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On the derivation of the normal distribution of errors and the least squares method

in the instrumentation and measurement

Kazuyoshi KUBO, Mitsuomi IDEO, and Yasuhiro KATO

In this paper, we derived the normal distribution from Gauss's empirical rules. Next, we assumed the error
distribution to be a standard normal distribution, considered the simultaneous probability density of the measured
values, performed maximum likelihood estimation, derived the least squares method, and showed that using the least
squares method yields the arithmetic mean. Based on these mathematically derived results, we discussed several
relationships among the arithmetic mean, normal distribution, and the least squares method. In particular, we presented
ideas that can be further developed based on this process. We also demonstrated the handling of uncertainty in cutting-
edge technology using easy-to-understand examples. We believe that this has provided a starting point for students to
be mindful of high-level measurement in measurement engineering lectures and experiments at technical colleges.
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