
Analog Measuring Instruments – The Triangular PDF

Analog measuring instruments display varying (continuous) scale positions,
in contrast to digital measuring instruments, which display numbers with finite
significant digits. Reading an analog scale is a measurement process in and of
itself, with its own probability distribution function (pdf) resulting from such
effects as shifting parallax, indicator jitter, and clarity of scale, in addition to
scale resolution.

When, in particular, jitter is small, it is generally the case, as it is with
digital measurements, that limits beyond which the measurand cannot fall can
be determined, but, unlike in the digital case, these limits are themselves a
judgment call: each limit should be sufficiently far from the central value that
its probability is zero, but the interval between the limits should be as narrow
as possible to minimize the estimated uncertainty.

It is also typically the case with analog measurements that some reading
values between the chosen limits are more likely than others, specifically, that
values nearer the limits are less likely than values well between them. Thus,
for relatively steady pointing, analog measurements are well-approximated by
a triangular probability distribution function (pdf). As such, as you know,
assuming symmetry around a central value and a half-width, a,
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would contain 65% of the measurands.

This, of course, is only the uncertainty associated with the scale of the mea-
suring device. Many other uncertainties, including those mentioned above, also
contribute to the uncertainty budget, and must be included in the estimation
of the uncertainty associated with the measurand.

Whether or not specifications are provided, accuracy and precision must
be verified or determined. The procedure for this is referred to as calibration,
checking a device against a standard, or, in case a standard is not available,
against another device whose accuracy and precision are known to be better
than the instrument to be used.

You will be making an analog measurement with a ruler of the diameter of
a coin of the same denomination as you made with a digital instrument for the
last task. The digital caliper has better accuracy and precision than the wooden
ruler you will use for the analog measurement. Open the digital caliper to
150.00 mm, and check this opening against the ruler.

The check you make here is a comparison. A comparison asks if two things
are (significantly) different, or, quantitatively, if the difference between two
values is (significantly) different from zero. A significant difference is one that
is large relative to the uncertainties associated with the comparison. In this
case, comparing the scale of a ruler against the more precise and accurate scale
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of a digital caliper, there are uncertainties associated with each instrument and
with the process of making the comparison. You determined the uncertainties
of measuring with the digital caliper in the last task.

Note that a measurement with a ruler involves two measurements, one on
each side of the object being measured. The result is also a difference. Each
measure has its own uncertainties.

Functions of multiple measurements require uncertainties to be “propa-
gated,” as discussed in class. For differences between independent quantities,
say, x2 and x1, with uncertainties u2 and u1, respectively.
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Then, the result of the difference is reported as (x2−x1)±udifference units (CL%,
PDF), and the significance of the difference is quantified with
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where, if tdifference is large (say, greater than 3), the difference is significant.
Is the difference between the scales of the digital caliper and the

ruler significant? If it is, you will need to correct your measurements with
the ruler.

Measure with a ruler the diameter of a coin with the same denom-
ination as the coin you measured with a digital caliper. What do you
get for the diameter (corrected by the calibration, if necessary)? Are
the two measurements significantly different? Justify your answer
quantitatively.
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