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Today’s world is an exclting place in which new discoveries and inventions are con -
stantly being made. As we look at all these developments, we see that many of them are
dependent on electrical signals or power. Even mechanical machines, like car engines, are
making increasing use of electronic circuits in thelr contro! systems, and of course the
worldwlde explosion of communication is the result of huge advances in electronic theory
and practice.

Behind all this activity, there Is a need to be able to test and measure the quantities
that we are using. Whether It Is farming, rocketry, navigation or telephony, the requlire -
ment of knowing the values of quantities Is the same. Thus electrical instrumentation is of
paramount Importance in current technology.

In this context, the subject of Electrical Measurements Is a vital Ingredient of the
curriculum in Chinese universities, and Is incorporated into a wide spectrum of sub ject
ma jors in the science and technology disciplines. The emphasis by the Chinese government
on bilingual engineering education Is very relevant to the present time, and this textbook
has been produced as a resource for such a programme here in Shandong University of
Sclence and Technolegy. The subJect is taught to third-year undergraduates in most de -
partments of the Gollege of Information and Electrical Engineering. As part of the bilingual
experiment, the course Is taught in three modes to different classes of student. One group
uses entirely Chinese as the medium of Instruction, while another receives thelr oral lec -
tures and uses textbooks in English. A third group Is lectured in Chinese while using an
English textbook. These disparate combinations have all produced positive results, and led
to some interesting research findings.

We, the authors, have taught this sub ject for a number of years, and are convinced
of its relevance to engineering education today. Since English Is widely used on the inter -
national front for this discipline, we hope to equip our students with the skills to interact
with oversedas engineers, businessmen and decislorrmakers, English is now the preferred
medium for International conferences and for many technical and popular journals. The
increasing number of links between Chinese universities and those overseas demands an
ablliity to communicate technically in English.

We offer this publication in the hope that it will benefit other universities wishing to

teach this sub ject in English. Since we are aiming initially at Chinese students, there Is a
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vocabulary list of new technical terms at the end of each chapter. To assist the growing
population of foreign students now studying in China, we have included the pinyin rendering
of words. The book has been written using British English.

Since feedback is an important topic in the book, we would like to encourage readers
to communicate with us, in order to improve the text and content of future revisions. We
wish to acknowledge the work of those who have assisted with this production: colleagues,
the publishing house, and our College of Information and Electrical Engineering.

We dedicate this book, with affection and respect, to our spouses Pamela Collier and

Gao Bo who have encouraged us in this undertaking.

Michael Collier Zheng Juanjuan
collier1942@ yahoo.co.uk jade_zjj@ hotmail.com

Shandong University of Science and Technology, Huangdao, July 2009
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Fundamentals of Measurement Systems

Although we may not be aware of it, life in the 21* century involves an enormous num-
ber of measurements of a wide range of quantities. The production of a weather report is the
result of hundreds of pieces of data from sensors scattered across a wide area of the globe;
which information is then transmitted to central locations for processing and display. The
control of a manufacturing plant also entails scores of measurements along production lines
and within processing machines. Modern cars use sensors in the engine, brakes, lubrication
system and passenger compartment to provide safe and comfortable travel. In fact, electrical
measurements are found almost everywhere in the modern world.

In this book we will look at the various aspects of measurements from the simple devices
which collect data to advanced electronic systems which operate automatically. Not only will
we look at the theory of these things, but we will also consider the practical aspects of mak-
ing measurements, We will cover the spectrum from analogue sensors which work by changing
their resistance to computer-based measurement using the concept of virtual instrumentation.

Measurement theory is related to precision, which is important for evaluating the results
of data received from a system. Different situations require different levels of precision. For
example, if you are talking about the weather, you may say “It’s quite hot today”, and that
is probably adequate for casual conversation. However, if you want to know the temperature
inside a nuclear reactor, then “It’s quite hot” is obviously far too vague! Instead, you expect
something like “It’s 1 156 “C”. The use of numerical information is generally required in all
types of engineering situations. Lord Kelvin, shown in Figure 1. 1, was a famous scientist in
the 19%* century. He said the following:

“When you can measure what you are speaking about, and
express it in numbers , you know something about it; but when you
cannot ex press it in numbers , your knowledge is of a meager and
unsatis factory kind ; it may be the beginning of knowledge, but
you have scarcely in your thoughts advanced to the state of sci-

ence.”

In general terms, we can divide the concept of electrical meas-
urements into two areas depending on whether the quantity meas- Figure 1.1 Lord Kelvin
ured is an actual electrical unit or a general physical variable. The following sections describe

these two areas.




