uncertainty 12

Two colleagues are tasked with measuring the mass of five nearly identical pennies using a
mass balance. One colleague recommends measuring the mass of each of the five pennies and
obtain an average value from the five measurements. The other colleague recommends
measuring the mass of the five pennies simultaneously then dividing by five. Which
measurement will have the least uncertainty? Support your answer.
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uncertainty 12

SOLUTION:

First consider the case where each penny mass is measured separately. Each of these measurements will have the

same uncertainty, om, since the same mass balance is used. Thus, we will have the following five measurements:
m1 * om, ma + om, m3 £ Om, m4 £ om, ms + om

The average penny mass is,

r?z=§(m1+m2+m3+m4+m5), (D
and the uncertainty is,
_ _ N2 N2 _\2 _\2 2
5 = (6, )" + (67,)" + (i) + (6, )” + (57, o)
where, -
Sy, = 26, = 6m (3)

where om is the uncertainty in an individual penny mass measurement. Thus, Eq. (2) becomes,
_ 1 N
sim = |5(z6m) = Zom. (4)
Now consider the case where all five pennies are measured simultaneously. For this case we have a single
measurement,

m=_M, (6)
where,

M=m, +m, + m; + m, + ms. (7
The uncertainty for this case is,

= — = Y2 — s, = Menr 1

dm = /(6my,)? = émy, = 5y OM = Z6M. ®)
The uncertainty in this single measurement is om, i.e., SM = dm, since the same mass balance is used. Thus,

§m = Z5m. ©

Thus, we observe that the uncertainty is smaller using the latter method (measuring the mass of the five pennies
simultaneously). This technique is known as “stacking” and can be used to reduce measurement uncertainty.
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