0210-Sel

7\

A

Mechanics

Measuring methods
Measuring volume and density

LEYBOLD

Physics
Leaflets

A

LEYBOLD

Objects of the experiments

Determining the volume and
density of solids

B Measuring the volumes V of different bodies according to the overflow method.

B Comparing the volumes measured with those calculated from the dimensions.

B Determining the density p of the bodies.

Principles

The density of a homogeneous substance is usually deter-
mined by measuring the mass m and the volume V separately
and then calculating the density

Py ()

from these quantities.

The density of solids is determined by combining weighing and
a volume measurement. The volumes of the bodies are deter-
mined from the volume of the liquid that the bodies displace
from an overflow reservoir. This procedure is tested in the
experiment with regular bodies whose volumes can be calcu-
lated from their linear dimensions.

Fig.1 Experimental setup for determining the volume of solids

Setup
The experimental setup is illustrated in Fig. 1.

— Put a small quantity (approx. 0.1 cm3) of colouring into the
plastic beaker, pour in water, and stir until the colouring has
completely dissolved.

— Supply the glass cylinder (a) with an overflow tube and a
rubber stopper, and put it onto the laboratory stand so that
the opening of the overflow tube is placed above the centre
of the graduated cylinder (b).

— Pour coloured water into the glass cylinder.

— Fill water into the plastic beaker (c) once more, and slowly
pour water into the glass cylinder (a) until the overflow tube
is filled with bubble-free water and the coloured water
overflows into the graduated cylinder.

— Empty the graduated cylinder (b) (pour the coloured water
back into the plastic beaker), and put it back under the
opening of the overflow tube.




P1.1.2.1

LEYBOLD Physics Leaflets

Apparatus

lsetof2cubesandlball . .. ... ... 36163
lsetof2gaugeblocks . . . . .. ... .. 59033
1 glass cylinder with 3tubes . . . . . . .. 36144
1 graduated cylinder . . . . ... .. ... 665 755
1 plastic beaker 1000 ml . . . . . .. ... 590 06
1 precision vernier callipers . . . . . . . .. 31154
1 school and lab. balance . . .. ... .. 31505
1laboratorystand Il . . . . . .. ... ... 30076
lcord,10m. . . . . ... ... ... ... 30948
lcolouring . ... ... ... ....... 30943

Measuring example:

Table 1: Volume (measured according to the overflow
method), dimensions and mass of the test bodies.

body volume dimensions mass
v d h m
cm3 cm cm g
cube 1 27 3.0 20
cube 2 27 3.0 0.29
ball 270 8.0 7.86
cylinder 88 4.5 5.5 239.8
block 32 4.0 2.0 249.6
stone 50 119

Carrying out the experiment

With a bent piece of wire press the wooden cube
completely under the water in the glass cylinder. Determine
the quantity of water displaced, and take it down (see
Fig. 2).

Take the wooden cube out of the water, dry it, measure its
dimensions with the precision vernier callipers, and record
them.

Determine the mass of the wooden cube, and take it down.
Repeat the measurements with the styrofoam bodies. Each
time pour coloured water from the plastic beaker into the
glass cylinder until the overflow tube is filled with bubble-
free water, and empty the graduated cylinder.

For measuring the aluminium cylinder and the steel block,
bind cord around the test bodies, and immerse them into
the overflow reservoir after filling the reservoir anew (see
Fig. 2).

Finally determine the volume and the mass of an arbitrary
stone.

Fig. 2 Immersing the test bodies

Evaluation and results:

Table 2: Measured and calculated volumes of the test bodies.

body measured calculated formula
cube 1 27 27 V=d3
cube 2 27 27 V=d3
ball 270 268 Z4mr ET
3 [*O
cylinder 88 87.5 Ve %Q h
O
block 32 32 V=d2[h

In Table 2, the volumes measured according to the overflow
method are compared with those calculated from the dimen-
sions. Within the accuracy of measurement, the values are in
agreement. Therefore, one can expect that the overflow
method is suitable for determining the volume of the stone with
an irregular shape.

In Table 3, the densities p of the test bodies calculated from
the measured values V and m according to Eq. (I) are compiled.

Table 3: The densities p of the test bodies calculated from the
measured values V and m according to Eq. ()

body P
gcm3
cube 1 0.74
cube 2 0.011
ball 0.029
cylinder 2.74
block 7.8
stone 2.38
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