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Synopsis

This book contains 26 experiments, experiment 1 ~ experiment 22 are basic contents of electric circuits and elec-
trotechnics, experiment 23 ~ experiment 26 are contents of relay contact control circuits. The contents of each experi-
ment are both in Chinese and English, with the English contents after the Chinese ones.

This book can be used as a textbook of experiments in Electric Circuits and Electrotechnics for undergraduate

students, also can be used as a textbook for foreign students studying in China.
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Preface

Bilingual teaching is one of the trends for reforms in Chinese higher education. Bilingual
electric circuits textbooks have been already compiled by some schools, electric circuits ex-
periments is the auxiliary course of electric circuits and there are no bilingual textbooks for it
have been published yet, so the author wishes to compile this book.

This book can be used as the textbook of experiments in Electric Circuits and Electro-
technics for undergraduate students, at the same time it also can be a convenience in the for-
eign students’ education. The author of this book works in Electrical Laboratory. School of
Electrical &. Electronic Engineering, North China Electric Power University for a long term.
teaches the independent course of electric circuits experiments for native students in multiple
majors and foreign students from multiple countries. During the course of teaching foreign
students, the author realized that for the foreign students who have difficulties in mastering
Chinese, a bilingual guide book will provide some help in understanding the contents of the
experiments.

Some experiments in this book are set as independent lessons traditionally, but in actual
teaching process, they can be finished in 2 class hours, in this book these experiments are
consolidated to ensure the enrichment of experiment lessons’ contents. The basic content of
this book is compiled and translated by Liu Xiao, and examined ang approved by Chen Yan .
Chen Panfeng and Wang Minfu revised and supplemented some content. Prof. Hu Po gives
plenty of valuable suggestions after the reviewing. the author wishes to express the sincere

_gratifude here.
“ The author’s capability is limited. It is hoped that the readers will kindly point the er-

rors.

The Author
2018. 11 North China Electric Power University
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Experiment 1 Measurement of Volt-Ampere
Characteristics of Circuit Elements

® Objectives

1. Learn the point-by-point testing method for volt-ampere characteristics of linear and
nonlinear resistors.

2. Learn how to use constant voltage source, DC voltmeter and ammeter.

® Principles

The characteristic of any resistance element can be represented by the function U = f(I), and
U and I are the voltage and the current of the resistor respectively. Also the characteristic can be
expressed as a curve on the U — I plane, and this curve is called volt-ampere characteristic
curve. The resistance elements are divided into two categories: linear resistor and nonlinear
resistor in terms of volt-ampere characteristic.

The volt-ampere characteristic curve of linear resistance element is a straight line passing
through the origin of plane, as shown in Figure 1 - 1. The slope of this straight line is determined
only by the resistance value R of resistor. This resistance value is a constant which is irrelevant to
the voltage U and the current I of the element. The resistance value R of nonlinear resistance ele-
ment is not a constant, which means the value is different at different voltages. The volt-ampere
characteristics curves of common nonlinear resistance elements such as incandescent lamp, diode,
zener diode, as shown in Figure 1 - 1(b), (¢) and (d). In the Figure, the part of U > 0 is

forward characteristic and the part of U <C 0 is reverse.

I I
il
0 U 0 U
(a) (b)
I iF
0 U 0 U

() (d)
Figure 1-1 The Volt-Ampere Characteristies of Some Typical Circuit Elements

(a) Linear Resister; (b) Incandescent Filament; (¢) Common Diode; (d) Zener Diode
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The point-by-point testing method is used where a volt-ampere characteristic curve is
drawn. Step to get volt-ampere curve; (DMeasure the current at different terminal voltages.

@Draw the volt-ampere characteristic curve point-by point. The resistance value can be cal-

culated from the curve.
® Equipment

Equipment is shown in Table 1 - 1.

Table 1-1 Equipment

Equipment Model or Specification Quantity Module®
Constant Voltage Source 0~30V 1 NDG - 02

DC Voltmeter 0~200V 1
DC Ammeter 0~2000mA 1 s

Resistor 1kQ 1

Resistor 2000 1
Incandescent Lamp 6.3V 1 NDG - 13

Diode IN4007 1

Zener Diode IN4728 1

® Contents

1. Measure the Volt-Ampere Characteristic of a

Linear Resistor

+

+

Qv

0~10V

D
—

i

Connect the circuit according to Figure 1 — 2, and

slowly adjust the output voltage U from 0V to max 10V.

Sy . Figure 1-2 Measure the Volt -Ampere

Fill in Table 1 -2 with the data from the voltmeter and am- o ) )
Characteristic of a Linear Resistor

meter.
Table 1 -2 the Volt-Ampere Characteristic of Linear Resistor
Uu 0 2 4 6 8 10
I (mA)

2. Measure the Volt-Ampere Characteristic of 6. 3V Incandescent Lamp
Change the 1kQ linear resistor in the Figure 1 -2 to a 6. 3V light bulb, repeat step 1,
the voltage must not exceed 6. 3V. Fill in Table 1 - 3 with the data from the voltmeter and

ammeter.
Table 1 -3 the Volt-Ampere Characteristic of 6. 3V Incandescent Lamp
U (V) 0 1 2 3 4 5 6
I (mA)

3. Measure the Volt-Ampere Characteristics of Diode

Connect the circuit according to Figure 1 — 3, where R is a current-limiting resistor. The

©® The types of the modules are from the experiment modules used in the author’s lab.
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forward current must not exceed 25mA when the forward characteristic of diode VD is meas
ured. The forward voltage value of diode should be in the 0~
0. 75V interval, and more measuring point should be set in the
0.5V ~0. 75V interval. Change the positive and negative

terminals of constant voltage source when the reverse char-

acteristic is being measured. Adjust the output of voltage

Figure 1 -3 Measure the Volt-  source, the reverse voltage must not exceed —30V. Fill in
Ampere Characteristics of Diode  Table 1-4 and Table 1 - 5.

Table 1 -4 the Forward Characteristic of Diode
U (V) 0 0.2 0.4 0. 45 0.5 0. 55 0. 60 0. 65 0.70 0.75
I (mA)
Table 1 -5 the Reverse Characteristic of Diode
U (V) 0 —5 —10 —15 —20 —25 —30
I (mA)

4. Measure the Volt-Ampere Characteristics of Zener Diode
Change the diode IN4007 in Figure 1 - 3 to zener diode IN4728, repeat step 3. The forward
and reverse current must not exceed £=20mA. Fill in Table 1 - 6 and Table 1 - 7.

Table 1-6 the Forward Characteristic of Zener Diode
) 0 0.2 0.4 0.45 0.5 0. 55 0. 60 0. 65 0.70 0.75
I (mA)

Table 1 -7 the Reverse Characteristic of Zener Diode
U (V) 0 =] =1 § =2 —=2.5 =% 8 =3 = 4 —=3:5 =3: 85
I (mA)

® Notes

1. The output terminals of constant voltage source must not be short-circuited.

2. Roughly estimate the values of voltage and current before measuring them, and
choose the range in terms of the estimated values.

® Questions

1. What is the difference between the characteristics of linear and nonlinear resistors?
Do the resistance values of them related to the current of these elements?

2. How to calculate the resistance values of linear and nonlinear resistors?

3. In Figure 1-3, lettingU = 2V, Up+ = 0.7V, what is the reading of mA ammeter?

4. Letting the function of volt-ampere characteristic of some resistor be I=f(U), how
to take points in the coordinate plane?

® Experiment Report

1. Draw the volt-ampere characteristic curves of resistors on graph paper.
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2. Calculate the resistance value of the linear resistor according to the volt-ampere char-
acteristic curve and compare it with the actual value.
3. Calculate the resistance value of incandescent lamp at rated voltage (6. 3V) according

to the volt-ampere characteristic curve. What is the resistance value when the voltage is reduced
by 20%7
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