MINISTRY OF SCIENCE AND HIGHER EDUCATION OF THE RUSSIAN FEDERATION
FEDERAL STATE AUTONOMOUS EDUCATIONAL INSTITUTION OF HIGHER
EDUCATION
"NORTH CAUCASUS FEDERAL UNIVERSITY"

Suggestions for Teaching

on the implementation of practical classes
by discipline

Circuit Analysis

for students of the field of study / specialty
11.03.02 Infocommunication Technologies and Communication Systems
Profile
"Intelligent Data Processing in Infocommunication
Systems and Networks"

Stavropol 2026



CONTENTS

INtrOAUCTION. ...ttt et e

Practical lesson Nol Investigation of electrical circuits by the superposition method and
the equivalent generator method............ccvevieriienieniiiinieeieeeeee e

Practical Lesson No2 Investigation of Ideal Elements of Sinusoidal Current Circuits
Practical Lesson No3 Investigation of Unbranched Circuits of Sinusoidal Current ...
Practical Lesson No4 Investigation of branched circuits of sinusoidal current ......
Practical Lesson No5 Investigation of Three-Phase Circuits ...........cccccceevevieriienieennens
Practical Lesson No6 Investigation of Frequency Characteristics of Aperiodic Circuits
Practical Lesson No7 Investigation of Frequency Characteristics of Single Oscillating
CITCUIES. ¢ttt

Practical Lesson No8 Study of Time Characteristics of Aperiodic
CRAINS. .. ettt sttt et e

Practical Lesson No9 Study of Four-Poles...........cccccceviiniincnncnnne

Practical Lesson No10 Investigation of the Frequency Response of LC Filters ...........

RETEIEIICES. ..o e e e e e e e e e eeeseeeeeeaeeaaaeseeeeeeeannnas

12
18
24
30
36

42

47
52
60
67



Introduction

Practical classes are an essential element of the educational process at the university, during
which students actually encounter independent practical activity in a particular field for the first
time. They are, as it were, an intermediate link between the in-depth theoretical work of students
at lectures and the application of their knowledge in practice. These classes successfully combine
elements of theoretical research and practical work.

By performing practical work, students better assimilate the program material, since many
calculations and formulas that seemed abstract become quite concrete, there is a contact between
theory and practice, which generally contributes to the clarification of complex issues of science
and the formation of students as specialists.

Practical work activates the independent work of students on the course being studied. It
should be noted that the most intensive and rhythmic work during the semester is carried out by
students in those disciplines in which there are laboratory classes.

At present, it is generally accepted that the workshop should be creative, research, and not
contemplative, reproductive. Therefore, classes should be a school of practical experience, a
school of creative skills, and the effective use of science in the chosen profession. Along with this,
a laboratory workshop should be a school of creativity and perseverance in achieving a scientific
goal.

Practical work is one of the types of independent practical work of trainees, in which,
through experiments, theoretical knowledge and skills of trainees are deepened and consolidated
in the interests of their professional training.

The performance of Practical Work by trainees is aimed at:

to deepen and consolidate the knowledge of the theoretical course through the practical
study of the laws and regulations set forth in the lecture in laboratory conditions;

to acquire skills in scientific experimentation, analysis of the results of experiments and
drawing up reports on them;

to practically familiarize themselves with measuring equipment and measurement
methods, the structure of various experimental apparatus and equipment;

to acquire primary skills in organizing, planning and conducting scientific research.

Thanks to practical work, students better assimilate the program material, since during the
preparation and implementation of experiments, many such details in the theory of the issue are
revealed, which students did not encounter either at lectures or in practical classes. In short, the
contact of theory and experience, which takes place in the laboratory, not only contributes to the
assimilation of educational material, but also develops thinking, giving it rational features and an

active character. Properly organized work should require from students not only good knowledge



of theory, but also the display of initiative, observation and independence in conducting

experiments, the ability to analyze, generalize and draw conclusions.



Practical lesson No1l

Investigation of electrical circuits by the superposition method and

the equivalent generator method

Purpose of the work:

1. Experimental study of electrical circuits by the superposition method.

2. Experimental study of electrical circuits by the method of an equivalent voltage
generator.

3. Experimental study of electrical circuits by the method of an equivalent current
generator.

Task to prepare for laboratory work:

1. Familiarize yourself with the manual for laboratory work;
2. Perform a preliminary calculation according to the task option (Table 1):
2.1. Calculate currents in the branches of a given circuit using the superposition method.
2.2. Calculate the current in the branch with element R3 of a given circuit using the
equivalent voltage generator method.
2.3. Calculate the current in the branch with element R3 of a given circuit using the

equivalent current generator method.

Description of the study design

The research is carried out on a PC in the Electronics Workbench environment. The research

schemes contain DC and voltage sources, resistors, a voltmeter and ammeters.

Research Assignment
1. To study the distribution of currents in the branches of a DC electric circuit by the
superposition method.
2. To determine the current in a given branch of a DC electric circuit by the method of an
equivalent voltage generator.
3. Determine the current in a given branch of the DC electric circuit by the method of an
equivalent current generator.

Table 1 - Variants of tasks for preliminary calculation and research



Option No El,B E2, B J, mA R1, Ohm R2, Ohm R3, Ohm
1 20 12 160 110 140 140
2 11 14 170 120 150 150
3 13 16 180 130 160 130
4 15 18 190 140 170 140
5 17 20 200 150 180 150
6 19 11 100 160 190 160
7 12 13 110 170 200 170
8 14 15 120 180 100 180
9 16 17 130 190 110 190
10 18 19 140 200 120 200
11 20 12 150 100 130 100
12 11 14 160 110 140 110
13 18 16 170 120 150 120
14 20 18 180 130 160 130
15 11 20 190 140 170 140
16 13 11 150 150 180 150
17 15 13 160 160 190 130
18 17 15 170 170 130 140
19 19 17 150 180 140 150
20 12 19 160 190 150 160
21 14 11 170 200 160 170
22 16 13 180 100 170 180
23 18 15 190 110 180 130
24 20 17 200 120 190 140
25 11 19 100 130 200 150
26 13 12 110 140 100 160
27 18 14 120 150 110 170
28 14 17 300 128 250 200
29 20 17 180 100 140 150
30 11 19 190 110 150 160
31 23 12 150 180 130 150
32 14 14 160 190 140 160
33 17 16 170 200 150 170
34 22 18 180 100 160 180
35 15 20 190 110 170 190
36 17 16 170 120 150 160




Procedure for conducting research

a) Examination of an electrical circuit by the superimposition method

1. Assemble the circuit diagram (Figure 1). When assembling the circuit, connect the

ammeters and voltmeter in compliance with the "polarity"
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Figure 1
2. Set the values of the EMF and the current of the energy sources, the values of the circuit
elements specified according to the option. To do this, the cursor is brought to the desired element
and by double-clicking the left mouse button, a window (with the name of the element) is called,
in which the required value of the parameter is set and the "Accept" button is pressed.
3. In the diagram (Figure 1), set all the keys to position 1 (if necessary, press keys 1, 2 and 3
on the keyboard)
o4. After completing the installation of all the parameters of the circuit, move the button

= L[ n0_1" Jocated in the upper right corner of the screen to the 1-"On" position. Upon

completion of automatic calculations (a few seconds), move the button to the 0-"Off"
position. Enter the readings of ammeters and voltmeter in Table 2.

e Table 2 - Calculated and experimental data of the superposition chain study
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¢ 5. Switch off the sources E2 and J with switches 2 and 3. To do this, move keys 2 and 3

to position 0 (press keys 2 and 3 on the keyboard). Move the button (0-1) to position "1". Upon
completion of automatic calculations, move the button (0-1) to position "0". Enter the readings of
ammeters and voltmeter in the table of calculation and experimental data (Table 2). Switch
switches 2 and 3 to position 1 (initial position)

6. Use switches 1 and 3 to turn off sources E1 and J (press keys 1 and 3 on the keyboard,
while the keys are moved to position 0). Move the button (0-1) to position "1". Upon completion
of automatic calculations, move the button (0-1) to position "0". Switch switches 1 and 3 to
position 1

¢7. Use switches 1 and 2 to turn off sources E1 and E2 (press keys 1 and 2 on the keyboard,
while the keys are moved to position 2). Move the button (0-1) to position "1". Upon completion
of automatic calculations, move the button (0-1) to the "0" position. Switch switches 1 and 2 to
position 1

8. Determine the algebraic sum of "partial" currents in each branch of the circuit under study
(add the currents of items 2-4 of Table 2) and compare them with the measurement results of item
1 of Table 2. 2. Draw conclusions.

9. To compare the results of preliminary calculations of primary parameters with the results

of research. To draw conclusions.

b) Experimental study of electrical circuits by the equivalent generator method
1. Assemble the diagram of the electrical circuit (Figure 2). To do this, it is necessary to
remove element R3 in the diagram (Figure 1) and add the key K.
2. To determine the parameter of the equivalent voltage generator Ee = Uxx in the circuit

(Figure 2), set the idle mode: switch "K" to position 0 (press the K key on the keyboard).
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e 3. After completing the installation of all circuit parameters, move the button (0-1) to the "1"
position. Upon completion of automatic calculations, move the (0-1) button to the "0" position.
Enter the readings of the U3=EE voltmeter in the table of calculated and experimental data.

eTable 3 - Calculated and experimental data

e Research method e U3 B e I3, mA e Re,Ohm |e In, mA
e Equivalent e Calculation | . . .
Voltage

Generator e Experiment | o . . .
Method

e Equivalent e C(Calculation e 0 ° ° .
Current -

Generator Experiment e 0 ° ° °
Method

o4, To determine the value of Je (the parameter of the equivalent current generator) in
the circuit (Fig.2), set the short-circuit mode: switch "K" to position 1 (press the key K on the
keyboard). Move the button (0-1) to the position "(1)". Upon completion of automatic calculations,
move the button (0-1) to the position "(0)".

¢5. To determine the value of Re (the parameter of the equivalent oscillator) in the circuit

(Fig.2), move the switch "K" and keys 1, 2, 3 to position 0 (the circuit is converted into a passive

—
1

o

two-pole). Instead of a voltmeter (Figure 2), connect a multimeter and prepare it for

nn

measuring resistance. To do this, move the cursor to its image and activate and press the button
by double-clicking the left "mouse" button Q. Move the (0-1) button to the "(1)" position. Upon
completion of automatic calculations, move the (0-1) button to the "(0)" position.

o The resistance E is determined using the results of the idle and short circuit experiments

R, = Tj; . The results of the Re measurements are compared.
3

e 6. To determine the load current In=I3 in the circuit (Figure 1), assemble the diagram of the

electrical circuit (Figure 3) using the equivalent voltage generator method.
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Figure 3 Figure 4
e Move the button (0-1) to the position "(1)". Upon completion of automatic calculations,
move the button (0-1) to the position "(0)". Enter the readings of the ammeter in the table of

calculated and experimental data.



e 7. To determine the current I3 in the circuit (Figure 1) using the equivalent current generator
method, assemble a diagram of an electrical circuit (Figure 4).

e Move the button (0-1) to the position "(1)". Upon completion of automatic calculations,
move the button (0-1) to the position "(0)". Enter the readings of the ammeter in the table of
calculated and experimental data.

8. Compare the results of preliminary calculations of current 13 and Ine with the results of
research. Draw conclusions.

¢ Contents of the report
The laboratory report should contain:
- name of the work;
- the purpose of the research;
- research program (task);
- research schemes made in accordance with the requirements of GOSTs;
- Completed tables of calculation and experimental data, calculation formulas and detailed
calculation of all required parameters;
e - conclusions based on the results of research.
¢ Control questions:
1. Formulate the principle of superposition.
2. Explain the algorithm for calculating an electrical circuit using the superposition method.
3. What is a branch of an electrical circuit?
4. What is meant by an electrical circuit replacement scheme?
5. Formulate Ohm's Law for a Closed Single-Loop Circuit.
6. Formulate a generalized Ohm's law.
7. Explain the algorithm for calculating an electrical circuit using the equivalent voltage
generator method.
8. Explain the algorithm for calculating an electrical circuit using the equivalent current

generator method.



Practical lesson No2

Investigation of Ideal Elements of Electric Circuits of Sinusoidal Current

Purpose of the work

1.1 Experimental study of an electric circuit with an ideal resistor.
1.2 Experimental study of an electric circuit with an ideal inductive coil.

1.3 Experimental study of an electrical circuit with an ideal capacitor.

Task to prepare for laboratory work

Read the laboratory manual.
Perform a preliminary calculation of the current in the R-, L- and C circuits specified

according to the option (Table 1), build vector diagrams of current and voltage.

Description of the study design
Studies are carried out on a PC in the Electronics Workbench environment. The study circuits
contain an AC voltage source (functional generator), a current-controlled voltage source, a resistor,
an inductive coil, a capacitor, an oscilloscope, an ammeter, and a voltmeter. An oscilloscope is

used to determine phase shifts between current and voltage.

Research Assignment

1. Investigate the effect of the parameters of the circuit with an ideal resistor on the current

value.

2. Investigate the effect of the parameters of a circuit with an ideal inductive coil on the

current value.

3. Investigate the effect of the parameters of the circuit with an ideal capacitor on the
current value.
o
e Procedure for conducting research
o
Examining a Circuit with an Ideal Resistor

1. Assemble the diagram of the electrical circuit (Figure 1).



Figure 1- Diagram of the study of a circuit with an ideal resistor
¢2. Set the resistance values of the resistor R, the values of the EMF amplitude and the
frequency f = 10 kHz of the functional generator specified according to the option (Table 1). To
do this, move the cursor to the desired element and double-click the left mouse button to open a

window (with the name of the element), in which to set the required parameter value.

¢ 3. After completing the installation of all the parameters of the circuit, move the
button - "0-1" to the position 1 - "On". Upon completion of automatic calculations (a few seconds),

=8| move the button to the 0-Off position. Enter the readings of the ammeter and voltmeters in

the table of test results (Table 2).

o 4. Double-click the left mouse
button on the line of the "A" channel of the oscilloscope to set the desired color of the oscillogram.
e Activate it by double-clicking the left mouse button on the oscilloscope image. Set the switches
TIME BASE 0.01 ms/div, CHANNEL A 5v/Div, CHANNEL B 1v/Div on the control panel.
Switch the oscilloscope to the "Zoom" mode. Set the sight ruler 1 (red) at the point of intersection
of the time axis with the oscillogram of channel "A" when it passes from negative to positive value
(voltage oscillogram u(t)), and sight ruler 2 - at the point of intersection of the time axis with the
oscillogram of channel "B" when it passes from negative to positive value (current oscillogram
1(t)). The value of the time interval T2-T1 is entered in Table 2. Calculate the phase displacement

between the voltage u(t) and the current i(t) in degrees according to the formula

©=360"-(T2-T1)-f ¢=360° TZ;TI or . Here T = 1/f is the period of the sinusoidal EMF of the

source
5. Set the resistor resistance to 0.5R, perform steps 3-4.
6. Set resistor resistance 2R, perform steps 3-4.

¢7. Based on the results of the research, build vector diagrams of current and voltage.



eTable 1 - Variants of tasks for preliminary calculation and research

OptionNo | E,B R, L,mH | S,uF | OptionNo | E,B R, L,mH | S,uF
Ohm Ohm
1 10 50 0.10 1.0 31 15 50 0.16 1.6
2 12 40 0.12 1.5 32 16 40 0.18 2.0
3 14 60 0.13 1.6 33 17 60 0.19 1.8
4 15 70 0.15 2.0 34 18 70 0.20 1.9
5 16 80 0.11 1.8 35 19 80 0.10 1.1
6 17 90 0.14 1.9 36 20 90 0.12 1.2
7 18 55 0.16 1.1 37 13 55 0.13 0.9
8 19 65 0.18 1.2 38 12 65 0.15 2.1
9 20 45 0.19 0.9 39 14 45 0.11 2.0
10 13 35 0.20 2.1 40 15 35 0.14 1.8
11 12 70 0.10 2.0 41 16 70 0.16 1.9
12 14 80 0.12 1.8 42 17 80 0.18 1.5
13 15 90 0.13 1.9 43 18 90 0.19 1.6
14 16 55 0.15 1.5 44 19 55 0.10 2.0
15 17 65 0.11 1.6 45 20 65 0.12 1.8
16 18 45 0.14 2.0 46 13 45 0.13 1.9
17 19 35 0.16 1.8 47 12 35 0.15 1.1
18 20 70 0.18 1.9 48 14 70 0.11 1.2
19 13 80 0.19 1.1 49 15 80 0.11 0.9
20 12 70 0.10 1.2 50 16 70 0.14 2.1
21 14 80 0.12 0.9 51 17 80 0.16 2.0
22 15 90 0.13 2.1 52 10 90 0.18 1.8
23 16 55 0.15 2.0 53 12 55 0.19 1.9
24 17 65 0.11 1.8 54 14 65 0.20 1.5
25 10 45 0.11 1.9 55 15 45 0.16 1.6
26 12 35 0.14 1.5 56 16 35 0.18 2.0
27 14 70 0.16 1.6 57 17 70 0.19 1.8
28 15 80 0.18 2.0 58 15 80 0.20 1.9
29 16 90 0.19 1.8 59 16 90 0.10 1.6
30 17 55 0.20 1.9 60 17 55 0.12 2.0




¢ 8. Setting the source frequency to 0.2f, 0.5f, 2f, , perform steps 3-4.5f

e Table 2- Results of studies of ideal elements of a sinusoidal current circuit

e Chain type e Parameters |eo I, A U,B Z,0hm |e T2-T1, |e ¢,
with deg
e Ideal resistor | e R= ° . . . .
e 0.5R= ° [ ° ° °
e 2R= ° ° ° ° °
o (02f= L] [ ° ° °
o (0.5f= L] o ° ° °
o 2f= ° ° ° ° °
o 5f= ° ° ° ° °
e Perfect o [= . ° ° o o
Inductive e 05L= o . . ° o
e Coil o 2] = ° ° ° ° °
o (02f= ° ° ° ° °
o (0.5f= ° ° ° ° °
o 2f= . ° ° ° °
e 5f= . ° ° ° °
e The Perfect|eo C= . . . ° .
Capacitor e 05S= ° ° ° ° °
o 2S= ° ° ° ° °
o 0.2f= (] [ ° ) °
o (0.5f= ° ° ° ° °
o 2f= . ° ° ° °
o S5f= ° ° ° ° °

Examination of a Chain with an Ideal Inductive Coil

1. Assemble an electrical circuit diagram (Figure 2).

Figure 2 — Diagram of a circuit study with an ideal inductive coil
o2. Set the inductance value of the coil L, the value of the EMF of the source E and the
frequency =104 Hz specified according to the option (Table 1). By double-clicking the left mouse
button on the line of the "A" channel of the oscilloscope, set the desired color of the channel (for
example, red)

o 3. After all the parameters of the circuit are set, move the "0-1" button to the 1-

"On" position. Upon completion of automatic calculations (a few seconds), move the



button to the 0-"Off" position. Enter the readings of the ammeter and voltmeters in the table of test
results (Table 2).

o4, Using an oscilloscope, determine the value of the time interval T2-T1 and enter it in
Table 2. Calculate the phase displacement between the voltage u(t) and the current i(t) in degrees

according to the formula ¢ =360 - (T2 - T1)-f.

5. Set the inductance of the coil to 0.5L, perform steps 3-4.

6. Set the inductance of the coil 2L, perform p.p. 3-4.

7. Based on the results of the research, build vector diagrams of current and voltage.
8. Setting the source frequency to 0.2f, 0.5f, 2f, , and perform steps 3-4.5f

Study of a circuit with an ideal capacitor

1. Assemble the diagram of the electrical circuit (Figure 3).

Figure 3 - Diagram of the study of a circuit with an ideal capacitor
2. Set the capacitance value of the capacitor C, the value of the EMF of the source E and
the frequency f = 104 Hz specified according to the option. By double-clicking the left mouse
button on the line of the channel "A" of the oscilloscope, set the desired color of the channel (for

example, red).
¢3. After completing the setting of all circuit parameters, move the button - "0-1"

to the 1-"On" position. After the completion of automatic calculations (a few seconds),
move the button to the 0-"Off" position. Enter the readings of the ammeter and voltmeters in the
table of test results.

e4. Using an oscilloscope, determine the value of the time interval T2-T1 and enter it in
Table 2. Calculate the phase displacement between the voltage u(t) and the current i(t) in degrees

according to the formula ¢ =360 - (T2 - T1)-f.

5. Set the capacitor capacitance to 0.5C, perform steps 3-4.

6. Set the capacitance of the capacitor 2C, perform steps 3-4.

7. Based on the results of the research, build vector diagrams of current and voltages

8. Compare the results of the research with the results of the preliminary calculation. Draw
conclusions.

9. Setting the source frequency to 0.2f, 0.5f, 2f, , perform steps 3-4.5f



e Contents of the report

The laboratory report should contain:

- research schemes;

- Completed tables of calculation and experimental data, calculation formulas and detailed

calculation of all required parameters;

- Vector current and voltage diagrams

e - conclusions based on the results of research.

7.
8.
9.

e Control questions

o
Plot the current i(t)= 2sin( mt-1450) mA.
Write an expression for complex amplitude and effective current if instantaneous
current i(t)= 2sin( @ t-1450)mA.
Plot a vector diagram for the harmonic current i=2sin( @ t-1450) mA.
Write an expression of Ohm's law in a complex form for a section of the circuit with a
resistive element and draw a vector diagram of current and voltage.
Write an expression of Ohm's law in complex form for a section of the circuit with an
inductive element and depict a vector diagram of current and voltage.
Write the expression of Ohm's law in complex form for a section of the circuit with a
capacitive element and depict a vector diagram of current and voltage.
What is meant by active current?
Name the types of power in the sinusoidal current circuit

How is the initial phase of sinusoidal current determined?

10. How is the phase shift between current and voltage determined?



Practical lesson Ne3

Investigation of Unbranched Electrical Circuits of Sinusoidal Current

Purpose of the work:

1. Experimental study of voltage distribution in RL circuits.
2. Experimental study of voltage distribution in RC circuits.

3. Experimental Study of Voltage Distribution in RLC Circuits.

Task to prepare for laboratory work:

- familiarize yourself with the manual for laboratory work;
- perform a preliminary calculation of current and voltages in RL-, RC-, and RLC circuits

specified according to the option (Table 1), build vector diagrams of current and voltages.

Description of the study design

The research is carried out on a PC in the Electronics Workbench environment. The study
circuits contain an AC voltage source, a current-controlled voltage source, a resistor, an inductive
coil, a capacitor, an oscilloscope, an ammeter, and voltmeters. An oscilloscope is used to determine

phase shifts between current and voltage.
Research task:
1. Investigate the stress distribution in the RL circuit.

2. Investigate the voltage distribution in the RC circuit.

3. Investigate the voltage distribution in the RLC circuit.



Table 1 - Variants of tasks for preliminary calculation and research

Option E,B R, L,mH | S,puF Option E,B R, L,mH | S,puF
No Ohm No Ohm
1 100 50 0.10 0.010 31 150 50 0.16 0.015
2 120 40 0.12 0.015 32 160 40 0.18 0.016
3 140 60 0.13 0.016 33 170 60 0.19 0.020
4 150 70 0.15 0.020 34 180 70 0.20 0.018
5 160 80 0.11 0.018 35 190 80 0.10 0.019
6 170 90 0.14 0.019 36 200 90 0.12 0.011
7 180 55 0.16 0.011 37 130 55 0.13 0.012
8 190 65 0.18 0.012 38 120 65 0.15 0.009
9 200 45 0.19 0.009 39 140 45 0.11 0.021
10 130 35 0.20 0.021 40 150 35 0.14 0.020
11 120 70 0.10 0.020 41 160 70 0.16 0.018
12 140 80 0.12 0.018 42 170 80 0.18 0.019
13 150 90 0.13 0.019 43 180 90 0.19 0.011
14 160 55 0.15 0.011 44 190 55 0.10 0.012
15 170 65 0.11 0.012 45 200 65 0.12 0.009
16 180 45 0.14 0.009 46 130 45 0.13 0.021
17 190 35 0.16 0.021 47 120 35 0.15 0.020
18 200 70 0.18 0.020 48 140 70 0.11 0.018
19 130 80 0.19 0.018 49 150 80 0.11 0.010
20 120 70 0.10 0.010 50 160 70 0.14 0.015
21 140 80 0.12 0.015 51 170 80 0.16 0.016
22 150 90 0.13 0.016 52 100 90 0.18 0.020
23 160 55 0.15 0.020 53 120 55 0.19 0.018
24 170 65 0.11 0.018 54 140 65 0.20 0.009
25 100 45 0.11 0.009 55 150 45 0.16 0.021
26 120 35 0.14 0.021 56 160 35 0.18 0.020
27 140 70 0.16 0.020 57 170 70 0.19 0.018
28 150 80 0.18 0.018 58 150 80 0.20 0.019
29 160 90 0.19 0.019 59 160 90 0.10 0.011
30 170 55 0.20 0.011 60 170 55 0.12 0.015




e Procedure for conducting research
a) Research of RL chains.
o |. Assemble the diagram of the electrical circuit (Figure 1).
¢ 2. Set the values of resistor resistance R and inductance L, EMF E and frequency f= 105
Hz of the source specified according to the option. To do this, move the cursor to the desired
element and double-click the left mouse button to open a window (with the name of the element),
in which to set the required parameter value. By double-clicking the left mouse button on the line

of the "A" channel of the oscilloscope, set the desired color of the oscillogram (for example, red)
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Figure 1 - Diagram of the RL circuit study.
¢ 3. After all the parameters of the circuit are set, move the "0-1" button to the 1-

"On" position. Upon completion of automatic calculations (a few seconds), move the
button to the 0-"Off" position. Enter the readings of the ammeter and voltmeters in the table of test
results

e Table 2 - Results of studies of unbranched sinusoidal current circuits

e Chain |e Paje LA |U,B UR, B UL, B UC,B |e T2- e 1),
type rame T1, with | ¢ Degree

ters S
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¢4, Double-click the left mouse button on the oscilloscope image to activate it and switch
it to the "Zoom" mode. Set the sight ruler 1 (red) at the point of intersection of the time axis with
the oscillogram of channel "A" when it transitions from a negative to a positive value (voltage
oscillogram u(t)), and sight ruler 2 - at the point of intersection of the time axis with the oscillogram
of channel "B" when it transitions from a negative value to a positive value (current oscillogram
i(t)),. The value of the time interval T2-T1 is entered in Table 2. Calculate the phase displacement
between the voltage u(t) and the current i(t) in degrees according to the formula

o(t)=360" - (T2 = T1)-f or ¢(t) = 360" %

5. Set the inductance of the coil to 0.5L, perform steps 3-4.
6. Set the inductance of the coil 2L, perform p.p. 3-4.

7. Based on the results of the research, build vector diagrams of current and voltages

b) Study of the RC chain.

1. Assemble the diagram of the electrical circuit (Figure 2).
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Figure 2 - Diagram of the study of the RC circuit.

e2. Set the values of resistor resistance R and capacitance of capacitor C specified
according to the option, the value of the emf of the source E = 150 V and the frequency f = 105
Hz. By double-clicking the left mouse button on the line of channel "A" of the oscilloscope, set

the desired color of the channel (for example, red)
¢ 3. After all the parameters of the circuit are set, move the "0-1" button to the 1-
"On" position. Upon completion of automatic calculations (a few seconds), move the

button to the 0-"Off" position. Enter the readings of the ammeter and voltmeters in the table of test

results



¢4, Using an oscilloscope, determine the value of the time interval T2-T1 and enter it in

Table 2. Calculate the phase displacement between the voltage u(t) and the current i(t) in degrees

according to the formula ¢(t) =360" - (T2 - Tl) -f or o(t)=360° T2-T1
T

5. Set the capacitor capacitance to 0.5C, perform steps 3-4.

6. Set the capacitance of the capacitor 2C, perform steps 3-4.

7. Based on the results of the research, build vector diagrams of current and voltages

8. Compare the results of the research with the results of the preliminary calculation. Draw

conclusions.

¢) Study of RLC circuits.

1. Assemble the diagram of the electrical circuit (Figure 3).
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Figure 3 - Scheme of the RLC circuit study.

e 2. Set the values of resistor resistance R, inductance L and capacitance of the capacitor set

according to the option C_, = m , the value of EMF and frequency f = 105 Hz of the
TE . .

source E

3. After all the parameters of the circuit are set, move the "0-1" button to the 1-

"On" position. Upon completion of automatic calculations (a few seconds), move the
button to the 0-"Off" position. Enter the readings of the ammeter and voltmeters in the table of test
results

¢4, Using an oscilloscope, determine the value of the time interval T2-T1 and enter it in
Table 2. Calculate the phase displacement between the voltage u(t) and the current i(t) in degrees

according to the formula ¢ =360° - (T2 - T1)-f or ¢=360° T2-T1
T

5. Set the capacitance of the capacitor C<C, perform points 3-4.
6. Set the capacitance of the capacitor C>C, perform steps 3-4.

7. Based on the results of the research, build vector diagrams of current and voltages



8. Compare the results of the research with the results of the preliminary calculation. Draw

conclusions.

e Contents of the report.

The laboratory report should contain:

- research schemes;

- Completed tables of calculation and experimental data, calculation formulas and detailed

calculation of all required parameters;

- Vector current and voltage diagrams

e - conclusions based on the results of research.

¢ Control questions:

1.
2.

Plot the current i(t)= 2sin( mt-1450) mA.

Write an expression for complex amplitude and effective current if instantaneous
current i(t)= 2sin( @ t-1450)mA.

Plot a vector diagram for the harmonic current i=2sin( ® t-1450) mA.

Write an expression of Ohm's law in complex form for a section of the circuit with
resistive and inductive elements and draw a vector diagram of current and voltage.
Write an expression of Ohm's law in complex form for a section of the circuit with
a resistive and capacitive element and depict a vector diagram of current and
voltage.

Write the expression of Ohm's law in complex form for a section of the circuit with
resistive, inductive, and capacitive elements, and draw a vector diagram of current
and voltage.

Name the sign and condition of stress resonance



Practical lesson Ne4

Investigation of branched electrical circuits of sinusoidal current

Purpose of the work:

1. Experimental study of the distribution of currents in the RL circuit.
2. Experimental study of current distribution in RC circuits.

3. Experimental study of current distribution in RLC circuits.

Task to prepare for laboratory work:
- familiarize yourself with the manual for laboratory work;
- perform a preliminary calculation of currents in RL-, RC-, and RLC circuits specified

according to the option (Table 1), build vector diagrams of currents and voltages.
Description of the study design
Studies are conducted on a PC in an Electronics Workbench environment. The study circuits
contain an AC voltage source, a current-controlled voltage source, a resistor, an inductive coil, a
capacitor, an oscilloscope, ammeters, and a voltmeter. An oscilloscope is used to determine phase
shifts between current and voltage at the input of a circuit.
Research task:
1. Investigate the stress distribution in the RL circuit.

2. Investigate the voltage distribution in the RC circuit.

3. Investigate the voltage distribution in the RLC circuit.

Table 1 - Variants of tasks for preliminary calculation and research



OptionNo | E, B R, L,mH | S,uF | OptionNo | E,B R, L,mH | S,puF
Ohm Ohm

1 100 50 0.10 0.050 31 150 50 0.16 0.048
2 120 40 0.12 0.055 32 160 40 0.18 0.039
3 140 60 0.13 0.060 33 170 60 0.19 0.050
4 150 70 0.15 0.070 34 180 70 0.20 0.042
5 160 80 0.11 0.048 35 190 80 0.10 0.040
6 170 90 0.14 0.039 36 200 90 0.12 0.060
7 180 55 0.16 0.050 37 130 55 0.13 0.070
8 190 65 0.18 0.042 38 120 65 0.15 0.038
9 200 45 0.19 0.040 39 140 45 0.11 0.035
10 130 35 0.20 0.060 40 150 35 0.14 0.070
11 120 70 0.10 0.070 41 160 70 0.16 0.055
12 140 80 0.12 0.038 42 170 80 0.18 0.060
13 150 90 0.13 0.044 43 180 90 0.19 0.070
14 160 55 0.15 0.070 44 190 55 0.10 0.048
15 170 65 0.11 0.055 45 200 65 0.12 0.039
16 180 45 0.14 0.060 46 130 45 0.13 0.050
17 190 35 0.16 0.070 47 120 35 0.15 0.042
18 200 70 0.18 0.048 48 140 70 0.11 0.040
19 130 80 0.19 0.039 49 150 80 0.11 0.060
20 120 70 0.10 0.050 50 160 70 0.14 0.070
21 140 80 0.12 0.042 51 170 80 0.16 0.038
22 150 90 0.13 0.040 52 100 90 0.18 0.044
23 160 55 0.15 0.060 53 120 55 0.19 0.070
24 170 65 0.11 0.070 54 140 65 0.20 0.055
25 100 45 0.11 0.038 55 150 45 0.16 0.060
26 120 35 0.14 0.035 56 160 35 0.18 0.070
27 140 70 0.16 0.070 57 170 70 0.19 0.048
28 150 80 0.18 0.055 58 150 80 0.20 0.039
29 160 90 0.19 0.060 59 160 90 0.10 0.050
30 170 55 0.20 0.070 60 170 55 0.12 0.042




e Procedure for conducting research
a) Research of RL chains.

1. Assemble a diagram of an electrical circuit (Fig. 1).
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Figure 1 - Diagram of the RL circuit study.
2. Set the values of resistor resistance R and inductance L, EMF E and frequency f= 105
Hz of the source specified according to the option. To do this, move the cursor to the desired
element and double-click the left mouse button to open a window (with the name of the element),
in which to set the required parameter value. By double-clicking the left mouse button on the line

of the "A" channel of the oscilloscope, set the desired color of the oscillogram (for example, red)

¢ 3. After the completion of setting all the parameters of the circuit , move the "0-1"
button to the 1-"On" position. After the automatic calculations are completed (a few seconds), the

button is moved to the 0-"Off" position. Enter the readings of the ammeters and voltmeter

in the table of test results (Table 2)

e4. Double-click the left mouse button on the oscilloscope image to activate it and switch
it to the "Zoom" mode. Set the sighting ruler 1 (red) at the point of intersection of the time axis
with the oscillogram of channel "A" when it transitions from negative to positive value (voltage
oscillogram u(t)), and sight ruler 2 - at the point of intersection of the time axis with the oscillogram

of channel "B" when it transitions from negative to positive value (current oscillogram i(t)).

9=360°-(T2—T1)-f ¢,:3600@

5. Set the inductance of the coil to 0.5L, perform steps 3-4.
6. Set the inductance of the coil 2L, perform p.p. 3-4.
7. Based on the results of the research, build vector diagrams of currents and voltages

e Table 2 - Results of studies of branched circuits of sinusoidal current

Chain type | Parameters U,B I, A IR, A IL,A | IC,A T2-T1, P,
with Degree
RL - 0.5L= -
Chain
L= -

2L= -




RC - chain 0.5C= -
C= -
2C= -
RLC S<Cut
Chain
Cross-
section=
C>Slice
b) Study of the RC chain.
1. Assemble the diagram of the electrical circuit (Fig. 2).
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Figure 2 - Diagram of the study of the RC circuit.

o2. Set the values of resistor resistance R and capacitance of capacitor C specified
according to the option, the value of the emf of the source E = 150 V and the frequency f= 105
Hz. By double-clicking the left mouse button on the line of channel "A" of the oscilloscope, set

the desired color of the channel (for example, red)
3. After all the parameters of the circuit are set, move the "0-1" button to the 1-

"On" position. Upon completion of automatic calculations (a few seconds), move the
button to the 0-"Off" position. Enter the readings of ammeters and voltmeters in the table of test
results

¢4, Using an oscilloscope, determine the value of the time interval T2-T1 and enter it in
Table 2. Calculate the phase displacement between the voltage u(t) and the current i(t) in degrees

according to the formula ¢ =360° - (T2 - T1)-f.

5. Set the capacitor capacitance to 0.5C, perform steps 3-4.

6. Set the capacitance of the capacitor 2C, perform steps 3-4.

7. Based on the results of the research, build vector diagrams of currents and voltages

8. Compare the results of the research with the results of the preliminary calculation. Draw

conclusions.



¢) Study of RLC circuits.

1. Assemble the diagram of the electrical circuit (Figure 3).
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Figure 3 - Scheme of the RLC circuit study

e 2. Setthe values of resistor resistance R, inductance L and capacitance of the capacitor, at which

: o 1
current resonance occurs in the circuit C,,, = —5——;——, the value of EMF and frequency f =

47 -10° L

105 Hz of the source E
o3, After all the parameters of the circuit are set, move the "0-1" button to the 1-

"On" position. Upon completion of automatic calculations (a few seconds), move the
button to the 0-"Off" position. Enter the readings of ammeters and voltmeters in the table of test
results

¢4, Using an oscilloscope, determine the value of the time interval T2-T1 and enter it in
Table 2. Calculate the phase displacement between the voltage u(t) and the current i(t) in degrees

according to the formula ¢ =360° - (T2 - T1)-f.

5. Set the capacitance of the capacitor C<C, perform points 3-4.

6. Set the capacitance of the capacitor C>C, perform steps 3-4.

7. Based on the results of the research, build vector diagrams of current and voltages

8. Compare the results of the research with the results of the preliminary calculation. Draw
conclusions.

e Contents of the report.
The laboratory report should contain:
- research schemes;
- Completed tables of calculation and experimental data, calculation formulas and detailed
calculation of all required parameters;
- Vector diagrams of currents and voltages for each point of research;

e - conclusions based on the results of research.



¢ Control questions:

1.
2.

Plot the current i(t)= 2sin( wt-1450) mA.

Write an expression for complex amplitude and effective current if instantaneous
current i(t)= 2sin( @ t-1450)mA.

Plot a vector diagram for the harmonic current i=2sin( ® t-1450) mA.

Write an expression of Ohm's law in a complex form for a section of the circuit
with a resistive element and draw a vector diagram of current and voltage.

Write an expression of Ohm's law in complex form for a section of the circuit with
an inductive element and depict a vector diagram of current and voltage.

Write the expression of Ohm's law in complex form for a section of the circuit with

a capacitive element and depict a vector diagram of current and voltage.



Laboratory Work No5

Research of three-phase circuits

Objective: 1. Experimental study of three-phase circuits under symmetrical and asymmetrical
loads.
2. Experimental study of three-phase circuits in emergency modes.
Task to prepare for laboratory work:
- familiarize yourself with the manual for laboratory work;
- perform a preliminary calculation according to the task option (Table 1):

Calculate currents, voltages, and power in a three-phase circuit with an asymmetrical
receiver whose phases are connected by a star. Perform calculations of currents when a neutral
wire is broken. Construct vector diagrams of currents and voltages.

Description of the study design
Studies are carried out on a PC in the Electronics Workbench environment. Study schemes
contain AC voltage sources, resistors, oscilloscopes, voltmeters and ammeters. An oscilloscope is
used to determine phase shifts of harmonic voltage.
Research task:

1. To study a three-phase circuit with a symmetrical and unbalanced receiver, the phases
of which are connected according to the star scheme with a neutral wire. To construct vector
diagrams of currents and voltages.

2. To study a three-phase circuit with a symmetrical and unbalanced receiver when a
neutral wire is broken. To construct vector diagrams of currents and voltages.

3. Examine a three-phase circuit with an asymmetrical receiver when a line wire is broken.
Construct vector diagrams of currents and voltages.

4. Investigate a three-phase circuit with an unbalanced receiver at a short circuit of the
phase. Construct vector diagrams of currents and voltages

Table 1 - Variants of tasks for preliminary calculation and research

Option No ulL Vv Ra, Ohm R4, Ohm Rc, Ohm

1 360 10 15 20

120 20 15 30

150 50 40 30

225 80 60 50

2
3
4 170 60 40 20
5
6

300 50 25 30




7 100 20 35 40
8 110 60 30 45
9 125 50 80 70
10 220 20 25 30
11 360 10 15 20
12 120 20 15 30
13 150 50 40 30
14 170 60 40 20
15 225 80 60 50
16 300 80 60 50
17 100 50 25 30
18 110 20 35 40
19 125 60 30 45
20 220 50 80 70
21 360 20 25 30
22 120 10 15 20
23 150 20 15 30
24 170 50 40 30
25 225 60 40 20
26 300 80 60 50
27 100 80 60 50
28 110 20 25 30
29 125 10 15 20
30 220 20 15 30
31 360 50 40 30
32 120 60 40 20
33 150 80 60 50
34 200 60 80 65
35 300 30 25 35
36 100 20 15 25




Procedure for conducting research
a) Study of a three-phase circuit, connection of the phases of the receiver according to the
scheme "star with neutral wire"

1. Assemble the diagram of the electrical circuit (Figure 1).
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Figure 1 - Diagram of a three-phase circuit, a connection according to the "star" scheme

¢2. Set the EMF values of phases, frequencies, initial phases of sources, values of phase
resistances of receivers Ra=Rb=Rc (symmetrical load) specified according to the option. For this
purpose, the cursor is brought to the desired element and a window (with the name of the element)
is called by double-clicking the left mouse button, in which the required parameter value is set and
the "Accept" button is pressed. By double-clicking the left mouse button, set the red color of the

channel on the line of channel A of the oscilloscope, and the blue color on the line of channel B.
3. After the installation of all the parameters of the circuit is completed , the button
- no-1" located in the upper right corner of the screen is moved to the 1-"On" position. Upon
completion of automatic calculations, the button =10 is moved to the 0-"Off" position. The
readings of ammeters and voltmeters are entered into the table of calculated and experimental data.
Table 1 - Results of calculations and studies of a three-phase circuit (connection of receiver

phases according to the star scheme)



Circuit Circuit Network Linear Currents Receiver
diagram Modes voltages, currents, A in phase
A% receiver | voltages, V
phases,
A
Ul Uf | Un In |[IA|IB| T |I]|1 Ua | Ub | Uc
Clal|b
Neutral Symmetric | Calculation
Wire Star al -
Load Experiment
Star without | Symmetric | Calculation
neutral wire | al -
Load Experiment
Neutral Asymmetri | Calculation
Wire Star cal -
Load Experiment
Receiver Calculation
"c¢" phase -
break Experiment
Break in | Calculation
line wire -
g Experiment
Star without | Asymmetri | Calculation
neutral wire | cal -
Load Experiment
Receiver Calculation
Phase A -
Short Experiment
Circuit
Cliff Calculation
Receiver .
Phase C Experiment
Break in | Calculation
line wire .
g Experiment

¢4. Based on the measurement results, build vector diagrams of currents and voltages.

5. In the diagram of the electrical circuit (Fig. 1), switch N to position 1 (press the N key

on the keyboard).

¢ 6. Perform steps 3, 4.

7. To draw conclusions based on the results of research.

8. In the circuit diagram (Fig. 1), switch N is moved to position 2

9. Set the phase resistance values of the receivers Ra, Rb, Rc (unbalanced load) set according

to the option.

10. Perform steps 3, 4, 7.

11. In the diagram of the electrical circuit (Fig. 1), switch C should be moved to position 1

(press the C key on the keyboard). In the diagram there is an open phase C.




e 12. Perform steps 3, 4, 7.
13. In the electrical circuit diagram (Fig. 1), switch C should be moved to position 2 and line
wire B should be disconnected (switch B should be moved to position 1).
14. Complete steps 3, 4, 7.
15. Switch B to position 2.

b) Study of a three-phase circuit, connection of receiver phases according to the "star without
neutral wire" scheme.
1. In the circuit diagram (Fig. 1), switch N to position 1 (press the N key on the keyboard).
¢2. Move the button (0-1) to position (1). Upon completion of automatic calculations, the
button (0-1) is moved to position (0). The readings of ammeters and voltmeters are entered into
the table of calculated and experimental data.
¢ 3. Double-click the left mouse button on the oscilloscope image to activate it and switch
it to the "Zoom" mode. Set the sighting ruler 1 (red) at the point of intersection of the time axis
with the oscillogram of channel A when it transitions from negative to positive value, and the sight
ruler 2 (blue) at the point of intersection of the time axis with the oscillogram of channel B when
it transitions from negative to positive value. In the lower right window of the oscilloscope, the

value of the time interval T2-T1 will appear. The phase shift between the voltages UA and Un in
degrees is calculated using the formula v, =-360° - (T2 —T1)- f . Here, fis the frequency of the
sinusoidal EMF of the source.

¢4. Based on the measurement results, build vector diagrams of currents and voltages.

e 5. To draw conclusions based on the results of research.

Study of a three-phase circuit, connection of receiver phases according to the "star without

neutral wire" scheme in case of a short circuit of one of the phases.

6. In the diagram of the electrical circuit (Fig. 1), switch A to position 1 (press the A key on
the keyboard)
¢7. Complete steps 3, 4, 5.
8. Switch A to position 2

Study of a three-phase circuit, connection of receiver phases according to the "star" scheme
in case of receiver phase interruption
9. In the circuit diagram (Fig. 1), switch C to position 1 (press the C key on the keyboard).
¢ 10. Perform steps 2, 3, 4, 5.



11. Switch C to position 2

Study of a three-phase circuit, connection of receiver phases according to the "star" scheme
in case of a line wire break
10. In the diagram of the electrical circuit (Fig. 2), switch B to position 1 (press the key B on
the keyboard).
o 11. Complete steps 2, 3, 4, 5.

e Contents of the report.
The laboratory report should contain:
- research schemes;
- Completed tables of calculation and experimental data, calculation formulas and detailed
calculation of all required parameters;

e - conclusions based on the results of research.

¢ Control questions:

1. What are the advantages of a three-phase system of currents and voltages?

2. Under what conditions is a three-phase system symmetrical?

3. How are currents calculated in an asymmetrical receiver whose phases are connected in a
star-neutral wire pattern?

4. How are currents calculated in an unbalanced receiver whose phases are connected
according to the star scheme without a neutral wire?

5. What role does a neutral wire play in a three-phase system?

6. How is the neutral offset voltage (Un) calculated for a single-ended receiver whose phases

are connected in a star pattern without a neutral wire?



Laboratory Work No6

Investigation of frequency characteristics of aperiodic circuits

Purpose of the work:
1. Experimental Study of Amplitude-Frequency and Phase-Frequency Characteristics of
First-Order Electrical Circuits
2. Experimental study of frequency characteristics of second-order electrical circuits.
3.
Task to prepare for laboratory work:
- perform a preliminary calculation according to the task option (Table 1):
a) the amplitude-frequency and phase-frequency characteristics (AFC and PFC) of the low-
frequency link of the first order (LF-1) and plot their graphs.
b) amplitude-frequency and phase-frequency characteristics (AFC and PFC) of the first-
order high-frequency link (HF-1) and plot their graphs.
¢) the amplitude-frequency and phase-frequency characteristics of the bandwidth link (PD)
and plot them.

Description of the study design
Studies are carried out on a PC in the Electronics Workbench environment. Study schemes
contain AC voltage sources, resistors, capacitors, oscilloscopes, voltmeters. An oscilloscope is

used to determine phase shifts of harmonic voltages.

Research task:
1. To study the amplitude-frequency and phase-frequency characteristics of the low-
frequency link of the first order (LF-1) and to plot their graphs.
2. To study the amplitude-frequency and phase-frequency characteristics of the high-
frequency link of the first order (HF-1) and to plot their graphs.
3. To study the amplitude-frequency and phase-frequency characteristics of the bandwidth
link (PD) and to build graphs.

Table 1 Variants of tasks for preliminary calculation and research



Option | R1,kQ | CI,pF [ R2,kQ [ C2,pF | Option | RI1, |CL,uF| R2, |C2,uF
No No kQ kQ
1 1.1 1.0 10 0.2 31 1.0 2.0 20 0.3
2 1.2 2.0 15 0.1 32 1.2 0.1 30 0.4
3 1.5 0.1 20 2.0 33 1.5 0.2 40 0.4
4 1.7 0.2 30 1.0 34 1.7 0.8 25 0.7
5 2.5 0.8 40 0.5 35 2.5 5.0 35 0.1
6 3.0 5.0 25 0.3 36 3.0 2.0 30 0.2
7 1.0 2.0 35 0.4 37 1.0 6.0 80 0.3
8 1.1 6.0 30 0.4 38 1.1 5.0 25 0.4
9 1.2 5.0 80 0.7 39 1.2 2.0 15 0.2
10 2.2 2.0 25 0.1 40 2.2 1.0 15 1.0
11 3.6 1.0 15 0.2 41 3.6 2.0 40 1.1
12 1.2 2.0 15 0.3 42 1.2 5.0 50 1.2
13 1.5 5.0 40 0.4 43 1.5 6.0 60 2.2
14 1.7 6.0 50 0.2 44 1.7 1.0 60 3.6
15 2.5 1.0 60 1.0 45 2.5 1.1 25 1.2
16 3.0 1.1 60 1.1 46 3.0 1.2 35 1.5
17 1.0 1.2 25 1.2 47 1.0 2.2 30 1.7
18 1.1 2.2 35 22 48 1.1 3.6 80 2.5
19 1.2 3.6 30 3.6 49 1.2 2.0 25 3.0
20 2.2 1.2 80 1.2 50 2.2 0.1 15 1.0
21 3.6 1.5 25 1.5 51 1 0.2 15 1.1
22 1.2 1.7 15 1.7 52 1.2 0.8 40 1.2
23 1.5 2.5 15 25 53 1.5 5.0 40 2.2
24 1.7 3.0 40 3.0 54 1.7 2.0 60 0.3
25 2.5 1.0 40 1.0 55 2.5 6.0 60 0.4
26 3.0 1.1 60 1.1 56 3.0 5.0 20 0.4
27 1.0 1.2 60 1.2 57 1.0 2.0 30 0.7
28 1.1 2.2 25 22 58 1.1 1.0 40 0.1
29 1.2 3.6 15 3.6 59 1.2 2.0 25 0.2
30 22 1.2 15 1.2 60 2.2 5.0 35 0.3




a) Study of the amplitude-frequency phase-frequency characteristics (AFC and PFC) of the
low-frequency link of the first order (LF-1)

1. Assemble the diagram of the electrical circuit (Figure 1).

Procedure for conducting research
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Figure 1 - Scheme of the study of the frequency characteristics of the LF-1

e2. Calculate f,, =

according to the variant. Switch the voltmeters to the AC measurement mode. Double-click the

left mouse button on the line of channel "A" of the oscilloscope, set the color red, on the line of

channel "B" - blue.

2-m-RI1-Cl

e Set the value of the EMF of the source E = 1B and its frequency f = 0.01fg specified

. Fill in line 2 of Table 2.

2

]

¢ 3. After completing the installation of all circuit parameters, move the button

1" to the 1-"On" position. Upon completion of automatic calculations

the 0-"Off" position. Enter the voltmeter readings in the table of test results

eTable 2 - Results of studies of the low-frequency link LF-1
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e4. Double-click the left mouse button on the oscilloscope image to activate it and switch
it to the "Zoom" mode. Set the sighting ruler 1 (red) at the point of intersection of the time axis
with the oscillogram of channel "A" when it transitions from negative to positive value, and sight
ruler 2 at the point of intersection of the time axis with the oscillogram of channel "B" when it
transitions from negative to positive value. y(f)=-360" - (T2 - T1)-f

¢ 5. Changing the frequency f of the source according to Table 2, perform points 3-4.

6. Based on the results of the research, build graphs of the frequency response and frequency

response of the LF-1 link

b) Study of amplitude-frequency and phase-frequency characteristics (AFC and PFC) of the
first-order high-frequency link (HF-1)

1. Assemble an electrical circuit diagram (Figure 2).
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Figure 2 - Scheme for studying the frequency characteristics of the VCh-1

e2. Calculate f, = T AR.C Fill in line 2 of the table of calculated and experimental
. TE . ) . )

data.

3. Set the value of the resistance of the resistor R2 and the capacitance of the capacitor
C2 specified according to the option, the value of the EMF of the source E = 1B and the frequency
f=0.01fgr.

o4, After completing the installation of all the parameters of the circuit, move the

button - "0-1" located in the upper right corner of the screen to the 1-"On" position. Upon
completion of automatic calculations , move the button to the 0-"Off" position. Enter the
voltmeter readings in the table of calculated and experimental data.

5. Using an oscilloscope, determine the value of the time interval T2-T1. Calculate and

enter into the table the phase shift between the voltages U2 and Ul in degrees according to the
formula Y(f) = —360° - (T2 - T1)-f .

6. Changing the frequency f of the source according to Table 2, perform points 4-5.



7. Based on the results of the research, build graphs of the frequency response and frequency

response of the HF-1 link

¢) Study of the amplitude-frequency and phase-frequency characteristics (frequency

response and phase-frequency characteristics) of the bandwidth link

1. Assemble the diagram of the electrical circuit (Figure 3).
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Figure 3 - Scheme for studying the frequency characteristics of the bandwidth link

1
2nR,-C, R, -C,

o2, Calculate f, =

e Fill in line 2 of the table of calculated and experimental data.

¢ 3. Set the values of resistances of resistors R1, R2 and capacitances of capacitors C1, C2
specified according to the option, the value of the EMF of the source E = 1V and the frequency f
=0.0110.

e4. After completing the installation of all the parameters of the circuit, move the

button - "0-1" located in the upper right corner of the screen to the 1-"On" position. Upon

completion of automatic calculations , move the button to the 0-"Off" position. Enter the
voltmeter readings in the table of calculated and experimental data.

¢ 5. Using an oscilloscope, determine the value of the time interval T2-T1. Calculate the
phase shift between the voltages U2 and Ul in degrees using the formula
y(f)=-360° - (T2 -T1)-f

6. Changing the frequency f of the source according to the table, perform points 4-5.

7. Based on the results of the research, build graphs of the frequency response and frequency
response of the bandwidth link. Determine the bandwidth according to the frequency response
graph. Compare the results of the research with the results of the preliminary calculation. Draw
conclusions.

¢ Contents of the report

The laboratory report should contain:



- research schemes;

- Completed tables of calculation and experimental data, calculation formulas and detailed

calculation of all required parameters;

- Frequency response and HF graphs of links;

w»ok »w N

e - conclusions based on the results of research.

¢ Control questions:

Draw a diagram of a low-frequency link of the first order.

Define the complex transfer characteristic of a chain.

Write an expression for the complex transfer function of a first-order low-frequency link.
Define the amplitude-frequency response of a circuit.

Plot the amplitude-frequency and phase-frequency characteristics of the first-order low-
frequency link.

How can the boundary frequency be determined from the graph of the amplitude-frequency
response of the first-order low-frequency link?

Write down the expression for the complex transfer function of the band link.

How can you determine the boundary frequencies from the graph of the amplitude-

frequency response of the bandwidth?



Laboratory Work No7
Investigation of Frequency Characteristics of Single Oscillating

Circuits

Purpose of the work:
1. Experimental Study of Amplitude-Frequency and Phase-Frequency Characteristics of
a Sequential Oscillatory Circuit
2. Experimental Study of Amplitude-Frequency and Phase-Frequency Characteristics of

a Parallel Oscillating Circuit

Task to prepare for laboratory work:
- perform a preliminary calculation according to the task option (Table 1):
a) the amplitude-frequency and phase-frequency characteristics (frequency response and phase-
frequency characteristics) of the sequential oscillating circuit and plot them.
b) the amplitude-frequency and phase-frequency characteristics (AFC and PFC) of the parallel

oscillating circuit and plot them.

Description of the study design
Studies are carried out on a PC in the Electronics Workbench environment. Study schemes
contain AC voltage sources, resistors, capacitors, oscilloscopes, voltmeters. An oscilloscope is

used to determine phase shifts of harmonic voltages.

Research task:
1. To study the amplitude-frequency and phase-frequency characteristics of a sequential
oscillating circuit and to plot them.
2. To study the amplitude-frequency and phase-frequency characteristics of a parallel

oscillating circuit and to plot their graphs.

eTable 1



e Option e R, Ohm e L ,uH e S pF e E.B e Ri kOhm
No

e 0 e 50 e 500 e 2000 o 10 e 10
o 1 e 10 e 300 e 2000 o 12 e 10
o 2 o 4 e 310 e 1600 o 7 e g
e 3 o 7 e 200 e 1200 o 15 o 12
o 4 e 16 e 400 e 1700 o 11 e 9
e 5 e 5 e 360 o 2400 e 16 o 14
e 6 e 6 e 370 e 1650 e 5 o 15
o 7 o g e 250 e 1300 e 6 o 17
o e 9 e 335 e 2400 o 14 o 18
e 9 e 3 e 400 e 2500 o 18 o 13
e 10 o 7 e 380 e 1700 e 13 e 10
o 11 e 10 e 390 e 2650 e 16 o 12
o 12 o 4 e 210 e 2250 o 22 e 16
o 13 o 7 e 200 o 1260 o 17 e g
o 14 e 16 e 400 e 1520 o 25 o 12
o 15 e 5 e 360 o 2270 e 10 e O
e 16 e 6 e 330 e 1240 o 12 o 14
o 17 o g e 250 o 1465 e 15 e 15
o 18 e 9 o 435 e 1300 o 16 o 17
e 19 o 3 e 630 e 2400 o 17 o 18
e 20 e 6 e 425 e 1700 o 12 o 13
o 21 e 10 e 300 e 2450 e 14 o 12
o 22 o 7 e 200 e 1600 e 10 o 7
o 23 e 16 e 500 e 1200 o 12 o 12
o 24 e 5 e 360 e 2470 o 7 e 9
o 25 e 6 e 400 e 1630 e 15 o 14

e Procedure for conducting research
a) Study of the amplitude-frequency phase-frequency characteristics (AFC and PFC) of a
sequential oscillating circuit

1. Assemble the diagram of the electrical circuit (Figure 1).
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Figure 1 - Scheme for studying the frequency characteristics of a sequential oscillating circuit




2. Calculate f, = . Fill in line 2 of Table 2.

1
2-n- L, -C,

o Set the value of the EMF of the source E=1B and its frequency f = {0 specified according
to the variant of resistor resistance R1 and capacitance C1. Switch the voltmeters to the AC
measurement mode. Double-click the left mouse button on the line of channel "A" of the
oscilloscope, set the color red, on the line of channel "B" - blue.

¢ 3. After completing the installation of all circuit parameters, move the button L= 10| vp.

1" to the 1-"On" position. Upon completion of automatic calculations , move the button to
the 0-"Off" position. Enter the voltmeter readings in the table of test results

eTable 2 - Results of studies of the sequential oscillating circuit

e fHz|o e o oo o o f0= oo o oo
o U2, |eoe 0.1U2max |e o e (.7U2max | e e U2max | ¢/ ¢ 0.7U2max | ¢ ¢ ® 0.1U2max
B

o Ul, |ofe o oo o o o o o oo

B

o H(f) o o oo o0 oo o oo

o T2- |o e o oo o0 o0 o oo

Tl1,

with

o Y(f) |oe o oo oo o o oo

,degree

e4. Double-click the left mouse button on the oscilloscope image to activate it and switch
it to the "Zoom" mode. Set the sighting ruler 1 (red) at the point of intersection of the time axis
with the oscillogram of channel "A" when it transitions from negative to positive value, and sight
ruler 2 at the point of intersection of the time axis with the oscillogram of channel "B" when it

transitions from negative to positive value. y(f)=-360" - (T2 - T1)-f

¢ 5. Changing the frequency f of the source according to Table 2, perform points 3-4.
6. Based on the results of the research, build graphs of frequency response and frequency

response.

b) Study of the amplitude-frequency and phase-frequency characteristics (frequency
response and phase-frequency characteristics) of a parallel oscillating circuit

1. Assemble an electrical circuit diagram (Figure 2).



Figure 2 - Scheme for studying the frequency characteristics of a parallel oscillating circuit

1

2.n-JL, -C,

e2. Calculate f, = Fill in line 2 of the table of calculated and

experimental data.
3. Set the values of the resistance of the resistor R2 and the capacitance of the capacitor

C2 according to the option, the value of the EMF of the source E=1B and the frequency f = 0.

o4, After completing the installation of all the parameters of the circuit, move the

button - "0-1" located in the upper right corner of the screen to the 1-"On" position. Upon

completion of automatic calculations (= [k , move the button to the 0-"Off" position. Enter the
voltmeter readings in the table of calculated and experimental data.

5. Using an oscilloscope, determine the value of the time interval T2-T1. Calculate and
enter into the table the phase shift between the voltages U2 and Ul in degrees according to the
formula Y(f) = —-360° - (T2 - T1)-f.

6. Changing the frequency f of the source according to Table 2, perform points 4-5.
7. Based on the results of the research, build graphs of frequency response and frequency
response
e Contents of the report
The laboratory report should contain:
- research schemes;
- Completed tables of calculation and experimental data, calculation formulas and detailed
calculation of all required parameters;
- Graphs of frequency response and frequency response of circuits;
e - conclusions based on the results of research.
e Control questions:
Draw a diagram of a parallel oscillating circuit

1. Define the complex transfer characteristic of a chain.



. Write down the expression for the complex transfer function of a parallel oscillating

loop

. Define the amplitude-frequency response of a circuit.

. Plot the amplitude-frequency and phase-frequency characteristics of the oscillating

circuit.
. How can the bandwidth be determined from the graph of the amplitude-frequency

response of the loop?



Laboratory Work No8

Study of the Temporal Characteristics of Aperiodic Chains

Purpose of the work:
1. Experimental Study of Transient and Impulse Characteristics of Electrical Circuits of
the First Order
2. Experimental study of transient and impulse characteristics of second-order electrical

circuits.

Task to prepare for laboratory work:

- perform a preliminary calculation according to the task option (Table 1):

a) transient and impulse characteristics of the low-frequency link of the first order (LF-1)
and plot their graphs.

b) transient and impulse characteristics of the first-order high-frequency link (HF-1) and
plot their graphs.

c) transient and impulse characteristics of the strip link (BZ) and plot graphs.

Description of the study design
Studies are carried out on a PC in the Electronics Workbench environment. Study schemes

contain AC voltage sources, resistors, capacitors, oscilloscopes, voltmeters. An oscilloscope is
used to determine phase shifts of harmonic voltages.

Research task:

1. To study the transient and impulse characteristics of the low-frequency link of the first
order (LF-1) and to plot their graphs.

2. To study the transient and impulse characteristics of the first-order high-frequency link
(HF-1) and to plot their graphs.

3. To study the transient and impulse characteristics of the bandwidth link (BZ) and to build

graphs.

Table 1 Variants of tasks for preliminary calculation and research



OptionNo | R1,kQ | CI,uF | R2,kQ | C2,uF | OptionNo | R1,kQ | CI, uF | R2,kQ | C2, uF
1 1.1 1.0 10 0.2 31 1.0 2.0 20 0.3
2 1.2 2.0 15 0.1 32 1.2 0.1 30 0.4
3 1.5 0.1 20 2.0 33 1.5 0.2 40 0.4
4 1.7 0.2 30 1.0 34 1.7 0.8 25 0.7
5 2.5 0.8 40 0.5 35 25 5.0 35 0.1
6 3.0 5.0 25 0.3 36 3.0 2.0 30 0.2
7 1.0 2.0 35 0.4 37 1.0 6.0 80 0.3
8 1.1 6.0 30 0.4 38 1.1 5.0 25 0.4
9 1.2 5.0 80 0.7 39 1.2 2.0 15 0.2
10 22 2.0 25 0.1 40 22 1.0 15 1.0
11 3.6 1.0 15 0.2 41 3.6 2.0 40 1.1
12 1.2 2.0 15 0.3 42 1.2 5.0 50 1.2
13 1.5 5.0 40 0.4 43 1.5 6.0 60 22
14 1.7 6.0 50 0.2 44 1.7 1.0 60 3.6
15 2.5 1.0 60 1.0 45 25 1.1 25 1.2
16 3.0 1.1 60 1.1 46 3.0 1.2 35 1.5
17 1.0 1.2 25 1.2 47 1.0 22 30 1.7
18 1.1 2.2 35 22 48 1.1 3.6 80 25
19 1.2 3.6 30 3.6 49 1.2 2.0 25 3.0
20 22 1.2 80 1.2 50 22 0.1 15 1.0
21 3.6 1.5 25 15 51 1 0.2 15 1.1
22 1.2 1.7 15 1.7 52 1.2 0.8 40 1.2
23 15 25 15 25 53 1.5 5.0 40 22
24 1.7 3.0 40 3.0 54 1.7 2.0 60 0.3
25 2.5 1.0 40 1.0 55 2.5 6.0 60 0.4
26 3.0 1.1 60 1.1 56 3.0 5.0 20 0.4
27 1.0 1.2 60 1.2 57 1.0 2.0 30 0.7
28 1.1 2.2 25 22 58 1.1 1.0 40 0.1
29 1.2 3.6 15 3.6 59 1.2 2.0 25 0.2
30 22 1.2 15 1.2 60 22 5.0 35 0.3




Procedure for conducting research
(a) Transient and impulse response study of the first-order low-frequency link (LF-1)

1. Assemble the diagram of the electrical circuit (Figure 1).
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Figure 1 - Scheme of the study of the time characteristics of the NP-1
2. Set the parameters of the generator and oscilloscope according to Figure

2.
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3. Take an oscillogram of the transient response. Using the transient
response graph, determine the constant of the circuit time, the duration of
the transient process.

4. Increase the resistance R1 by 2 times. Repeat step 3

5. Reduce the resistance R1 by 2 times. Repeat step 3

6. To draw a conclusion about the effect of R1 on the time characteristic
of the circuit

7. Set the oscillator to a pulse duty cycle of 0.1%



8. Take an oscillogram of the impulse response. Use the impulse response
graph to determine the time constant of the circuit,
the duration of the transition process.

9. Repeat p. 4-6

b) Study of the time characteristics of the first-order high-frequency link (HF-1)

1. Assemble an electrical circuit diagram (Figure 2).
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Figure 2 - Scheme of the study of the temporal characteristics of the VCh-1

2. Repeat p. 3-9
¢) Study of the time characteristics of the strip link

1. Assemble the diagram of the electrical circuit (Figure 3).
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Figure 3 - Scheme of the study of the time characteristics of the strip link
2. Repeat p. 3-9
e Contents of the report

The laboratory report should contain:

- research schemes;

- Completed tables of calculation and experimental data, calculation formulas and detailed

calculation of all required parameters;
- graphs of time characteristics of links;

e - conclusions based on the results of research.

¢ Control questions:



A

Draw a diagram of a low-frequency link of the first order.

Draw a diagram of a high-frequency link of the first order.

Define the transient response of a circuit.

Write an expression for the transient response of the first-order low-frequency link.
Define the impulse response of a circuit.

Write down the expression for the first-order low-frequency link impulse response.



Laboratory Work No 9
Four-Pole Study
Purpose of the work:
1. Experimental determination of the primary parameters of four-poles.
2. Experimental determination of the secondary parameters of four-poles.

3. Experimental study of four-poles under matched and uncoordinated loads.

Task to prepare for laboratory work:
1. Familiarize yourself with the manual for laboratory work;
2. Perform a preliminary calculation according to the task option (Table 1):
2.1. Calculate the A-parameters of four-poles.
2.2. Calculate the secondary parameters of four-poles.

2.3. Calculate the operating parameters of four-pole valves.

Description of the study design
Studies are carried out on a PC in the Electronics Workbench environment.
Study schemes contain AC voltage sources, resistors, oscilloscopes, voltmeters and

ammeters. An oscilloscope is used to determine phase shifts of harmonic voltage.

Research task:
a) Determine the A-parameters of the specified four-poles.
b) Determine the secondary (characteristic) parameters of the given four-
poles.

c) Examine the operating parameters of the specified four-poles.

Table 1 - Variants of tasks for preliminary calculation and research

Option No | Eg, V f, kHz R1,Ohm | C2, uF R3,Ohm | Rg, Ohm | Rh, Ohm
0 100 10 10 3.183 10 10 20
1 110 12 15 2.9 15 12 25
2 120 14 20 3.1 20 18 30
3 130 16 25 2.2 25 20 26
4 140 18 20 2.5 20 11 28
5 150 20 30 2.6 30 13 20




6 160 11 26 2.8 26 15 10
7 170 13 28 3.5 28 17 20
8 180 15 20 3.0 20 19 30
9 190 17 10 2.7 10 18 26
10 200 19 20 2.5 20 20 28
11 100 12 25 3.1 25 10 25
12 110 14 20 2.2 20 15 30
13 120 16 30 2.5 30 20 26
14 130 18 26 2.6 26 25 28
15 140 20 28 2.8 28 20 20
16 150 11 20 3.5 20 30 10
17 160 13 10 3.0 10 26 20
18 170 15 20 2.7 20 28 30
19 180 17 25 2.5 25 20 26
20 190 19 30 3.1 30 19 28
21 200 11 26 2.2 26 18 25
22 100 13 28 2.5 28 20 30
23 110 15 20 2.5 20 10 26
24 120 17 10 3.1 10 15 28
25 130 19 20 2.2 20 20 20
26 140 12 25 2.5 25 25 20
27 150 14 20 2.6 20 20 30
28 180 17 30 2.8 30 30 26
29 190 19 26 3.5 26 26 28
30 200 11 28 3.0 28 28 25
31 100 13 20 2.7 20 20 30
32 110 15 10 2.5 10 25 26
33 120 17 20 3.1 20 20 28
34 120 18 15 3.0 15 15 28
35 130 16 20 2.0 20 20 10
[ ]
e Procedure for conducting research
a) Determination of A-parameters of given four-poles
1. Assemble the diagram of the electrical circuit (Figure 1).
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2. Set the EMF values, source frequency, and values of the four-pole circuit elements specified
according to the option. For this purpose, the cursor is brought to the desired element and by
double-clicking the left mouse button, a window (with the name of the element) is called, in which
the required parameter value is set and the "Accept" button is pressed. Use switch 1 to connect the
oscilloscope channel "B" to the C clamp (press the 1 key on the keyboard if necessary). By double-
clicking the left mouse button on the oscilloscope channel A line, set the channel color to red, and
on the channel B line - the channel color blue.

3. In the diagram, set the idle mode: switch "K" to position 1 (press the K key on the
keyboard).

o4, After the installation of all the parameters of the scheme is completed, the

button - o.1» located in the upper right corner of the screen is moved to the 1-"On" position. Upon

completion of automatic calculations, the button L= 10| is moved to the 0-"Off" position.
o The readings of ammeters and voltmeters should be entered in the table of calculated and
experimental data (Table 2).

eTable 2 - Calculated and experimental data

e Mode |e U (e Il | e 1 e U | T2- e y e T2-|e o, e A - parameters
e Single |1,B |,A |2,A (2B |TLS | deg|TLS |4 pegl - All . A2l
e Course e e c|e Cle e |0 C
Xp alcul | xp alcul
atio atio
n n
[ ] [ ] [ [ ] [ ] [ ] [ ] [ ] [ ] [ [ [ ]
[ ]
e Mode |[e U (e Il |e 1 e U | T2- e yle T2-|e ¢, e A - parameters
e Short |LLB |,A [|2,A|2,B |TLS | deg|TLS |, Degl + Al2 . A22
circuit e c|e Cle e |0 C
Xp alcul | xp alcul
atio atio
n n
[ ] [ ] [ ] [ ] [ ] [ [ [ [ [ ] [ ] [
[ ]

e Press the left mouse button on the oscilloscope image to activate it and switch it to the
"Zoom" mode. Set the sight ruler 1 (red) at the point of intersection of the time axis with the
oscillogram of channel A when it transitions from negative to positive value, and sight ruler 2
(blue) at the point of intersection of the time axis with the oscillogram of channel B when it
transitions from negative to positive value. In the lower right window of the oscilloscope, the value

of the time interval T2-T1 will appear. The phase shift between the voltages Ulxx and U2xx in
degrees is calculated using the formula v, =360°-(T2-T1)-f. Here f is the frequency of the

sinusoidal EMF of the source.




5. Use switch 1 to connect the "B" channel of the oscilloscope to the "B" clamp (press the 1
key on the keyboard). Using the oscilloscope, determine the value of the time interval T2-T1.
Calculate the phase shift between the current I1xx and the voltage U2xx in degrees according to

the formulag,, =180 +360° - (T2 - T1)-f.

¢6. Based on the results of measuring the voltages Ulxx, U2xx, current [1xx and phase

shifts, calculate the primary parameters A, = U—lxxe“”12 and A, =——e'™.
2 2

7. In the diagram (Figure 1), set the short-circuit mode: switch "K" to the "On" position
(press the K key on the keyboard).

8. Using an oscilloscope, determine the value of the time interval T2-T1. Calculate the phase
shift between the current Ilkz and the current I2kz in degrees using the formula
v, =180+360° - (T2 -T1)-f

9. Use switch 1 to connect channel "B" of the oscilloscope to the clip "C" of the circuit (press
the key 1 on the keyboard). Using the oscilloscope, determine the value of the time interval T2-
T1. Calculate the phase shift between the voltage Ulkz and the current 12kz in degrees using the
formula ¢, =360°-(T2-TI)-f

10. Write down the readings of voltmeters and ammeters. Based on the results of measuring

the voltage Ulkz, currents I1kz, 12kz and phase shifts, calculate the primary parameters

uy . | N . .
A, = ITieJ‘P‘“ and A,, =——e"". Check the correctness of the determination of the primary
2 2

parameters using the equation of connection A11 A22 - A12 A21=1.

11. Compare the results of preliminary calculations of primary parameters with the results of
research. Draw conclusions.
b) Determination of secondary parameters of specified four-poles

1. Assemble the diagram of the electrical circuit (Figure 2).
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2. Set the EMF values, source frequency, and values of the four-pole circuit elements specified
according to the option.

3. In the diagram, set the idle mode: switch "K" to position 1 "Off" (press the K key on the
keyboard).
e 4. After all the parameters of the circuit are set, move the button (0-1) to the "On (1)" position.
Upon completion of automatic calculations, the button (0-1) is moved to the "Off (0)" position.
The readings of ammeters and voltmeters, the value of the time interval T2-T1 should be entered

into the table of calculated and experimental data. The phase shift between the voltage Ulxx and

the current I1xx in degrees should be calculated using the formulag,, = 360° - (T2 ~T1)-f

e7. Calculate the complex resistance based on the results of measurements of voltage

XX

Ulxx, current I1xx and phase displacement Z,, = —xiej"’“‘ .

1
8. In the diagram (Figure 2), set the short-circuit mode: switch "K" to position 2 "on" (press
the K key on the keyboard).

9. Using an oscilloscope, determine the value of the time interval T2-T1. Calculate the phase

shift between the voltage Ulkz and the current I1kz using the formula @, = 360° -(T2 - T1)-f

10. Record the voltmeter and ammeter readings. Based on the results of measurements of

voltage Ulkz, current I1kz and phase displacement, calculate a complex

K3

resistance Z, = R BN T

K3
1

11. Calculate the characteristic resistance of the four-pole
Z.=+Z, -Z, =Z-¢&'=Zcos@+ jZsing=R_ + jX_Determine the value of the capacitance of

. . . 1 .
the capacitor for the characteristic resistance C, = —————. Here f is the frequency of

2-m-f-X,
oscillations of the EMF source.
12. Establish the calculated values of the load elements of the four-pole circuit (Figure 2)
(resistor resistance Rc, capacitance of capacitor Ce).
13. In the diagram (Fig.2), set the mode of the matched load: connect Zh = Zc to the output
of the four-pole (_ switch "C" is switched to the "On" position (press the key C on the keyboard)).

After all the parameters of the circuit are set, move the button (0-1) to the "On (1)" position. Upon
completion of automatic calculations, the button (0-1) is moved to the "Off (0)" position. Enter the
readings of ammeters and voltmeters, the value of the time interval T2-T1 in the table of calculated

and experimental data. Calculate the phase displacement between the voltage Ulc and the current

I1c according to the formula ¢, =360° - (T2 - T1)-f



14. Calculate the input complex impedance based on the results of measurements of voltage

: U, ; .
Ulc and current I1 and phase displacement Z, = %e”’“i . Compare the values of characteristic

ZlBx
1lc

and input impedances.
15. Based on the results of measurements of voltages Ulc, U2c¢, currents I1c and 12¢, calculate

U,.I
ln Ic "lc

the characteristic (own) constant of the attenuation of the fourpole in feathers A, =—1 U1 or
2c "2

in decibels A, = lOlgM :

2c 72
16. Compare the results of preliminary calculations of the secondary parameters of the four-
pole with the results of research. Draw conclusions.
¢) Examination of four-poles under uncoordinated load. Determination of the operating
parameters of specified four-poles

1. Assemble the diagram of the electrical circuit (Figure 3).

ILIT,g
I B——
AT R3  I2 71
a9+ —
0
Ul [JEr o U2
— — Ix
Er H
~
E1
= — .
eFigure 3

2. Set the EMF values, source frequency, values of four-pole circuit elements, resistance Rg
and Rh specified according to the option.
3. In the diagram, set the mode of uncoordinated load: switch "K" to position 2 "On" (press
the K key on the keyboard).
o4, After all the parameters of the circuit are set, move the button (0-1) to the "1" position.
Upon completion of automatic calculations, the (0-1) button is moved to the "0" position. Enter
the readings of ammeters and voltmeters in the table of calculation and experimental data.
« Based on the results of measurements of voltage U2, current 12, calculate the total power
in the load Sn = U2 12
5. Assemble the diagram of the electrical circuit (Fig. 4). To do this, it is enough to select and
remove the elements of the four-pole in the diagram (Figure 3), voltmeter V1, ammeter 11,

oscilloscope



Figure 4 Figure 5

¢ 6. After completing the installation of all circuit parameters, move the button (0-1) to the
"On (1)" position. Enter the readings of the ammeter and voltmeter in the table of calculated and
experimental data.

. 7. Based on the results of measurements of voltage U2n, current 12n, calculate the total
power in the load not coordinated with the source S2h = U2h I2n

Based on the results of measurements of voltages U2, U2h, currents 12 and 12h or apparent

. . . 1, U,I 1
powers, calculate the insertion attenuation in non-feathers A, =—In—*2 =—In—% or
20 UL, 2 S,

decibels A, = 101g% = IOIgSi.
U,I, S,
8. Assemble the diagram of the electrical circuit (Fig. 5). To do this, it is enough to set Rh =

Rg in the diagram (Fig. 4) (the mode of coordinated load with the source, in which the maximum
power is allocated in the load).

¢9. After completing the installation of all the parameters of the circuit, move the button
(0-1) to the "1" position.

. 10. Based on the results of measurements of voltage U2max, current I2max, calculate the
total power in the load coordinated with the source S2max = U2max [2max

11. Based on the results of measurements of voltages U2, U2max, currents 12 and 12max or

1. U,..I 1. S
full power, calculate the working attenuation in feathers A = Eln% = Eln% or
2°2 2

U, 1 S
decibels A = IOIg% =101g Z2mex

2%2 2
12. Compare the results of preliminary calculations of the four-pole operating parameters with
the results of research. Draw conclusions.

[ ]
e Contents of the report.
The laboratory report should contain:

- research schemes;



- Completed tables of calculation and experimental data, calculation formulas and detailed
calculation of all required parameters;
e - conclusions based on the results of research.

¢ Control questions:

—

. What is called a four-pole?

. Give examples of four-pole communication equipment.

. Name the main forms of the four-pole equation systems.

. Write down the equation of the four-pole in the form of A-parameters.
. Why are these parameters called primary?

. How can the parameters A1l and A21 be determined?

. How can the parameters A12 and A22 be determined?

. Name the characteristic parameters of four-poles.

O 00 I O W B~ W DN

. What is the characteristic resistance of a symmetrical four-pole?

10. Write down the expression to determine the characteristic resistance from the A-parameters of
the four-pole.

11. What is called the characteristic transmission constant of a four-pole?

12. What is called the characteristic (own) weakening of the quadripolar?

13. Write down the expression to determine the characteristic attenuation from the A-parameters
of the four-pole.

14. What is called the applied attenuation of the four-pole?

16. What is called the working weakening of the four-pole?



Laboratory Work No10

Investigation of the frequency characteristics of LC filters
Purpose of the work:

1. Experimental study of the frequency characteristics of LPF
2. Experimental study of the frequency characteristics of HPF
Task to prepare for laboratory work:
- according to the variant of the task (Table 1), perform a preliminary calculation:
a) the frequency characteristics of LPF and plot them.
b) frequency characteristics of HPF and plot them.

Table 1 - Variants of tasks for preliminary calculation and research

Option Rc, Ohm fc, Hz Scheme n
No
1 600 2500 P 0.6
2 700 2000 T 0.9
3 800 1000 P 2
4 900 4000 T 1.5
5 1000 5000 P 1.2
6 1500 1500 T 0.7
7 550 3500 P 0.65
8 650 2500 T 0.5
9 750 4500 P 1.25
10 850 5500 T 1.4
11 600 2500 P 0.6
12 700 2000 T 0.9
13 800 1000 P 2
14 900 4000 T 1.5
15 1000 5000 P 1.2
16 1500 1500 T 0.7
17 550 3500 P 0.65
18 650 2500 T 0.5
19 750 4500 P 1.25
20 850 5500 T 1.4
21 600 2500 P 0.6
22 700 2000 T 0.9
23 800 1000 P 2
24 900 4000 T 1.5
25 1000 5000 P 1.2
26 1500 1500 T 0.7
27 550 3500 P 0.65
28 650 2500 T 0.5
29 750 4500 P 1.25
30 850 5500 T 1.4
31 600 2500 P 0.6
32 700 2000 T 0.9
33 800 1000 P 2




Description of the study design
Studies are carried out on a PC in the Electronics Workbench environment. The research

schemes contain AC voltage sources, resistors, capacitors, voltmeters. A Bode plotter is used to
determine frequency characteristics.
Research Assignment
1. To study the frequency characteristics of LPF.
2. To study the frequency characteristics of HPF.
e Procedure for conducting research
(a) Investigation of the frequency characteristics of LPF

1. Assemble the diagram of the electrical circuit (Figure 1).
, ot
[
L1 L
E Ul l uz
D . N

-

Figure 1 - Scheme of the study of the frequency characteristics of LPF

h.'| —
|

e2. According to the specified Rc and fc options, calculate and set on the diagram the

calculated values of inductance L1 and capacitance of the capacitor C2, the value of the EMF of

. R 1
the source E = 1V, the resistance L; = —C, = R, =R,

nfe 2T miRe
3. Fill in the second line of Table 2 (line f, Hz)
4. By changing the frequency f of the source according to Table 2, measure the voltages U2
and Ui Enter the voltmeter readings in the table of test results.

eTable 2 - Results of LPF studies

f/fc

e 001 |e 04 |o 0.6 |® 0.8

1.0

1.2

1.4

1.6

2.0

2.5

3.0

3.5

f, Hz

U2,B

UL,B

Al(f), dB

U2, B

A2(f), dB

U2, B

A3(f), dB

U2,B

A4(f), dB




e 5. Perform the calculation . Based on the results of the research, build a graph A(f).A(f) =
Uy
201g( 0,

¢ 6. Using a plotter (Bode-plotter), obtain a graph A(f) and compare it with the graph p.5
¢ 6. To conduct a study of frequency characteristics at Rh = 0.5Rc, Rh = 2Rc,
eRh = 10Rc.
7. Compare the results of the research with the results of the preliminary calculation. Draw
conclusions.
b) Study of the frequency characteristics of HPF

1. Assemble the diagram of the electrical circuit (Figure 2).

i, o1

Figure 2 - Scheme for studying the frequency characteristics of HPF
¢2. According to the given Rc and fc options, calculate and . Set on the diagram the

calculated values of inductance L2 and capacitance of the capacitor C1, the value of the EMF of
Re ~ _ 1
4mfc 1= 4mfc Rc

R, =R,

the source E = 1V, resistance L, =

3. Fill in the second line of Table 3 (line f, Hz)
4. By changing the frequency f of the source according to Table 3, measure the voltages U2
and Ui Enter the voltmeter readings in the table of research results.

eTable 3 - Results of HPV studies

o f/fc e 001 |e 04 e 0.6 e 0.8 e 1.0 e 12 e 14
o f Hz ° ° ° ° ° ° °
° U2, B ° ° ° ° ° ° °
e Ul,B ° ° ° ° ° ° °
e Al(f),dB | e ° ° ° ° ° °
e U2,B ° ° ° ° ° ° °
e A2(f),dB | e ° ° ° ° ° °
e U2 B ° ° ° ° ° ° °
o A3(f),dB | e ° ° ° ° ° °
e U2,B ° ° ° ° ° ° °
° A4(f), dB | e ° ° ° ° ° °




e 5. Perform the calculation . Based on the results of the research, build a graph A(f).A(f) =

ZOlg(Z—:

¢ 6. Using a plotter (Bode plotter), obtain a graph A(f) and compare it with the graph p.5

¢ 6. To conduct a study of frequency characteristics at Rh = 0.5Rc, Rh = 2Rc,
eRh = 10Rc.

7. Compare the results of the research with the results of the preliminary calculation. Draw

conclusions.

e Contents of the report

The laboratory report should contain:

- research task;

- research schemes;

- Completed tables of calculation and experimental data, calculation formulas and detailed

calculation of all required parameters;

- Frequency response graphs

e - conclusions based on the results of research.

e Control questions:

1.

A O i

10.
11.
12.
13.

What is an Electric Filter?

Draw a T-shaped LPF scheme.

Draw a U-shaped HPF scheme.

Formulate the filtering conditions for passive LC filters.

How can the bandwidth of passive LC filters be determined?

How can you determine the bandwidth cutoff frequencies? Explain using the example
of a low-pass filter of type "k".

How can the attenuation frequency response of passive LC filters be determined?
Explain using a low-pass filter as an example.

Write down the expression for the frequency response of LPF attenuation.

Plot the frequency response of LPF attenuation.

Write down the expression for the LPF constant phase.

Write down the expression for the characteristic resistance of the LPF.

Record the expression for the frequency response of HPF attenuation.

Write down the expression for the constant phase of HPF.



14. Write down the expression for the characteristic resistance of HPF.

15. Plot the frequency response of HPF attenuation.
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Introduction

Practical classes in the discipline "Theory of Electrical and Radio Engineering Circuits"
provide a connection between the theory of electrical circuits and the practice of calculating
electrical circuits and radio engineering devices, the development of the ability to apply the
knowledge gained at lectures and in the course of independent work.

Practical classes are aimed at:

to help systematize, consolidate and deepen knowledge of the theory of DC electrical
circuits;

to show the connection of theoretical material with practice and to teach them to apply
Ohm's law, the first and second laws of Kirchhoff to solving practical problems on linear and
nonlinear circuits of direct current, to teach cadets to solve problems by methods of
transformations, contour currents, superposition, nodal potentials;

to develop and improve mathematical training, the ability to conduct engineering
calculations using modern computer technology;

master the methodology of working with scientific material on the theory of circuits and
certain practical skills that are most typical for the discipline "Fundamentals of Circuit Theory";

to help students in the development of independent work; to teach them to work with
educational literature, electrical diagrams, to use reference literature and GOSTs.

To achieve this goal, students are obliged to:

in preparation for the lesson, study the recommended literature, prepare and answer
control questions, the list of which is given in each task for the lesson, analyze the solution of
typical tasks for this lesson;

during the practical lesson, perform individual tasks according to the version. When
performing tasks, the following order of actions is recommended: analysis of the conditions of the
problem; evaluation of available data (what is given, what needs to be found, what data are
redundant); selection of a method for solving the problem; drawing up a plan (algorithm) for the
solution; performing calculations; checking the solution; drawing up a report.

When performing calculations, it is advisable to use a PC or programmable microcalculators. The
report is drawn up in accordance with the requirements for written works and submitted to the
teacher for checking. Examples of the report are given in each practical lesson.

For each completed task of the practical lesson, the teacher gives a grade on a 10-point
system.

Assessment criteria for the task:




The maximum number of points is given if the solution algorithm is optimal and the
problem is solved correctly in full, neatly formatted,

the number of points is reduced by 2 if the task is solved in full, neatly formatted, but
contains minor errors,

the number of points is reduced by 5 if the solution algorithm is not optimal and the
problem is solved correctly in general or contains errors,

The number of points is reduced to 0 if there is no solution to the problem, the problem is
solved incorrectly or contains gross errors.
Evaluation criteria for a practical lesson:
The mark is EXCELLENT if the number of points > 90% of the maximum possible number of
points for a practical lesson,;
The grade is GOOD if the number of points > 80% of the maximum possible number of points
for a practical lesson;
A SATISFACTORY grade is given if the number of points > 60%;
the grade is UNSATISFACTORY if the number of points < 60%. Students who have received
GOOD and EXCELLENT grades during all practical classes, on the recommendation of the
teacher, are exempted by the head of the department from the exam in the discipline "Electrical

Engineering and Electronics" with the grade "EXCELLENT".



1. Calculation of electrical circuits by the transformation method

Study questions:
1. Calculation of equivalent resistances of passive circuits.
2. Calculation of equivalent EMF of active circuits.

3. Calculation of parameters of equivalent current sources.

Assignment for students to prepare for the lesson

1. Study:

1. Nikulin V.I. Teoriya elektricheskikh tsepey [Theory of electric circuits]. Moscow,
RIOR Publ., 2016, pp. 6-23.
2. Bakalov V.P., Vorobienko P.P., Kruk B.I. Teoriya elektricheskikh tsepey [ Theory

of electric circuits]. Moscow, Radio 1 svyaz Publ., 1998, pp. 26-31.
3. Shebes M. R. Zadachnik po teorii lineynykh elektricheskikh tsepey [Task book

on the theory of linear electric circuits].- Moscow: Vysshaya shkola, 1982. - pp. 4,
9-11, 12-13.

NS R -

2. Answer the questions:
What is an electrical circuit?
What is Electric Current?
What is Electrical Voltage?
What is EMF?
What is a branch of an electrical circuit?
What is a section of an electrical circuit?
How is the equivalent resistance determined when resistive elements are
connected in series?
How is the equivalent resistance determined when resistive elements are

connected in parallel?



9. How is the equivalent EMF determined when EMF sources are connected in
series?

10.How is the equivalent current determined when current sources are
connected in parallel?

11.What is meant by an electrical circuit replacement scheme?

12.Draw a scheme for replacing a real EMF source

13.Draw a diagram of the replacement of a real current source.

14.How can the transition from a real EMF source to a replacement scheme

with a current source be made?

3. Analyze the solution of the following tasks:
Nol.1 (Shebes M. R. Task book on the theory of linear electric circuits. - Moscow:
Higher School, 1982. - p.14)

During the practical lesson, complete the tasks:

Task Nol Calculate the equivalent resistance Re for the passive electrical circuits
specified according to the option, the diagrams and parameters of which are given

in Table 1.1.

Task No2 Calculate equivalent EMF and resistances for the specified active circuits

according to the variant (Table 1.2)

Task No3 Calculate the parameters of equivalent current sources (E and Re) for the

specified active electrical circuits (Table 1.3)



Table 1.1

Variant | Scheme | RI1, R2, R3, R4, RS, R6, R7, RS, | Definition
No , Om | Om Om Om Om Om Om Om pour
Figure
No
0 1.1 200 | 200 400 500 400 100 200 100 Rab
1 1.2 100 | 150 200 100 150 300 100 100 Rab
2 1.3 10 15 20 10 15 30 10 10 Rab
3 1.4 200 | 200 400 500 400 100 200 100 Rad
4 1.1 100 | 100 200 150 200 100 300 200 Rad
5 1.2 15 10 25 10 20 15 20 30 Rad
6 1.3 200 | 250 100 200 150 250 160 300 Rae
7 1.4 20 25 10 15 25 35 20 15 Rae
8 1.1 250 | 300 450 300 200 150 250 300 Rae
9 1.2 150 | 180 240 250 240 190 200 250 Rbf
10 1.3 25 20 45 20 40 50 25 60 Rbf
11 1.4 100 | 150 200 100 150 300 100 100 Rbf
12 1.1 10 15 20 10 15 30 10 10 Rbc
13 1.2 200 | 200 400 500 400 100 200 100 Rbc
14 1.3 100 | 100 200 150 200 100 300 200 Rbc
15 1.4 15 10 25 10 20 15 20 30 Rbd
16 1.1 200 | 250 100 200 150 250 160 300 Rbd
17 1.2 20 25 10 15 25 35 20 15 Rbd
18 1.3 250 | 300 450 300 200 150 250 300 Rde
19 1.4 150 | 180 240 250 240 190 200 250 Rde
20 1.1 25 20 45 20 40 50 25 60 Rde
21 1.2 100 | 150 200 100 150 300 100 100 Rdc
22 1.3 10 15 20 10 15 30 10 10 Rdc
23 1.4 200 | 200 400 500 400 100 200 100 Rdf
24 1.1 100 | 100 200 150 200 100 300 200 Rdf
25 1.2 15 10 25 10 20 15 20 30 Rdf
26 1.3 200 | 250 100 200 150 250 160 300 Rdf
27 1.4 20 25 10 15 25 35 20 15 Rfe
28 1.1 250 | 300 450 300 200 150 250 300 Rce




29 1.2 150 180 240 250 240 190 200 250 Rce
30 1.3 25 20 45 20 40 50 25 60 Raf
31 1.4 100 150 200 100 150 300 100 100 Raf
32 1.1 10 15 20 10 15 30 10 10 Rab
33 1.2 200 | 200 400 500 400 100 200 100 Rbd
34 1.3 100 100 200 150 200 100 300 200 Rde
35 1.4 15 10 25 10 20 15 20 30 Rde
36 1.1 200 | 250 100 200 150 250 160 300 Rde
37 1.2 20 25 10 15 25 35 20 15 Rdc
38 1.3 250 | 300 450 300 200 150 250 300 Rdc
39 1.4 150 180 240 250 240 190 200 250 Rdb
40 1.1 25 20 45 20 40 50 25 60 Rdf
41 1.4 100 150 200 100 150 300 100 100 Raf
42 1.1 10 15 20 10 15 30 10 10 Rab
43 1.2 200 | 200 400 500 400 100 200 100 Rbd
44 1.3 100 100 200 150 200 100 300 200 Rde
45 1.4 15 10 25 10 20 15 20 30 Rde
[:| R1 R4 [] R5 []Rs — -
L N N
- I — o — I A
Figure 1.1 Figure 1.2
o < of — of
R2 R6 R2 R&
[] R1 RS/ / [HRS [] R1 ' []Rs
. e T A L W DY £ N R ve
Figure 1.3 Figure 1.4
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Table 1.2

Variant Scheme, R1, R2, R3, I1, 12, 13,
No FigureNo Om Om Om mA mA mA
0 1.5 100 100 50 10 20 15
1 1.6 150 200 250 20 10 15
2 1.7 200 50 150 5 7 10
3 1.8 200 100 50 4 8 6
4 1.5 250 150 100 8 5 7
5 1.6 400 300 200 10 25 15
6 1.7 150 200 250 20 10 15
7 1.8 200 50 150 5 7 10
8 1.5 200 100 50 4 8 6
9 1.6 250 150 100 8 5 7
10 1.7 400 300 200 10 25 15
11 1.8 150 200 250 20 10 15
12 1.5 200 50 150 5 7 10
13 1.6 200 100 50 4 8 6
14 1.7 250 150 100 8 5 7
15 1.8 400 300 200 10 25 15
16 1.5 150 200 250 20 10 15
17 1.6 200 50 150 5 7 10
18 1.7 200 100 50 4 8 6
19 1.8 250 150 100 8 5 7
20 1.5 400 300 200 10 25 15
21 1.6 150 200 250 20 10 15
22 1.7 200 50 150 5 7 10
23 1.8 200 100 50 4 8 6
24 1.5 250 150 100 8 5 7
25 1.6 400 300 200 10 25 15
26 1.7 150 200 250 20 10 15
27 1.8 200 50 150 5 7 10
28 1.5 200 100 50 4 8 6
29 1.6 250 150 100 8 5 7
30 1.7 400 300 200 10 25 15




31 1.8 150 200 250 20 10 15
32 1.5 200 50 150 5 7 10
33 1.6 200 100 50 4 8 6
34 1.7 250 150 100 8 5 7
35 1.8 400 300 200 10 25 15
36 1.5 150 200 250 20 10 15
37 1.6 200 50 150 5 7 10
38 1.7 200 100 50 4 8 6
39 1.8 250 150 100 8 5 7
40 1.5 400 300 200 10 25 15
41 1.6 250 350 100 15 25 15
42 1.7 150 200 250 20 10 15
43 1.7 150 200 250 20 10 15
44 1.8 200 50 150 5 7 10
45 1.5 200 100 50 4 8 6
46 1.6 250 150 100 8 5 7




Table 1.3

Variant Scheme R1, R2, R3, R4, El, E2, E3,
No FigureNo Om Om Om Om In In In
0 1.9 75 100 50 150 20 10 15
1 1.10 50 100 200 50 10 12 20
2 1.11 100 250 300 200 10 15 25
3 1.12 200 400 500 300 10 14 18
4 1.9 450 250 300 200 20 30 40
5 1.10 500 750 650 400 40 25 30
6 1.11 50 100 200 50 10 12 20
7 1.12 100 250 300 200 10 15 25
8 1.9 200 400 500 300 10 14 18
9 1.10 450 250 300 200 20 30 40
10 1.11 500 750 650 400 40 25 30
11 1.12 50 100 200 50 5 10 7
12 1.9 100 250 300 200 10 12 20
13 1.10 200 400 500 300 10 15 25
14 1.11 450 250 300 200 10 14 18
15 1.12 500 750 650 400 20 30 40
16 1.9 50 100 200 50 40 25 30
17 1.10 100 250 300 200 10 12 20
18 1.11 200 400 500 300 10 15 25
19 1.12 450 250 300 200 10 14 18
20 1.9 500 750 650 400 20 30 40
21 1.10 50 100 200 50 10 12 20
22 1.11 100 250 300 200 10 15 25
23 1.12 100 250 300 200 10 14 18
24 1.9 200 400 500 300 20 30 40
25 1.10 450 250 300 200 40 25 30
26 1.11 500 750 650 400 10 12 20
27 1.12 50 100 200 50 10 15 25
28 1.9 100 250 300 200 10 14 18
29 1.10 200 400 500 300 20 30 40
30 1.11 450 250 300 200 40 25 30




31 1.12 500 750 650 400 5 10 7
32 1.9 50 100 200 50 10 12 20
33 1.10 100 250 300 200 10 15 25
34 1.11 200 400 500 300 10 14 18
35 1.12 450 250 300 200 20 30 40
36 1.9 500 750 650 400 40 25 30
37 1.10 50 100 200 50 10 12 20
38 1.11 100 250 300 200 10 15 25
39 1.12 200 400 500 300 10 14 18
40 1.9 450 250 300 200 20 30 40
41 1.10 100 250 300 200 10 14 18
42 1.11 200 400 500 300 20 30 40
43 1.12 450 250 300 200 40 25 30
44 1.9 500 750 650 400 5 10 7
45 1.10 50 100 200 50 10 12 20
46 1.11 100 250 300 200 10 15 25

Example of completing tasks (option No0)

Task Nol. Calculate the equivalent resistance Rab of a passive electrical circuit,

the diagram and parameters of which are given in Table 1.1. Option NoO.
Solution
1. Resistive elements R6, R7, R8 are connected in series (see Fig. 1.1). They form
the first section of the circuit. Equivalent resistance of the first section of the circuit
Rel =R6 + R7 + R8 =100 + 200 + 100 = 400 Ohm.

2. Resistive elements R4 and R5 and a section of the circuit with elements R6, R7,
R8 are connected in parallel (Figure 1.13). These elements form the 2nd section of
the circuit. Equivalent conductivity of this section

1 1 1 1 1 1

+—d——=——+ ——+——=0.002+ 0.0025+ 0.0025=0.007 Cm.
R, Rs R, 500 400 400

G32 =




R2

© LI
|~ Jre (s [Jra
R3
o |
Figure 1.13

3. The equivalent resistance of the second section of the circuit will be defined as
the inverse of the equivalent conductivity Ge2

R,=— -1 _1a3860m
G,, 0.007

4. Elements R2, R3 and the second section of the circuit are connected in series
(Figure 1.14). They form the third section of the circuit. Equivalent resistance of the
third section of the circuit

Re3 =R2 + Re2 + R3 =200 + 142.86 + 400 = 742.86 Ohm.

a R2
—
o

Jrs I

R3
B —
o I

Figure 1.14

5. The resistive element R1 and the third section of the circuit are connected in

parallel with respect to the pins "a, b" (Fig. 1.15). Conductivity of this section of the

circuit
11 1 1 _
G,=—+—+—+ =6.35-107° Cm.
R, R,; 200 742.86
ac

Jo [




Figure 1.15

6. Equivalent Circuit Resistance R, = 1o 157580,
G, 6.35-107

Task No2. Determine the parameters of the equivalent current source
(Ie, Re) of the active circuit Figure 1.5, the parameters of which are specified
(Table 1.2, option No 0).
Solution

1. Let's present the initial scheme (Figure 1.5) as follows (Figure 1.16)

I
= o
6911 6912 6913 I:IR1 I:IR2 I:IRS
O
Figure 1.16

2. Current I is determined by Kirchhoff's law 1
[=11-12+13=10-20+15=5mA.
3. Three current sources (Figure 1.16) can be replaced by one, the current of
which is equal to Ee = 1= 5 mA.
4. Resistive elements R1, R2, R3 are connected in parallel with respect to the
output poles. The equivalent conductivity of the passive section of the circuit is

determined by the expression G, = ! + ! + L L+i+i =0,04 Cm.

"R, R, R, 100 100 50

5. The equivalent resistance of the circuit section with the elements R1, R2,

R3 will be determined by the expression R = L_ 1 _osom

2 O’
6. An equivalent circuit diagram with a single current source is shown in

Figure 1.17
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Figure 1.17

Task No3. Calculate the equivalent EMF of the circuit (see Figure 1.9),
the parameters of which are given in Table 1.3. 1.3 Option No 0.

Solution

1. The circuit sections containing EMF sources and resistive elements shall

be replaced equivalently with circuit sections with a current source (Figure 1.18)

01

o o (o @e (o @o [

O 2

Figure 1.18
2. Let us determine the values I1, 12, I3 as short-circuit currents of the

corresponding branches with EMF sources

R, 100 R; 50 R, 150
3. The circuit diagram can be represented as (Figure 1.19)
I
2 o1
@ @ @ (o [ [ [
0 2

Figure 1.19



4. Current I in the circuit in accordance with Kirchhoff's first law will be
equal to the algebraic sum of currents 11, 12, I3, ie.

[=1; +1, +1;=0.2+0.2+0.1=0.5A.

Therefore, three current sources can be equivalent to one with current 1.
5. Resistive elements R1, R2, R3, R4 are connected in parallel. Their

1 1 1 1 1 1 1 1
+ +—+-—+-—=0.05

equivalent conductivity is G, = + + -
R, R, R; R, 75 100 50 150

Cm,

and resistance R, = 11 o Om.

G, 0.05

6. An equivalent circuit diagram (Figure 1.20) may be represented by a

current source and equivalent conductivity

@ ot

Figure 1.20
7. Replace the diagram (Figure 1.20) equivalently with the diagram with an
EMEF source (Figure 1.21)

o1
Ey
R
02
Figure 1.21

8. The equivalent EMF is determined by the expression

1

E, =1.—
c] G3

=1-R,=0.5-20=10B.



2. Calculation of linear electrical circuits by the method of contour currents

Study questions:
1. Calculation of an electrical circuit with EMF sources
2. Calculation of an electrical circuit with current sources.

3. Calculation of the electrical circuit with EMF and current sources.

Assignment for students to prepare for the lesson

1. Study:
1. Nikulin V.I. Theory of Electrical Circuits. - Moscow: RIOR, 2016, pp. 32-35.
2. Bakalov V.P., Vorobienko P.P., Kruk B.I. Teoriya elektricheskikh tsepey [ Theory
of electric circuits]. - Moscow: Radio 1 svyaz, 1998, pp. 45-53.
3. Shebes M. R. Task book on the theory of linear electric circuits. - Moscow:

Vysshaya shkola, 1982-p.6.

2. Answer the questions:

1. Formulate Kirchhoff's first law.

2. Formulate Kirchhoff's second law.

3. How is the number of equations determined in the calculation of a chain by
the method of direct application of Kirchhoff's laws?

4. How is the number of equations determined when calculating a circuit with
EMF sources using the contour current method?

5. How is the system of equations compiled when calculating a circuit with
EMF sources using the contour current method? Explain using the example
of a specific circuit.

6. How is the number of equations determined when calculating a circuit with

EMF sources and current using the contour current method?



7. How is the system of equations compiled when calculating a circuit with
EMEF and current sources using the contour current method? Explain using
the example of a specific circuit.

8. What are the methods of solving systems of linear equations known to you?

9. Explain the algorithm for calculating an electrical circuit using the method

of contour currents.
3. Analyze the solution of the following tasks:
No1.30, Nol.32 (Shebes M. R. Task book on the theory of linear electric circuits,

Moscow: Vysshaya shkola, 1982. - pp. 38-41)

During the practical lesson, complete the tasks:

Task Nol. Calculate the currents in the branches by the method of contour currents

for a given electrical circuit with EMF sources according to the variant (Table 1.4)

Task No2. Calculate the currents in the branches by the method of contour currents

for a given electric circuit with current sources according to the variant (Table 1.5)

Task No3. Calculate the currents in the branches by the method of contour currents

for a given electric circuit with EMF and current sources according to the variant

(Table 1.6)



Table 1.4

Variant Figure R1, R2, R3, R4, El, E2, E3,
Ne Ne Om Om Om Om In In In
0 1.22 100 300 150 250 10 20 15
1 1.23 200 100 150 300 15 10 20
2 1.24 50 40 20 50 5 3 10
3 1.25 30 50 60 20 30 50 25
4 1.26 60 100 80 30 50 25 30
5 1.27 90 60 50 40 70 35 40
6 1.28 35 70 50 50 40 20 15
7 1.29 40 30 40 60 60 30 40
8 1.30 30 20 50 70 50 25 75
9 1.31 60 40 90 80 40 20 30
10 1.22 100 200 300 100 70 30 50
11 1.23 100 300 150 250 10 15 20
12 1.24 200 100 150 300 15 10 20
13 1.25 50 40 20 50 5 3 10
14 1.26 30 50 60 20 30 50 25
15 1.27 60 100 80 30 50 25 30
16 1.28 90 60 50 40 70 35 40
17 1.29 35 70 50 50 40 20 15
18 1.30 40 30 40 60 60 30 40
19 1.31 30 20 50 70 50 25 75
20 1.23 60 40 90 80 40 20 30
21 1.24 60 100 80 30 50 25 30
22 1.25 90 60 50 40 70 35 40
23 1.26 35 70 50 50 40 20 15
24 1.27 40 30 40 60 60 30 40
25 1.28 30 20 50 70 50 25 75
26 1.29 60 40 90 80 40 20 30
27 1.30 100 200 300 100 70 30 50
28 1.31 100 300 150 250 10 15 20
29 1.23 200 100 150 300 15 10 20
30 1.24 50 40 20 50 5 3 10




31 1.25 90 60 50 40 70 35 40
32 1.26 35 70 50 50 40 20 15
33 1.27 40 30 40 60 60 30 40
34 1.28 30 20 50 70 50 25 75
35 1.29 60 40 90 80 40 20 30
36 1.30 60 100 80 30 50 25 30
37 1.31 90 60 50 40 70 35 40
38 1.23 35 70 50 50 40 20 15
39 1.24 40 30 40 60 60 30 40
40 1.25 30 20 50 70 50 25 75
41 1.23 30 20 50 70 15 10 20
42 1.24 60 40 90 80 5 3 10
43 1.25 60 100 80 30 30 50 25
44 1.26 35 70 50 50 50 25 30
45 1.27 90 60 50 40 40 20 30
Table 1.5
Variant Figure R1, R2, R3, R4, J1, J2, J3,
No No Om Om Om Om A A A
0 1.32 10 20 15 35 10 25 20
1 1.33 200 100 150 300 1.5 1 2
2 1.34 50 40 20 50 5 3 1
3 1.35 30 50 60 20 3 5 2.5
4 1.36 60 100 80 30 5 2 3
5 1.37 90 60 50 40 7 3 4
6 1.38 35 70 50 50 4 2 1.5
7 1.39 40 30 40 60 6 3 4
8 1.40 30 20 50 70 5 2 5
9 1.41 60 40 90 80 4 2 3
10 1.32 100 200 300 100 7 3 5
11 1.33 100 300 150 250 1 1.5 2
12 1.34 200 100 150 300 1.5 1 2
13 1.35 50 40 20 50 5 3 1
14 1.36 30 50 60 20 3 5 2.5
15 1.37 60 100 80 30 5 2 3




16 1.38 90 60 50 40 7 3 4
17 1.39 35 70 50 50 4 2 1.5
18 1.40 40 30 40 60 6 3 4
19 1.41 30 20 50 70 5 2 5
20 1.32 60 40 90 80 4 2 3
21 1.33 60 100 80 30 7 3 5
22 1.34 90 60 50 40 7 3 5
23 1.35 35 70 50 50 1 L.5 2
24 1.36 40 30 40 60 1.5 1 2
25 1.37 30 20 50 70 5 3 1
26 1.38 60 40 90 80 3 5 2.5
27 1.39 100 200 300 100 5 2 3
28 1.40 100 300 150 250 7 3 4
29 1.41 200 100 150 300 4 2 1.5
30 1.32 50 40 20 50 6 3 4
31 1.33 90 60 50 40 5 2 5
32 1.34 35 70 50 50 7 3 5
33 1.35 40 30 40 60 1 1.5 2
34 1.36 30 20 50 70 1 1.5 2
35 1.37 60 40 90 80 1.5 1 2
36 1.38 60 100 80 30 5 3 1
37 1.39 90 60 50 40 3 5 2.5
38 1.40 35 70 50 50 5 2 3
39 1.41 40 30 40 60 7 3 4
40 1.32 30 20 50 70 4 2 1.5
41 1.33 90 60 50 40 7 3 5
42 1.34 35 70 50 50 7 3 5
43 1.35 40 30 40 60 1 1.5 2
44 1.36 30 20 50 70 6 3 4
45 1.37 30 20 50 70 5 2 5




Table 1.6

Variant Figure R1, R2, R3, R4, El, E2, J,
Ne Ne Om Om Om Om In In A
0 1.42 100 300 150 250 10 15 0.1
1 1.43 200 100 150 300 15 10 0.05
2 1.44 50 40 20 50 5 3 0.2
3 1.45 30 50 60 20 30 50 0.1
4 1.46 60 100 80 30 50 25 0.5
5 1.47 90 60 50 40 70 35 1
6 1.48 35 70 50 50 40 20 1
7 1.49 40 30 40 60 60 30 1.5
8 1.50 30 20 50 70 50 25 2
9 1.51 60 40 90 80 40 20 1
10 1.42 100 200 300 100 70 30 0.1
11 1.43 100 300 150 250 10 15 0.5
12 1.44 200 100 150 300 15 10 0.2
13 1.45 50 40 20 50 5 3 0.1
14 1.46 30 50 60 20 30 50 0.5
15 1.47 60 100 80 30 50 25 1
16 1.48 90 60 50 40 70 35 1
17 1.49 35 70 50 50 40 20 1.5
18 1.50 40 30 40 60 60 30 2
19 1.51 30 20 50 70 50 25 1
20 1.42 60 40 90 80 40 20 0.1
21 1.43 60 100 80 30 50 25 0.5
22 1.44 90 60 50 40 70 35 1
23 1.45 35 70 50 50 40 20 0.1
24 1.46 40 30 40 60 60 30 0.5
25 1.47 30 20 50 70 50 25 0.2
26 1.48 60 40 90 80 40 20 0.1
27 1.49 100 200 300 100 70 30 0.5
28 1.50 100 300 150 250 10 15 1
29 1.51 200 100 150 300 15 10 1
30 1.42 50 40 20 50 5 3 1.5




31 1.43 90 60 50 40 70 35 2
32 1.44 35 70 50 50 40 20 1
33 1.45 40 30 40 60 60 30 0.1
34 1.46 30 20 50 70 50 25 1
35 1.47 60 40 90 80 40 20 0.1
36 1.48 60 100 80 30 50 25 0.5
37 1.49 90 60 50 40 70 35 0.2
38 1.50 35 70 50 50 40 20 0.1
39 1.51 40 30 40 60 60 30 2
40 1.42 30 20 50 70 50 25 0.5
41 1.43 100 300 150 250 10 15 0.5
42 1.44 30 20 50 70 15 10 0.2
43 1.45 60 40 90 80 5 3 0.1
44 1.46 60 100 80 30 40 20 0.1
45 1.47 30 20 50 70 60 30 2
46 1.48 90 60 50 40 50 25 0.5
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Example of completing tasks (option No0)

Task Nol. Use the contour current method to calculate the currents in the
branches of an electric circuit (Figure 1.22) if R1 = 100 Ohm, R2 =300 Ohm, R3 =
150 Ohm, R4 =250 Ohm, E1=10V,E2=20V,E3=15V.

Solution
e 1. Determine the number of independent circuits (the number of circuit

currents) in the electrical circuit (Figure 1.22) N=n, -n, +1=5-3+1=3

2. Determine the number of equations Nk=nb—ny+1-nJ=5-3+1-0=

Here, nb is the number of branches in the circuit, ny is the number of nodes,
and nJ is the number of branches containing current sources.
3. The system of equations with Nk = 3 and nJ = 0 has the form
Ryp T + R Ly +Ry5 - T3 =By
Roi-Tie +R oy I +R o5 - 15 = Epy
Ry Iy + Ry Iy +Ry53 - 13 = Eg
4. Indicate the conditionally positive directions of the circuit currents in the

circuit branches (Figure 1.75)

Il R1 Is B3
—— 1] s B
Iz r Ia E3
(.r#'q. E1l Ill’t R2 2x R4 IER (W)
I E2
5 N
. o =P &
\_/

Figurel.75
5. Define the eigenresistances of the circuits as the sum of the resistances of
the elements included in the circuit
R,; =R, +R, =100+300 =400 Om,
R, =R, +R, =300+250 =550 Owm,
R4 =R;+R, =150+250 =400 Om.



6. Determine the total resistances Rij of the circuits j and 1. With the sign "+"
we take the resistances of the elements in which the contour currents coincide in the

direction

Ry, =R, =-R, =-3000M, R3 =Rj3; =0,Ry;3 =R3, =-R, =-2500m.
7. Define contour EMF as the algebraic sum of EMF included in this circuit.
With the sign "+" the sum includes EMF that coincide in direction with the contour
current E1I1=E1 =10V, E22=-E2=-20V,
E33=E3=15B.
8. After substituting the calculated values into the system of equations, we get
400-1,, —300-1,, +0-I, =10
~300-1,, +550-1,, —250-1,, =-20
0-1, —250-1,, +400-1,, =15
9. To solve the resulting system of linear equations, you can use various
methods known from the mathematics course. To calculate currents, we use

Cramer's rules.

9.1. Find the determinants:
400 -300 O 400 -300 0 400 -300
A =1]-300 550 -250[=|-300 500 -250 -300 550|=400-550-400+ (-300)-(—250) —
0 -250 400 0 -250 400 0 -250

—0-550 -0 —400(—250) - (—250) — (—300) - (—300) - (400) = 2-7-107 Om°>,

10 -300 0 400 10 0
A, =|-20 550 -250|=3-10° B-Om?, A, =|-300 -20 -250/=-5-10° B-Om?>
15 -250 400 0 15 400
400 -300 10
Ay =|-300 550 -20/=7-10° B-Om*
0 -250 15

9.2. Finding Circuit Currents



A 10°

[, =—"= 3:10 ~=0.011A,
A 2710
A, -5-10°

I, =—%= > 07 =-0.019 A,
A 27-10
A 10°

I, =—= 7107 _ 006 A
A 27107

10. Define the current in each branch as the algebraic sum of the contour
currents in that branch
I, =1, =0.011A,
I, =1, -1,, =0.011-(-0.019) =0.03 A,
I, =1;, =0.026 A,
I, =1, -1, =-0.019-0.026 =—-0.044 A,
I, =-1,, =0.019 A.

Task No2. Using the contour current method, calculate the currents in a given
electrical circuit Figure 1.32 if R1 = 10 Ohm, R2 =20 Ohm, R3 = 15 Ohm, R4 =35
Ohm,J1=10A,J3=,J20 A, =.25A

Solution

e 1. Determine the number of independent circuits (number of circuit currents)

N=n,-n,+1=5-3+1=3

2. Determine the number of equations Nk=nb—ny+1-nJ=5-3+1-3=

Here, nb is the number of branches in the circuit, ny is the number of nodes,
and nJ is the number of branches containing current sources.

The number of equations is zero, since each loop current is determined by the
current of the corresponding current source and is therefore equal to this current, 1.e.
[k=J1=10A,12k=J2=,125 A5x=J3=20A

3. Indicate the conditionally positive directions of currents in the branches
and contour currents in the diagram (Figure 1.76). In this case, it is advisable to

choose the directions of the contour currents coinciding with the direction of the



currents in the corresponding current sources. Moreover, each branch with a current
source should have only one contour current.
I, R1 Iz _R3

Io

J1 Lo J3
9 R?Z R4 L35 Ga

eFigure 1.76

2N

4. Determine the currents in the branches
I1=1I1k=10A, 2=11k+12k=10+25=, I35A3;=13k=, 120A4
=-12k-13k = .-45 A

Task No3. Using the loop current method, calculate the currents in the
branches of a given electrical circuit (Figure 1.42) if R1 = 100 Ohm, R2 =300 Ohm,
R3 =150 Ohm, R4 =250 Ohm, E1 =10 V,E2=15V,J=0.10 A.

Solution

e 1. Determine the number of independent circuits (number of circuit currents)

N=n,-n,+1=5-3+1=3

2. Determine the number of equations Nk=nb—ny+1-nJ=5-3+1-1=

3. Write down a system of 2 equations for three loop currents
{Rn Ly +# Ry Iy +R 3 -1 =Ey
Ry Iy + Ry Ly #R o5 15 =By

4. Indicate the conditionally positive directions of the circuit currents and
currents in the circuit branches (Figure 1.77). In this case, the circuit currents are
selected in such a way that only one circuit current passes through the branch with

the current source.
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5. Determine the natural resistances of the circuits

R11 =R1+R2 =100+ 300 =400 ohms,

R22 =R3 + R4 =150 + 250 =400 ohms.
6. Determine the total resistances Rij for circuits 1 and j

R, =R, =0,Rj3 =R3; =R, =3000m, R,; =R, =2500m
7. Determine the contour EMF E11 =E1 =10V, E22=-E3=-15 V.
8. After substituting the calculated values into the system of equations, taking

4001, +0-1,, +300-0.1=10

into account that I3k = J5 we get

400-1,, =10-30

9. Solving a system of equations ,

We will get
I, ===~ _0.05A,
400
40
I, =——=-0.1A.
2400

10. Determine the currents in the branches
I, =1 =-0.05A,
I, =Ty +13 =-0.05+0.1=+0.5A,
I; =1, =—0.1A,
I =1 +13, ==0.1+0.1=0A,
I5 =13 =0.1A.



3. Calculation of linear electrical circuits by the method of nodal
potentials
Study questions:
1. Calculation of an electrical circuit with EMF sources
2. Calculation of an electrical circuit with current sources.

3. Calculation of the electrical circuit with EMF and current sources.

Assignment for students to prepare for the lesson

1. Study:
1. Nikulin V.I. Teoriya elektricheskikh tsepey [Theory of electric circuits]. -
Moscow: RIOR, 2016, pp. 35-38.
2. Bakalov V.P., Vorobienko P.P., Kruk B.I. Teoriya elektricheskikh tsepey [ Theory
of electric circuits]. - Moscow: Radio 1 svyaz, 1998, pp. 45-53.
3. Shebes M. R. Zadachnik po teorii lineynykh elektricheskikh tsepey [Task book
on the theory of linear electric circuits]. - Moscow: Vysshaya shkola, 1982. - pp. 5,
7-8.

2. Answer the questions:

1. Formulate Ohm's law for a closed single-loop circuit.

2. Formulate Ohm's Law for a branch of resistive elements that does not
contain EMF sources

3. Formulate a generalized Ohm's law. Write down the formula of a
generalized Ohm's law using a specific chain as an example.

4. How is the number of equations determined when calculating a circuit
with EMF sources using the nodal potential method?

5. How is a system of equations compiled when calculating by the method
of nodal potentials of a circuit containing separate branches with only
idealized sources of EMF? Explain using the example of a specific

circuit.



6. How is the number of equations determined when calculating a circuit
with EMF and current sources using the nodal potential method?

7. How is the system of equations compiled when calculating a circuit with
sources of EMF and current using the nodal potential method? Explain
using the example of a specific circuit.

8. What are the methods of solving systems of linear equations known to
you?

9. Explain the algorithm for calculating an electrical circuit using the nodal
potential method.

10.How are the currents in the branches determined when calculating the
circuit using the nodal potential method?

11.How is the current in a branch containing only an idealized EMF source

determined in the nodal potential calculation?
3. Analyze the solution of the following tasks:
No1.30, Nol.32 (Shebes M. R. Task book on the theory of linear electric circuits,

Moscow: Vysshaya shkola, 1982. - pp. 38-41)

During the practical lesson, complete the tasks:

Task Nol. Calculate the currents in the branches using the nodal potential method
for a given electrical circuit with EMF sources according to the variant (Table 1.4)

Task No2. Calculate the currents in the branches by the method of nodal potentials

of currents for a given electric circuit with current sources according to the variant
(Table 1.5)

Task No3. Calculate the currents in the branches using the nodal potential method
for a given electrical circuit with emf and current sources according to the variant

(Table 1.6)



Example of completing tasks (option No0)

Task Nol. Using the nodal potential method, calculate the currents in the
branches of a given electrical circuit (Figure 1.22) if R1 = 100 Ohm, R2 = 300
Ohm, R3 =150 Ohm, R4 =250 Ohm, E1=10V,E2=20 V,E3 =15 V.

Solution

1. Indicate the numbers of the nodes on the diagram (Figure 1.78).

Il R1 1' 1 n Iz E3
e L S
Iy I E3
E2
Gy
1z \_/ 2
Figure 1.78

Select the support node, which is recommended to be the one with the largest
number of branches consisting only of ideal EMF sources. In Figure 1.78, we can
select 2 or 3 as the reference node. Select 3 as the reference node and assume its

potential o5 = 0. In Figure 1.78, we show its connection to the housing. Nodes 1/ and

1 should be considered as one node, since they are connected by an ideal conductor
and, therefore, their potentials are equal to each other.

2. Determine the number of equations N=ny -1 -nEMF=3-1-1=1

Here nu is the number of nodes in the chain

nEMF is the number of branches consisting only of idealized EMF

sources. In the diagram (Figure 1.78) the branch with the source E2.

3. Determine the potential of node 2. Since the EMF is directed from node 3
to node 2, the potential ¢, will be greater than potential @3 by the value of E2.

¢, =¢p3+E, =0+20=20B.

4. Let's make an equation to determine the potential of node 1

G191 — G0, =Y EG,
]

Here, G11 is the sum of the conductivities of the branches attached to node 1;



G12 is the sum of the conductivities of the branches connecting node
1 and 2;

D EG is the algebraic sum of the products of the EMF of the branches
1

adjacent to node 1 on their conductivity. In this case, those products

in the branches of which the EMF act in the direction of node 1 are

taken with a plus sign.

5. Determine the values necessary for the calculation

Gll:L+L+L+L:L+L+L+L:0024CM,
R, R, R; R, 100 300 150 250
Gp=— s =L 1 401066 Cu,
Ry R, 150 250
ZEGzEl-L—E3-L=10-L—15-L=0
- R, R, 100 150

6. Solving the Equation 0.024 - ¢, — 0.01066 - 20 = 0

o =22 _gggop.
0.024

7. In the diagram of Figure 1.78, we indicate arbitrarily conditionally positive
directions of currents in the branches.

8. According to Ohm's law, for a section of the circuit with an EMF source,
determine

[ _9oE _0-8.889+10
1 — =

=0.011A,
R 100
-¢y+E .889 —
I3=(P1 0%} 3 :8889 20+15:0.O26A.
R, 150

9. According to Ohm's law, for the section of the circuit with the resistive
element, we find

L 29 8.889 -0
, =

= =0.03A,
R, 300

=00 8890 oo
R, 250

10. Using Kirchhoff's law 1 for node 2, we find
I5 = -13-14=-0.026-(-0.044) = 0.019 A.



11. To check the correctness of the calculations, let's determine the balance of
capacities.
11.1. Power generated by energy sources:
Por =E{ -1} +E5 I3 +E, - I =10-0.011+15-0.026 + 20-0.019 =0.87 Br .
11.2. Power Consumed by Passive Circuit Elements

P =I''R,+L-R,+L-R,+I}-R, =
=(0.011)-100 +(0.03)* -300 + (- 0.026 ) -150 +(~0.044 - 250 = 0.87 Br.

Since Rist = Rpe = 0.87 W, the power balance condition is met in the circuit.

Task No2. Using the nodal potential method, calculate the currents in a given
electrical circuit (Figure 1.32), if R1 = 10 Ohm, R2 =20 Ohm,
R3 =15 ohms, R4 =35 0ohms, JI =10 A,J2=0.5A,J3=.20A
Solution
1. Specify the numbers of the nodes and select 3 (Figure 1.79) as the support

node and its potential ¢3 =0.

3 : | S|
J1 J3
G\\‘ R2 R4 Ga
J2
AN
] N B
: 2 I3

Figure 1.79
2. Number of equations ~ N=ny,—1-n,, =3-1-0=2
G 91 -G =27
1

3. Make a system of equations
~Gp 9 +Gyp - 9y=27
2

Here )’ Jis the algebraic sum of the currents of the current sources connected

tonode 1,

>, 1 - algebraic sum of currents of current sources connected to node 2.



4. Determine the quantities necessary to solve the system of equations, taking

into account that the conductivity of the branch containing the current source is zero.

G11= 1 + I = 1 =+ I = 0.079 Cm,
R, R, 20 35
GIZ :GZI :L:LZOOSCM,
R, 20
R, 20

> JI=J,-J3=10-20=-10A,

1
Y I=-J; -1, =-10-25=-35A.
2

0.079-¢; —0.05-¢, =—10

5. Solving a System of Equations {_ 0.05-@; +0.05-¢y =35

¢, =—1575 B,
¢, =—2275 B.

Find

6. Indicate on the diagram Figure 1.79 conditionally positive directions of
currents.

7. Find currents in the branches

7.1. According to Ohm's law:

(Ol 0] :—1575—(—2275):35 A, I4=(P1_(P3 :—1575
R, 20 R, 35

Iz - :—45 A

7.2. The current in a branch containing a current source is determined by the

amount of current generated by this source.
L=0i=10 A, 13=J3=20A, I =Js=25 A
8. For node 2, let's check the fulfillment of Kirchhoff's law 1

12 _Il —Is :0
35-10-25=0



Task No3. Using the nodal potential method, calculate the currents in the
branches of a given electrical circuit (Figure 1.42) if R1 = 100 Ohm, R2 = 300
Ohm, R3 =150 Ohm, R4 =250 Ohm, E1 =10V, E3=15V,J2=0.1 A.

Solution
1. Let's indicate the numbers of the nodes on the diagram and take the 3rd

node as the reference node, the potential of which is equal to 0 (Figure 1.80).

-
I, I
(.-""t El R? RA C’M E3
T J2
5\
A
Figurel.80

2. Number of equations N=ny — 1 —nEMF=3-1-0=2.

G119 =G0, =) EG+)]
1 1

G191 +Gooy =Y EG+D]
2 )

3. Make a system of equations

4. Determine the quantities necessary to solve the system of equations

1 1 1 1 1 1 1 1

Gy =—/—+ + + = + + + =0.024 Cwm,
R, R, R; R, 100 300 150 250
1 1 1 1
G12 :G21 = -+ = -+ 20013 CM,
R, R, 100 300
Gy = 1 + 1 = 1 + 1 =0.013 Cwm,
R; R, 100 300
> EG=E, .L+E3 .L:10.L+15.L:0,2 A,
1 R, R 100 150
S i=0,
1

S EG = —E, L 0L 201 A,
> R 100

1
> J=-J,=-0.1 A.
2



5. Solving a System of Equations

0.024-¢p; —0.013-¢p, =0.2 =0B,
01 (%) and ﬁnd 01
—0.013-@; +0.013-¢5 =0.2 0, =—15B.

6. Choose conditionally positive directions of currents in the branches.

7. Applying Ohm's law for a section of the circuit, we find

-1 +E
[ =P27RTEL_ 05 A,

R
1, =P17%2 _ 054,
Rj
—¢3-E
I3 =PL=P3753 _ 014,
R3
14:@1—% _9-0_yaA
R, 250

8. Current in branches with a current source
I[5=J2=0.1 A.

9. Let's check the fulfillment of the first Kirchhoff's law for node 2
d1-15+12=0

-(-0.05)-0.1+0.05=0
10. To check the correctness of the calculations, let's determine the balance of

capacities.
10.1. Power generated by energy sources:
P. =E, I, -E;-1;+U, -1, =10-(—0.05)—15-(=0.099) +15-0.1= 2.5 Bt .
Here, U2 is the voltage at the current source J2 (Figure 1.80)
U, =L,R, -I,R, =0.05-300—0-250 =15 B.
10.2. Power Consumed by Passive Circuit Elements
P =R +L-R,+L-R,+I;-R, =
=(~0.05) -100 +(0.05) - 300 + (= 0.1’ -150 +0* - 250 = 2.5 Br.

Since Rist = Rpe = 2.5 W, the power balance condition is met in the circuit.



4. Calculation of Sine Current Electrical Circuits
Study questions:
1. Calculation of currents and voltages in idealized elements.
2. Calculation of currents and voltages in series connection of elements.

3. Calculation of currents and voltages in parallel connection of elements.

Task to prepare for the lesson

1. Study:
1. Nikulin V.I. Theory of Electrical Circuits. - Moscow: RIOR, 2016, pp. 51-57.
2. Bakalov V.P., Vorobienko P.P., Kruk B.I. Theory of Electrical Circuits.- Moscow:
Radio and Communication, 1998, pp. 73-82.

3. Shebes M. R. Zadachnik po teorii lineynykh elektricheskikh tsepey [Task book
on the theory of linear electric circuits]. - Moscow: Vysshaya shkola, 1982. - pp. 47-
51.

2. Answer the questions:

1. Write down the expression for complex amplitude and effective current if
instantaneous current is 1= 2sin( o t-1450)mA.

2. Generate a Vector Diagram for a Harmonic Current

1=2sin( wt-1450) mA.

3. Write an expression of Ohm's law in a complex form for a section of the
circuit with a resistive element and draw a vector diagram of current and voltage.

4. Write an expression of Ohm's law in complex form for a section of the
circuit with an inductive element and depict a vector diagram of current and voltage.

5. Write the expression of Ohm's law in complex form for a section of the

circuit with a capacitive element and depict a vector diagram of current and voltage.



3. Analyze the solution of the following tasks:
No2.24, 2.31 (Shebes M. R. Task book on the theory of linear electric circuits,
Moscow: Vysshaya shkola, 1982. - pp. 66-67, 70)

During the practical lesson, complete the tasks:

Task Nol. Determine the instantaneous current in the inductive element L (Table
2.4), construct vector and temporal diagrams of current and voltage, if the voltage

on the element is specified according to the variant (Table 2.4) U-

Task No2. For the capacitive element C and instantaneous current specified
according to the variant (Table 2.4), i determine complex amplitudes and active

currents and voltages. Construct vector and time diagrams of current and voltage.

Task No3. The circuit elements R and L (or C) (Table 2.5) are connected in series
and are under the influence of instantaneous current i (or voltage u). Determine the
applied instantaneous voltage to the circuit, instantaneous voltages on the circuit

elements. Construct vector diagrams of current and voltages.

Task No4. The elements of the circuit R, C (or L) (Table 2.6) are connected
in parallel and are under the influence of instantaneous voltage u (or current 1).
Determine instantaneous currents in the circuit and in its elements. Construct a

vector diagram of currents and voltages.



Table 2.4

Variant L, Gn Instantaneous Voltage U S, uF Instantaneous Current [
Ne Um, B v, hail o, rad/s Im, A y,deg o, rad/s
0 0.1 20 -30 103 0.10 2.82 30 105
1 0.2 10 45 103 0.04 2.5 -25 106
2 0.5 30 -20 104 0.05 1.2 100 107
3 0.15 40 110 102 0.07 3.2 -35 108
4 0.8 15 -75 105 0.01 4.0 70 109
5 0.05 20 195 105 0.02 5.0 -60 104
6 0.04 35 -15 104 0.05 5.5 35 105
7 0.3 60 210 103 0.07 6.5 -70 104
8 0.6 75 -35 102 0.09 4.0 120 105
9 0.65 45 60 103 0.01 3.0 -40 106
10 0.7 25 -70 105 0.03 6.0 175 107
11 0.75 75 40 104 0.04 7.5 -80 108
12 0.9 90 -130 103 0.08 4.5 135 109
13 0.3 20 145 103 0.06 3.5 -45 106
14 0.2 25 -200 104 0.08 2.2 10 107
15 0.25 40 140 102 0.05 4.2 -95 108
16 0.9 25 -175 105 0.02 5.0 80 109
17 0.03 30 95 105 0.07 6.0 -160 104
18 0.09 45 -115 104 0.03 1.5 305 105
19 0.6 30 10 103 0.05 4.5 -170 104
20 0.4 15 -135 102 0.03 9.0 20 105
21 0.85 35 160 103 0.04 5.0 -140 106
22 0.5 15 -170 105 0.08 6.0 75 107
23 0.7 70 60 104 0.03 3.5 -100 108
24 0.3 10 -30 103 0.05 4.5 125 109
25 0.6 20 65 103 0.08 3.5 -125 106
26 0.7 40 -120 104 0.03 4.2 70 107
27 0.1 70 170 102 0.08 3.6 -30 108
28 0.5 75 =75 105 0.04 7.0 80 109
29 0.25 28 19 105 0.09 1.0 -90 104
30 0.03 50 -145 104 0.04 7.5 135 105




31 0.35 70 230 103 0.03 2.5 -130 104
32 0.65 &5 -305 102 0.01 4.3 320 105
33 0.5 95 60 103 0.08 3.8 -160 106
34 0.3 &5 -150 105 0.07 6.5 105 107
35 0.7 75 400 104 0.04 4.5 -280 108
36 0.45 30 -10 103 0.09 1.5 30 109
36 0.36 26 14 103 0.05 2.5 -405 106
38 0.29 25 -260 104 0.08 6.2 100 107
39 0.75 49 340 102 0.04 4.8 -905 108
40 0.03 95 60 104 0.04 7.5 135 105
41 0.35 85 -150 103 0.03 6.5 105 104
42 0.65 75 400 102 0.01 4.5 -280 105
43 0.5 30 -10 103 0.08 1.5 30 106
44 0.3 26 14 105 0.07 2.5 -405 107
45 0.7 25 -260 104 0.04 6.2 100 108




Table 2.5

Variant R, L, S, Instantaneous Voltage U Instantaneous Current I
Ne Om Gn uF Um, | v, hail o, Im, v, o,
B rad/s mA Hail rad/s
0 40 0.03 - - - - 100 30 103
1 20 - 0.1 20 -45 105 - - -
2 400 0.04 - - - - 10 225 104
3 60 - 0.2 30 50 105 - - -
4 70 0.05 - - - - 20 45 104
5 100 - 0.02 40 120 106 - - -
6 120 0.6 - - - - 30 -120 103
7 15 - 0.04 45 -30 107 - - -
8 500 0.07 - - - - 40 60 104
9 3 - 0.2 60 70 106 - - -
10 900 0.08 - - - - 15 -75 104
11 4 - 0.02 70 -20 107 - - -
12 2 0.01 - - - - 25 80 104
13 30 - 0.3 30 -50 105 - - -
14 600 0.03 - - - - 20 -65 104
15 80 - 0.4 40 60 105 - - -
16 90 0.03 - - - - 10 145 104
17 200 - 0.06 25 150 106 - - -
18 130 0.7 - - - - 45 -140 103
19 45 - 0.09 95 -300 107 - - -
20 700 0.04 - - - - 20 160 104
21 6 - 0.3 20 50 106 - - -
22 400 0.05 - - - - 75 -175 104
23 5 - 0.04 65 -200 107 - - -
24 8 0.03 - - - - 24 35 104
25 30 - 0.1 15 25 105 - - -
26 35 0.02 - - - - 10 25 104
27 200 - 0.04 80 240 106 - - -
28 240 0.66 - - - - 60 -20 103
29 30 - 0.08 85 -60 107 - - -




30 250 0.04 ; - ] i 80 130 | 104
31 7 - 0.4 40 40 106 - - -
32 600 0.07 - - - - 35 -95 104
33 5 - 0.03 40 -300 107 - - -
34 6 0.03 - - - - 85 40 104
35 40 - 0.9 70 -120 105 - - -
36 200 0.08 - - - - 80 -165 104
37 30 - 0.3 30 70 105 - - -
38 60 0.04 - - - - 50 115 104
39 300 - 0.04 75 250 106 - - -
40 150 0.3 - - - - 55 -100 103
41 4 - 0.02 70 -300 107 - - -
42 2 0.01 - - - - 20 160 104
43 30 - 0.3 30 50 106 - - -
44 600 0.03 - - - - 75 -175 104
45 80 - 0.4 40 -200 107 - - -




Table 2.6

Variant R, L, S, Instantaneous Voltage U Instantaneous Current I
Ne Om Gn uF Um,B | y, hail | o,rad/s | ImmA | v, hail o,rad/s
0 100 - 0.1 100 -30 105 - - -
1 200 - 0.2 - - - 2 30 105
2 400 | 0.05 - 200 30 104 - - -
3 10 - 0.02 - - - 4 -45 5-106
4 250 0.2 - 30 -60 103 - - -
5 40 - 0.05 - - - 6 160 8-105
6 450 | 0.03 - 20 120 104 - - -
7 400 - 0.01 - - - 5 -60 3-105
8 50 0.8 - 10 -50 102 - - -
9 200 - 0.03 - - - 3 245 2-105
10 500 | 0.02 - 50 145 104 - - -
11 300 - 0.04 - - - 7 -35 105
12 150 | 0.02 - 150 -35 105 - - -
13 250 - 0.25 - - - 5 300 105
14 450 | 0.07 - 300 300 104 - - -
15 30 - 0.03 - - - 6 -145 5-106
16 350 | 0.25 - 70 -40 103 - - -
17 70 - 0.02 - - - 9 170 8-105
18 250 | 0.04 - 25 125 104 - - -
19 500 - 0.03 - - - 5 -60 3-105
20 70 0.6 - 40 -70 102 - - -
21 250 - 0.06 - - - 6 145 2-105
22 600 | 0.09 - 70 245 104 - - -
23 200 - 0.07 - - - 9 -135 105
24 350 0.1 - 37 -65 103 - - -
25 35 - 0.04 - - - 7 10 8-105
26 750 | 0.02 - 28 125 104 - - -
27 540 - 0.02 - - - 6 -260 3-105
28 80 0.75 - 15 -150 102 - - -
29 280 - 0.05 - - - 5 345 2-105
30 900 | 0.07 - 40 175 104 - - -




31 500 - 0.08 - - - -335 105
32 450 | 0.04 - 170 -305 105 - -
33 290 - 0.22 - - - 310 105
34 400 | 0.02 - 200 200 104 - -
35 70 - 0.04 - - - -345 5-106
36 150 | 0.55 - 30 -400 103 - -
37 90 - 0.03 - - - 270 8-105
38 240 | 0.07 - 85 25 104 - -
39 300 - 0.07 - - - -160 3-105
40 85 0.65 - 90 -190 102 - -
41 250 - 0.05 - - - 145 2-105
42 600 | 0.09 - 70 205 104 - -
43 200 - 0.08 - - - -135 105
44 350 0.1 - 37 -165 103 - -
45 35 - 0.03 - - - 10 8-105
46 750 | 0.02 - 28 105 104 - -




Example of completing tasks (option No 0)

Task Nol. Determine the instantaneous current in the inductive element

L=0.1 H (Table 2.4), construct vector and time diagrams of current and voltage, if

the voltage on the inductive element u =20sin(10>t -30%)B.

Solution
1. Determine the complex amplitude of stress U, = Ume:j“’u —20e~ "B
2. Determine the complex impedance of an inductive element
Z=joL=j-10%-0.1=-100 =100e Om,
3. According to Ohm's law, we find the complex amplitude of current in an

200
. . U 20e 130
inductive element [ =—"= ©

Zy  100ei®”

_0.2e 120" o

4. Define instantaneous current i=1_, sin(ot +y) =0.2sin(10°t—120°) A.

5. Build a vector diagram.

5.1. Choosing Scale Multipliers my =5B/em, mj =0.1 A/em.

5.2. Determining the length of the vectors corresponding to the amplitudes of voltage

( I .
and current ¢ =—m=—20=4CM, fp=-"1 =—02=20M.
9] I
my S m; 0.1

5.3. Construct stress vectors Um u toka Im on a complex plane, taking into account

the initial phases (Figure 2.5).

+j

Figure 2.5



6. Construct time diagrams of current and voltage (Figure 2.6). Examples and
recommendations on the method of constructing time diagrams are presented in

practical lesson No2.1

ESNY W O §
& B
0.2 20
ol 10
o o s
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Figure 2.6

Task No2. For a given capacitive element C = 0.1 uF and instantaneous current
i=2.82sin(10°t+30°) A , determine complex amplitudes and effective current and
voltage. Construct vector and time diagrams of current and voltage.
Solution
1. Determine the complex amplitude of current I, = Imej‘"i —2.82¢30° A

2. Determine the Complex Resistance of a Capacitive Element

.on0
7= - ! =—j-100=100-¢7° Owm.

joc  §.10°.0.1-1076

3. According to Ohm's law, we find the complex amplitude of stress

A0 . 0 .0
U =Im'Z=2.82-eJ30 100-e 190 =280 .10 .

~m =

4. Complex effective current and voltage are determined by expressions

300
I:l_m:2.82.el =2-ej300A,
2 1.41
~j60°
u=Ym 28270 _y0.i0°p
- 2 141

5. Instantaneous Voltage on Capacitive Cell

u=U_ ssin(ot+y,)=282sin(10°t—60°) B.



6. Construct a vector diagram of complex stresses Uutokal (Figure 2.7).

6.1. Scale Multipliers my =50B/cm, m; =1A/cm.

+j A
1
30°
, =
+1
_60°
Tcm
v
Figure 2.7
7. Constructing Temporal Diagrams of Current and Voltage (Figure 2.8)
ih u4
A B
4| ao00 }
2 I 200 |
A
0 0 ﬂ
2
2 F -200F
-

Figure 2.8
Task No3. The elements of the circuit R =40 Ohm, L = 0.03 H (Table 2.5)

are connected in series and are under the influence of current 1 = 100sin(103t+300)
mA. Determine the applied voltage to the circuit, the voltages on the circuit
elements. Build vector diagrams of current and voltages.

Solution

1. Draw a circuit diagram (Figure 2.9)
i R L

e :_rm_

o
¢ ) ’
o

u




Figure 2.9

2. Determine the complex amplitude of current in the circuit

. nn 0
I =1, -eVi =100e0 ™A
3. According to Ohm's law, we find the complex amplitude of stress on the

resistive element

[N ean0
U, =1 -R=102-107-¢"" .40=4.0-¢"”" =4c0s30° +j-4-sin30° =3.46 + j- 2 B.
4. According to Ohm's law, we find the complex amplitude of stress on the
cnn0 . 0
U, =1 -joL=10%-107e"" .j.10°.0.03 =3¢/ =
=3c0s120° +j-3sin120° =—1.5+ j- 2.6 B.

inductive element

5. According to Kirchhoff's 2nd law, we determine the complex amplitude of

the applied stress
U,=Ur+U, =346+)-2-15+7-2.6=196+]j-4.6=

= \/m . ejarCtgf; =5- ej66'90 B.
6. Instantaneous Stresses on Circuit Elements
ug = Uppg sin(ot+y, )=4sin(10°t+30") B,
up =Upy sin(ot+y, )=3sin(10°t+120°) B,
7. Instantaneous voltage applied to the circuit
ug = U, sin(ot+y,)=5sin(10°t+66.9%) B.
8. Build a vector diagram of currents and voltages (Figure 2.10).
8.1. Scale Multipliers m; =20 mA/cm, my; =1B/cwm.

8.2. Vector Chart



Figure 2.10
Task Nod4. The elements of the circuit R = 100 Ohm, C = 0.1 pF (Table 2.6)

are connected in parallel and are under the influence of voltage
u=100sin(10°t —30%) B. Determine the currents in the circuit and in its elements.

Build a vector diagram of currents and voltages.
Solution

1. Draw a circuit diagram (Figure 2.11)

i
o—3»
ip iic
C
R p—
u
o
Figure 2.11

2. Determine the complex amplitude of the applied voltage
. an0
U, =U, eV =100e " B,
3. According to Ohm's law, we find the current in the resistive element

)
QmZIOOe_J3O 30"

:an 0
=1-c0s30° —j-1-sin30° =0.866 — j-0.5 A =1e 70 A.
R 100

Iir =
4. According to Ohm's law, we find the current in the capacitive element

U 200 JN} _ :n0
Ine === Upy - joe =100 70 e"P07.10%.0.1-107° = 1) =

<me ~“m’

joc

0 0
=1-c0s60° + jsin60° = 0.5+ j-0.866 A =1/ A.



5. According to Kirchhoff's law 1, we determine the complex amplitude of

current in a circuit

I =1, +I =0.866—]-0.5+0.5+]-0.866 =1.366 + j-0.366 = 1414¢1° A,
6. Instantaneous currents in the circuit:
ig =1 g sin(ot+yg ) =1sin(10°t-30°) A,
ic =1, sin(ot+y;, 0=1sin(10°t+60%) A,
i=1I,, sin(ot+y;)=1.414sin(10°t +15) A.
7. Build a vector diagram of current and voltages (Figure 2.12).

7.1. Scale Multipliers my =20 B/em, my =0.25 Alem.

4

Figure 2.12



5. Calculation of three-phase circuits
Study questions:
1. Calculation of currents and voltages in a three-phase circuit, connection of
receiver phases according to the "star" scheme.
2. Calculation of currents and voltages in a three-phase circuit, connection of
receiver phases according to the "triangle" scheme.

Task to prepare for the lesson

1. Study:

1. Volynsky B.A., Zeyn E.N., Shaternikov V.E. Electrical engineering.- Moscow:
Energoatomizdat, 1987, pp. 124-150.

2. Shebes M. R. Zadachnik po teorii lineynykh elektricheskikh tsepey [Task book
on the theory of linear electric circuits]. - Moscow: Vysshaya shkola, 1982. - pp. 54-
55.

2. Answer the questions:
1. Write down the expression for the instantanecous EMF of a three-phase
circuit.
2. Write down the expression for complex amplitudes and operating EMF of
a three-phase circuit.
3. To construct a vector diagram for complex amplitudes and operating EMF
of a three-phase circuit.
4. What are the Relationships Between Line and Phase Voltages in a
Symmetrical Three-Phase Circuit?
5. How to determine the current in a neutral wire in a three-phase circuit when
connecting the phases of the receiver according to the "star" scheme?
6. How to determine the neutral bias voltage of a three-phase circuit when
connecting the phases of the receiver according to the "star" scheme?
7. What are the relations between linear and phase currents in a symmetrical
three-phase circuit when connecting the phases of the successor according to the
"triangle" scheme?

3. Analyze the solution of the following tasks:



No2.74 (Shebes M. R. Task book on the theory of linear electric circuits, Moscow:
Vysshaya shkola, 1982. - pp. 88 - 89)

During the practical lesson, complete the tasks:

Task Nol. An asymmetrical receiver is connected to a symmetrical three-phase
line with a voltage of L (Table 3), the phases of which are connected by a star to a
neutral wire. Complex resistances of the phases of the receiver Za, ZB, Z are given

according to the variant (Table 3). Calculate the currents in the phases of the

receiver, in the line wires and in the neutral wire. Construct vector diagrams of

currents and voltages. Calculate the power consumed by the three-phase receiver.

Task No2. A symmetrical three-phase line with a voltage of L (Table 3) is
connected to an asymmetrical receiver, the phases of which are connected by a star
without a neutral wire. Complex resistances of the phases of the receiver Za, ZB, Zc

are given according to the variant (Table 3). Calculate the currents in the phases of

the receiver and in the line wires. Calculate the currents in the phases of the receiver
and in the line wires in case of a short circuit of one of the phases of the receiver.
Construct vector diagrams of currents and voltages. Calculate the power consumed

by a three-phase receiver.

Task No3. A symmetrical three-phase line with a voltage L (Table 3) is
connected to an asymmetrical receiver, the phases of which are connected by a

triangle. Complex resistances of the receiver phases Za, ZB, Z are given according

to the variant (Table 3). Calculate the currents in the phases of the receiver, in the
line wires. Calculate the currents in the phases of the receiver, in the line wires in
case of a break in one of the line wires (Table 3). Construct vector diagrams of

currents and voltages. Calculate the power consumed by the three-phase receiver.



Table 3 - Initial data for the design of three-phase circuits

OptionNo | ULV Za,Om ZB, Q Zc,Ohm | Option No Broken line
wire
0 220 10 -j20 j30 0 A
1 360 j10 15 -j20 1 In
2 120 10-j10 j15 20 2 S
3 150 20 20-j60 40+j30 3 A
4 170 j60 10+2 20-j40 4 In
5 225 15-j20 10 -j25 5 S
6 300 20§50 24-j50 10410 6 A
7 100 20 j25 -j10 7 In
8 110 25-j60 30+9 45-j50 8 S
9 125 150 j80 -j40 9 A
10 220 -j25 20 45+j40 10 In
11 360 10+j30 15-35 20+j80 11 S
12 120 20+j50 24-j50 10+j10 12 A
13 150 10 -120 j30 13 In
14 170 j10 15 -j20 14 S
15 225 10-j10 j15 20 15 A
16 300 20-j25 30-j60 30+530 16 In
17 100 15-j90 j10 -j25 17 S
18 110 20+j80 29-j50 60+j10 18 A
19 125 j20 -25 12-j10 19 In
20 220 25-j60 8+j40 45-j50 20 S
21 360 10-j50 j80 -j40 21 A
22 120 30-j25 20 45-j40 22 In
23 150 80+j30 15-35 40+j80 23 S
24 170 10+570 15-j20 80+j30 24 A
25 225 10 1548 120 25 In
26 300 10-j10 j15 20-j20 26 S
27 100 20+57 20-j60 20+j30 27 A
28 110 90+60 1042 20-j40 28 In
29 125 50-520 10+8 -j25 29 S




30 220 20430 20-j50 20+10 30 A
31 360 20-j45 i25 10-j10 31 In
32 120 2560 30+i6 35450 32 S
33 150 15-j60 180 50-40 33 A
34 170 j25 2048 45+j40 34 In
35 225 10440 15-35 20+i80 35 S
36 300 10+j60 8-i20 i30 36 A
37 100 25410 1545 40-j20 37 In
38 110 10-j10 815 20-i6 38 S
39 125 20 20-j60 40§30 39 A
40 220 60 10+7 2040 40 In
41 300 10+i20 15-j25 20460 41 S
42 220 25+i50 3050 20+10 42 A
43 120 2550 20 25450 43 In
44 150 10+j20 15-j25 10-j20 44 S
45 200 10-j10 10§20 15-25 45 A




3.1. Calculation of a three-phase circuit connection according to the "star with

neutral wire" scheme

A diagram of a three-phase circuit of a "star with neutral wire" connection is

shown in Figure 3.1

Figure 3.1 - Connecting the phases of
the receiver according to the "star to

neutral wire" scheme

Figure 3.2 - Star-to-neutral receiver

phase connection

1. We determine complex voltages at the phases of a symmetrical three-phase

source (synchronous generator)

U .0 -0 -0
_ael Z 2200 yp7el',

U, = e
AT f3 1.73

Uy :%e‘ﬂzo0 :%(0051200 ~jsin120°)=—63.5—jl10 B,
U .
Uc :Tgeﬂzoo =%(0051200 +sin120° )= —63.5+ jl 10 B,

2. Determine the complex voltages at the receiver phases. Since the resistance

of the connecting wires (linear and neutral) is zero,

. 0 . 0
U, =U, =127B, Uy =U, =127¢ ' B, U, =U_=127¢"*" B,



3. Determine the complex currents in the receiver phases using Ohm's law for

. . U i -
a section of the circuit I, ==% = 12767 _1p7ei =127A
z, 10

U ~J120° ,

==t =127 a5 55- 3175 A
Zy,  20e7
U 120° _

== =127 403680 Z3667+ 2117 A
Zc 306j90

4. The complex current in a neutral wire can be determined using Kirchhoff's

first law:

Iy =1, +1, +1, =12.7+5.5— 3.175+3.667 + j2.117 = 21.868 - j1.058 = 21.894¢ 25" A,

5. Complex interphase (linear) voltages at the receiver can be determined using

Kirchhoff's second law
U, =U, -U, =127+63.509 +j110 =190.5+j110 = 220639 B.
Uy, =U, —U, =—63.509— jl10+63.509- j110 = 1220 = 220¢ *"'B,

U,=U.,-U, =-63.509+j110-127 =-190.5+j110 :220ej1500B,

6. A vector diagram of currents and voltages is shown in Figure 3.3

m y=30 B/Cm
m ;=4 A/Cm

1 ecm

Qca

U be
Uc.=Uc = A\ Ub-us

Figure 3.3



7. Let's calculate the complex power consumed by a three-phase receiver

S=U,L+U, I,+U_ I, =127-12.7+127¢ 7" .6.351e ™" +127¢/®" . 4234 =
=1613 — j269 BA.

3.2. Calculation of a three-phase connection circuit according to the scheme

"star at a neutral wire break"
1. Determining complex voltages in the phases of a symmetrical three-phase

o U, o0 220 »
circuit QA:\/EHeJ :%eJ ~127¢!'B,

U, j_ oil20° :%e—jlzo‘) :127e_j1200B,
U, o 22 1 r0
U, - = Us Lit20” _ 1 7(; 120" 57,0120
3

2. Determining the complex conductivities of the receiver phases

Y, = 11 oicom Y, = Ll 0056 = 0.05Cw,
z, 10 Z, -0

v, ==L 0033 —j0.0330m.
z, 0

3. Determine the neutral displacement voltage (voltage between neutral points

of the network and the receiver)

U _Ua Y +Up Y, +UcY, _ 127¢"0.14127¢ 7120 10,056 10" 4127120
—mN Y, +Y, +Y, 0.1+ j0.05 - j0.033
—211.057 — j45.761 = 215.96¢ 1223 B,

4. Determining complex voltages at the receiver phases
U, =U, —U,, =127 -211.057 + j45.761 = -84.04 + j45.76 = 95.69¢""' B

U, =Upg - U =—63.509— j110 —211.057 + j45.761 = -274.565 - j64.239 =
=281.98¢7107B

U, =Ug U, =—63.509+j110-211.057 + j45.761 = -274.565 +155.76 = 315.67¢'*°B,

5. Calculating complex currents in receiver phases using Ohm's law



. 0 .
I,=U,Y, =95.69¢'"" ’0-1:9-569CJ1510A,
I, =U, Y, =281.98¢ 17 0,05 =14.1e 7777 A,

I, =U,Y, =315.67¢M5" .033.¢ 0" =10.5¢1" A,
6. Using Kirchhoff's second law, let's determine the phase-to-phase (linear)

voltages at the receiver

U, =U, ~U, =-84.04+ j45.76 +274.565 - j64.239 =190.526 + j110 = 220e7'B
U, =U, —U, =-274.565 — j64.239 +274.565 - j155.761 = -j220 = 220e 90"

U, =U,~U, =-274.565+j155.761 + 84.04 — 45.761 =—190.526 + j1 10 = 220¢15' B,

Yea " Hc T XHa T

7. Based on the results of current and voltage calculations, we build vector

diagrams of currents and voltages (Figure 3.4)

m y=30B/Cm
mi;=2A/Cm
1 cm Ua
Uan
Lc=Ic
IB=1,
/
/
/
+j //
- /
/
I //
/
U, /
Uc U Yo/
\\\/ |
IA
Figure 3.4

8. Let's calculate the power consumed by a three-phase receiver



S=U,I,+U, I,+U_ I, =95.691c"" .9.569¢ 5" +281.98¢ 77" .14.1¢* +
+315.67¢ %" .10.522¢ 7" =915.676 — j654.054 BA

3.3. Calculation of a three-phase connection circuit according to the "star

without neutral wire" scheme in case of a short circuit of phase "a" of the receiver

A
Y
E
|
11
J,U
-C
N T
.I"u a E c
T'_TnN la lx lc
I
=a
= J
-4 gx - g-:

Figure 3.5 - Connection of the phases of the receiver according to the scheme "star

without neutral wire" and the short circuit of the phase "a" of the receiver

1. Determining complex voltages in the phases of a symmetrical three-phase

) ) U, w0 U. _.o0° U.  np0
circuit U, =-—%e¢l Ug=—2e M Uy, =L

V3 V3 e

2. The offset voltage is determined by the value of the complex voltage of the

network phase to which the shorted phase of the receiver is connected. In

the case under consideration
U, =U, =127¢! =127B.

3. Determining complex voltages at the receiver phases
U,=U,-U,=127-127=0B
U, =U, - U, =-63.509—jl10-127 = —190.526 — j110 = 220¢ "*'B
U, =U,-U,, =-63.509 +jl110 —127 = —190.526 + j110 = 220¢"*'B

4. Complex currents in phases, calculated using Ohm's law



Uu o0 U, 220

[, ==t=——0A, [,==> ———=1le™™ =55-9.526 A
z. 10 Z,  -j0
j150° .
I = %— . % = 7.333¢™ =3.667+ j6.351 A.
Z. ]

5. Complex currents in the line wire "A" are determined using Kirchhoff's first
law
I, =1, -1, =—5.5+{9.526 —3.667 — j6.351 = =9.167 + j3.175 =9.7¢""" A
Complex currents in line wires B and C are equal to phase currents, i.e.
Iy =1, =11e A, 1. =1, =7.333¢" A
6. Interphase (linear) voltages at the receiver are determined using Kirchhoff's
second law

U, =U, —U, =0+190.526 + j110 = 220¢™"'B

U,, =U, —U, =-190.525 — jl10 +190.526 — j110 = —j220 = 220¢"' B
U,.=U,-U, =-190.526 + j110 -0 = 2206 B,

7. A vector diagram of currents and voltages is shown in Figure 3.6

[

m y=30 B/Cm
m ;=2 A/Cm

1 cm

Ic

Figure 3.6

8. Let's calculate the power consumed by a three-phase receiver:

S=U,L+U, I,+U_ I =220 117%" +220e"" .7.333¢" =-j806.667 BA



3.4. Calculation of the three-phase circuit of the receiver phase connection

according to the "triangle" scheme

4 &
14 U=Usg 14 Ui Uip
B B
14 UBC 14 UBC
C C
'S ¥
z Az Z <
. L. e — Ls . - L. = a = zazm | g
—— —= —— —>—
—_— —_— —_— —_—
Z U ] Z
=ra =z —AE I oa E = AaE
1 -—  — -—
| M| | M|
-—— -~
—EC -EC
Figure 3.7 - Connection of Figure 3.8 - Connection of the receiver

receiver phases according to the phases according to the "triangle" scheme
"triangle" scheme and the break of the line wire "A"
1. We determine the complex linear voltages of a symmetrical three-phase
circuit U,, =U ¢ =220¢" =220B,
U, =U.e™ =220 =-110-190.526 B
Ug, =Ue™" =220 =—110 + j190.526 B.

2. The complex stresses at the receiver phases, provided that the resistances of
the connecting (line) wires are zero, will be determined by the
corresponding complex line stresses:

U, =U,; =220B, U =U,.220e 7B, U =U, =220e"2'B,
3. Complex currents in the receiver phases are determined using Ohm's law:

o U 220¢"
b 7z 10

—a

_ el A=22A

Uy, 22012
Z,  -j20

Ibc -

—11e73” 9526 5.5A

Ica = ==
) b J30

U 120° . .
_ 22067 7330 — 6,351+ 3.667 A

N

4. Complex currents in line wires can be determined using Kirchhoff's first law



Ip =Dy~ =22-6351-3.667 =15.649— j3.667 =16.073¢ "> A
Iy =l —1, =9.526-5.5-22=—12.474— 5.5 =13.632¢ 56" A
Io =1, —I, =6.351+13.667-9.526+ 5.5 = 3.175 + 9.167 = 9.7 10 A,

5. Based on the results of the calculations, we build a vector diagram of
currents and voltages (Figure 3.9).

+14
| .
m y=50 B/Cm \
m ;=3 A/Cm \

1 cm | N

~

I_B 'l ab

Figure 3.9

6. Calculating the Complex Power Consumed by a Three-Phase Receiver

S=U,1,+U_I +U_I_ =220.22+220e7™" 11" +220e"" .7.33¢ " =
b bc =bc

—ab =a —ca =ca

=4840 — j806.667 BA.

3.5. Calculation of the three-phase circuit of the receiver phase connection

according to the "triangle" scheme in case of a break in the line wire "A"

1. Draw a circuit diagram when a line wire is broken (Figure 2.8). Conditionally

positive directions of currents in phases are indicated as in the diagram Figure 2.7.



From the analysis of the diagram (Figure 2.8) it follows that the complex voltage at

the "B" phase "B" of the receiver Zb is equal to the phase voltage. U, = 220e1120'B,

1400
U, =220e 2B,

2. Using Ohm's law, calculate the currents in the phases of the receiver

U —j120° o ‘
[=——"2 = 220e 7 _ 6 957¢ 71" — 6816 —il.395 A
Z,+Z, 10+ j30
U y) -j120° . .
I,="= Oe_ =11e™ =9.526-j5.5A
Z, -J20

-U 2 -j120° o .
[,=—"2=- Oc —— =6.957¢ " =6.816—j1.395 A.
Z.+Z, 10+ j30

. Complex currents in line wires are determined by Kirchhoff's first law
IA =lab _lca =0

Ig =y, — 1y =9.526 - j5.5-6.816+ j1.395 = 2.711 — j4.105 = 4.919¢ 565 A,
Io =1, —I, =6.816—j1.395-9.526 + j5.5 = ~2.711 + j4.105 = 4.919¢ 412 A,

4. Complex voltages at the phases of the receiver "a" and "c" are determined
according to Ohm's law

U, =1, Z, =6.957¢ 316" .10 =69¢ "1 = 68.158 - j13.947 B
U, =1

S0 . i
U, =1, Z, =6957¢ 16" 30610 Z208.71e784’ = 41.842 + 204.473 B,

5. Comprehensive power consumed by the receiver

S=[Iy|* (2, +Z¢ )+[Ie|* 2, =6.9572(10+j30)+112(~ j20) = 484 — 963 BA .

6. Gross power consumed by the receiver

S=|9=+/p? +Q? =484% +968> =1082 BA.

7. Build a vector diagram of currents and voltages based on the results of
calculations (Figure 3.10)



m y=50 B/Cm A1 i1
1b
m ;=2 A/Cm A Unas ! ¢
1 cm T . /
I/
/
/ /’
// /
/
// - I_ab
// 1
- Ibc / =B
+j //
- i
/
/
1c
Uca U Bc

Figure 3.10



6. Calculation of transient processes using the classical method

Study questions:
1. Calculation of transient currents, voltages in the simplest RC (RL) circuit
under zero initial conditions.
2. Calculation of transient currents and voltages in the simplest RC (RL)
circuit under non-zero initial conditions.

3. Calculation of transient currents and voltages in a complex RC (RL) circuit.

Task to prepare for the lesson

1. Study:

1. Nikulin V.I. Teoriya elektricheskikh tsepey [Theory of electric circuits]. -
Moscow: RIOR, 2016, pp. 102-108.
2. Bakalov V.P., Vorobienko P.P., Kruk B.I. Teoriya elektricheskikh tsepey [ Theory
of electric circuits]. Moscow, Radio 1 svyaz Publ., 1998, pp. 102-105.
3. Shebes M. R. Zadachnik po teorii lineynykh elektricheskikh tsepey [Task book
on the theory of linear electric circuits]. - Moscow: Vysshaya shkola, 1982. - pp.
172-174.
4. Piskunov N.I. Differential and integral calculus for higher educational
institutions.- Moscow: Nauka, 1985, part 2, pp.17-21, 31.
2. Answer the questions:

1. What is meant by switching in an electrical circuit.

2. Formulate "¢ s law of commutation. Prove it.

3. Formulate ™¢2" Jaw of commutation. Prove it.

4. For the specified circuits (Figure 4.1-4.3), determine the initial conditions

based on the switching laws.

Ry =IxOn Ry =200m K Ry =100 Oae
+ [— + O II |' L/', O—r— I 1

1'1‘003 Ry=5rOn =— =1 snd J’EOOB I;I]Rg— S0 O == C =1 | RE:EOO OM/ | ?LO.ITH
-0 - O O

Figure 4.1 Figure 4.2 Figure 4.3



5. Write down a first-order linear differential equation.

6. Which linear differential equation is called inhomogeneous? Give
examples. Explain the algorithm for solving this equation.

7. What is the general solution of a linear differential equation?

8. What is the partial solution of a linear differential equation? How is it
determined?

9. Write down the solution of the differential equation ? +ax=b.
X

10. For the circuit (Figure 4.3), make a differential equation. What laws of
the theory of electric circuits are used in this case?
11. Name the stages of the algorithm of the classical method of calculating
transient currents and voltages in an electrical circuit.
3. Analyze the solution of the following tasks:
No 6.4, 6.10 (Shebes M. R. Task book on the theory of linear electric circuits.
Moscow: Vysshaya shkola, 1982. - pp. 177, 180-181)

During the practical lesson, complete the tasks:

Task Nol. In the specified electrical circuit according to the variant (Table
4.1), calculate and plot the transition current i(t) and the voltage on the reactive
element u(t) using the classical method.

Task No2. In the specified electrical circuit (Table 4.2), calculate and plot the
transient current i(t) and voltage on the reactive element u(t).

Task No3. In the given variant of the complex electric circuit (Table 4.3),

calculate and plot the transient currents i(t)

Rl X R1
Lk — ~ 1
C
GDE g . G‘DE —
R2 R2
g g

Figure 4.4 Figure 4.5



Table 4.1

Option Scheme R1, R2, L, S, E, J,
No Figure No kOm kOm mGn uF In mA
0 4.4 1 1 20 - 20 -
1 4.5 10 50 - 0.20 40 -
2 4.6 50 20 - 0.50 - 0.5
3 4.7 20 30 50 - - 0.1
4 4.8 18 20 80 - 25 -
5 4.9 10 25 - 0.02 30 -
6 4.10 15 10 10 - - 0.2
7 4.11 20 30 - 0.25 - 0.4
8 4.12 25 40 - 0.05 - 0.5
9 4.13 40 70 40 - 15 -
10 4.14 20 10 25 - 35 -
11 4.15 10 20 - 0.01 40 -
12 4.16 15 25 60 - 45 -
13 4.17 40 30 30 - 25 -
14 4.5 20 40 - 0.10 30 -
15 4.6 50 60 - 0.30 - 0.3
16 4.7 60 40 30 - - 0.2
17 4.8 48 30 35 - 45 -
18 4.9 50 45 - 0.22 70 -
19 4.10 25 40 15 - - 0.6
20 4.11 80 30 - 0.20 - 0.5
21 4.12 25 50 - 0.02 - 0.7
22 4.13 40 80 20 - 25 -
23 4.14 25 50 25 - 55 -
24 4.15 30 40 - 0.03 20 -
25 4.16 15 45 65 - 40 -
26 4.17 30 50 35 - 25 -
27 4.11 70 30 - 0.20 - 0.7
28 4.12 35 40 - 0.04 - 0.3
29 4.13 40 20 45 - 10 -
30 4.14 25 15 20 - 30 -




31 4.15 15 30 - 0.06 45 -
32 4.16 10 20 65 - 40 -
33 4.17 40 20 20 - 35 -
34 4.5 60 40 - 0.12 30 -
35 4.6 55 30 - 0.20 - 0.1
36 4.7 90 40 10 - - 0.2
37 4.8 40 70 35 - 40 -
38 4.9 50 55 - 0.24 70 -
39 4.10 25 70 18 - - 0.6
40 4.14 30 20 20 - 35 -
41 4.15 20 10 - 0.01 40 -
42 4.16 25 15 30 - 45 -
43 4.17 35 20 10 - 25 -
44 4.5 25 30 - 0.10 30 -
45 4.6 30 40 - 0.30 - 0.5
46 4.7 20 20 33 - - 0.4
Table 4.2
Option Scheme R1, R2, L, S, E, J,
Ne Fig. Ne kOm kOm mGn pF In mA
0 4.18 0.2 0.2 - 2 20 -
1 4.19 10 50 10 - 40 -
2 4.20 50 20 - 0.50 30 -
3 4.21 20 30 50 - 35 -
4 4.22 18 20 - 5 - 0.1
5 4.23 10 25 - 0.02 - 0.2
6 4.24 15 10 10 - 25 -
7 4.25 20 30 - 0.25 35 -
8 4.26 25 40 12 - 40 -
9 4.27 40 70 - 3 15 -
10 4.28 20 10 - 0.25 35 -
11 4.29 10 20 - 0.01 - 0.3
12 4.30 15 25 - 0.3 45 -
13 4.31 40 30 30 - 25 -




14 4.22 20 40 - 5 - 0.1
15 4.23 50 60 - 0.02 - 0.2
16 4.24 60 40 10 - 25 -
17 4.25 48 30 - 0.25 35 -
18 4.26 50 45 12 - 40 -
19 4.27 25 40 - 3 15 -
20 4.28 80 30 - 0.25 35 -
21 4.29 25 50 - 0.01 - 0.3
22 4.30 40 80 - 0.7 45 -
23 431 25 50 30 - 25 -
24 4.19 30 40 10 - 40 -
25 4.20 15 45 - 0.50 30 -
26 4.21 30 50 50 - 35 -
27 4.22 70 30 - 5 - 0.1
28 4.23 35 40 - 0.02 - 0.2
29 4.24 40 20 10 - 25 -
30 4.25 25 15 - 0.25 35 -
31 4.26 15 30 12 - 40 -
32 4.27 10 20 - 3 15 -
33 4.28 40 20 - 0.25 35 -
34 4.29 60 40 - 0.01 - 0.3
35 4.30 55 30 - 0.4 45 -
36 431 90 40 30 - 25 -
37 4.21 40 70 50 - 35 -
38 4.22 50 55 - 5 - 0.1
39 4.23 25 70 - 0.02 - 0.2
40 4.28 80 30 - 0.25 35 -
41 4.29 25 50 - 0.01 - 0.3
42 4.30 40 80 - 0.7 45 -
43 431 25 50 30 - 25 -
44 4.19 30 40 10 - 40 -
45 4.20 15 45 - 0.50 30 -
46 4.21 30 50 50 - 35 -
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Table 4.3
Option Scheme R1, R2, R3, L, S, E, J,
Ne Figure No kOm kOm kOm mGn uF In mA
0 4.32 2 2 2 30 - 20 -
1 433 100 50 50 - 0.01 25 -
2 4.34 150 200 200 250 - 30 -
3 4.35 200 300 300 - 0.02 35 -
4 4.36 180 230 230 300 - - 0.10
5 4.37 160 250 250 - 0.05 40 -
6 4.38 130 150 150 100 - - 0.20
7 4.39 120 200 200 - 0.03 - 0.25
8 4.40 220 190 190 - 0.04 - 0.30
9 4.41 240 170 170 150 - 50 -
10 4.42 200 210 210 300 - - 0.10
11 4.43 110 200 200 - 0.10 - 0.20
12 4.42 150 200 200 400 - - 0.35
13 4.37 200 300 300 - 0.08 60 -
14 4.32 180 230 230 200 - 20 -
15 4.33 160 250 250 - 0.01 25 -
16 4.34 130 150 150 250 - 30 -
17 4.35 120 200 200 - 0.02 35 -




18 4.36 220 190 190 300 - - 0.10
19 4.37 240 170 170 - 0.05 40 -
20 4.38 200 210 210 100 - - 0.20
21 4.39 110 200 200 - 0.03 - 0.25
22 4.40 120 200 200 - 0.04 - 0.30
23 441 160 250 250 150 - 50 -
24 4.42 150 200 200 200 - - 0.20
25 443 200 300 300 - 0.10 - 0.20
26 442 180 230 230 400 - - 0.35
27 4.37 160 250 250 - 0.08 60 -
28 433 130 150 150 - 0.01 25 -
29 4.34 120 200 200 250 - 30 -
30 4.35 220 190 190 - 0.02 35 -
31 4.36 240 170 170 300 - - 0.10
32 4.37 200 210 210 - 0.05 40 -
33 4.38 110 200 200 100 - - 0.20
34 4.39 150 200 200 - 0.03 - 0.25
35 4.40 200 300 300 - 0.04 - 0.30
36 441 180 230 230 150 - 50 -
37 4.42 160 250 250 100 - - 0.30
38 4.43 130 150 150 - 0.10 - 0.20
39 4.33 120 200 200 - 0.01 25 -
40 4.42 100 210 240 - 0.04 40 -
41 4.43 210 200 240 - 0.15 - 0.20
42 442 350 250 240 200 - - 0.35
43 4.37 400 350 350 - 0.06 65 -
44 4.32 280 250 250 400 - 25 -
45 4.33 360 280 280 - 0.02 20 -
46 4.34 430 180 180 450 - 35 -
— -~k A
R2
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Example of completing tasks (option No0)




Task 1. In a given electrical circuit (see Figure 4.4), calculate and plot the

transient current 1(t) and the voltage on the inductive element u(t) if R1=1k€,

R2=1kQ, L=30 mH, E=20 V (see Table 4.1).

Solution

1. In a given electrical circuit (see Figure 4.4) there is only one inductive

element, in the magnetic field of which energy can be stored, so the first switching

law is used to determine the initial conditions, according to which

iL(+0) = iL(-0) = 0.

2. For the circuit (Figure 4.46), after closing the key "k", write down the

equation according to Kirchhoff's law 2: uR +up=E or (R; +R,)-i+ L%

i(t) Rl
- LI

@)E u, (9 %L

B2

I 1
_

Figure 4.46

3. Transient current i(t) = isv(t) + ist(t)
4. Find the ident(t) from equation (1) for % =0

E 20

= 5 ~1072 A.
R; +R, (1+1)-10

inT (t) =

5. Find isv(t) = A- est,
where s is the root of the characteristic equation R +s L = 0;

3
s=_R__ 210 =-1-10° P-1,

L 20.1073

A 1s constant, determined from the initial conditions

0) =isv(0) +ist(0), 0=A-e+—, A=-—.
1(0) = 1sv(0) + ist(0) e +R 3

=E

(1)



L
_7.t - R
Therefore iCB(t):_Ee L :_Ee R :_Ee T —_10"2 .e—IOSt A,

where % = 1 1s the time constant of the chain.

6. Transient current in the circuit

E E-. E| - ;
: - . ) ~10
l(t)zlycT(t)Jrlcg(t):E—Ee T :E I—-e * =10 (l—e tj A.

7. Inductive Element Voltage

R R R
. _R, R, R, 5
U(t):uL(t):LE:LE E—Ee L |=—_L BEe L —E.e L :206_10 tB.

dt dt| R R L R

8. To plot i(t) and u(t), we will perform calculations and present the results in
Table 4.4

Table 4.4 Resource requirements by component

tx10°,¢ | 0 | 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
t/t 0|05 1 1.5 2 2.5 3 3.5 4 4.5 5
et 1 {0.61|0.37 | 022 0.14 | 0.08 | 0.05 | 0.03 | 0.018|0.011 | 0.007
1-e'" 0 1039063 | 078 | 0.87 092|095 ]| 0.97 | 0.98 |0.989|0.993
1(t), mA 0 39|63 | 78 | 87|92 1|95 | 97 | 98 | 989|993
u(t), B 20 12 | 74 | 45 | 277 | 1.6 1 0.6 | 036 | 0.22 | 0.14

9. Plotting i(t) and u(t) charts

it
ti

nLdy 'IJJ:_

i E
001 20
0.0o0s 10 F

— . . RPN L L - = -_5
no1-1o 210 310 4.10 510 "t 0 1-10 3 210 3 3.10 3 410 3 =10 ~ ¢

Figure 4.47 Figure 4.48




10. Let us determine the duration of the transient process tper=3 + 4 1= 3-10-
5+4-10-5, s.

Task 2. In an electrical circuit (see Figure 4.18), calculate and plot the
transient current i(t) and the voltage on the reactive element u(t) if R1=0.2kQ,
R2=0.2kQ, C=20 pF, E=20 V (see Table 4.2).

Solution

1. In a given electrical circuit (see Figure 4.18) there is only one capacitive
element in which energy can be stored, so the second switching law is used to
determine the initial conditions, according to which uc(+0) =uc(-0) =B

E-R E-200 E 20
(+R, 400 2 2

10 .

2. Construct an equation for stresses according to Kirchhoff's second law after

switching in a circuit (Figure 4.9) ug; +u, =E or Rji+u, =E, R1C%+uc =E

2)
R1 iit)
I -
(-‘“‘) E Lit)| —=c
Figure 4.49
3. The transient voltage is defined asu,(t) =ug® +u)*" .
4. u)*" From equation (2) we find at du, _ 0,ie. ul" =E=20 B.
t
5.ul®(t)= Ae™ - general solution of a homogeneous linear equation
du,

R1CF+HC =0

To determine the root s, let us make a characteristic equation R{C-s+1=0

Hence s=- ! = ! ! =25.108¢7!.

R,C  200-2:1072 4.10710




The constant A is found from the equation taking into account the initial

conditions u(0) =z (0)+uc*(0), §=E+ Ae™?, A=—§=—1o B, hence
ot t t
R,C — T 8

ugB(t):—ge RiC :_ge T —_10e 41070 __10.c-2510°t g

Here t=R,;C=4-10"" ¢, is 1 the time constant of the chain.

6. Transient voltage

t t
“R,C R.C 8
u () =ul" +u® :E_I;:.e RIC _gl1-05.¢ RC =20(1—0.5-e_25'10 ~t) B.

7. Transient Current

t t t
i(t)zcdﬁzci E_E.eRIC :_C.E. 1 e RIC:l.E.eRIC:
dt dt 2 2 2- R

20

_ e—25~108~t _ 0.056—25.10% A
2-200

8. To build graphs i(t) and u (t), we will perform calculations and present the
results in Table 4.5

Table 4.5 Resource requirements

tx1071°, 0 2 4 6 8 10 12 14 16 18

c

t/t 0 0.5 1 1.5 2 2.5 3 35 4 4.5

et 1 0.61 | 037 | 0.22 0.14 0.08 0.05 0.03 0.018 0.011 0.007
i(t), mA | 0.05 | 0.03 | 0.018 | 0.011 | 0.007 0.004 0.0025 0.002 0.001 0.0005 0.0003
u(t), B 10 14 16 17.8 18.6 19.2 19.5 19.7 19.8 19.89 19.9

9. Build Charts u,(t) and i(t)

wt) 7
B

18
la
14

12 r

]_D I_].EI 1 1 _g 1 _g 1
1210 1.4-10 2-10

t,e —==

4




Figure 4.50

—10 —10 -9

1210 ° 1610 ° 2.10

t,f ————==

0 410 210

Figure 4.51
8. Finding the duration (practical) of the transition process
T=4t=16-10-10*
Task 3. In an electrical circuit (see Figure 4.32), calculate and plot transient

currents if R1=2kQ, R2=2kQ, R3=2kQ, L=30 mH, E=20 V (see Table 4.3).

Solution
The first solution
1. Let's determine the initial conditions
i,(t)=i,(0) = E 20 _5.007 A

R +R, 4.103
2. The circuit after switching can be converted to a view (Figures 4.52, 4.53):

Fr————————— ———

| R; [ Ex

| — [ — .

i — i E,(0)  — io(0) E3=UXX=&=IOB
R, +R

| | z 1 3

iCDE []Rgi 2 @‘ By K R, R

| | L R,=—1—3 =1 Om

: : L R1+R3

Figure 4.52
Figure 4.53

3. For the resulting diagram (Figure 4.53), write down the differential
equation L%Z+ (R, +R,)i, =E, (3)

4. Find the transient current i, (t) =iy, (t)+isyer ()



5. The steady-state current is determined from equation (3) at %2 =0

E, 10

= - =33-10° A
R,+R, 10°+2.10°

i2ycT(t)

6. Free current i,.,(t)=A-e*,

where s is the root of the characteristic equation sL+(R, +R,)=0

_R,+R,  3.10°
L 30-1073

S= =-10° c'l,

The constant A is determined taking into account the initial conditions

: . : E E 0
12(0):12}’CT(0)+120B(0)’ ’ R, +R, = R ':RZ +A-e.
)

__ B B 0333103217103 A
Ry+R, R,+R,

5
Therefore iy, (t)=A-e® =1.7¢7'" ' mA.

5
7. Transient current i, (t)=1pye;(t)+ises(t)=3.3-107 +1.7-10 e L A
8. Stress in the section with elements R2, L

" 5
u(t) =Ry i5(t)+ L%t()=2-103(3.3-10‘3 +1.7-10‘3e‘1°5tj+30-10‘3(—1.7-10%‘10 t):

5 5 5
=6,6+3,4-¢10 ' -51.e1 " =66-1.7-¢7'"" B.
9. Since the voltage in the section with the elements R2, L is equal to the
voltage in the element R3 (the sections are connected to each other in parallel, see

Figure 4.52), then according to Ohm's law, we find the current

5
is _U0) 33,4073 _0.85.1073 67107t A
R3

5
10. Current i; =i, +i3 =6.6-107> +0.85-10 > .¢ 10" A

11. To build graphs, let's perform calculations and present the results in Table 4.6

12.Let's plot currents and voltages (Figures 4.54-4.55)



Table 4.6 Resource requirements by component

tx10>,| 0 | 0.5 1 1.5 2 2.5 3 35 4 4.5 5
c
t/t 0|05 1 1.5 2 2.5 3 35 4 4.5 5
et 1 1061037022 0.14 | 0.08 | 0.05]0.03]0.018(0.011 |0.007
il(t), |7.5]7.1716.97|6.85|6.779|6.74 | 6.71 | 6.69 | 6.68 | 6.676 | 6.672
mA
12(t), 5 4341395 (3.71(3.559|347 342|338 | 3.36 |3.352|3.345
mA
13(t), [2.5]2.83(3.02|3.15(3.220|3.27|3.29|3.31| 3.32 |3.324|3.328
mA
u(t), B| 5 |5.66]6.05|6.29| 644 | 6.53 | 6.58 | 6.62 | 6.64 | 6.648 | 6.655
i) ut)
A B
000 _ 7t
65

0.006

o 6
nood4 b e

0y L LT LR 55
0.002 L ' ' ' 5 - L L 1

0 110° 240° 340 ° 410 ° 510 7 tic 0 14077 2407 3407 440 ° 5107 e

Figure 4.54 Figure 4.55
The second solution
» . . 20 5
1. Initial conditions i,(0)= ;=510 A.
4.-10"

2. Using Kirchhoff's laws 1 and 2, we will make a system of equations for

the chain (Figure 4.56)




R, ] =1y +13 4)
of :
d12

Rlll +12R2 +L—= dt =K (5)

Figure 4.56

From (4) i3 =i, —i, we substitute in (6) R;i; +(i; =i, )R; = E, from here

. E+i,R 1, R3R; . i
i, =— 1233 then from (5) R - E L 1Rs 1+12R2+Ldﬁ=E or
Rl +R Rl +R3 R1R3 dt
Ldi LRy Ry +RoR +R5R, _E(R;+R3)-RE
dt R, +R; 2 R, +R;
R;-R;{+R5R; +R;R E(R|+R;)-

Let's denote Re = 3 RiTRoR +R3Ry - (R; +R3)-R{E _ E(R3)
Ry +Rj3 Ry +Rj3 R, +R;5

(2:10°2:10° +2:10%-2:103 +2-10% -2-10°)
4-10°

R

3:

=3-10° Ohm,

_ E-R; _20-2-10°
R;+R; 4.10°

=10 B.

]

3. Taking into account the notations, the differential equation will take the form
L dd% +R,i, =E,

4. Transient current i, (t)=iyye, (t)+ises(t)

E
5. Steady-state current iy, (t)=—>= 10 = 33-107 A.
R, 3.10
3
6. Free currenti, ,(t)=A-e*". Here s _ Ry :LO3 ~10° ¢,
L 30-10

A is the constant, determined taking into account the initial conditions from
the equation

E —A-e50

12(0)=12yCT(O)+120B(0) Orm— : +R—3,

hence A=5-107-33-10"=1.7-10>,



Consequently i,.,(t)=1.7-107> 10
7. Transient current i,(t)=3.3-1072 +1.7-107> I AL

5
E+i,R; 20+6.6+3.4-¢70"

d —6.6-1073+0.85-1073 7107t A
Rl +R3 410_

8. Current i,(t) =

9. Current 13(t):il(t)_iz(t):3_3.1o—3_0_85,10—3,6—10% A

10. Voltage u(t)=i5(t)-Ry =6.6-1.7-¢ 70"t V.
Currents and voltages have the same values as in the 1st way solution.
7. Calculation of transient processes by the operator method
Study questions:

1. Calculation of transient currents, voltages in the simplest RC (RL) circuit
under zero initial conditions.

2. Calculation of transient currents and voltages in the simplest RC (RL)
circuit under non-zero initial conditions.

3. Calculation of transient currents and voltages in a complex RC (RL) circuit.

Assignment for students to prepare for the lesson

1. Study:

1. Nikulin V.I. Teoriya elektricheskikh tsepey [Theory of electric circuits]. -
Moscow: RIOR, 2016, pp. 109-114.
2. Bakalov V.P., Vorobienko P.P., Kruk B.I. Teoriya elektricheskikh tsepey [ Theory
of electric circuits]. Moscow, Radio i svyaz Publ., 1998, pp. 102-105.
3. Shebes M. R. Zadachnik po teorii lineynykh elektricheskikh tsepey [Task book
on the theory of linear electric circuits]. - Moscow: Vysshaya shkola, 1982. - pp.
202-207.
4. Piskunov N.I. Differential and integral calculus for higher educational institutions.
- Moscow: Nauka, 1985, part 2, pp. 400-410.

2. Answer the questions:

the 1st

1. Formulate and 2nd laws of commutation.



2. Draw the substitution schemes of an idealized inductive element under zero
initial conditions.

3. Draw a substitution scheme for an idealized inductive element under non-
zero initial conditions.

4. Draw a scheme for replacing an idealized capacitive element under zero
initial conditions.

5. Draw a replacement scheme for an idealized capacitive element under non-
zero initial conditions.

6. Using the direct Laplace transform, define the image F(s) for unit function
1(t) (Heaviside function).

7. List the main properties of Laplace transformations.

8. For the specified circuits (Figures 4.57-4.59), determine the initial

conditions on the basis of the switching laws and draw up operator substitution

schemes:

Ry =1 50m Rp=200m & R; =100 One

+ [E— + O —1 LF
R,=5x0n == C=Ixd ,Lmos R= 80 Op==C =1 £p= 100 O =01l
- O - O (e
Figure 4.57 Figure 4.58 Figure 4.59

9. Write the expression for Ohm's law in operator form under zero and non-zero
initial conditions for a circuit containing R, L, C elements connected in series.
10. Name the stages of the algorithm of the operator method for calculating
transient processes in an electrical circuit.
3. Analyze the solution of the following tasks:
No 7.1, 7.10 (Shebes M. R. Task book on the theory of linear electric circuits.
Moscow: Vysshaya shkola, 1982. - pp. 207-209, 213-215)

During the practical lesson, complete the tasks:

Task Nol. In the specified electrical circuit (see Table 4.1), calculate and plot
the transient currents i1(t) and voltage u(t) on the reactive element using the operator

method.



Task No2. In the specified electrical circuit (see Table 4.2), calculate and plot
the transient currents i1(t) and voltage u(t) on the reactive element using the operator
method.

Task No3. In the given according to the variant of a complex electric circuit

(see Table 4.3), calculate by the operator method and plot the transient currents i(t).



Table 4.7 - Table of Laplace transformations

Ne
F(s) f(t), (t>0)
p/n
1 1 3(t)
1
2 - 1
s
A
3 — A
S
4 L e—at
s+a
s
5 _ 8 1) — —at
s+a () -ae
1 1
6 - 1_ e—at
s(s+a) a ( )
1
7 e at _ e—bt
(s+a)(s+Db) b—a( )
S
8 A — (ae_alt - be_bt)
(s+a)(s+Db) a—-b
9 ! t
t —al
(s+ a)2 ¢
10 S at
T (1-at
(s+ a)2 ¢ " (-ay
1
11 — Lz(l —e - ate_at)
s(s+a) a
12 B o (a—b)+be & —ae™d
s(s+a)(s+b) ab(a —b)
13 1 L t
—Ssma
s?+a? a
14 > t
coSal
s? +a’
1 1
15 —-(1—cosat)
s(s2 + az) a’




1
16 5 3 le_btsina‘[
(s+b)” +a a
S
17 2 3 e o (cosat — b sin at)
(s+b)” +a a
1
1 _
18 S((s+b)2 +a2) —{l—e bt[cosat+hsinat)ﬂ

a2 +b2

a




Example of completing tasks (option No0)

Task 1. In the given electrical circuit (see Figure 4.4), calculate and plot the
transient current i(t) and voltage u(t) on the inductive element using the operator
method if R1=1kQ, R2=1kQ, L=20 mH (see Table 4.1).

Solution
1. Determine the initial conditions according to the first law of commutation
(See Figure 4.4) i; (0)=0
2. Draw up an operator substitution scheme (Figure 4.60), provided that the key "k"

is closed and i; (0)=0

Iis) R1

Cal I

(ﬂ) E(s) 7. (s) L

R2

I 1

| M|

Figure 4.60

3. According to Ohm's law, in the operator form for the circuit (Figure 4.60) we find
E
I(s)= E(s) _ s _ 20 20

“Z(s) (R, +R,+sL) s(1000+1000+0.02s) s(0.02s+2000)
4. Convert the expression for the operator current I(s) into a form convenient for the

Laplace tabular conversion (see Table 4.7, item 6).

I(s): 20 _ 20 _ 1000
5(0.025+2000)  0.02s(s+10°) sls+10%)

5. Using the Laplace transform table (see Table 4.7, item 6), using the linearity

property of the Laplace transformation, we find the transient current
5 5
i(t)= @(1—510 t) = 10‘2(1—510 t)A.
10
6. The transient voltage is determined using Kirchhoff's second law for the circuit

(Figure 4.61)



GDE u, ) %L

B2
| p—|
e d

Figure 4.61

5 5
up () =u(t) =E—(R; +R,)i(t) = 20-2000 -10—2(1—51‘) tj =20e10°B,

7. To build graphs i(t) and u (t), we will perform calculations, and the results will
be presented in Table 4.8

Table 4.8 Resource requirements by component

tx10>,] 0 | 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

et 1 10.61]0370.22]0.14 | 0.08 | 0.05]0.03 |0.018 | 0.011 | 0.007

l-e' | 0 039063078 | 087092095097 | 0.98 |0.989 | 0.993

i(t), 0 (39|63 | 78 | 87|92 |95 | 97 9.8 | 9.89 | 9.93
mA

ut), B (20| 12 | 74 | 45 | 2.7 | 1.6 1 0.6 | 0.36 | 0.22 | 0.14

9. Plotting i(t) and u(t) charts
ity

ti
iy it
i E
0.01 0
0005 [ 10}
—5 =5 =5 ~3 3 = - = - =
0 1407 2407 3407 4107 510 T e 01407 2407 3407 a0 5107 e

Figure 4.62 Figure 4.63



Task 2. In an electric circuit (see Figure 4.18), calculate and plot the
transient currents i(t) and voltage on the reactive element u(t) using the operator
method if R1=0.2kQ, R2=0.2kQ, C=20 pF, E=20 V (see Table 4.2).

Solution

1. Determine the initial conditions according to the second law of commutation

ER
0)= 1 __—10B.
u(0) R, +R,

2. Draw up an operator substitution scheme (Figure 4.64), provided that the key "k"
in the electrical circuit (see Figure 4.18) is open

Rl Iis)

1.1
siC
Cﬁ- E(s) Ucis) u(0)
5
Figure 4.64
E(S)— Ue (O) E _ uc(())
3. According to Ohm's law, we find I(s)= S -8 8

Z(S) (Rl + s,ICJ

4. Convert the expression for the operator current I(s) into a form convenient for the

tabular Laplace transformation (see Table 4.7, item 4).

E uC(O)
s s  E-u/0) E-u,(0) 1 10
I(s)= 1\~ SRC+1 _ 1) 200 3
sC C RC

5. Using the Laplace transform table (see Table 4.7, item 4), using the linearity
property of the Laplace transformation, we find the transient current
i(t)=0.05e 210"t A |

6. The transient voltage is determined using Kirchhoff's second law for the circuit

(Figure 4.65)



I -
G'D E u(t) — ¢
Figure 4.65

8 8
uc(t) =u(t) = E-Ryi(t)=20-200- 0.05(6_25'10 t) —20-10e 210"t B,

7. To build graphs i(t) and u (t), we will perform calculations, and the results will

be presented in Table 4.9

Table 4.9 Resource requirements by component
tx101% ¢ | 0 2 4 6 8 10 12 14 16 18 2
t/t 0 |05 1 1.5 2 2.5 3 3.5 4 4.5 s
et 1 (061|037 | 0.22 | 0.14 | 0.08 | 0.05 | 0.03 |0.018| 0.011 | 0.C
i(t), mA | 0.05(0.03]0.018|0.011 | 0.007 | 0.004 | 0.0025 | 0.002 | 0.001 | 0.0005 | 0.0
u(t), B 10 | 14 16 | 17.8 | 18.6 | 19.2 | 19.5 | 19.7 | 19.8 | 19.89 | 1S

8. Plotting the Graphs of u (t) and i(t)

w7
B
18
16
14 r

127

10 - -
1210 ° 1610 °

t,p ———==

Figure 4.66

2-10

o



0 440 1 g.10 1210 ° 1610 ° 210 °

t,0 ————==

Figure 4.67
Task 3. In an electric circuit (see Figure 4.32), calculate and plot transient
currents using the operator method if R1=2kQ, R2=2kQ, R3=2kQ, L=30 mH,
E=20 V (see Table 4.3).
Solution
1. Determine the initial conditions according to the first switching law for the circuit

E
R, +R,

(see Figure 4.32) iy (0)= =0.005 A.

2. Draw up an operator substitution scheme (Figure 4.68), provided that the key "k"

in the electrical circuit (see Figure 4.32) is closed

40s) R
=}
ke
E(s)
C) st [] R3
Uris)
L 1'2(0)
L(s) 13(5)
Figure 4.68
3. Using the two-node method, we will determine the operator voltage
20 " 1
. —-0.0005—-30-10""-0.005 - _
U(s)= E()Yi(s)-Li(0)Y5(5) _ s 2000+530.10~3 _ 5-15-107>+20
Yi(s)+ Y2(5)+ Y3 6) 0.0005 + 1 +0.0005 310 sl +10°)

2000 +s30-1073



Here E(s)===,
S

20

1

1

Y, (s)=—=0.0005Cwm,

Ry

1

1

Y;(s)=—=0.0005Cm >

Rj

Y (S = = CwMm.
2(6) R,+sL 2000+s30-10~2

4. Convert the expression for the operator voltage U(s) into a form convenient for
the Laplace table transformation (see Table 4.7, p.4 and p.6).

20-10° 1
s(s+10°)

s-15-107 +20 1

U = = .
) 31056l +10°) T s+10° 3
5. Using the Laplace transform table (see Table 4.7, clauses 4 and 6), using the

linearity property of the Laplace transformation, we find the transient voltage

u(t) =5e

5 . 5 5 5
0%t 20-107 1 (0 110°) _g 66 -1.67¢101B.
3100

6. Determine the transient currents

(0= 335107 _ 0851010 A
R;

i (t)= E_—u(t) —6.6-107 +0.85-10 3 10"tA.
R,

ir(t)=1,(t)-i,(t)=3.3-107 +1.7-1073¢710°t A

7. We build graphs of transient currents and voltages

i(t) ugt)
L B
ooz b 7t
65+
0.006
a0 6
nood b e
31 B LT R - A5T
0.a02 '_j '_j '_j '_j I—j 5 1 — |_ |_ |_ |_
0 110° 240° 310° 4.10° 510 Tt 0 107 240° 310° 4.10° 51077 tic
Figure 4.69 Figure 4.70



8. Calculation of four-pole parameters

Study questions:
1. Calculation of A-parameters of a given four-pole.
2. Calculation of the Y-parameters of a given four-pole.

3. Calculation of the Z-parameters of a given four-pole.

Task to prepare for the lesson

1. Study:

1. Nikulin V.I. Teoriya elektricheskikh tsepey [Theory of electric circuits]. Moscow,
RIOR Publ., 2013, pp. 109-114.
2. Bakalov V.P., Vorobienko P.P., Kruk B.I. Teoriya elektricheskikh tsepey [ Theory
of electric circuits]. Moscow, Radio i svyaz Publ., 1998, pp. 241-260.
3. Shebes M. R. Zadachnik po teorii lineynykh elektricheskikh tsepey [Task book
on the theory of linear electric circuits]. - Moscow: Vysshaya shkola, 1982. - pp.
303-312.

2. Answer the questions:
1. What is called a four-pole?
. Give examples of four-pole communication equipment.
. Name the main forms of the four-pole equation systems.
. Write down the equation of the four-pole in the form of A-parameters.
. Why are these parameters called primary?

. How can the parameters A11 and A21 be determined?

. How can the parameters A12 and A22 be determined?

o 3 O W Bk~ WD

. Draw a diagram of the cascade connection of two four-poles and write down the
matrix equation for determining the primary parameters of a composite four-pole.
9. Draw a diagram of the serial connection of two four-poles and write down the

matrix equation for determining the primary parameters of a composite four-pole.



10. Draw a diagram of a parallel connection of two four-poles and write down the
matrix equation for determining the primary parameters of a composite four-pole.
11. Explain the algorithm for multiplying two matrices.

12. Explain the algorithm for adding two matrices.
3. Analyze the solution of the following tasks:
No 11.1, 11.13 (Shebes M. R. Task book on the theory of linear electric circuits.

Moscow: Vysshaya shkola, 1982. - pp. 321-322, 324-325)

During the practical lesson, complete the tasks:

Task Nol. Two identical four-poles (Table 5.1) are connected in a cascade.
Determine A - the parameters of a composite four-pole.

Task No2. Two identical four-poles (Table 5.1) are connected in parallel.
Determine Y- and A - the parameters of a composite four-pole.

Task No3. Two identical four-poles (Table 5.1) are connected in series.
Determine Z-and A - the parameters of a composite four-pole.

Task No4. Two identical four-poles (Table 5.1) are connected in series - in

parallel. Determine H-and A - parameters of a composite four-pole.

Fig. 5.1 Fig. 5.2



Table 5.1

Ne FigNo | zI, | 22, | 23, | z4 | 25 | EG, | ZG. | zH,
variant Om Om Om Om Om In Om Om
0 1 10 | jlo 5 0 0 10 10 | 20
1 2 10 | js 10 0 - 12 | 20 10
2 1 0 | <10 | 10 0 0 15 | 25 | 50
3 2 10 0 10 | -4 - 20 15 16
4 1 5 5 0 0 0 10 5 20
5 1 0 i4 0 i4 4 25 6 12
6 1 2 2 4 0 0 30 8 16
7 2 is 5 10 | j5 - 20 10 | 20
8 1 10 | j1o | 510 | o© 0 10 | 20 10
9 1 5 | 410 [ s is is 20 10 | 30
10 2 10 | 520 | 10 | 20 - 25 | 20 | 40
11 2 10 | js 10 5 - 12 | 20 10
12 1 i3 | 410 | 10 0 0 15 | 25 | 50
13 2 10 0 8 4 - 20 15 16
14 1 8 5 5 0 0 10 5 20
15 1 0 i4 3 i4 4 25 6 12
16 1 ) 4 4 0 0 30 8 16
17 2 is 5 5 is - 20 10 | 20
18 1 7 | j10 | j1o 0 0 10 | 20 10
19 1 0 | 510 | 5 is is 20 10 | 30
20 2 10 | 520 | 10 0 - 25 | 20 | 40
21 2 10 | js 10 10 - 12 | 20 10
22 1 0 99 | 10 3 0 15 | 25 | 50
23 2 6 0 10 | -4 - 20 15 16
24 1 5 5 9 0 0 10 5 20
25 1 3 i4 0 i4 4 25 6 12
26 1 i2 9 4 0 0 30 8 16
27 2 is 3 9 is - 20 10 | 20
28 1 10 10 | j10 0 0 10 | 20 10
29 1 5 | j10 5 95 15 20 10 | 30
30 2 10 | 520 | © 20 - 25 | 20 | 40




31 2 10 [ js 12 0 - 12 [ 20 10
32 1 3 | 410 | 10 0 0 15 25 50
33 2 4 0 10 | -4 - 20 15 16
34 1 6 5 0 0 0 10 5 20
35 1 0 i4 8 i4 4 25 6 12
36 1 2 2 i4 0 0 30 8 16
37 2 is 15 10 | j5 - 20 10 | 20
38 1 10 | j20 | j10 0 0 10 | 20 10
39 1 5 | H10 | 5 95 | s 20 10 | 30
40 2 20 | 25 | 10 | 20 - 25 20 | 40
41 2 10 | jis | j1o 0 - 12 | 20 10
42 1 0 | <10 | j20 0 0 15 25 50
43 2 10 0 ilo | -6 - 20 15 16
44 1 15 | 5§19 | 0 0 0 10 15 20
45 1 10 | j4 0 78 4 25 6 12
46 1 2 3 -i6 0 0 30 8 16
47 2 is 5 0 | js - 20 10 | 20

Example of completing tasks (option No 0)

Task No 1. Two identical four-poles (Table 5.1, option No0) are connected in a cascade.

Calculate the A-parameters of the composite four-pole.

Z1 Z3
o | | o
£2
[+ . O
Fig.5.3

Solution
1. A system of equations of a four-pole in the form A:

U =A,U,+A,L,

I, =AU, +Axl,

Z, =10 Ou,
ZZ :_]10 OM,

2. Calculation of parameters at I, =0 (idle mode relative to output clamps).




2.1. Four-pole diagram in idle mode (Fig.5.4)

2.2. System of equations for idle mode
[_JTX =Ay, [_J;X
HX =Ay Q;X
2.3. Currents and voltages in the circuit (Fig. 5.4)
U =1"(Z,+2,)
Uy =1 + 2,

2.4. Primary Parameters A, A,

UPX 1Z,+Z V4 1 -
A U B@ez) oz 0
Uy 11" Z, £ o
I~ "
Ay = U1 hicm
uy 1"z, %, jlo

3. Calculation of primary parameters at U, =0 (short-circuit mode).

3.1. Diagram of a four-pole in short-circuit mode (Fig. 5.5)

B 1
. | IS | 3 2 O
L
22 U,=0
Fig.5.5

3.2. System of equations for the short-circuit mode
Q;Q =Ap 112<3
lfg =Axp 1126

3.3. Currents and voltages in a four-pole at a short circuit

Z, -7 2.7,+2,2,:+72,7Z
[_J;CS =l;<3(Zl + Z2 £3 ):1;@ CE=1=2 Z1£3 Z2&3
Z,+ 2, Z,+7Z,




3.4. Primary Parameters A, A,,

Uy _ L2\ 2y + 2\ 25+ 2y 232y + Z5) LyLy+ L\ Ly+2LyZLs

AIZ - K3 K3 Z

I (Z,+23) 1y -2, £2
Z,-Z
—Z, +Zy+=L 2 10+ 5+51§—15<50M
Z, j10

| B 4 Z 4

A, =L =122 =37 (_2+_3)=1+——3=1+_i=1—j0,5.
Iy -z, Z, 10

4. Check:

AjAy —Ay-Ap=(0-D0-j0.5)—-(=j0.D)-A5-)5) =
=1-jl-j0.5-1.5+il.5+0.5=1

5. Calculation of A - parameters of a composite four-pole.

5.1. Diagram of a composite four-pole (Fig. 5.6)

Fa 1 | 1 3 |

5.2. Matrix of a composite four-pole [A] = [Aa ] [AB]

Here is [_ ] { e _12a:| —the matrix A of the parameters of the four-pole "a"
A Ay

AllB é12B

[AB]{—

} —matrix A of the parameters of the four-pole "B"

Ary Apy

By problem condition [A, |=[A, ]

5.3. Elements of matrix A of a composite four-pole

A=A Ay Ay, Ay, =1= DA - D) +(15-35)(=J0.1) =-0.5 - j3.5,
A=A, Apy T Ap, ~Ap, == D5 -5+ (5= j5) - (1-j0.5) =22.5 - j32.50m,

Ay =Ag "Apy FAp, Ay, =—J0.1-(1=jl) +(1-j0.5)(=j0.1) =-0.5 - j0.2 See,



Ay =Ajg, " Agp T Ay - Ay, =—j0.1(15 - 35) + (1-j0.5)(1-j0.5) = 0.25 - j0.5.

5.4. Verification:

Ay Ay —Ap Ay =(=0.5—-3.5)(0.25 - j2.5) — (22.5 — 132.5)(-0.15 — j0.2) =1

Task No 2. Two identical four-poles (Fig. 5.3) are connected in parallel. Calculate the Y-

, A-parameters of a composite four-pole if Z1 = 10 Ohm, Z2 = j10 Ohm, Z3 =5 Ohm (Table 5.1,
option No 0).

Solution
1. A system of equations of a four-pole in the form of Y.
L=YU+Y,pU,
L=YyU+Y»U,
2. Calculation of primary parameters at U, =0 (short circuit of output clamps).

2.1. Diagram of a four-pole (Fig. 5.7)

IHS gl ZS IKS

Fig.5.7
2.2. System of Equations for Short Circuit of Output Terminals
Hg =Y, [_J?B
1;3 =Y, [_J;Q

2.3. Currents and voltages in the circuit

Z,-Z4 )= 1 L2y + 2125+ 2y 75

[—Ji@:li&'@ﬁz Vi Z,+7Z
Ly + 245 Lyt 145

b

Z
_112<3 :HB' =2 )
Zy+2Z4

2.4. Primary Parameters Y ,,Y,,

v H(S I (Z,+23) Zy+2Z4
U W(ZZy+Z1Z3+2,23) L1Zo+ 2123+ 21y25
JN0+3 ~0.07—j0.01Cwm,

T 10-j10+10-5+10-5



F 12,242 )

I_Ji(g Z, +Z3)H<3 VAVARVAVER Y AVAY)

_ -7, _ - J10
2\2y+2,Z35+2Z,Z5 10-j10+10-5+j10-5

=-0.06-30.02Cm.

3. Calculation of primary parameters at U, =0 (short circuit of input clamps).

3.1. Diagram of a four-pole in case of a short circuit of the input terminals (Fig. 5.8)

Fig.5.8

3.2. System of equations of a four-pole at a short circuit of input terminals
K3 k31
Ly =Y,U,
K31 K31
I =Y,U,

3.3. Currents and voltages in the circuit

UK31 _ IK31(Z + Zl 'Zz ) _ IK31 . Z3Zl +Z3Zz +2122
=2 22 \&3 Zl +Zz 22 Zl +Zz >
1 1 Z
_li(3 2112(3 . 2 .
Z,+2Z,

3.4. Primary Parameters Y,,,Y ,,

¥, = o ~159-2, (2, +2,) _
Y @ +2y) 15232+ 232, + 2,2,
= 2 = —J10 =-0.06 —j0.02 Cm
232+ 2,2, + 2,2, 5-1045-jl0+10-jl0 o
- 5 1512, +2,) _ 2,+7, _
U IPNZ 2+ 232, + 20 2y)  Z3Ti+ 232+ 212
10+)10 —0.08— j0.04 Cwm.

T 5.10+5-j10+10-10
4. Check: Yo — Yoy =—0.06—0.02 +0.06 + j0.02 = 0

5. Calculation of A-parameters of a composite four-pole.

5.1. Diagram of a composite four-pole (Fig. 5.9)



Fig. 5.9
5.2. Matrix of Y-parameters of a composite four-pole [Y] = [Ya ]+ [YB]

Here is [Ya ] — the matrix of Y-parameters of the four-pole "a",

[YB ] — Matrix of Y-parameters of a four-pole "b"

By problem condition [Y,]=[Y,]

5.3. Elements of the matrix of a composite four-pole
Y =Y, +Y: =2Y;4, =2:(0.07-30.01) =0.14 - j0.02 Cwm,
Yo=Y, +Y 1, =2Y5, =2-(0.06-0.02) =-0.12 - j0.04 Cwm,
Y =Y51, + Y5 =2Y 51, =2(-0.06-30.02) =—-0.12 - j0.04 Cm,
Y=Y, +Yr»,=2Y,, =2(0.08-;0.04)=0.16 — j0.08 Cm.
5.4. The matrix of A-parameters of a composite four-pole can be determined through Y parameters
(Table 5.2) [3]
Yy -1
Yo Yy
(i d1)
| Yy Yo |

[A]=

Table 5.2

Depending on the parameters

H

naramotar
[~
IN
=1
[

Defined




Zy —Zp 1 -Hp B Fpp Ay —|A
Y Y Y Zl |2 Hy, Hy, Fy Fyp Ap Ap
B Y1 Yy Zy Zn Hy [H| —Fy 1 —1 Ay
Z |z Hy, Hy, Fy Fy Ap A,
Yo =Y H H,, 1 -Fp A |Al
7 |Y| |Y| Z11Z12 sz Hzp_ I511 Ell ézl A21
o _le é 221Z22 _I;I21 1 I521 |E| 1 A22
Y[ Y] Hy Hy | Fy By Ay Ay
1 =Y Z Zy Fo —Fpp A, |A
H Y11 Yy Zy Zy HHp |F| |F| Ay Ay
T Yy Y ~Zy 1 Hy Hy —Fy By —1 Ay
Y Yy Zy Ly E [E Ay Ay
Y| Y, 1 -Zp H, -Hjp, Ay —|A|
. Yo Yo Zy, Zy H| [H| Fi Fpp A Ap
T =Y, 1 Zy |Z -Hy Hyy EyiEp 1 Ap
Yo Yy Zy Zy H| [H| A11 Ay
-Y,y -1 Zy, |7 ~[H|-H,, 1By
A Yo Yy Zy Ly H, Hy Fo1 By AAp
L 41 I Zy —Hy -1 Ey B ArAy
Y, Yy Zy) Ly H, Hy Ey Fyy
In the table | Y |=
|F|= | Al=A11A22 - A12A21
5.5. Elements of the matrix [A] of a composite four-pole
Y,,  0.16—0.08
Y TR
X9 — V. —_]004
Alz =—- ! = : :75—J250M,
Y,  —0.12-0.04
. _ Y Y -YpYy
- Y,
_ (0.14—30.02)(0.16 —]0.08)—(9.12 —30.04)(0.12 —;0.04) —_j02Cwm,
—-0.12-3;0.04
Y —10.02 )

Y, 012

—j0.04




5.6. Verification: A;; A, — A, -Ap =(1- i) - j0.5) - (=j0.2)(7.5 - j2.5) =1

Task No 3. Two identical four-poles (Fig. 5.3) (Table 5.1. Option No 0) are connected in

series. Calculate the Z-and A -parameters of a composite four-pole.

Solution
1. A system of equations of a four-pole in the form of Z

U=2,1+2,1,
U,=2,1+2,1,

2. Calculation of primary parameters at I, =0 (idle mode relative to input clamps).

2.1. Four-pole diagram (Fig. 5.10)

Fig.5.10
2.2. System of equations for the mode under consideration
[_JTX =7y I;X
[_J)z(x =Zy 13"

2.3. Currents and voltages in the circuit (Fig. 5.10)

UY =13 (Z3 +Z,)
Uy =2,15"
2.4. Primary Parameters Z,,,Z,,

u>x 1z
Zy,=——="2=2=7,=jl00m,
I L

Uy IYZ,+Z
Ly :_2 :_2 (_3 _2):Z3 +ZZ :5+_]100M
by by

3. Calculation of primary parameters at 12=0 (idle mode relative to output clamps).

3.1. Calculation diagram of a four-pole (Fig. 5.11)



; H
XX
2 U, l
o
Fig. 5.11
3.2. System of four-pole equations for the mode under consideration

Ur =2, 11"
Uy =Zy 17"

3.3. System of four-pole equations for the mode under consideration
Uy =(Z, + 21"
Uy =1"-Z,

3.4. Primary Parameters Z,, u Z,, :

U INZ+2Zy)

Zy =— = =Z,+Z, =10+ jl0 Om,
L L
Uy 1I,"Z

Z, Z%:%:Zz =j10 Om.
L i

5. Calculation of A-parameters of a composite four-pole.

5.1. Diagram of a composite four-pole (serial connection, taking into account the regularity of

connections) (Fig. 5.12).

Fig. 5.12

5.2. Matrix of Z-parameters of a composite four-pole [Z] = [Za ] + [ZB]
Here is [Za ] —the matrix of the z-parameters of the four-pole "a",

[ZB ] — Z-parameter matrix of the four-pole "B".



According to the condition of the problem [Z&l ] = [ZB ]

5.3. Elements of the matrix of a composite four-pole
Z, =2y, +Z1, =2Z,,, =2 (10 + jl0) =20 + j20 Owm,

Zyy =Zy, +Zp, =22y, =2(j10) = j20 Om,

Ly =Ly, + Ly, =2(j10) = 20 Om,

Zy =Zypy +Zyp, =225, =2(5+j10) =10 + j20 Om.

5.4. The matrix of A-parameters of a composite four-pole can be determined through Z-parameters

(Table 5.2) [3].
z, |74

Z, Z
Al= =21 =21
4] 1 Zy

ZZ] Z21

5.5. Elements of the matrix [A] of a composite fourpole

Z 20+ 320 .
Au:_“: ' J —1-j,
Zy 20
A, <A _ZuZn 2y 2y (2041200104 20)-120-20 5 o0
Zy Zy j20
1 1 .
A, =—=—=-j0.05Cwm,
Z, j20
Z .
A, =22 104020, 4
Zy j20

5.6. Verification: Aj; Ay —As-Ap =(1-31)-(1-30.5)—-(30.05)-(30—310) =1
Task No 4. Two identical four-poles (Fig. 5.3) (Table 5.1, option No 0) are connected in
series-parallel. Calculate the H- and A-parameters of a composite four-pole.
Solution

1. A system of equations of a four-pole in the form H:

U =H,1,+H,U,

I,=H, L, +H,U,
2. Calculation of H-parameters at I, =0 (idle mode relative to input clamps).

2.1. Calculation diagram of a four-pole (Fig. 5.13)




Fig. 5.13

2.2. System of four-pole equations for the mode under consideration
QTX =H,, - Q;x
I;X =H,, Q;X
2.3. Stresses in the circuit (Fig. 5.13). [_J;X = I;X (Z53+2Z,), g{"‘ = 1)2“ 2y

2.4. Primary Parameters H;,,H,,

UXX IXX 'Z Z .
Hy==l -2 %2 _ £ _ 0,4 4y
Uy 13(Z;+Z,) Z;+Z, 5+]10
59 59
H, =2 =2 ! 1 =0.04 — j0.08 Cm.

UY 1N(Zy+2y) Zi+Zy S+l
3. Calculation of H parameters at U, =0 (short-circuit mode relative to output clamps).

3.1. Calculation diagram of a four-pole (Fig. 5.14)

Fig. 5.14
3.2. System of four-pole equations for the mode under consideration
Qfg =H, 11(3
153 =H,, 116

3.3. Currents and voltages in the circuit taking into account the selected conditional positive

directions
Zs-Z 2ily+2,2Z5+257
UP =17z + 220 =P (A2 =12 223)
Zy)+Z; Zy+Z;
Z,
R v
£2 &3

3.4. Primary Parameters H;;,H,

v U _ZiZy+ 2y Zy+ZyZy _10-j10+10-5+]10-5
e Z,+2; j10+5

=14+ 20w,

H A/ SR L. =-0.8—j0.4.
121 li(@; ZZ +Z3 j10+5




4. Check: Hyy +H,, =0.8+j0.4-0.8-j0.4=0

5. Calculation of A-parameters of a composite four-pole.
5.1. Diagram of a composite four-pole (series-parallel connection taking into account the

regularity of connections) (Fig. 5.15).

r— - - 1
| 4 3 |
O I ] 1 o]
I — L
| I
I 72 |
| |
L ———— —t+—
[T Y—— 1
| |
I I
| 71 73 |
[+ — — I O
Ly S | I
L |

Fig.5.15
5.2. Matrix of H-parameters of a composite four-pole [H|= [ﬂa ] +[H,]

Here [On] is the matrix of H-parameters of the four-pole "a",
[Hb] is the matrix of H-parameters of the four-pole "c".

By problem condition [Ha]=[Hb].

5.3. Elements of the  matrix [H] of a  composite  fourpole
H,, =H,, +H,, =2-H,,, =2(14 + j2) =28 + j4O0m,
Hy,=H,, +Hp,, =2-Hp, =2(0.8+j0.4)=1.6+ j0.8,
H, =H,, +H,, =2-H,, =2(-0.8-j0.4)=-1.6 - 0.8,
H,, =H,,, +H,,=2-H,,, =2(0.04 — j0.08) = 0.08 — j0.16Cm.

5.4. The matrix A of -parameters of a composite four-pole can be determined by the known

H -parameters (Table 5.2) [3]

_|H| -Hy,

H H
Al=| T2 T2
4] -Hy -1



5.5. Elements of  the matrix [A] - a composite four-pole

_ B _ HyjHy-HyHj _ (28+j4)(0.08—j0.16) - (-1.6— j0.8)(1.6+ j0.8)

= =2-j2
2211 . 5
Hy, Hy -1.6-j0.8
H )
Ap =i BT 5 5o,
HZI —16—J08
H .08 — ;0. .
Ay =—dzm_ 0O8=J016 _ 40
I;I21 —16—_]()8
Azz = 1 = - 1 - :05—J025
Hzl —16_J08
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1 Electrical Circuit Analysis Jobs and Inputs

1.1 Single-phase sine current electrical circuits

Goal:

To calculate currents in branches and voltages on the elements of a
given complex linear electric circuit of sinusoidal current using the method of
contour currents, the method of nodal potentials, the method of superposition,
the method of an equivalent generator. To construct vector and time diagrams
of the calculated currents and voltages.

Task 1.1 Calculate instantaneous currents in branches and voltages on
the elements of a given linear electric circuit using the contour current method
(Table 1). Check the performance of the power balance. Construct vector and
time diagrams of the calculated currents and voltages.

Task 1.2 Calculate the complex currents in the branches and voltages
on the elements of a given linear electrical circuit using the nodal potential
method (Table 1). Check the performance of the power balance.

Task 1.3 Calculate complex currents in branches and voltages on the
elements of a given linear electric circuit using the superposition method.

Task 1.4 Calculate complex currents in branches and voltages on the
elements of a given linear electrical circuit using an equivalent voltage

generator and an equivalent current generator.

The numerical initial data and the scheme of the given variant are determined by

a given cipher consisting of 6 digits: AB VG DE,

where AB is the number of the drawing of the electrical circuit diagram,;

VG - initial data from Table 1;

DE - scheme and parameters of branch resistances from Tables 1 and 2



Table 1- Initial data of energy sources and numbers of element diagrams

Initial data of energy sources

Z Blueprint Numbers

Ne |f kHz |Eml,B[Wel?° |Em2B[we2e [ImAw.o [N [z1 [z2 [Z3
o1 | 1.1 10 0 15 [ 3 [ 10 ] o 01 0 1 4
02 | 13 40 | 30 | 22 0 | 08 | 60 | 02 7 2 6
03 | 15 24 0 40 | 45 | 14 | 30 | 03 2 8 4
04 | 1.7 36 0 30 0 | 04 [ 30 | 04 2 0 6
05 | 1.9 36 | 45 | 24 | 60 | 15 0 05 2 7 3
06 | 12 20 | 30 | 46 | 90 | 06 0 06 7 1 4
07 | 14 24 0 14 [ 30 | 1.6 | 45 | 07 0 2 3
08 | 16 14 | 60 | 28 0 12 | 30 | o8 2 1 3
09 | 18 36 | 60 | 30 | 30 | 13 0 09 2 8 6
10 [ 1.1 30 0 38 | 45 | 14 | 60 | 10 5 0 1
11| 13 24 [ 30 | 26 | 30 | 17 0 11 7 8 5
12 | 12 10 | 30 | 42 0 1.0 | 30 | 12 4 0 1
13| 14 15 | 45 | 12 | 90 | 11 0 13 0 8 4
14 | 16 18 | 90 | 46 0 | 05 [ 45 | 14 3 0 2
15| 15 14 [ 30 | 24 | 60 | 09 0 15 2 1 3
16 | 1.7 28 | 60 | 15 0 | 06 | 45 | 16 7 2 6
17 | 19 18 0 40 | 30 | 15 0 17 3 0 2
18 | 18 20 | 45 | 26 | 45 | 17 0 18 0 2 3
19 [ 1.1 30 | 30 | 42 0 [ 07 ] 90 | 19 5 1 0
20 | 13 34 | 60 | 28 | 45 | 1.8 | 30 | 20 3 2 0
21 | 15 30 0 48 | 60 | 1.1 | 60 | 21 1 2 5
22 | 12 22 | 30 | 30 0 | 06 0 22 8 0 5
23 | 14 16 0 35 | 45 | 20 | 30 | 23 4 1 2
24 | 16 20 0 14 0 12 | 60 | 24 6 2 1
25 | 1.7 32 | 60 | 42 | 30 | 16 0 25 1 0 4
26 | 1.9 12 0 40 | 60 | 08 0 26 8 2 3
27 | 18 22 | 45 | 15 0 14 | 45 | 27 2 7 3
28 | 1.9 32 | 60 | 26 0 | 07 [ 30 | 28 2 0 6
29 | 1.8 15 [ 90 | 12 | 30 [ 05 0 29 1 7 4
30 | 1.7 16 0 22 | 45 | 13 | 60 | 30 5 1 7
31 | 1.6 22 | 30 | 46 0 10 | 90 | 31 6 7 2
2] 15 32 | 45 | 24 | 90 | 16 0 32 8 7 4
33 | 14 10 0 28 | 45 | 06 0 33 4 1 2
34 | 13 30 0 48 | 60 | 09 | 30 | 34 3 2 7
35 | 12 28 | 60 | 20 0 17 | 30 | 35 6 7 2
36 | 1.1 30 | 45 | 35 0 | 08 [ 30 | 36 1 2 5
37 | 19 34 | 90 14 | 45 | 12 37 4 2 g
38 1.2 12 30 38 30 1.5 38 6 7 8
39 1.8 28 0 22 60 0.7 60 39 8 2 6




40 1.3 18 45 50 0 1.1 30 40 5 7 8
Table 2- Diagrams and parameters of passive circuit elements
Z Scheme and Z | Scheme and parameters | Z Scheme and
parameters parameters
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1.2 Three-phase electrical circuits

Goal:

1. Calculate currents, voltages and power in a three-phase circuit with an
unbalanced receiver, the phases of which are connected by a star. Perform
calculations of currents when a neutral wire is broken. Build vector diagrams of
currents and voltages.

2. Calculate currents, voltages and power in a three-phase circuit with an
unbalanced receiver, the phases of which are connected by a triangle. Perform
calculations of currents when one of the line wires is broken. Build vector diagrams
of currents and voltages.

Task 2.1 An asymmetrical receiver is connected to a symmetrical three-phase
line with a voltage of L (Table 3), the phases of which are connected by a star to a
neutral wire. Complex resistances of the phases of the receiver Za, ZB, Z are given
according to the variant (Table 3). Calculate the currents in the phases of the
receiver, in the line wires and in the neutral wire. Construct vector diagrams of
currents and voltages. Calculate the power consumed by the three-phase receiver.

Task 2.2 A symmetrical three-phase line with a voltage of L (Table 3) is
connected to an asymmetrical receiver, the phases of which are connected by a star

without a neutral wire. Complex resistances of the receiver phases Za, ZB, Z are

given according to the variant (Table 3). Calculate the currents in the phases of the
receiver and in the line wires. Calculate the currents in the phases of the receiver and
in the line wires in case of a short circuit of one of the phases of the receiver.
Construct vector diagrams of currents and voltages. Calculate the power consumed
by a three-phase receiver.

Task 2.3 A symmetrical three-phase line with a voltage L (Table 3) is
connected to an asymmetrical receiver, the phases of which are connected by a

triangle. Complex resistances of the receiver phases Za, ZB, Z are given according

to the variant (Table 3). Calculate the currents in the phases of the receiver, in the

line wires. Calculate the currents in the phases of the receiver, in the line wires in



Table 3 - Initial data for the design of three-phase circuits

case of a break in one of the line wires (Table 3). Construct vector diagrams of

currents and voltages. Calculate the power consumed by the three-phase receiver.

Option | ULV | Za,Om | Zs. Q Zc, | Option Short Option | Bro
No Ohm No Circuit No ken
Phase line

wire

0 [220] 10 | 20 | j30 0 a 0 | A

1 360 | j10 15 | 20 1 in 1 | In

2 120 | 10510 | j15 20 2 c 2 S

3 150 | 20 | 20-j60 [40+30| 3 a 3 A

4 170 | j60 | 10+2 | 2040 | 4 in 4 | In

5 | 225 [ 15520 10 | 25 5 c 5 S

6 | 300 |20+50 | 24-i50 | 10+j10| 6 a 6 | A

7 100 | 20 | j25 | 10 7 in 7 | In

8 110 | 25-i60 | 30+j9 | 45550 | 8 c 8 S

9 125 | 150 | j80 | -j40 9 a 9 | A

10 | 220 | 25 | 20 [45+40] 10 in 10 | In

11 | 360 |10+30 | 15-35 [20+j80| 11 c 11 | s

12 | 120 [20+50 | 24-j50 [ 10+j10] 12 a 2 | A

13 [ 150 | 10 [ <20 | j30 13 in 13 | In

14 | 170 | j10 15 | 20 14 c 14 | S

15 | 225 [ 10510 | j15 20 15 a 15 | A

16 | 300 | 20-i25 | 30-j60 | 30+30| 16 in 16 | In

17 | 100 [ 15590 | j10 | -j25 17 c 17 | 'S

18 | 110 [20+j80 | 29-j50 [ 60+j10] 18 a 18 | A

19 | 125 | j20 | 425 [12410] 19 in 19 | In

20 | 220 | 25-j60 | 8+40 | 45550 | 20 c 20 | S
21 | 360 | 10550 | js0 | -j40 | 21 a 21 | A




22 [ 120 [30525] 20 45440 22 in 22 | In
23 | 150 |80+30 | 15-35 [40+j80 | 23 c 23 | 'S
24 | 170 | 10+70 | 15-j20 [ 80+j30| 24 a 24 | A
25 | 225 | 410 | 1548 | 20 | 25 in 25 | In
26 | 300 | 1010 | j15 |20-20 | 26 c 26 | S
27 | 100 | 20+j7 | 20-i60 | 20+j30| 27 a 27 | A
28 | 110 [90+j60 | 10+2 | 20-j40 | 28 in 28 | In
29 | 125 | 50520 | 10+8 | -i25 | 29 c 29 | 'S
30 | 220 |20+30 | 2050 [20+j10| 30 a 30 | A
31 | 360 |20-45 | j25 | 10-10| 31 in 31 | In
32 | 120 | 25-j60 | 30+6 | 35550 | 32 c 32 | S
33 | 150 | 15560 | j80 | 50-40 | 33 a 33 | A
34 | 170 | 25 | 20+j8 |45+j40| 34 in 34 | In
35 | 225 | 10+40 | 15-35 [20+80 | 35 c 35 | S
36 | 300 | 10+j60 | 8-i20 | 30 36 a 36 | A
37 | 100 | 25-j10 | 15+5 | 4020 | 37 in 37 | In
38 | 110 | 10510 | 8+j15 | 20-i6 | 38 c 38 | S
39 | 125 | 20 |20-i60 | 40+30] 39 a 39 | A
40 | 220 | j60 | 10+7 | 20-40] 40 in 40 | In




1.3 Transients in linear electrical circuits

Goal:

1. Use the classical method to calculate the transient currents and voltages in the linear
electrical circuit specified according to the variant (Table 4). Construct temporal diagrams of
transient currents and voltages.

2. Calculate the transient currents and voltages in the linear electrical circuit specified
according to the option (Table 4) using the operator method. Construct temporary diagrams of
transient currents and voltages.

Table 4- Initial data for the calculation of transient currents and voltages

Option Scheme R1, R2, R3, L, S, E, J,
Ne Fig. Ne kOm kOm kOm mGn uF In mA
1 3.2 1 2 3 - 0.01 25 -
2 3.3 2 3 1 - 0.02 - 0.01
3 3.4 3 1 2 10 - - 0.02
4 3.5 4 2 3 20 - 15 -
5 3.6 2 5 3 - 0.03 10 -
6 3.7 1 3 1 25 - - 0.03
7 3.8 3 2 2 - 0.04 - 0.04
8 3.9 4 3 1 - 0.05 24 -
9 3.10 2 6 3 35 - 27 -
10 3.11 5 4 4 40 - - 0.025
11 3.12 1 2 2 - 0.06 - 0.035
12 3.13 4 3 1 10 - 23 -
13 3.14 2 1 3 45 - - 0.020
14 3.15 1 2 1 - 0.03 25 -
15 3.16 3 5 2 10 - 23 -
16 3.17 4 3 2 25 - 22 -
17 3.18 2 2 3 - 0.04 - 0.080
18 3.19 5 3 1 - 0.02 30 -
19 3.20 1 6 2 35 - 20 -
20 3.21 2 4 3 20 - 28 -
21 3.22 1 2 3 - 0.07 - 0.060
22 3.23 2 3 4 35 - 20 -




23 3.24 3 1 3 - 0.03 - 0.035
24 32 1 5 1 - 0.05 21 -
25 3.3 2 3 2 - 0.02 - 0.015
26 34 1 2 2 40 - - 0.025
27 3.5 2 3 3 30 - 29 -
28 3.6 3 6 1 - 0.03 30 -
29 3.7 2 4 2 24 - - 0.036
30 3.8 1 2 3 - 0.02 - 0.048
31 3.2 2 5 1 - 0.01 25 -
32 3.3 3 3 2 - 0.02 - 0.01
33 3.4 4 2 3 10 - - 0.02
34 3.5 2 3 3 20 - 15 -
35 3.6 1 6 1 - 0.03 10 -
36 3.7 3 4 2 25 - - 0.03
37 3.8 4 2 1 - 0.04 - 0.04
38 3.9 2 3 3 - 0.05 24 -
39 3.1 5 1 1 35 - 27 -
40 3.11 1 2 2 40 - - 0.025
N 5
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2 EXAMPLE OF A TERM PAPER

Analysis of electrical circuits in steady-state and transient modes

2.1 Analysis of single-phase electrical circuits of sinusoidal current

Initial data. Diagram of the specified electrical circuit (Figure 1.1).

L1 L3 R3
el() —— e2(t)
M o [ D
J(t)
2N
o

2/

Figure 1.1 - Diagram of a given electrical circuit
EMF amplitude Em1= 20 V, initial phase yel1=450, oscillation frequency =1
kHz, EMF amplitude Em2= 21.21 V, initial phase ye2=900, current amplitude of
current source Jm = 0.1414 A, initial phase yi=-900, L1=1.592 mH, R2=30 Ohm,
C2=3.979 pF, L3=2.387 mH, R3=15 Ohm, R4=25 Ohm.

2.1.1 Circuit Current Analysis
1. Determine the complex resistances of the elements of the electrical circuit
Z, =j2nfL, = j-2-3.14-10%-1.592-107 = j10 Ohm,

1 ) 1
=30-] 3 6
2nfC, 2-3.14-10°-3.979-10

Z,=R, -] =30 - j40 Ohm,

Z,=R,+i2nfL, =15+ i2-3.14-10° -2.387-10° =15+ j15 Ohm, Z4 = R4 = 25

Ohm, the complex effective values of E, = —2leV = AeJ“ =10+ jl0 EMF
V2 1.414
Eio jyez _ 2121 o0 . :
V, E, =—"22ev? == "™ =15 V, and the complex effective value of the
V2 1.414
current of the source J = 2m g = 01414 e -j0.1 A.
-2 1.414

2. Draw the circuit diagram in a complex form (Figure 1.2)



3. Determine the number of circuit currents (the number of independent circuits)

N=n,-n, +1=5-3+1=3

4. Determine the number of equationsn=nb—ny+1-nJ=5-3+1-1=2

—Il Z1 :[3 13
OR Q i L O
g

eFigure 1.2 - Diagram of an electrical circuit in a complex form
5. Specify the directions of the circuit currents and currents in the circuit
branches
o (Figure 1.2). In this case, the circuit currents are selected in such a way that only
one circuit current passes through the branch with the current source.
e In the circuit (Figure 1.2), the circuit current is I3k =J =-j0.1 A.
6. Writing down a system of 2 equations for three loop currents
Z1111k + Z1212k + Z1313k = E11
Z2111k + 72212k + Z2313k = E22

7. Define the eigenresistances of the circuits Znn as the arithmetic sum of the
resistances of the elements included in the circuit "n"
Z11=71+72=710+30-j40= 30-j30 ohms,
722=73+74=15+]15+25=40+j15 ohms.

8. Determine the total resistances Zkn of the circuits k and n. With the sign
"+" we take the resistances of the elements in which the contour currents coincide in
the direction of Z12 = Z21 =0 Ohm, Z13 =731 = Z2 = 30-j40 Ohm, Z23 = Z32 =
Z4 =25 Ohm.

9. Define the contour EMF Enn as the algebraic sum of the EMF included in

the given circuit. With the "+" sign, the sum includes the EMF that coincide in
direction with the contour current. E11=E1=10+j10 B, E22=-E2=-j15 B.




10. After substituting the calculated values into the system of equations, we

get (30-30)11k + (0O)I2k + (30-j40)(-j0.1) = 10410
(O)I1k + (40+15)12k + 25(-0.1) =-j15
or (30-30)I1k = 10+j10-(30-j40)(-j0.1)
(40+H15)I12k = -j15-25(-50.1)
11. Solving a system of equations (30-j30)I[1k = 14+j13
40+ 152k =-j12.5,
determine the contour currents 11k =0.017+j0.45 A, 12k =-0.103-j0.274

12. Determine the currents in the branches
I[1=T1,x=0.017+j0.45=0.45¢j88 A,
12=T11k + I3k = 0.017+j0.45 + (-j0.1) = 0.017+j0.35=0.35¢j87 A,
3= 15, =-0.103-j0.274 = 0.293¢ 111 A,
4= 12k + 13k = -0.103-j0.274+(-j0.1) = -0.103-j0.374= 0.388¢ 719 A,
I5= L3 = -j0.1=0.1¢ 7*° A,

13. Calculate the balance of capacities:

13.1. Capacity of Electric Power Sources
S,..=E, I, +U.J —E,I; = (10+j10)(0.017 — j0.45) + (11.932 + j0.484)(j0.1) —
—j15(—0.103 + j0.274) =8.728 —j1.599  BA

Here, U 51s the complex voltage across the current source (Figure 1.2.)

US=1 474+ 12 Zo,

ﬂ,l ) ,1; - complex conjugate currents.

13.2. Electric Power Receiver Capacities
S..=DI'Z +13Z,+13Z3+1; Z, = 0.45(j10) + 0.35% (30 — j40) + 0.293° (15 + j15) +
+0.388%(25) =8.728 — j1.599BA
11.3. Conclusion: Siee = Spe - the power developed by electric energy sources is
equal to the power consumed in electric energy receivers.

13. Calculate complex stresses in the circuit sections:

U1=Z111= (j10)0.45¢]88=10g¢ 900-45¢j88=4.5¢j178 B




U2=7212= (30-140)0.35€87=50e #530-3571752¢i34 B,
U3=Z313= (15+15) 0.293¢ 911 =21.21e #5023 111 =6 2] ¢ 156 B,
U4=Z414= (25) 0.388e 1'% =9.7¢7'0° B,

14. Instantaneous EMF, voltages and currents in a circuit are determined by

expressions
e, (ot) =E , sin(ot +y,,) =20sin(6280t + 45°) B;
e,(ot) =E_, sin(ot+y_,)=21.21sin(6280t +90°) B;
u,(ot)=U_, sin(ot+y ) =6.368sin(6280t +178°), B;
u,(ot)=U_, sin(ot+y ,)=24.777sin(6280t + 34°), B;
u,(ot)=U_; sin(ot+y ;) =_8.778sin(6280t — 65.6°), B;
u,(ot)=U_, sin(ot+y ,)=13.712sin(6280t —105°),B;
i, (ot) =21, sin(ot + . ) = 0.637sin(6280t +88°), A;
1,(ot) = \/512 sin(ot +y,, ) = 0.496sin(6280t +87°), A;
i, (ot) = 2L, sin(ot +y ) = 0.414sin(6280t - 111°), A:
1,(ot) = \/514 sin(mt +y, ) = 0.548sin(6280t -105°), A;
i, (ot) =21, sin(ot + ) = 0.141sin(6280t -90°), A.

15. Graphs of instantaneous EMF, voltages and currents in the circuit are shown in

Figures 1.3 and 1.4.
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Figure 1.3 - Graphs of instantaneous EMF and circuit stresses
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Figure 1.4 - Plots of instantaneous currents in a circuit

16. Vector diagrams of voltages and currents are shown in Figures 1.5, 1.6.
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2.1.2 Circuit Design by Nodal Potential Method

1. Let us indicate the numbers of the nodes on the diagram (Figure 1.7).
Nodes 1’ and 1 should be considered as one node, since they are connected by an
ideal conductor and, therefore, their potentials are equal to each other. Select node 3

as a support node and assume its potential o3 =0. In Figure 1.7 we show its

connection with the body.

1 41 4 Iy 23
——__] > |
Iz Ia
(f‘DEl 22y, z4 G.DE:?
[ 15 /AN2
2 N E
Figure 1.7

2. The number of equations N=ny -1 —-ne=3-1-0=2.
Here n 1s the number of nodes in the chain,
ne is the number of branches consisting only of idealized sources of
EMF. In the diagram (Figure 1.7) there are no such branches, i.e. ne = 0.

3. Make a system of equations Y 11@Qi-Y p@ =Y EY+> ]

Y@ +Yn@g=) ,EY+>,]

Here, Y 1 1s the sum of the conductivities of the branches attached to node 1,

Y 2:- the sum of the conductivities of the branches connected to node 2,

Y 12 - the sum of the conductivities of the branches connecting node 1 and
node 2 with each other,

Y »; is the sum of the conductivities of the branches connecting node 2 and
node 1,
Z ,EY - the algebraic sum of the products of the EMF of the branches connected to
node 1 on the conductivity of these branches. In this case, those EMFs that have a

direction to node 1 are taken with the "+" sign, and those EMFs that have a direction

from node 1 are taken with the "-" sign,



> 1is the algebraic sum of the currents of the current sources connected to node 1.

In this case, the "+" sign shall be those currents directed to node 1, and the "-" sign

shall be those currents directed from node 1,

> ,EY - the algebraic sum of the products of the EMF of the branches attached to

node 2 on their conductivity. In this case, those EMFs that have a direction to node

2 are taken with the sign "+",

> ,1is the algebraic sum of the currents of the current sources connected to node 2.

In this case, those currents directed to node 2 are taken with the "+" sign, and those
directed from node 2 are taken with the "-" sign.

4. Determine the quantities necessary to solve the system of equations

1 1 1 1 1 1 1 1
+—+—+

Y, = =—+ —— + — + =0.085—-30.117 C
Z, Z, Z, Z, jlO0O 30—340 15+j5 25
1 1 )
Yo=Y, =—+ =—+ —— =0.012 — j0.084 Cwm,
Z, Z, jl0 30-j40
Y, :L+ ! = ,1 + 1. =0.012 —j0.084 Cm
Z, Z, 310 30—340
1 1 ) 1 . 1 )
EY=E,-—+E,-—=(00+j10): —+jl5-————=1.5—-3j0.5 A,
! Z, Z, j10 15+ j15

1 ) 1 ) )
Jzo,Zzgzz—El-7=—(10+J10)-j1—0=—1+J A D J=-] =j0.1 A

5. Solving a system of equations (0.085-j0.0117)¢; - (0.012-j0.084)@, = 1.5-j0.5
- (0.012-j0.0840)¢; + (0.012-j0.084)@, = -1+j1.1
find potentials ¢@; =2.568 +79.349 V, @, =-11.932-j0.484 V.
6. Select the directions of currents in the branches (Figure 1.7).

7. Applying Ohm's law to a section of the circuit, we find currents in the

branches



¢, — ¢ +E

I =— Zl_ =0.017 + j0.45 = 0.45¢ 75" A,
=2 22 0017+47035-0.35¢%7 A,
=2
1= 293 T 0103 02742029311 A,
£3
I, = % =0.103 + j0.374 = 0.388¢ 105" A,
Ly

8. Current in a branch with a current source I5 =J =-j0.1=0.1e 7’ A.
9. Let's check the fulfillment of the first Kirchhoff's law for node 2
-1 - 15 +12 =-0.017-j0.45+j0.1+0.017+j0.35 =0
10. Calculate the power balance:
10.1. Capacities developed by electric power sources
S, =E, I, +U.J —E, I, = (10+ j10)(0.017 — j0.45) + (11.932 + j0.484)(j0.1) —
—j15(=0.103 + j0.274) =8.728 — j1.599BA.

Here, U5 is the complex voltage across the current source (Figure 1.7)

Us=-1 A7 4+ 12 Zz

IT,._T *,IZ - complex conjugate currents.

10.2. Power consumed in electric energy receivers
S, =LZ +12Z, +12Z3+1,Z, =0.45*(j10) +0.35% (30 — j40) + 0.293* (15 + j15) +
+0.388%(25) =8.728 — j1.599BA.

10.3. Conclusion: the power developed by electric energy sources is equal to

the power consumed in electric energy receivers.



2.1.3 Circuit Analysis by Overlapping

Calculate Current in Branch with Z, Electrical Circuit Resistance

(Figure 1.8), if Z,=6-i80m, Z,=50m, Z, =3+j400M, Z,=40m,
E,=30B, E,=10+jl0B, J,=5A.

&
]
1oy

Figure 1.8

1. In the given scheme (Figure 1.8), indicate the directions of the currents.

2. Exclude sources from the circuit (Figure 1.8) E, uJ and calculate the

currents in the branches with the element Z, of the resulting circuit (Figure 1.9).

I
- .
Llﬂ | \Ifl41
E1
71
u
=21
Iy, 22 +151
I
Figure 1.9

2.1. Indicate the directions of currents in the circuit branches (Figure 1.9).
2.2. In the diagram (Figure 1.9), the current I51 = 0, since the resistance of the

branch from which the current source is excluded J,has an infinitely large



value. In this case, the 15, =14;. current Consequently, the resistances Z, uZ,

U,  521+j6.266
Z,+7Z, 4+3+34

are connected in series. Current 1,, = =0.947 + j0.354A.

2.3. According to Kirchhoff's second law E, =1,,-Z,+U,, , then
U, =E, —1,,Z, =30—(1.983 + j1.607) - (6— j8) = 6.21 + j6.266 B.

30

E

sl

=1.989 + j1.607 A,

here Z,is the equivalent complex resistance of the circuit

Z~(Z~ + 7 ; ;
Zy(Z3+2Zy) :6_.8+5(3+_]4:+4) :6_.8+5(7+J'4)
Zy+(Zs+2Zy) 5+3+4+4 12 + j4

Zy =2+

=9.125 - j7.375 Om.

3. Exclude sources from the diagram (Figure 1.8) J, uE; (Figure 1.10).

-
T22 ‘I'Iu
E?
I i
u 22
=22
;:132 lil +152
Figure 1.10

3.1. Indicate the directions of currents and voltages in the circuit (Figure 1.10).

3.2. In the resulting diagram, the elements Z, uZ; are connected in series.
Equivalent resistance of this section of the circuit
Zyy=2Z4+Zy=4+3-j4=7+j40Om.

U,y  4.029 + 3.644

=0.658 + j0.144 A.

3.3.1. Using Kirchhoff's second law, we can write E, =U,, +15,Z,, from
here U, =E, —1,,Z, =10+ jl0 - (0.608 + j0.685) - 5 = 4.029 + j3.644 B,
3.3.2. To determine the current, I,, let's draw an equivalent circuit diagram

(Figure 1.11)



Figure 1.11

3.3.3. Complex resistances Z,,Z; u Z,;form a mixed connection of

elements. The equivalent resistance in a mixed connection is determined by the

expression  z, -7, + 2 %s _5, OZ® T 15895 0,649 Om.
Z,+2Z, 6-8+7+ 4

3.3.4. According to Ohm's Law 1, = Ly _ 10+ J‘IO
Z,, 10.892—j0.649

=0.608 + j0.685 A.

4. Exclude sources from the diagram of Figure 1.8 E, uE, (Figure 1.12).

I3
=

|l

23 Iy3

I 1
| S|
[I]
=
[l]
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fal

e
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23 Lgg
I &
:2-_3 1

| I |

eFigure 1.12
e4.1. Indicate the directions of currents and voltages in the circuit (Figure
1.12)

4.2. Complex resistances Z,,Z, u Z; form a mixed connection of elements
(Figure 1.12). The equivalent complex resistance of this section of the circuit

Z -2+l 3 O-B)S

- =6.514 +j2.919 Om.
Z,+272, 6—38+7+5

4.3. The current 1,5 in the circuit (Figure 1.13) is determined by the current

divider rule

Zy _y_Zy _s 6514+(2919

= . =3.234+j0.49 A.
Zs+Z, Zs+Z, 6.514+j2.919 + 4

143 = 153 :
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Figure 1.13

5. Using the principle of superposition, find the current in the branches with

an element of a Z, given circuit (Figure 1.8)

I, =1, +1, I, =0.947 + j0.354 + 0.658 + j0.144 —3.234 — j0.49 = —1.629 + j8.262 -10 =1.629¢"""",

6. Instantaneous current

i, = Im, sin(ot + ;) =1.629 - /2 sin(wt +179.7°) = 2.304 sin(ot +179.7°) A.

2.1.4 Calculation of the circuit by the equivalent generator method

Calculate Current in Branch with Z, Electrical Circuit Resistance

(Figure 1.8) by the

equivalent  generator = method, if
Z, =6—380Mm, Z, =50m,

Z,=34+3j400M, Z, =40wmM,
E =30B, E,=10+jl0B, J, =5A

2.1.4.1 Circuit design using the equivalent voltage generator method

1. The equivalent circuit for calculating the current in the cell Z, is as follows
(Figure 1.14).




Figure 1.14

2. Determine the parameters of an equivalent voltage generator E, uZ,.
2.1. To do this, exclude all EMF sources Z,. and the element from the

(E,uE,)uroka(J,) diagram (Figure 1.8) Z, and determine Z, relative to nodes 1-

2 to which the element was connected Z, (Figure 1.15).

1
O
21 []gz -~

23

L g
Figure 1.15

Elements Z1, Z2 and Z; form a mixed connection scheme, therefore,
7 -z, +%% _ 3434+ 875 5144 po190m.
Z,+7, 6—38+5

2.2.Find E, =U™.

2.2.1. The scheme for calculation E, is presented in (Figure 1.16)

i
O
X0

5
A

YZIs U
I, Z3
L 2
Figure 1.16

2.2.2. Indicate the directions of currents and voltages in the circuit (Figure
1.16).

2.2.3. The voltage U™ is determined by the method of superposition.

2.2.3.1. Exclude and find from the diagram (Figure 1.16). E, uJ U™
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Figure 1.17
2.2.3.2. For contour 1 (Figure 1.17), in accordance with Kirchhoff's second
law, you can write U,™ +1,,Z,-1,,Z, =0.
Current 15, =0 due to circuit break in section 1-2. U =1,,Z,.
Current 1,, is determined by Ohm's law

E, 30 30
Z,+Z, 6-18+5 11-38

Iy = =1.784 + j1.297 A,

Thus, U =1,,Z, =(1.784 + j1.297)-5=8.919 + j6.486 B.

2.2.3.3. Exclude and find from the diagram (Figure 1.16) E,; uJ;, U

nO N g E——— Ok

Figure 1.18

2.2.4. For contour 2 (Figure 1.18), in accordance with Kirchhoff's second law,
you can write U} +1,,-Z,-1,Z, =0.

Current 15, =0 due to circuit break in section 1-2. U3* =1, Z,.

Current 1;, is determined by Ohm's law

E,  10+jl0 10+j10
Z,+Z, 6-18+5 11-38

I, = =0.115 + j0.726A.

Thus, U3* =1, - Z; =(0.115 + j0.726) - (6 — j8) =6.498 + j3.44 B.

2.2.4.1. Exclude and find from the diagram (Figure 1.16). E; u E, U}



|

Figure 1.19
The elements Z;,Z, u Z,form a mixed connection scheme (Figure 1.19),
Z,-2Z —j8)-
therefore,  Z,3 =23+ "2 =3+ 4 OB 5144 2919 Om.
Z,+2, 6—-18+5

A simplified scheme for the case under consideration is as follows (Figure

1.20).
3
o @ I
I3
L= O
2
Figure 1.20
From the diagram (Figure 1.20)

U =133Z,3=3-Z.,3=5-(6.514 + [2.919) = 32.568 + j14.595 B.
2.2.4.2. Find the tension U™ using the principle of superposition

— U =8.919+ j6.486 + 6.498 + 3.44 —32.568 — j14.595 =

=—17.151 — j4.668 =17.775¢ 7'*"B.

3. The current in element Z4 (see Figure 1.14) is found according to Ohm's
law

[ - U™  —17.151-j4.688
M Z 42, 6514-2919+4

=—1.629 +j8.262 - 10 A.

2.1.4.2 Circuit Design by Equivalent Current Generator Method

1. The equivalent circuit for calculating current 14 is as follows (Figure 1.21)



[1=T]
=1
-

Figure 1.21
2. Determine the parameters of an equivalent current generator I.,Z..
2.1. The value of Ze is determined by the same algorithm as in the method of

an equivalent voltage generator (Figure 1.15). Thus,

Z, =27, +ﬁ=3+j4+wz6.514+j2.91901\4.
Z +7Z, 6—38+5

2.2. Find by J, =1, superimposition.

2.2.1. The scheme for calculating IE is shown in Figure 1.22

K3
1y
= ]
K3
'\le
z1 2
3 B3
1 L 5%
S

Figure 1.22
2.2.2. Indicate the directions of currents on the diagram (Figure 1.22)
2.2.3. Exclude JuE, from the circuit (Figure 1.22) find the current I,; (Figure

1.23).

U,, 3.263+j7.003
Current ] = =

=1.512 + j0.318 A.

Zs 3+34
|
Ip In
E
- I:Igz f 1,5
21y
=21
1 I3 23
i | I |

Figure 1.23



The stress U,, is determined using Kirchhoff's second law for circuit 1 (Figure

1.23) U, =E, -1,,Z, =30 —(2.164 + j1.719) - (6 — j8) = 3.263 + {7.003 B,

E :
Current I, ==-= L =2.164 + J1.719 A,
Z, 85-j6.75
. Zy-Z . i
Resistance Z,, =7, + 22 23 6 '8+M:8.5 —J6.75 Om.
Z, +Z4 5+3+34

2.2.4. Exclude E1 and J from the circuit in Figure 1.22 and determine the current

1 [
229
Iis
E2
E |
Iys
z1
= Y,
2| |22
—I32 Za |
- !

I, (Figure 1.24).

| —
| IS |
Figure 1.24
U .
Current 1§} ==12 - 28135 4318 _ 1 028 + j0.068 A.

The stress U, is determined using Kirchhoff's second law for circuit 2 (Figure
1.24) U, =E, —1y -Z5 =10+ jl0 - (0.852 + j0.551) - 5=2.813 + j4.314 B,

Current I,, = E, _ 10+J,10
Z., 9.639+j2.062

=0.852 + j0.551 A,

Resistance Z., =Z, L Lz s, (6_18)'(3+}4)
‘ Zl+Z3 6—J8+3+J4

=9.639 + j2.062 Om.

2.2.5. Exclude from the circuit (Figure 1.22) E, u E; and determine the current

I3 (Figure 1.25).

1
A 113 A=23
I Z3
=33 —
| SE— |

Figure 1.25



The section of the circuit containing the elements Z,,Z, uZ; (Figure 1.25) 1s

connected in parallel to a conductor whose resistance is early than zero. The

equivalent resistance of such a circuit is early than zero.

ol K3

Figure 1.26

From the diagram (Figure 1.26) 1,3 =J=5A.
2.2.6. Current
19 =19 +15 — 19 =1.512 + j0.318 + 1.028 + j0.068 — 5 = —2.46 + j0.386 A.
3. Find the current in the cell Z, (Figure 1.21) using the current divider rule

Z w L :
=] —2 =% 22 _(-246+]0.386)-
Za +Z4 Za +Z4

=-1.629 + j8.262-10 =1.629¢"7 A,

6.314 +;2.919
6.314+32.919+ 4

4. Instantaneous Current

i, =Im, sin(ot +y,) =1.629+/2 sin(ot +179.7°) = 2.304 sin(ot +179.7°) A.

2.2 Analysis of Three-Phase Electrical Circuits

2.2.1 Calculation of a three-phase circuit according to the "star with neutral

wire'" connection scheme

A diagram of a three-phase circuit of a "star with neutral wire" connection is

shown in Figure 2.1
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Figure 2.1 - Star-neutral receiver phase  Figure 2.2 - Star-to-neutral receiver

connection phase connection

8. We determine complex voltages at the phases of a symmetrical three-phase
source (synchronous generator)

U, o 220

0
U, = ol =22 1" 212760 B,
AT BT TIn

U,

U, e 120 _ 220 (061209 — jsin120°)=—63.5- {110 B,
f 173
U ']200 220 0 .

[_JC=TJ3]eJ 3(cosl20 +jsin120 ) —63.5+j110 B,

. Determine the complex voltages at the receiver phases. Since the resistance
of the connecting wires (linear and neutral) is zero,

U, =U, =127B, Uy =U, =127¢ 2B, U, =U_ =127¢"2"B,

10.Determine the complex currents in the receiver phases using Ohm's law for
j°
a section of the circuit 1 = U, _127¢

[ =>%= =12.7¢" =12.7A
Z, 10

U -j120° e
I ==t =127 635 _55_ 3175 A,

Z, 20e™

j120° e

I - g_ _ 127% = 423¢™ =3.667+ 2.117 A.

L, 30e

11.The complex current in a neutral wire can be determined using Kirchhoff's
first law:

Iy =0 +I, +1, =12.7+55-j3.175+3.667 + j2.117 = 21.868 - j1.058 = 21.894¢2% A,



12.Complex interphase (linear) voltages at the receiver can be determined using
Kirchhoff's second law

U, =U, -U, =127+63.509 +j110 =190.5+j110 = 220639 B.
U, =U, —U, =—63.509 - j110+63.509- 110 = -j220 = 220¢ "B,

U, =U, —U, =—63.509+ 110127 =-190.5+ j110 = 220e1"5"' B,

13.A vector diagram of currents and voltages is shown in Figure 2.3

m y=30 B/Cm
m ;=4 A/Cm

1 cm

QCB

1]

U be
U.=Uc = A Ub-us

Figure 2.3

14. Let's calculate the complex power consumed by a three-phase receiver

S=0U, 1 +U, Ib+U 1 =127-12.7+127¢72" . 63516 +127eM" - 4.234e " =
=1613 — j269 BA.

2.2.2 Calculation of a three-phase circuit connection according to the scheme
"star on a neutral wire break"

9. Determining complex voltages in the phases of a symmetrical three-phase

C U, ; - :
circuit U, = \é el =%elo ~127¢!'B,
Ug =UTC_J1200 1227(; -ji20° =l27e_j1200 B,

3
U .
Uc= \/_ 20" _ 12272 ei120" _ 10700120,
3

10.Determining the complex conductivities of the receiver phases



-on0
Y, I S Yo Y, =l 0056 = jo.05 Cu,
zZ, 10 Z, -j20
000
Y, = L L =0.033¢ % =-j0.033 Cm.
Z, 130

11.Determine the neutral displacement voltage (voltage between neutral points
of the network and the receiver)

-0 a0 o0 0
Up Y, +Ug Y +UcY, 127 0.1+127¢ 77120 .0.05¢0 +127¢7%°
Y, +Y, +Y, 0.1+ j0.05 - j0.033

QnN =

—211.057 — j45.761 = 215.96¢ 1223 B,

12.Determining complex voltages at the receiver phases
U, =U, —U,, =127 —211.057 + j45.761 = -84.04 + j45.76 = 95.69¢/"*' B

U, =Up —U,\ =—63.509 - jl10—211.057 + j45.761 = -274.565 - j64.239 =
=281.98¢71197B

U, =U.-U,y =—63.509+ j110-211.057 + j45.761 = -274.565 +155.76 = 315.67¢ 1 °'B.
13.Calculating complex currents in receiver phases using Ohm's law
. 0 . 0
IL=U,Y, = 95.69e151" .0.1 295691151 A,

: 0 . n0 0

i150° :0n0 .0
Ic:[_JcXc :315.676']150 -O,33-e_l90 210.56J60 A.

14.Using Kirchhoff's second law, let's determine the phase-to-phase (linear)
voltages at the receiver

20
U, = U, —U, =—84.04+j45.76 +274.565 - j64.239 =190.526 + j110 = 220¢* B

00
U,. =U, —U_ =-274.565— j64.239 +274.565 - j155.761 = -}220 = 220¢ *° B

1200
U, =U_-U, =-274.565+j155.761 +84.04 — j45.761 = —190.526 + jl 10 = 220e'"*" B,

—cCa

15.Based on the results of the calculations of currents and voltages, we build
vector diagrams of currents and voltages (Figure 2.4)



+11 U
m y=30B/Cm
m; ;=2 A/Cm
1 cm Ua
Ua/A
Lc=1Ic
]
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QC Us Qb //
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Figure 2.4

16.Let's calculate the power consumed by a three-phase receiver

S=U,L,+U, I,+U_ I, =95.691e"" .9.569¢ 15" +281.98¢ 717" .14.1e™* +
+315.67¢ 7" .10.522¢ 7" =915.676 — j654.054 BA

2.2.3. Calculation of a three-phase connection circuit according to the "star

without neutral wire" scheme in case of a short circuit of phase "a" of the receiver



U
B
%
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L_TnN la lx lc
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Figure 2.5 - Connection of the phases of the receiver according to the scheme "star

without neutral wire" and the short circuit of the phase "a" of the receiver

9. Determining complex voltages in the phases of a symmetrical three-phase

. . :0 1900 1900
circuit U, :%eJ Ug = [jg e 120 U, :%eﬂzo
10.The offset voltage is determined by the value of the complex voltage of the
network phase to which the shorted phase of the receiver is connected. In
the case under consideration

U, =U, =127¢! =127B.

11.Determining complex voltages at the receiver phases
U,=U,-U, =127-127=0B
U, =U, - U, =-63.509—jl10 —127 = —190.526 — j110 = 220¢ "*'B
U, =U,-U,, =-63.509 +jl10 —127 = —190.526 + j110 = 220¢"*'B

12.Complex currents in phases, calculated using Ohm's law

-j150° S
=% oa, =220 T e 55 jos26A
z. 10 Z, -0
j150° .
I = [—ZJ_ _ 229360 = 7333¢!" =3.667 +6.351 A.
Z. ]

13.Complex currents in the line wire "A" are determined using Kirchhoff's first
law

1, =—1, —I, =—5.5+j9.526 —3.667 — j6.351 = -9.167 + j3.175 = 9.7¢""" A
Complex currents in line wires B and C are equal to phase currents, i.e.

00 . 00
Ip =1, =11e A, 1o =1, =7.333¢" A



14.Interphase (linear) voltages at the receiver are determined using Kirchhoff's
second law

U, =U, —U, =0+190.526 + j110 = 220¢™"'B
U, =U, U, =-190.525—jl110+190.526 — j110 = —j220 = 220¢™'B
U, =U, -U, =-190.526 +jl10 — 0 = 220¢"*"B,

15.A vector diagram of currents and voltages is shown in Figure 2.6

A+
Ua-UnN
m y=30B/Cm
m;=2A/Cm
I cm
lc
]
U
-I_B U C QB U b
//
&
\\\
\\\ I
\\\_S I_A

Figure 2.6

16.Let's calculate the power consumed by a three-phase receiver:
S=U, 1 +U, 1b+ U, 1 =220 11779 42206/ .7.333¢™" = —-j806.667 BA

2.2.4 Calculation of the three-phase circuit of the receiver phase connection

according to the "triangle" scheme



A &
| 50 | 50
E E
¢ UBC ¢ UBC
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L—T:B C T-—TB c
Figure 2.7 - Connection of Figure 2.8 - Connection of the receiver
receiver phases according to the phases according to the "triangle" scheme
"triangle" scheme and the break of the line wire "A"

10.We determine the complex linear voltages of a symmetrical three-phase
circuit U,,=U. ¢ =220¢" =220B,

Upe = U,e™" =220 =-110-j190.526 B
Uy = U, e =220e™" =110 +j190.526 B.

11.The complex stresses at the receiver phases, provided that the resistances of

the connecting (line) wires are zero, will be determined by the
corresponding complex line stresses:

) 0
[_Jab :gAB :22OB7 ch :[—JBC 2206_']120 B’ [—JCb ZQCA :22061120 B

12.Complex currents in the receiver phases are determined using Ohm's law:
Uy 220l

I
=ab 4 10

—a

el A=A

Uy, 22012

20
~ 5 =11e % =9.526—-j5.5A
Ly —J

Ibc -

U, 220e™"

ca

Z, 130

=ca

=7.33¢™" =6.351+ j3.667 A

13.Complex currents in line wires can be determined using Kirchhoff's first law

Iy, =1, -1.,=22-6.351-)3.667 =15.649 —j3.667 :16-073efj130A
: 0
I, =1, —1, =9.526-j5.5-22=-12.474—j5.5=13.632¢ °¢ A

Io =1, —1,, =6351+j3.667—9.526 +j5.5=-3.175+9.167 = 9.7¢310% A,



14.Based on the results of the calculations, we build a vector diagram of
currents and voltages (Figure 2.9).

+14
lab
m\
m y= 50 B/Cm AN
\ 'I ca
m;=3A/Cm \\ B
1cm I_A
AUA
I_bc
|
I_ca I
|
// |
/ |
/ |
. // |
A+J 'I_bC// :
- - I
/ |
/ I
I |
Uca=Uca | QBC:QbC
|
|
|
|
L
-1ab
T
Figure 2.9

15.Calculating the Complex Power Consumed by a Three-Phase Receiver

S=U, I,+U, I, +U_1I, =22022+220e7 ™" .11e™" +220e/®" .7.33¢7" =

—Ca =ca

=4840 — j806.667 BA.

2.2.5 Calculation of the three-phase circuit of the receiver phase connection

according to the "triangle" scheme in case of a break in the line wire "A"

1. Draw a circuit diagram when a line wire is broken (Figure 2.8). Conditionally
positive directions of currents in phases are indicated as in the diagram Figure 2.7.

From the analysis of the diagram (Figure 2.8) it follows that the complex voltage at



the "B" phase "B" of the receiver Zb 1s equal to the phase voltage. U, = 220e120°B
U,, =220 120°p,

2. Using Ohm's law, calculate the currents in the phases of the receiver

U, 220e7™
Z,+7Z, 10+ 330

lab =

=6.957¢ "% =6.816 - j1.395 A

U —j120° e
1, = 22208 e _9.526- j55 A
Z, -J20

~U,  220e7™

I = =
Z. +Z.  10+30

=ca

=6.957¢ "% =6.816—jl1.395 A.

3. Complex currents in line wires are determined by Kirchhoff's first law
Ia =Ly —1, =0
I =Ip, —1,p =9.526 - j5.5-6.816+j1.395 = 2.711 — j4.105 = 4.919¢ 565 A,
Io =1, —I,, =6.816—j1.395-9.526 +j5.5=~2.711+ j4.105 = 4.919¢4'2% A,
4. Complex voltages at the phases of the receiver "a" and "c" are determined
according to Ohm's law
U, =1, Z, =6.957¢ 116" .10 =69¢ 116" = 68.158 - j13.947 B

U, =1, Z, =6.957¢7 16" .30¢°0" Z208.71e784" = 41.842 + 204.473 B,

5. Comprehensive power consumed by the receiver
S=[Iyy|* (2, +Z¢ )+[Ie|* 2, =6.9572(10+j30)+112(~ j20) = 484 — 963 BA .

6. Gross power consumed by the receiver

S=|9 =+/p> +Q* =+/484> + 968> =1082 BA.

16.Construct a vector diagram of currents and voltages based on the results of

calculations (Figure 2.10)
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2.3 Analysis of transient processes in linear electrical circuits

In the electrical circuit (Figure 3.1), calculate and plot the transient currents
i(t) and the voltage on the reactive element u(t) if R1=0.2kQ, R2=0.2kQ, C=20 pF,
E=20 V.

R1 R1 i(t)
1 1 -
— L’_],:" | S|
OJNEE I N
Figure 3.1 Figure 3.2

2.3.1 Analysis of transient processes by the classical method
Solution

1. In a given electrical circuit (Figure 3.1) there is only one capacitive element,
in the electric field of which energy can be gasped, therefore, to determine the initial
conditions, the second switching law is used, according to which

ue(+0) = uc(-0) = u,(0)= N2 _E200 _E_20_,,p5 3

R,+R, 400 2 2

2. Let us construct an equation for voltages according to Kirchhoff's second

law for a circuit after switching in a circuit (Figure 3.2) ug; +u, =E or Rji+u, =E

,Rlcddltwuc:E (3.2)

3. The transient voltage is defined as u_(t) =ug® +ul®" (3.3).

du,

4. u¥" From equation (3.2) we find at =0,ie. ul"=E=20 B.

5.ul(t)= Ae® - general solution of a homogeneous linear equation

R,C du,
dt

+u, =0

To determine the root s, let us make a characteristic equation R{C-s+1=0
_ 1 _ 1

RiC  200-2:1072  4.1071

We find the constant A from equation (3.3) taking into account the initial

conditions u,(0) =ul*"(0)+ug’(0), §:E+Aes'0, A:—%:—lo B,

Hence s=- =25.10% ¢!,

t t t
- ot S .
therefore, ugB(t):_ge R,C :_ge T =_]10e 410 10 :_10.6—25-10 t B.

Here t=R;C=4-10""" ¢, is 1 the time constant of the chain.
6. Transient voltage



t t

"R,C 8
uc(t)=uZ°T+u§B=E—%e Ri€ _gl1-05.¢ RC =20(1—0.5-e_25'10 't) B.

7. Transient Current
t t
i(t):Cduc e g Bleme |l c B L | el
e dt| 2 2 | RC
t
:i.i,efmc :Aefﬁ-logt —0.05¢ 210°t A
2- R, 2200

8. To build graphs i(t) and uc (t), let's perform calculations (Table 1)
Table 1- Results of transient currents and voltages calculations

tx10719, ¢ 0 2 4 6 8 10 12 14 16 18 20
t/t 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
el 1 0.61 | 0.37 | 0.22 | 0.14 | 0.08 0.05 0.03 | 0.018 | 0.011 0.007
i(t), mA 0.05 | 0.03 | 0.018 | 0.011 | 0.007 | 0.004 | 0.0025 | 0.002 | 0.001 | 0.0005 | 0.0003
u(t), B 10 14 16 17.8 18.6 19.2 19.5 19.7 19.8 19.89 19.9
9. Build Charts u,(t) and i(t)

i

E

13

16

14

12

N 0 4-1|JI'1IJ s-ml'm y i-llju:g 1.r5-1ln'g 2-16'9

Figure 3.3

0 440 1 g.10 1210 ° 1610 ° 210 °
t,f ————==
Figure 3.4

2.3.2 Analysis of transient processes by the operator method




Solution
1. In a given electrical circuit (Figure 3.1), determine the initial conditions according
ER,

1+R,

to the second switching law u,(0)= =10B.

2. Draw up an operator replacement scheme (Figure 3.5), provided that the key "k"
in the electrical circuit (Figure 3.1) is open

Rl Iis)

1.
sC
G"\ E(s) Uc(s) u,(0)
5
Figure 3.5
E(S)— u’C(O) E _ uC(O)
3. According to Ohm's law, we find I(s)= S -8 8
Z(s) (R 1 )
1 +7C
s

4. Convert the expression for the operator current I(s) into a form convenient for the

Laplace tabular conversion (see Table 2, Item 4).

E uc(0)
s s E-u/0) E-uc/0) 1 10
1(s)= 1\ SsRC+1 1) 200 8
(RI +j R(“j s+25-10
sC C RC

5. Using the Laplace transform table (see Table 2, item 4), using the linearity
property of the Laplace transformation, we find the transient current
i(t)=0.05e 210" A

6. The transient voltage is determined using Kirchhoff's second law for the circuit

(Figure 3.6)

Ri it)
I Ca




Figure 3.6
uc(t) =u(t) = E—Ryi(t)=20-200- o.os(e‘”logtj —20-10¢"2510°t B,

7. To build graphs i(t) and u (t), we will perform calculations, and the results
will be presented in Table 3

Table 2 - Table of Laplace transformations

No
F(s) f(t), (t> 0)
p/n
1 1 o(t)
1
2 - 1
S
3 A A
S
4 L e—at
s+a
s —at
5 cra 3(t) —ae
1 1 —at
~(1-
6 s(s+a) a d=e)
1 1 —at bt
! (s+a)(s+b) ba )
S 1 —at 1. bt
—_— — ~b
8 (s+a)(s+b) ape b )
9 ! —at
(s+a) 2 e
10 > —at
(S+a)2 e “(1—at)
1 1 —at —at
11 —(1-e ¥ —ate™)
s(s+ a)2 a’
1 1 _ _
B —b)+b at bt
12 s(s+a)(s+b) ab(a_by 2T D) The A




13 1 L ginat
—Sina
s? +a’ a
S
14 S2+az cosat
| 1
15 — 5 —(1—cosat)
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Table 3- Results of the calculation of transient current and transient voltage

txlO'lO, C 0 2 4 6 8 10 12 14 16 18 20
t/T 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
et 1 0.61 | 0.37 0.22 0.14 0.08 0.05 0.03 | 0.018 | 0.011 0.007
i(t), mA 0.05 1 0.03 | 0.018 | 0.011 | 0.007 | 0.004 | 0.0025 | 0.002 | 0.001 | 0.0005 | 0.0003
u(t), B 10 14 16 17.8 18.6 19.2 19.5 19.7 19.8 19.89 19.9
8. Plotting the Graphs of u (t) and i(t)
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3 Requirements for the design of the term paper

The explanatory note is drawn up on A4 sheets in handwritten form.

When registering, comply with the requirements for explanatory notes of
qualification works.

Tables, schemes, graphs are made in accordance with the requirements of GOST.
Write down formulas according to the requirements of GOST.

Letter designations of physical quantities must comply with the requirements of
GOST.

The explanatory note is submitted for verification 3-4 days before the date of the

defense of the term paper.

4 Questions for the defense of the term paper

4.1 Basic Concepts and Definitions
1. Current, voltage, EMF, power.
2. Electrical circuit, electrical circuit diagram, circuit replacement diagram.
3. A section of an electrical circuit, a branch, a node, a circuit.
4. Series, parallel, mixed connection of elements (branches) of an electrical circuit.
5. Ohm's law: for a homogeneous and inhomogeneous section of an electrical circuit,
generalized Ohm's law.
6. Kirchhoff's laws.
7. Instantaneous current, active current, complex current, complex amplitude of
current.
8. Forms of representation of complex numbers: algebraic, trigonometric,
exponential and their interrelation.
9. Operations with complex numbers: addition, subtraction, multiplication, division,
exponentiation.
10. Algorithm for calculating an electric circuit by the method of contour currents

11. Algorithm for calculating an electric circuit by the method of nodal potentials.



12. Algorithm for calculating an electrical circuit by the superposition method.
13. Algorithm for calculating an electric circuit by the method of an equivalent
current generator.
14. Algorithm for calculating an electrical circuit using the equivalent voltage
generator method.
4.2 Loop Current Method
1. For a given scheme (Figures 01-64), make a system of equations for calculating
contour currents.
2. Determine the current in the specified branch by known contour currents.
3. Record the instantaneous current according to the given complex current.
4. For a given scheme (Figures 01-64), make an equation for the balance of
capacities.
5. For the given instantaneous currents, build a vector diagram.
4.3 Method of nodal potentials
1. For a given scheme (Figures 01-64), make a system of equations for calculating
nodal potentials.
2. Write down Ohm's law for the specified section of the circuit.
3. Determine the current in the specified branch.
4.4 Overlay Method

1. For a given circuit, determine the equivalent resistance.
2. Draw auxiliary circuits (Figures 01-64) for calculating the current in the specified
branch.
3. Determine the current in the specified branch.

4.5 Equivalent Current Generator Method
1. For a given circuit (Figures 01-64) determine the current Ikz.
2. For a given circuit (Figures 01-64), determine the equivalent resistance of the
generator.
3. Determine the current in the specified branch.

4.6 Equivalent Voltage Generator Method

1. For a given circuit (01-64 instructions for DKZ), determine the voltage Uxx.



2. For a given circuit (Figures 01-64), determine the equivalent resistance of the
generator.
3. Determine the current in the specified branch.
4.7 Three-phase circuits
1. Write down the expression for the instantaneous EMF of a three-phase
circuit.
2. Write down the expression for complex amplitudes and operating EMF of
a three-phase circuit.
3. To construct a vector diagram for complex amplitudes and operating EMF
of a three-phase circuit.
4. What are the Relationships Between Line and Phase Voltages in a
Symmetrical Three-Phase Circuit?
5. How to determine the current in a neutral wire in a three-phase circuit when
connecting the phases of the receiver according to the "star" scheme?
6. How to determine the neutral bias voltage of a three-phase circuit when
connecting the phases of the receiver according to the "star" scheme?
7. What are the relations between linear and phase currents in a symmetrical
three-phase circuit when connecting the phases of the successor according to the

"triangle" scheme?

4.8 Transients
1. Formulate the 1st and 2nd laws of commutation.
2. Write down a first-order linear differential equation.

3. Which linear differential equation is called inhomogeneous? Give
examples. Explain the algorithm for solving this equation. What is the general and
partial solution of a linear differential equation?

4. Name the stages of the algorithm of the classical method of calculating
transient currents and voltages in an electrical circuit.
5. Draw in operator form the substitution schemes of the ideal inductive and

capacitive elements under zero and non-zero initial conditions.



6. List the main properties of Laplace's transformations.

7. Write the expression for Ohm's law in operator form at zero and non-zero
initial conditions for a circuit containing R, L, C elements connected in series.

8. Name the stages of the algorithm of the operator method for calculating
transient processes in an electrical circuit.
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