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GAGING A HORIZONTAL CYLINDER.

By W illiam  F. R igge.
Creighton University, Omaha.

The actual amount of liquid present at any time in a horizon
tal cylindrical tank may be gaged very rapidly, if we make use 
of a graphic process such as is furnished by the diagram in 
this article. As the problem evidently resolves itself into find
ing the relation between the height and the area of the seg
ment of a circle, we generalize it by taking the radius of the 
circle as unity, and then computing and plotting the areas cor
responding to various heights.
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From the small circle inserted in the diagram we see that 
the area of the segment CDF is evidently the area of the sec
tor O-CFD diminished by that of the triangle OCD. Both 
of these latter areas are functions of their semiangles A.

The area of the sector O-CFD is equal to half the 
length of its arc times the radius, and since the radius is unity, 
it is simply B, half the length of the arc CFD. We find this 
value of B from A in a suitable table. If we have no such 
table, we take the 360th part of the circumference 2 x 3.1416, 
and multiply it by the number of the degrees in A.

The area of the triangle OCD is ED'XQ'E, that is, sin A 
cos A, or -J sin 2A. Turning the triangle around so that either 
OC or OD is its base, we see at once that its altitude is sin 2A, 
and hence its area half that much.

In the following table the values of A are given for every 
ten degrees. This is sufficiently accurate for the purpose.
Sem iang le  .........................................A  0° 10° 20° 30° 40°
H eig h t ............................................. E F  0.0000 0.0152 0.0603 0.1340 0.2340
Sector  . .  B 0.0000 0.1745 0.3491 0.5236 0.6981
T rian g le  ............................. i  sin  2A 0.0000 0.1710 0.3214 0.4330 0.4924
S eg m en t =  S ector  — T r ia n g le ....  0.0000 0.0035 0.0277 0.0906 0.2057

Sem ian g le  .........................................A  50° 60° 70° 80° 90°
H eig h t ..............................................E F  0.3572 0.5000 0.6580 0.8264 1.0000
Sector ..................................................B 0.8727 1.0472 1.2217 1.3963 1.5708
T rian g le  .............................i sin  2A 0.4924 0.4330 0.3214 0.1710 0.0000
S eg m en t =  S ector  — T r ia n g le ....  0.3803 0.6142 0.9003 1.2253 1.5708

S em ian g le  .........................................A  100° 110° 120° 130° 140°
H eig h t ..............................................E F  1.1736 1.3420 1.5000 1.6428 1.7660
Sector  ..................................................B 1.7453 1.9199 2.0944 2.2689 2.4435
T rian g le  .............................i sin 2A 0.1710 0.3214 0.4330 0.4924 0.4924
S eg m en t =  S ector  -f- T rian gle .... 1.9163 2.2413 2.5274 2.7613 2.9359

Sem ian g le  .........................................A  150° 160° 170° 180°
H eig h t ....................   E F  1.8660 1.9397 1.9848 2.0000
Sector ..................................................B 2.6180 2.7925 2.9671 3.1416
T riangle  ..........-.....................I sin 2A  0.4330 0.3214 0.1710 0.0000
S eg m en t =  S ector  -f- T riangle .... 3.0510 3.1139 3.1381 3.1416

In constructing the above table, we first find B correspond
ing to A. Next we take out sin 2A from a table of natural
sines, and from the same table, we also find EF by subtracting 
cos A from 1.0000. We see that B increases uniformly, that 
■J sin 2A consists of only four or five values which repeat them
selves, and that E F for angles greater than 90 degrees is found 
by subtracting the value for its supplement from 2.0000, or, 
more rapidly, by adding 1.0000 to’ the cosine of its supplement.

We now put our computed quantities into graphical shape. 
In the diagram the radius of the large circle is our unit. On
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the vertical scale to the right every tenth of this unit is noted 
and indicates the height of the segment or the depth of the 
liquid present in the cylinder. The decimal points are every
where omitted. Hundredths of the radius may be easily esti
mated and even the thousandths, if we use co-ordinate paper 
with ten lines to the inch and make our radius equal to ten 
inches. We may then attain to an accuracy of one-tenth of one 
per cent.

The horizontal scale below the diagram uses the same unit 
as the vertical one. In order then to plot our values, let us take 
A =  50 degrees, for instance, for which we found E F =  0.357 
and the area of the segment 0.380, the fourth decimal not being 
needed. Starting from the right-hand lower corner of the dia
gram we run up vertically the distance 0.357, and then horizon
tally to the left to 0.380 and there mark one point on the curve 
called “Segment” on the diagram. This point is, of course, on 
a level with the 50 degrees on the circle. Other values are simi
larly plotted, and the points joined by a smooth curve.

The diagram here presented also gives the areas of the sectors 
and triangles corresponding to the heights of the segments. The 
long curve nearest the “Segment” curve and seemingly its mate, 
indicates the areas of the sectors, while the half 8 near the ver
tical scale shows the areas of the triangles. These curves have 
not been named on the diagram in order to prevent confusion 
between the sectors and segments. They are given merely for 
the sake of geometrical completeness, and are not needed for 
our purpose.

The areas on the bottom scale are in terms of the radius, as 
said before. In order to use this diagram for a circle whose 
radius is not unity, we have but to multiply the indications of 
the vertical scale by our actual radius, and those of the lower 
horizontal one by its square.

The upper horizontal scale is in decimals of the half-area of 
the circle. This scale is reproduced in terms of the radius on 
the vertical scale V D shown near the left of the diagram, V 
meaning the half-volume or area and D the depth. For example, 
0.3 of the half-area of the circle, or 0.3 of the half-volume of 
our cylindrical tank, as shown on the top scale, when traced 
vertically downward on the diagram to the “Segment” curve, 
shows a height of the segment or depth of the liquid of 0.416 
as read on the right vertical scale. Following this horizontally 
to the left, we find 0.3 of the half-volume reading 0.416 of the
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radius in depth. If we prefer to take the diameter and the to
tal volume as our units, we need but omit all the odd numbers 
on the diagram and divide the even ones by two.

As the diagram here given is perfectly general, it only remains 
for us to see how to apply it to any particular case. Thus sup
pose we have a cylinder 39 inches in diameter and 110 inches 
long. We begin by dividing our diameter or double radius into 
39 equal parts. This is done on the vertical scale to the extreme 
left under the letter I (inches).

We next mark the gallons. Knowing that our given tank 
holds a volume of 568.8 gallons, we set 569 on our slide rule 
opposite to 2.00, and use the upper horizontal scale, or better, 
we set 569 opposite to 3.142 and use the bottom scale of our dia
gram and the graduations of the co-ordinate paper. Then the 
slide rule will give us all we need. For example, let us take 
100 gallons. On the slide rule we find 100 opposite to 553. 
Finding this 553 on the bottom scale, we run vertically up to 
the “Segment” curve and then horizontally to the extreme left 
and mark the 100 gallons. If we have no slide rule, we must

fractions corresponding to our gallon numbers, we transfer the 
whole scale GD to true inches and thus correctly calibrate our 
gage glass or rod.

A purely graphic way of calibrating the gallon scale without a 
slide rule and without logarithms, is to divide the horizontal scale 
of the diagram into 569 equal parts. This is best done by com
puting the reading on the lower scale for 500, that is, by finding 

3 142x  =  500 =  2.762, and then dividing this distance into

five parts for the hundreds, and these again into ten parts for the 
tens, or even into hundred parts for the single gallons. The 
gallons being thus evenly spaced on the horizontal scale, we run 
up (or down) vertically to the Segment curve, and then hori
zontally to the left of the scale of inches. With a slide rule the 
actual graduation of the horizontal scale into gallons is, of course, 
not necessary, and has not been done in the diagram.

use the proportion ---- — =
F F 3.142

568.8 or -v =  100 =  0.553,568.8
that is, we multiply the gallons by 3.142 . ^ (.^ 3  an(j

568.8


