Alternative Liquid Densimeters


The following methods of measuring liquid density, excluding the more recent precision methods included at the end, can be found listed in the Encyclopaedic Dictionary of Physics.


The first of them, the Pyknometer, is simply a precise tool for collecting an exact quantity of a liquid into a container of a known weight.  By weighing the full container, the weight and mass of the liquid sample can be measured, and, when compared with its known volume, the density can be calculated.  Precise Pyknometers take the shape of having a large reservoir containing the liquid, below parallel pairs of thin, graduated capillaries.  The Pyknometer is filled so that the liquid reaches both capillaries and can thus be measured.  The error in this method varies by Pyknometer, mostly due to variations in reservoir volume and capillary diameter, from 10-5 to 10-3 grams per milliliter.


A next method, the Balance of Westphal, consists of a plummet of known density placed within a collected sample of the liquid.  The plummet, in addition to receiving the buoyant force of being submersed in the liquid, is suspended by a balance that allows an experimenter to adjust the force lifting the plummet until equilibrium is achieved.  The known density of the plummet and the known force raising can be combined to calculate the density of the liquid to within an error of 2*10-4 grams per milliliter.


In another method, called the hydrometer, a glass bulb containing a lead or mercury weight with a graduated stem, is immersed in the liquid to the buoyant point, at which point a scale reading can be taken of the density of the liquid.  Though an ideal situation can yield results to within 10-4, this method is subject to surface tension, which limits the accuracy of the results in most cases.


The most accurate of these measurements, the flotation method, is independent of this surface tension.  Here, a float is placed within the liquid, and the temperature of the liquid, which very slightly affects its density, is adjusted until the float is stable.  This system requires temperature measurements that are accurate to within a fraction of a millidegree, and a sink whose density is within the range of densities that the liquid can achieve at different temperatures.  The flotation method can achieve an error as low as 5*10-8 grams per millileter.  Unlike the magnetic densimeter method that is being used here, the flotation method requires a large sample size.  In measurements of biological substances, this fact can become a crucial drawback for the method.


The following precise method of liquid density measurement is briefly explained in the McGraw-Hill Encyclopedia of Science and Technology,
 and is related to the article by Schwenterly, Pobell, and Reppy,
 included in the Reference section below, which refers to the technique as applied to materials in the superfluid state.  First developed by O. Kratzky, the Oscillating U-Tube method is based upon the principle that the density of a sample liquid placed within a tube is related to the difference in resonant frequencies of the full tube and the empty tube.  The relationship between the resonant frequency, f, the elasticity coefficient, Y, and the mass of the sample, m, which forms the basis of the method, is explained by the following formula:




f = (1/2()*(Y/m)1/2

This method can produce results that are accurate to within 2*10-6 grams per milliliter.
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