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History of precise reading for electrical measuring instruments
—From analog to digital —

Eiju MATSUMOTO

Abstract

Having searched for the history of measuring instruments including astrolabes, quadrants, surveying
instruments, metrological instruments, electrical instruments and digital instruments, it was found there were
several kinds of precision reading scales such as the Nonius scale, the diagonal scale, the vernier scale and the
micrometer scale and today’s digital scale.

The Nonius scale invented by Pedro Nunez in 16th Century was used as precision readings of circular
instruments, however, the diagonal scale invented by Levi ben Gerson in 15th Century spread it’s application from
linear scale division to circular scale division. After the development of the diagonal scale, the scale has been
employed for the precision reading of many kind of measuring instruments such as astronomical instruments,
navigational instruments, geodetic instruments, and electrical instruments. It had been used in Europe, in the US
and in Japan for long time over 500 year, from the 15th to the 20th century.

This paper analyzes the reason of long time usage of the diagonal scale and explains the two features of
diagonal scales used in astronomical instruments and used in electrical instruments. Former application focused on
uniform precise divisions for angle measurements which stood for star positions and later application focused on
not only linear but non-linear divisions which stood for electrical value indications.

Furthermore, after the study of the analog/digital conversion techniques for electrical measuring instruments,
it was proved that the technology of precise reading less than one resolution employs similarly two procedures
such as the diagonal scale of analog instruments. The digital employs two time steps for precise conversion and
the analog employs two scale divisions for precise reading. It is expected that, sometimes the digital world
employs similar technology such as vernier of the analog, the competition pursuing high resolution will last
forever in the analog and digital world.

Key words : astronomical instruments, surveying instruments, metrological instruments, electrical instruments,
Nouius scale, diagonal scale, vernier scale, digital scale, analog/digital conversion.
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