INSTRUMENTS
AND
MEASUREMENTS
FOR
ELECTRONICS



INSTRUMENTS
AND
MEASUREMENTS
FOR
ELECTRONICS

CLYDE N. HERRICK

San Jose City College
San Jose, California

McGRAW-HILL BOOK COMPANY
New York San Francisco St. Louis Diisseldorf
Johannesburg  Kuala Lumpur London Mexico
Montreal New Dethi Panama Rio de Janeiro
Singapore Sydney Toronto



This book was set in Times Roman by Holmes Typography,
Inc., and printed and bound by The Maple Press Com-
pany. The designer was Janet Bollow; the drawings were
done by Gary V. Baird. The editors were Alan W. Lowe and
Eva Marie Strock. Charles A. Goehring supervised pro-
duction.

INSTRUMENTS
AND
MEASUREMENTS
FOR
ELECTRONICS
Copyright © 1972 by McGraw-Hill, Inc. All rights reserved.
No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, recording, or otherwise,
without the prior written permission of the publisher.

Printed in the United States of America.

Library of Congress catalog card number: 79-152004
1234567890 MAMM 79876543210

07-28367-2



Electronics is a new and expanding field of scientific endeavor
with many diverging areas, each changing rapidly, so that the
devices we study and use today may soon be replaced by more
sophisticated devices tomorrow. The electronic instrumenta-
tion used to make today’s measurements will be replaced
eventually with newer and more sophisticated instruments.
However, there is a common core of knowledge threading
through these areas, devices, and instruments.

It is the purpose of “‘Instruments and Measurements for
Electronics” to provide the electronics technology student
with a sound background in the basic theory and common-
core concepts of measurements and electronic measuring
instruments. To accomplish this purpose, the student is led
through graduated measuring concepts and techniques using
the measuring instrument as the supporting vehicle.

The student is also presented with a basic core of
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PREFACE

measuring concepts and techniques through the study of
electronic instruments. These instruments can be applied as
the basis in every facet of measurement in electronics. Textual
treatment includes both intuitive and déscriptive approaches,
as well as conceptual and analytic approaches.

The text provides the student with an understanding of
the logic behind the selection of a specific type of instrument
for a measurement and the accuracy to be expected from this
instrument. The student will also learn the importance of

_proper care and application of each type of measuring instru-

ment and the purpose of calibration and maintenance of this
instrument. Careful distinction is made between accuracy and
precision. The student will also obtain an understanding of
the probability of error analysis for electronic instruments and
measurements, and the limitation of each type of measuring
instrument.

The foregoing objectives are realized in “‘Instruments
and Measurements for Electronics” tarough the presentation
of materials under six topics: Basic Measuring Instruments
(Meters); Bridge-Type Instruments; Electronic Display In-
struments ; Generating Instruments; Tube and Semiconductor
Device Testers; and Electronic Counters and Frequency
Meters.
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1

PROBABILITY AND
- ERROR ANALYSIS

1.1 PRECISION OF MEASUREMENTS
Although beginning students tend to confuse the precision of a
measurement with the accuracy of a measured value, there is
a basic distinction between these terms. For-example, a battery
or cell such as illustrated in Fig. 1.1 has a tetminal voltage
(strictly an electromotive force) that we call its true or actual
voltage. Furthermore, this actual voltage value is not measur-
able, although we can approximate this value by careful
measurement. The accuracy of a measurement denotes the
extent to which we approach this actual value. Even the most §
careful measurements can establish an actual voltage value
only within certain limits of accuracy. Of course, new and
improved measuring techniques can narrow these accuracy
_limits. _ C ' 3




FIG. 1.1 Appearance (a) and
construction (b) of a Weston
standard cell.
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On the other hand, the precision of a measurement
denotes its departure from the average of a number of mea-
sured values. For example, suppose that we carefully measure
the terminal voltage of a dry cell six times. Since an observa-
tional error is inevitably present in any voltmeter reading
(except nonanalog types), we may take the precaution of
asking five other observers to repeat this measurement and
thus we have six separate measured values:

1.49 1.49
1.51 1.52
1.50 1.50

In this example, we are using the most accurate volt-
meter available and accordingly are concerned only with the
precision of the foregoing measurements. We proceed as
follows: The sum of the measured values is 9.01 V. We divide
this sum by 6 to find its average value of 1.50+ V. Since the
remainder in the quotient is less than 5, we round off 1.50 +
to 1.50 and thereby determine its most probable value. In turn,
we conclude that the third and sixth measurements were the
most precise within the group of six measurements.

Note that the first measurement has a precision of
approximately 99.3 percent; this precision can also be stated
as approximately +0.7 percent deviation from the mear:.
The third measurement has a precision of 100 percent, and
so on. Next. if we obtain a voltmeter with a higher accurac:



