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| was recently explaining to a middle school teadiow to measure the density
of a solid object (that is denser than water) bygaring its weight in air and its weight
suspended in water. The measured weight when isdegen water is the actual weight
minus the buoyant force. Archimedes Principle ¢egmighe buoyant force to the weight
of the water displaced. From this one may caleula¢ volume of the water displaced,
and hence the volume of suspended object. Theahthe mass of the object to its
volume gives the density.

To carry out this measurement | have always udeghging pan balance. A
beaker of water can be supported above the pan bytarnal mechanism and the object
whose density is to be measured can be suspenetthéwater from the hook that
supports the hanging pan. Some hanging pan bal@oeoee with a special beaker
support fixture, apparently with this applicationmind. The problem for the particular
middle school teacher | was speaking to was thalalhedid not have any hanging pan
balances. Their triple beam balances have pamosigd from beneath. | went to bed

that night puzzling about what she could do andkaan the morning with a solution!

“The Buoyancy Reaction Force Method”
Rather than weighing the object as it is suspeiué#ae water, weigh the beaker

of water. Put the beaker directly on the pan. giiéhe beaker without the object, then



again with the object dangling in the water, butmsting on the bottom. The object can
be suspended from a lab stand or even by handte$ihe water supplies an upward
buoyant force on the suspended object, NewtonisiTlaw says the object will produce
an equal downward force on the water. The excesghivof the water thus equals the
buoyant force, which equals the weight of the disptl water, from which the volume of

displaced water may be found.

Computation for the illustrated example:

The electronic scale shown in the illustrations soees only to the nearest gram,
so the numbers obtained here are very crude, iluligstrative. The mass of the ball in
air is 70 grams. The mass of the beaker of waitdowt the ball is 156 grams. The scale
reading with the ball suspended in the water (lotitouching the beaker) is 165 grams.
Note that the scale, even though it is calibratednits of mass, is actually responding to
force (weight). The extra 9-gram reading is trection force to the upward buoyant
force on the ball. According to Archimedes’ Pripleithe buoyant force is equal to the
weight of the water displaced. From the gram-catdd scale readings we can conclude
we have displaced 9 grams of water. Since theityesfavater is 1 gram/cfi the ball
must occupy 9 cfh Dividing the mass of the ball by the volumeué ball, the density

is computed to be 7.77 gram/Egplaying fast and loose with significant digits).

Conclusions
The “buoyancy reaction force” method is more vels#ibhan the traditional

approach. Any kind of scale can be used, incluthieghew generation of milligram



electronic pan balances frequently found in chemiabs. Milligram precision

translates to 0.001 ¢ht0.001 ml) precision for the volume measuremditect water
displacement in a graduated cylinder could not epgroach this precision. On the
other extreme the revised method would allow yotig@ string around a large chunk of
rock and suspend it in a bucket of water on a batihrscale. This is something students
could do at home.

On another level, the discussion of buoyancy amthitd-law reaction force on
the water opens an unexpected teaching opportuetgon enough to introduce this
method to students. Watching the weight of th&kbeaf water change as the object is
lowered into it is a wonderful direct confirmatiohsomething that is not at all intuitive
for most students. The implications of the methoelperhaps even more interesting and

instructive than the original lesson on density.



Captions:
(Reduced-size images are shown here to identify theull-size image files are attached

to the emailed manuscript.)

Fig. 1

Ball weighed in air: 70 grams

Fig. 2

Mass of beaker of water: 156 grams



Fig. 3

“Mass” reading for beaker with ball suspended inNibte that this is really a weight
reading calibrated in grams. Nothing in the piethas a mass of 165 grams. The scale
measures the weight of the beaker plus the reatditire buoyant force converted to
gram units. By Archimedes’ Principle the 9-grarfiedtence between this and the

previous reading is the mass of the displaced water



