Boyle’s Law:  Verification
Solution

To download worked spreadsheet, go to:

http://web.lemoyne.edu/giunta/classicalcs/boyleverifyans.xls
Boyle’s law says that the product of the pressure and volume of a gas is constant (all other things, such as the temperature, being equal).  In the table below, the column marked “product” contains the product of each pressure times its corresponding volume.  Inspection by eye shows that the product values fall in a fairly narrow range, roughly 1396-1415.  The range of the product column (that is, the difference between its high and low values) is one measure of the constancy of the data.  The range is 19 units.  Since the products are all near 1400, a range of 19 is a range of just over 1% (19 parts in 1400 = 19/1400 = 0.014 = 1.4%), a rather small range.  So yes, the product is pretty nearly constant, as Boyle’s law requires.

The range is one way of characterizing the spread of data.  For this problem, it works pretty well.  It does not really make use of the whole data set, though, for it depends only on two values (the extreme values).  If one or both of those data points are outliers, then conclusions based simply on the range may not really be representative of the measurements.  Statistical quantities such as the mean and standard deviation are commonly used to describe data sets.  The mean, or arithmetic average, can usually be thought of as a representative or typical outcome.  The mean value in the product column is 1408, far from both extremes, but not exactly in the center.  The standard deviation is a measure of the spread of the data.  Roughly 2/3 of the points in a data set can be expected to fall within one standard deviation of the mean.  The standard deviation here is 5, or 0.4% of the mean.  Indeed, 17 of the product values fall within one standard deviation of the mean and 7 do not.  All of this analysis confirms the obvious conclusion that the product is very nearly constant, as required by Boyle’s law.

	volume
	pressure
	product

	48
	29.125
	1398

	46
	30.5625
	1405.875

	44
	31.9375
	1405.25

	42
	33.5
	1407

	40
	35.3125
	1412.5

	38
	37
	1406

	36
	39.3125
	1415.25

	34
	41.625
	1415.25

	32
	44.1875
	1414

	30
	47.0625
	1411.875

	28
	50.3125
	1408.75

	26
	54.3125
	1412.125

	24
	58.8125
	1411.5

	23
	61.3125
	1410.1875

	22
	64.0625
	1409.375

	21
	67.0625
	1408.3125

	20
	70.6875
	1413.75

	19
	74.125
	1408.375

	18
	77.875
	1401.75

	17
	82.75
	1406.75

	16
	87.875
	1406

	15
	93.0625
	1395.9375

	14
	100.4375
	1406.125

	13
	107.8125
	1401.5625

	12
	117.5625
	1410.75

	
	average
	1408.09

	
	st. dev.
	5.02


One last point.  Another approach to solving this problem is to formulate Boyle’s law as saying that the pressure and volume are inversely proportional.  Inverse proportionality means that one variable is proportional to the reciprocal of the other.  Thus a plot of p vs. 1/V (or V vs. 1/p) should be a straight line with a y-intercept of zero.  The accompanying figure certainly shows a straight line, and the y-intercept is very close to zero.
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