one complete revolution is great. Hence, for this reason and others,
which will demonstrate themselves, it est to have the entire recording
mechanism register zero before circumscribing the figure. This may be done
by raising the roller clear of the plan, and turning it gently with the hand until
the registering dial reads zero.

Example. The area of a circle 14 inches in diameter is to be determined.

Set the registering dial to zero, as described above.

Observations of the uring roller during the of circumseril
will indicate that itis revolving backward; 4. ¢., from 0 10 9 10 8 to 7, ete.
Observation of the registering dial will show that it again passes zero. The
reading is found to be 8597. One complete revolution of the registering dial
is equivalent to 10,000 units of the vernier; but the operation proceeded until
the dial had circumseribed another part of a revolution. Since it was revolving
backwards, this part of a revolusion is equivalent to 10,000 minus 8597, or
1,403 units of the vernier. These 1403, added to the 10,000 of the complete
revolution, make 11,403 units of the vernier recorded in the reverse direction—
that is, subtracted from the total number of units in the base circle.

The table shows that the constant, or total number of units in the base
circle for this particular planimeter is 26,797

26,797—11,403 = 15,394 units.

The value of one of these units is 0.01 square inch. (See Table).

15,394 % 0.01 square inch = 153.94 square inches.

Example. The area of o circle 22 inches in diameter is desired.

Set the registering dial to zero s deseribed above.

Observation indicates that the movement of the measuring roller is
positive, and that the registering dial mzde between one and two revolutions.

The final reading is 1,216 units.

Add 10,000 units for one complete revolution of the dial.

Theentire reading is 11,216 units, by which the area circumscribed exceeds
the total number of units in the base circle.

Reading—11,216
Constant—26,797

. 38013 units.
38,013 units X 0.01 sq. in. = 380.13 sq. inches.

COMPENSATING PLANIMETER No. N4238.

s T
No. N4238.

FRdr e ey
The general principles_governing the construction and operation of
No. N4238 are the same as those applying to No. 4236.
he chief differences between the two lie in the greater capacity and
limited adjustment of the tracer arm of No. N4238.

Units of Measure.—Planimeter No. N4238 measures the area in either
metric or English units; the necessary settings of the tracer arm () being given
in the table fixed in the lid of th rument case. This table has the following
form {the values given not necessarily being the szme a3 those in the table
furnished with your instrument)i—

ENGLISH_SYSTEM
o = Setting on | Veme SLUNEST | Constant:
P e | Sele | meer e Pole tatide
J r arm Sala | figure
In socket near- 1007
est tracer-point
TIn socket furth-
est from tracer- | 17=10" [ 163" | 1.63 18169
point |
METRIC SYSTEM
Tn socket furth- - T
est from tracer- | £ TOPOTHOR ‘! 10D. | 100m [100mm| 18268
St 1:1000

The unit values of the vernier for other scales in the English system can
be calealated by the method described on page 5, The same method applies
alza to the metric system, as follows:

Example.—Find the value of one unit of the vernier in metric measure
for the proportion 1 : 2500.

= 10 X 2500 X 2500
1000 X 1000

It should also be undezstood that if the proportion is sef at one inch to
10 units in any system, the value of one unit of the yernier will bear the same
Tatio to the scale used asin the case of one inch is equal to 10 fect, For instance,
with the arm set for a geale of 1" = 107 {103° in this case), one inch may eq
10 chains; in which case one unit of the vernier will equal one square chain. Or
i one ineh equals 10 meters, then one unit of the vernier will equal one square
meter. O, if one inch equals 10 varas, then one unit of the vernier will equal
one square vara.

tracing continuously about the periphery n times, the value of one
unit of the vernier may be reduced to Tabular value
n
Adjusting Tracer Arm.—In order to bring the tracer amm to the setting
given on’ the card, it is neesssary to manipulate serew (1), It will be found,
upon examination, that the b i

62.5 O

%

€ (r) has, in its lower face, two holes.

Vhen screw (f) is in the hole nearest the tracer point, the fracer anm may beset:
1o the mark 100%. Hence, the screw (f) must be in this hole when the arm (r)
is brought to the setting ''In socket nearest tracer point”’. When serew (t) is in
the hole farthest from the tracer point, the tracer arm may be set to the
marks 160" and 10D, Hence, the screw (t) must be in this hole, when the
arm (r) is set at the adjustment “'In socket furthest from tracer point”. The
given adjustment must always be set to the index mark on the bevel of bar (z).

Which Socket To Use. It is further necessary to take care that, in
an instrument with two sockets, with the settings given in the table, the ball
joint_(D) is in socket {n) for the position, “In socket nearest tracer-point”
and in socket (m) for the position, “In socket furthest from tracer-point”.




No. 4240
he general prineciples governing the construction and operation of
Nos. 4240 and 4240} are the same as those applying to No. N4238.

The chief GL:Earances between the two lie in the greater capacity and

adjustable tracer arms of Nos, 4240 and N

duated Tracer Arm. The tracer arm of this instrument is
graduated in half millimeters, and numbered in half centimeters from 5 to 36.
This graduation is usually referred to in terms of millimeters, in which
case the mn is gaid to bu gmuu.xwd from 50 to 360.

This full graduation permits the tracer arm to be set at any length which
will give ﬁh easily han e of one unit of the vernier. The various
sertmgs are given in rhe tables found in the case of the instrument, and repro-

ed below. The figures given '\re Tt necessarily the same as those in the
tsb!e furnished with your instrums

METRIC SYSTEM
Setting on Constant:
Proportion |  divided Pole inside
e g Constant for
1 : 1000 327.0 23270 Indicator Dia-
1: 500 262.2 srams:
= = — = Multiply by
1 : 2500 201. & = i)
E 015 | 400w | 6.40mm| e
1 : 4000 1000 (6257 mm
1 : 2000 1653 | 200m | Bomam
1:5000 | 1929 |1000m | acmm |
ENGLISH SYSTEM
ting on CEEE Constant:
Scale divided |z Pole Inside
arm Saale figure Constant for
1"= & 3371 | 040’ [0016 o 23176 Im’mt‘g 2
= ] 211, 7 = grams: Divide
10 119 i’ ool o by 000 or
= 3371 1007|0016 o multiply by
17— 407 264.1 200° |0.01250 0.0025
17— 307 2119 2507|001 o
17=100" 2119 | 10007 [0.01 O]

Tt.is possible, of course, to find values of one unit of the vernier for all -ca]ws
for one setting of the measuring arm, uamg the rule given on page 3.
with a setting of 337.1, using a seale of 17 =10', the value of one it of the
vernier would be 1.6 sguare feet. With the same setting of the fracer arm
(337.1), using a scale of , the value of one unit of the yernier would be
160 square feet. This, lmwever. i% not s convenient 2 unit as that given in the
table for aseale of 1" =100", since through reducing the length of the tracer arm
02119, a value of 100 square feet may be ass igned to one uni¢ of the vernier.
Henee, since the value of one unit of the vernier is smaller, the result will
e more zccurate.

Setting the Tracer Arm. In order that the measuring or tracer arm
may be accurately set, the frame of the carringe carries the vernier (p) (sce
Fig. 3), by means of which the arm may be set to the nearest 0.05 of a
meter.

To set the arm proceed as follows; assuming that 337.1 is to be the
setting:

e the graduated arm until the 7th
ear t}szern of the vernier. Tw]ﬂen

il firs sion of the vernie;
ion beyond 33 on the tracer arm. Tl\en

DEE'I serews (1) and (2) and

0

¥ zero s on a line with the 8th div
tighten (1).

To set the arm at 211.9, loosen (1) and rnre, slide the arm until
the first division past 21 is near the zero of the vernier; tighten (2); revalve (3)
until the 9tk division of the vernier is on a ling with the 9th division past 21
on the tracer arm, and tighten (1).

p:l'atln!‘h The operation of the instrument is precisely the same as

that of No. N423!

Example. Scale 1= 100".

Suppose nm the fig'ure is circumseribed faur times continuously, and the
second reading is...... 9143

as bel

Difference 2855

Tabular vaiue of one unit of the vernier (see table in case) = 1000,
For four continuous repetitions, the value of one unit of the vernier is

— 2507 2855 X 25= T1375 square feet.

The probabilities are that with one cireumseribing the difference would
have been T14 units.

714 X 1000

To obtain the setting of the tracer arm for any scale and value of

one unit of the vernier. [t may be desirable at some time 10 adopt a scale

or proportion nt given in the table, and also to have the value of one unit of

the vernier for this seale come out in some even number.  This is done as follows:

seale of 1:1 corresponding to the
h it is desired to adopt for the

71400 square feet.

1=Value of 1 unit of the vernier for
wvalue of 1 unit of the vernier whi
desued scale.
S =The longest setting of the tracer arm given in the table.
8, =The shortest setting of the tracer arm given in the table.
T/ —The value of one unit of the vernier on the scale 1:1 for the longest
setting S.
T, =The value of one unit of the vernier on the scale 1 :1 for the shortest
setting S




Unknown setting of the tracer arm.
Then:—
S8 (TN
(U—T)
Exzmple. ' Find the setting of the tracer arn for the scalo 1= 40’ which
will give a valué of one unit of the vernier of 202"

X=5—

first necessary to find (I\ the actual value of one unit of the vernier
corresponding to the scale 1 = 40', where one unit of the vernier = 20

One square inch on the seale 1= 40'= 40 x 40 — 1,600 square £

1,600 <qu.1’e flzei \ilﬂdeﬂ by 2077, the value of one unit of the vernier
for the scale 17 =

Hence, to eover one square inch requires 80 units of the vernier,

Henee, one unit of the vernier = %] of & square inch, or|0/0125 square
inch, 8

016 — .0125)

016 —.01
) 125.2 X .0035
Bl =
_ 337, —-43820
X=3837.1 —.OUE
=337.1—173.03

= 264.07, or 264.1
This is the required setting.

Indicator Diagrams. The tracer arm of Nos. 4240 and 4242 can be
immediately set to show the mean height of indicator diagrams.

This is readily understood from the theory of the planimeter, by which
all figures are automatically reduced to lcttangles with the tracer arm as the
base, and the actual distance covered by the circumierence of the measuring
roller as the he:gh‘, Hengce, if the tracer arm is made equal 1o the base line of
the indicator diagram, and the outline of the diagram is then traced in the usual
manner, the circumference of the measuring roller will zclually roll over a
distance. equal to the mean height of the diagram. Since one unit of the vernier

measures T of the actus] circumference of the roller, it is only necesary o

multiply the total number of vernier units resulting from the tracing by Tolﬁ of

the length of the circumierence in order to obtain the actual total distance
covered by the circamierence of the measuring roller, n these planimeters the
actual distance in millimeters covered by the circumference in a mnva—«nem
equivalent 1o one unit of the vernier is .0635; and the actual distance in in
covered by the in 2 moverent t6"one uatt of tho ver-
nier is 0.0025.

The method of obtaining the length of the base is simple.

Remove the polearm. Set the tracer point T to the right end of the base

of the dingram; loosen screws (1] and (2); and slide the carriage (keeping the
roller clear of the paper) until the left end of the base is seen in the middle of
thesmall hole at the bottm of the socket for the pole arm.  (See Fig, 4).

Fig. 4.
Clamp the tracer arm in this position. Replace the pole arm and trace

the periphery of e diagraum in exely the same manner s any oher figare
d be circwmscribed.

COMPENSATING PLANIMETERS Nos. 4242 AND 4242%.

Nos. ~°4‘2 and 12{2‘ are similar to Nos. 4240 and 4240}; the difference

between

£ in the adjustable pole arm

This not only increases the

capaity of Nos, 4242 and 42
of areas with the pole with
ncrease in Capacity.

23, but males more convenient the measurement
the

Vhen a measurement is made with the pole

outside the figure, the length of the pole arm has no influence upon the result

Hence, the capacify of any instrument may be greatly increased by inereasing
the length of L!.e pole arm.

In No. 4242, by loosening screw (4), the pole arm (P) may be slipped
thmugl\ the jacket (¢) so as to give any length of pola arm beiween about

and 18 inches. Hence, for large areas, the emmm of the pole arm to itz

gre:ftest length, and the setting of the tracer greatest tabular length,
gives a much greater reach than can be O‘Dmmsd wA[h  No.4240. On the other
hand, through reducing the pole arm to its shortest length, and the tracer arm
10 its smallest tabular setting, great convenience and aceuracy in the measure-
ment of smzll areas is attaine

Pole Inside the Figure. The tables of settings for Nos, 4242 and 4242}
generally are the same as that for Nos, 4240 and 42404, except for the column
marked “Constant.” This is shown below.




METRIC SYSTEM
Setiingon | Verolmmtol PolETosde
cer

fgore

Proportion 5 =
i g (et Seeet| Cortan

1 : 1000 327.0 100m | 102mm | 52.73 | 20,000
1: b00 262.2 20m Somm| 465.00 | 20,000

ENGLISH SYSTEM
Setting on e of it of ol o
Praportion | Traer e figwe

Bl

= o

Constant|
337.1 040’ |0.01627] s2.7 | 20,000

TE.— The figures given in these tables may be different from those
f\mnsbed with your psrhculn.r instrument, but the principles remain the same.

"This means that with the tracer arm set at 327.0 for metric measure, and
the mi]ustable pole arm set at 52.75, the Constant for the pole within the
figure will be 20,000; or, mth the tracer arm set at 262.2 for metric measure,
and the pulc arm set at 45.00, the Constant for the pole within the figure will

r English measure the Constant will be 20,000, when the tracer
1 and the pole arm at 52.7.

The pole arm is graduated in half millimeters from 20 to 70, hence the
setiings recorded in the Constant column are in half millimeters. Thesefhng is
made by bringing the bevelled edge of the eleeve (z) to the proper graduztion,
the noteh in the bevel permitting o sufiicient view of the graduations to mal
the setting with the required aceuracy. Hence, to set &: e graduated arm
is slipped through the jacket until the edge of the bml Ta 0.7 of the wayfrom
thesecond toward the third half millimeter beyond 50.

The average of two readings—one with the fracer arm to the right of the
pole arm, and one with the tracer arm to the left of the pole arm will serve to
allmmabe instrumental errors.

The advantage of the adjustable pole arm becomes very obvious in tracing
areas with the pole inside the figure, where these areas are less than that of the
base circle. The result is given directly, instead of requiring a subtraction as
in the case of the fixed pole arm.

Example. The area of a circle 16 inches in diameter is required.
Set the tracer arm at 337.1, and the pole arm at 52.7.
Upon ftracing the periphery of this eircle, beginning with the measuring
echanism regisiering zero, the second reading will be 2566, The size of the
figureitself indicates clearly that, eould it be traced in a direct manner, with the
pole outside, the registering dizl would have passed through an entire revolution
before renz.hmg 2566. Hence, the reading becomes 12566 units of the vernier.
12566 x 0160 201.0560".
Had the area been circumscribed twice continuously, a seeond reading of
0.016
2

25133 would probably have been obtained; which multiplied by would

give 201.064 as the area. This is closer fo 201.0824, the actual area, than
201.056 obtained with only one tracing of the periphery.

TESTING THE PLANIMETER

‘While it is a good plan to make irequent tests of the accuracy of the
planimeter, it is a bad plan to zttempt any adjustments unless the need for
these is absolutely certain.

Testing Rule, Each instrument is supplied with testing rale which is
marked C° far EnzL\Jl measure, a ﬂun. for metric measure. These rules
are accurately graduated from 1he 'med by the needle point on the under
side of the rule near ones d (the pamn hemg held in by the head of the screw
on the top face). aduation is marked by a small conical depression
{50 which the tracer pomt fits.

T the testing rule is turned with the needle point 23 a center, the tracer
point, when placed in mm of the depressions, will circumscribe 2 eircle of an
area corresponding to the number marked at that partieular depression.

To operate the rule, press the needle point into the paper. Serew up the
support S at the end of the tracer arm. _Place the tracer pomt over the needle
point of the rule, and set the pole so that the pole arm and
approximately at right angles. Then insert the tracer point mm the aelee(‘ed
depression, and {urn the rule, nol the planimefer by hand. If necessary, weij
the tracer arm near the tracer point in order to be sure that the latter remains
in the depression. Rotate the rule through one or more ecomplete revolutions,
beginning and ending at 2 mark made oppesite the line at the bevel end of the
rule, With these planimeters the fairest tests are usually obtained with a
setting of the tracer arm which will give a value of 0.0161" or 100 mm to one
unit of the vernier.

The second reading minus the first reading, multiplied by the value
of one unit of the vernier should be equal to the area of a circle of a magnitude
equa.\ to the quantity marked at the depression in which the tracer point was

reed.

Measuring Roller. The meesuring roller should turn freely under a
_hghn impulse of the finger. Do not touch the polished steel parts of the
roller.

If the measuring roller, at room temperature, does not turn freely, or
i 1o be too loose in its bearings, 2 slight adjustment may be made as
ollows:

Slightly loosen set screws (i ) (see euts of instruments). The bearings
may then be either loosene tened by turning the serews (KK). — After
the adjustment is made, the set serews (i 1) should again be tightened.
Do not make this adjustment unless you are absolutely certain of its
necemty.

r Arm. Ii the tracer arm and the axis of the measuring roller are
not par‘\LlE'l the Tesult obtained by having the tracer arm to the right of the
pole arm will be different from tha it with the tracer arm to the left of the pole
arm. The com:ct result is the average of the two results obtained with the two
different relations of the pole and tracer arme, provided that the pole remains in
the same pml‘ e ok i tans

For those who desire to keep the tracer arm exnetly saraﬂel to the axis of
the measuring roller, the following adjustment may be ma

TUse the testing rule and male several deserminations with the tracer arm
1o the right and the leit of the pole arm. The difference may be corrected by
slgrtly lfocaumg et sorew (i) (Fig. 5, pass 6), and then turning the serew
- Ty necessary before Uhis adjustment is correctly made.
Be sure ln tighten seu screw (i) after each manipulation of screw (f).

Uniformity of Readings. Repeated tracings of the figure should not
result in any great difference in the resuits. The aceuracy of the planimeter in
this respect may be determined as follow:

‘With a setting of the tracer arm gi
of 0.0167%, test the instrument by means
between the greatest and least result of sever

ving a value of one unit of the vernier
f the testing rule. The difference
1 tracings Should rot sxceed 2 to




nd o an aceuracy of about 1 in
nd 1 in 2000 for a circle of 10 ems.
s this, the irstrument skould be senl

i c-rnrv'ntl‘\\'rcn the greatest and least readings
Uni Readings,” should not be exceeded when the
done in tan tk ise and (:m.me" clockwise directions. An
excessive difference indicates the need for repai
Settings of Tracer Arm. The s 1gg e given in the
Table El\ea'lil be correet.
test it is best to use 2 figure (square, triangle, etc.) whose area is
yiknowa and which snay be traded irsehand. | The corect sotting =
ined as follows:
O=Number of ver
figure tray

ier units corresponding to the caleulated area of the

_ caleulated area

= Value of unit of vernier for seale 1:1

nits resulting from actual
e.

Number of vernier
periphery of the f
e setiing of the tracer arm given in the table.

"he correction to setting of the tracer arm as given in the table.

¥ circumseribing the

€c—Cy C—C

B= Dor

IE G, is larger than G, then B
TEC is larger than C,, then B is s

Constant for Pole Within the Figure.
Take a large square of known area and trace
A = The known area.
it of the vernier on the scale 1 :1 for the setting of

is is tested as follows:
in a clockwise direction.

point of the pole
turn the pin end

ecomes blunt, loosen the

The Pole Point. If
b: Both points may

serew on the back of the pole,
be reground or renewed.

K & E Surveying In-
struments, Transits,
Levels, ete., with Internal
Focusing Telescope, are
-used on many impe

Government, Munieipal
and Private engineering
works. They excel in de-

thelatestimprovements.

We carry the largest
and most complete as~
sortment of Drawing
Papers, Tracing Cloths

d Papers, Blueprint
and Brownprint Papers.

‘Write for
General Catalogue

K & E Engineer's Transit No. NsGOFS,
‘with Internal Feeusing Telescope
and K & E Stadia Circle.

We manufacture the celebrated
K &E Measuring Tapes, Flat Wire
Tapes, Ba.udt:!mms ete. Aeccurate.
Excellent quality. hn-ge assortment.
The K & E WYTEFICE Steel Tapes
the latest it inthe
method of gradua.hng tapes, resulting
m a saying of time and reducing the
possibility of errors in reading.
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