THE HYDROMETER

AN INTRODUCTORY DOCUMENT FOR FIRST YEAR STUDENTS
Scott Hale

A hydrometer measures the density of liquids.  It is made of clear glass and is most often approximately 8 inches long (standard size).  Hydrometers are primarily used to determine the density of an unknown liquid.  They also calculate the density (Density=mass of the liquid/volume of the liquid, or D=m/v) or specific gravity (specific gravity=the ratio of the mass of a liquid to the mass of an equal volume volume of distilled water at 4 degrees Celsius) of a known liquid.  The hydrometer operates on Archimedes Principle.  Archimedes , an ancient Greek mathematician, discovered that when a body lighter than a fluid is placed in that fluid, the fluid displaced by the body will equal the volume of the body as well as the mass or weight of the body.  This principle is better known as buoyancy.  Hydrometers consist of two parts:  a stem and a bulb shown in figure 1.
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Figure 1	The Hydrometer

The slender tube above the larger tube is the stem (see figure 2).  It is hollow glass with a rounded end.  The straight, cylindrical stem is calibrated by which the density or specific gravity of the test liquid is measured.  The stem ends as the glass cylinder enlarges into the bulb.
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Figure 2	The Stem

The bulb consists of 2 parts:  the ballast and the glass bead.  As the hollow bulb enlarges from the stem, its diameter increases, stabilizes, and rounds at its end in the shape of a hemisphere.  This rounded end contains the ballast (small steel spheres) inside, at the end of the bulb.  The small spheres are held in place by epoxy.  The ballast weights the hydrometer in the liquid.  Attached to the outside of the hydrometer, at the end of the bulb, is a small, glass bead.  This glass bead serves to buffer the hydrometer, preventing the bulb from coming into direct contact with the bottom of the liquid's container (see figure 3).
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Figure 3	The Bulb

Before you use the hydrometer, make sure it is clean by rinsing it in distilled water.  Any residue may render a false measurement.  To use the hydrometer, hold it by the stem so that the ballast hangs below.  Gradually immerse the bulb into the center of the test liquid until the surface level directly contacts the stem.  Never drop the hydrometer into the test liquid; it can damage the hydrometer rendering a false measurement.  Gently release the stem.  Once the hydrometer is balanced (no longer bobbing up and down), you may read the density.  You should notice that the surface level of the liquid is, in fact, curved up along the edges of the liquid's container.  This effect is called a meniscus.  Locate where the meniscus is at its lowermost point along the scale of the stem.  Record the corresponding number from the scale.  This measurement is the density (g/mL) of the liquid (see figure 4).




            Hydrometer Scale

                          Meniscus



                              Liquid
file_6.jpg

file_7.wmf




























Figure 4	Measuring the Density of a Liquid

To ensure an accurate measurement, keep the hydrometer free-floating in the center of the liquid's container.  This will position the hydrometer closest to the center of the liquid's meniscus.  If the hydrometer contacts either the side or bottom of the liquid's container, it will render a false measurement.  After you have taken the measurement, carefully remove the hydrometer from the liquid by the stem.  Be sure to rise the hydrometer with distilled water after each measurement taken and before storage.

