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INTRODUCTION

During the fulfillment of the laboratory works a student must master
the bases of practical application of the direct and alternating current,
rational assembling, measuring of some electric values, learn how to
analyze electrical circuits while changing their parameters.

The accomplishment of the laboratory works helps to fasten and
extend the learning of physical laws, understanding the theoretical part of
the Electrical Engineering course, get experience in practical work with
different electrical circuits.

There are no only short recommendations in these practical
instructions but also determined the order of the accomplishment of
laboratory works and a design of the report. The necessary theoretical
explanations and the formulas for calculations are given here too.

THE GENERAL INSTRUCTIONS

For the successful performance of the laboratory works it is
necessary to do the next actions before the beginning of the studies:

- read the description of the next laboratory work, learn theoretical
course according to the Summary of Lectures, given methodical
instructions and recommended literature, and prepare oral answers to the
control questions;

- prepare the form of the report which must contain a title - page (the
example is given in Appendix A), the object of the work, schemes and
tables from the part "Spade - work". Drawings must be performed with the
usage of drawing - set according to the demands of Ukraine State Standard.

While doing a laboratory work it is necessary:

- get teacher's permission for the accomplishment of the work;

- acquaint with the working place, measuring devices, power sources,
electrical switchers, and so on;

-make an electrical circuit and ask for the lecturer to check it up.
Carry out all necessary measurements and show the results to a lecturer.
The laboratory work is considered do be done if the teacher checked the
results of the measurements and made a note in the register;

- after finishing the work one must disjoint the electric circuit:

- get up the work and pass it to the lecturer.



Laboratory work Nel
THE RESEARCH OF THE WORK OF AN ELECTRIC
ENERGY SOURCE IN DIFFERENT CONDITIONS

The object of the work is to acquaint with the main elements of the
electrical circuit, experimentally get an external characteristic of the
electromotive force (EMF) source, learn to analyze the work of the energy
source with the help of the external characteristic, and study the energy
relations in the direct current circuit under different rates.

1.1 Short theoretical information
1.1.1 An idea of the substitution scheme of an electric device

Electric circuit consists of active and passive elements which are
connected with wires. These elements are differed from one another in the
appointment, form, size and other signs. With an electrical point of view
they have the characteristics which are described with the limited quantities
of parameters.

For the calculations electric circuits are imagined in the form of
equivalent electrical scheme of replacement.

Every real element or a device in these schemes is imagined with one
or several ideal elements or mathematical models. Each ideal element
replaces some physical effect or a property of a real device.

There are only three elements in the schemes of replacement of
direct current circuits:

- an ideal source of electromotive force (EMF) (fig.1.1, a) represents
the ability of a real object to create the potential difference across its outer
terminals and support a current in a closed electrical circuit with the help of
the forces of non-electrical character. The voltage across the terminals of
the ideal source does not depend on the strength of a flowing current, and
corresponds to the EMF of this source. EMF E is measured in volts (V);

E J
(= )
a) EMF source b) a current source  c) a resistor

Figure 1.1 — Ideal elements of the schemes of replacement



- an ideal current source J (fig.1.1, b) represents the ability of a real
object to create the potential difference across its outer terminals and
support a current in a closed electrical circuit with the help of the of the
forces of non-electrical character. The current through an ideal current
source does not depend on the voltage across the terminals, and
corresponds to the current strength of this source. A current J is measured
in amperes (A);

- an ideal resistive element R (fig.1.1, c) represents the ability of a
real object to change an electrical energy into other kinds of energy finally,
for example, - into the heat. The resistance R is measured in Ohm ().

1.1.2 The substitution schemes of the real energy sources

For the real sources of direct current (d.c.) electrical energy it is
necessary to take into account two processes:

- the ability to create the difference of potentials across input
terminals and provoke a current in the closed electrical circuit;

- internal heat efficiency when a current flows through a source.

That is why there are two ideal elements of a real energy source in
the schemes of substitution.

There are two substitution schemes of a real energy source:

- a series connection of the ideal voltage source and a resistance
(fig.1.2,a);

- a parallel connection of the ideal voltage source and a resistance
(fig.1.2,b). A resistive element is called an internal resistance.

@

O
a) real EMF source b) real current
source

Figurel.2 — The substitution schemes of a real energy sources

There is a following equation for parameters of the substitution
scheme

E =JRjn. (1.1)



1.1.3 An external characteristic of an energy source
An external characteristic of an energy source is a dependence of a
voltage drop (on the external terms) on a current flowing through a source.
The external characteristic is a volt-ampere characteristic (VAC) of a
source. An energy source with a rectilinear VAC is linear (fig.1.3).
U

Uo 2

Uy p=———- 1 1=

|
0 I %
Figure 1.3 - The external characteristics of energy sources

VAC of the real source is a sloping straight line passing through two
extreme points: when | =0 we have an open circuit voltage (a voltage of a

idling voltage) Ug; when U =0 we have a short circuit current Iy (a

straight line 1 in fig. 1.3). Its equation is

where Rjn = U—O.
Ik

On this basis one can compose an electrical substitution scheme with
a series connection of an ideal source and an internal resistance according
to the second Kirchhoff's Law (fig. 1.4a). Such a scheme may be described
by an equation

U=E-IRjn. (1.3)

To turn to the substitution scheme with a parallel connection of an
ideal source and an internal resistance (fig. 1.4b) we rewrite equation (1.2)
in the form

U
|=|k—m=|k—UGina (1.4)

I . .
where Gjn = Uk - an internal electrical conductance of a source, Q-1.

0



The condition of the substitution scheme can be described by an
equation

(1.5)

a) with real EMF source b) with real current source

Figurel.4 — The substitution schemes of energy source and a consumer

The VAC of the ideal source EMF is a horizontal straight line
U =E (a straight line 2 in fig. 1.3), and the VAC of the ideal current
source is a vertical straight line 1 =J (a straight line 3 in fig. 1.3). The

internal resistance of the ideal source EMF is equal zero Rjn =0, the

internal resistance of the ideal current source is equal infinity Rjn =.

1.1.4 The main calculation equations in a non-ramified contour
of direct current
The main calculation equations in a source - consumer system for a
non-ramified contour (fig.1.4a):
- the current (according to Ohm's Law) for series connection of
circuit elements (an internal resistance Rjn and a load resistance R|)

_Rm+&’
- the voltage through input terms of a source and through a load by

the second Kirchhoff's Law
U=E-Rjnl =RI; (1.7)

I (1.6)



- a voltage drop in the source
AU =Rjpl ; (1.8)
- the power of a source characterizing a velocity of conversion of
non-electrical energy into electrical one
E2
Rin+ R ’
- the power being given up to a load characterizes a velocity of

conversion of electrical energy into other kinds of energy (mechanical,
light, heat energy, etc.)

Ps=El = (1.9)

2
H=U|=Rn2=—iﬂi—7, (1.10)
(Rin+Ry)
- power losses in a source being spent for its heating
AP = Ps —P| = Ripl?; (1.11)
- an efficiency (a coefficient of useful action) of a source
_Ph_ R
TPy T Rin+RI (12

1.1.5 The working rates of an energy source

When we have a variable load one can appraise the work of the
source (fig.1.4a) with the help of its characteristics. Such characteristics are
got by changing a load resistance value 0< R| <. It is accepted to take a
current as a argument and consider characteristics U(1), P(1), Pg(l),
n(1).

Any electrical circuit depending on a load resistance may be in
different rates. The main ones are: an idling rate, a short circuit rate, a
nominal rate and the rate of coordinated load.

We have an idling (open circuit) rate when the load is out
(Ry =). There is no a current 1 =0 here. The voltage across the
terminals of an energy source is equal to U =Ug=E (an idling voltage).

One can measure EMF of the source in this rate. | =0, Pg=0, n—>1.
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We have an short circuit rate when the load resistance is zero
(R; =0). A circuit current will be maximum | =1y =E/Rj, (a short

circuit current). The voltage on the terms of the energy source U =0. The
energy of the source transforms into heat Ps= Rinlﬁ = EZ/Rin . There

may be the overheating and the damage of the source. There is P =0,
n=0 in this rate.

The rate of concerted load is the conditions when we can get a
maximum power Pg from the source.

The condition of the coordinated rate is R| = Rjn. For this rate

| =051y, U=05E, Ps=E2/2Rij, P = E2/4Rin . 7=05.

A nominal condition is the rate of the most effective work when
there are values of current and voltage determined by a designer. By the
nominal current, voltage and power economical production and
consumption of the electric power is provided, and the service term
designated by a plant-maker is guaranteed. The point of the nominal rate
has no a fixed position and depends on the requirements showed to a
source. If we need a high efficiency the point of the nominal rate is located
closer to the point of the idling rate. If it's necessary to transmit a maximum
power from a source to a load, the nominal rate coincides with the rate of
concerted load. If we need limit values of the current, the point of the
nominal rate is near the point of a short circuit.

The characteristics of electric power source are represented in fig.1.5.

n Ps

0 051 Ik

Figure 1.5 - The characteristics of electric power source
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1.2 The order of the working out of the spade-work
1.2.1 One must study theoretical material and prepare oral answers to
control questions.
1.2.2 Prepare the form of the report which must consist of the
purpose of work, a scheme of an electrical circuit (fig. 1.6), and table 1.1.
An example of a title page is given in appendix A.

1.3 The description of laboratory plant
To carry out the laboratory work we use:
- a direct current (d.c.) source E1 which is switched on with a
tumbler S;
- the variable resistor R8 and the invariable resistor R6 ;
- a voltmeter of magneto-electrical system V 1;
- a milliamperemeter of magneto-electrical system Al.

1.4 The order of carrying out of the work
1.4.1 The experiment of an idling rate
Conditionally we consider the internal resistance of the source of
source of electro motive force (EMF) is equal to the resistance of resistor
R6 . One should make an electrical circuit (see fig. 1.6a).
Attention! One can turn on the stand only after the teacher check up
the scheme and find it to be correct.

a) an idling rate b) the investigations of working rates

Figure 1.6 - The schemes of electrical circuits
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Switch on a tumbler S of the source of constant EMF E1 and
measure an open circuit voltage U . The results one must enter in the table

1.1. Turn out tumbler S.
Table 1.1 - Experimental results

Anidling A short

Rates rate Working rates circuit rate

Ne of a test 1 213|415 6

Measured u,v

I, mA

P, Wt

Calculated P, Wit

n , relative
units

1.4.2 An external characteristic of the EMF source and a short
circuit experiment

Compose the corresponding electric circuit (see fig. 1.66). Place a
handhold of the resistor R8 in the extreme left-hand position. After a
teacher check up a scheme one can turn on the tumbler S.

Turn round the handhold of the resistor R8 to change its resistance
and carry out 3 or 4 experiments. Then turn round the handhold of the
resistor R8 in the extreme right-hand position (a short circuit test). Each
time measured currents and voltages are placed into table 1.1.

Turn off the tumbler S. The measured results must be shown to a
teacher. Then the scheme may be stripped.

1.5 The processing of measured results and design of the report
1.5.1 By the results of idling and short circuit experiments one must
calculate an internal resistance of the source (1.2).
1.5.2 Construct the diagrams of external characteristics for a real and
an ideal EMF source.
1.5.3 Write down an external characteristic of the real EMF source.
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1.5.4 Calculate the power of the source, the capacity of the consumer
and the efficiency according to measured values. The results of calculations
are brought in table 1.1.

1.5.5 Calculate a load resistance and a current for coordinated rate.

1.5.6 Construct the graphs of dependences Pg(1), Pj(1), n(l) in
one scale.

1.5.7 Make conclusions on the work.

1.6 Control questions

1.6.1 Give the determination of parameters R and E.

1.6.2 Give the determination of an electrical circuit.

1.6.3 What elements are called ideal?

1.6.4 What is the scheme of replacement?

1.6.5 Draw equivalent scheme of replacement for a current and a
voltage source.

1.6.6 Explain how the law of energy conservation is carried out in
direct current electrical circuit.

1.6.7 How calculate the power of the source and the consumer?

1.6.8 Give the characteristic of rates of electro-motive force source.

1.6.9 Prove that the power of the consumer is maximum at a
coordinated rate.

1.6.10 Give the definition of the external characteristic of the electric
energy source.

1.6.11 Write down the equation of the external characteristic for
EMF source.

1.6.12 Give a brief description of all four operation modes of
electrical circuit.
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Laboratory work Ne2
THE RESEARCH OF THE RAMIFIED ELECTRICAL
CIRCUIT WITH SEVERAL VOLTAGE SOURCES

The purpose of operation is to study the application of Kirchhoff's
Laws to the checkout of observed data, acquire a procedure of the analysis
of a condition of the electric circuit with the help of a potential diagram.

2.1 Short theoretical data
2.1.1 The basic definitions

The electrical branch is a part of an electric circuit along which a
current at any moment has the same value. The branch can contain one or
several elements. The electrical unit is a point where branches are joined.
The point where three or more branches are connected is called a junction.
The mesh (a contour)is a closed path along the electric circuit on which any
element is not iterated.

The positive direction of a current is the direction of the moving of
positive charges. At the beginning of calculation one must set any positive
directions of current (or voltage) at will. The real directions of currents is
defined with signs got in the result of calculations. When a current is
negative it means that its real direction will be opposite to earlier given.

The positive direction of EMF source is taken from a terminal "-" up
to a terminal "+" (i.e. coincides with the direction of action of forces of not
electrical origin). The arrow of EMF specifies a terminal with a more
potential. The positive current direction in a source of the electric power
coincides with the direction of EMF. The positive voltage direction on
EMF source is opposite to the direction of EMF, and the positive directions
of a current and a voltage coincide on resistors.

2.1.2 Kirchhoff's Laws for direct current circuits
The first Kirchhoff's Law: the algebraic sum of branch currents in a
node of the electric circuit is equal to zero.

n
2.1 =0, (2.1)
j=1

where | j is the current of branch "j".
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The currents guided to a junction are taken positive, and currents
guided from a junction are taken negative.

So, for unit in fig. 2.1a we have 11 =12+ 13-14=0

The second Kirchhoff's Law: the algebraic sum of EMFs in any
closed mesh is equal to the algebraic sum of voltage drops round the mesh:

n n
2Ej=2Rjlj, (2.2)
j=1  j=1

where Ej, Rj are correspondently EMF and a resistance of branch”j."

Drawing up the equations by the second Kirchhoff's law the direction
of summation round the mesh is taken at will. EMF and voltage drops are
accepted positive if directions of currents and EMFs coincide with the
direction of summation. Otherwise they are accepted negative. For
example, for the mesh in fig. 2.16 (the direction of summation is
clockwise) we have E1 —E3=R1l11 —R2l2 —R3l3+Ryly4.

Ri bh Ei1 ¢

a) a junction b) electrical mesh
Figure 2.1- The parts of electrical circuits for Kirchhoff's laws record

The solution of simultaneous equations by Kirchhoff's laws is the
universal method for evaluation of currents in branches of a ramified
electrical circuit with several energy sources. The total quantity of
equations corresponds to the amount of unknowns currents, i.e. to the
guantities of branches to which current sources do not enter. By the first
law the quantity of independent equations on a unity less than the quantity
of junctions in the circuit. The rest of equations are made by the second
Kirchhoff's law for contours using all the branches of the circuit without
current sources.



16

2.1.3 Potential diagram

The potential of one arbitrary point of an electrical circuit it is
possible to attach to any meaning except zero. In Electrical Engineering
the earth potential is accepted for a zero potential. Therefore
representation to some point of a zero potential is equivalent to its
grounding (unification with the Earth). The potential diagram is
constructed in a rectangular coordinate system. For a direct current circuit
meanings of resistances are disposed on an abscissa axis of sections (each
following from the end of a previous one), and potentials of points are
placed on an axis of ordinate in an arbitrary scale. The initial point
accepted for a zero potential is placed in origin of coordinates. The points
which answer potentials are connected with a broken line. The potential
diagram built for any closed circuit is a pictorial illustration of the second
Kirchhoff's Law.

We shall build, for example, a potential diagram for the mesh which
is represented in figure 2.1b. We accept that potential of a point "a™ is
equal to zero. Building it we consider that elected directions of currents
coincide with the real. The potentials of points one can calculate according
to the following formulas:

@3 =0;

op =¢a —R1ly;

@c=¢p +E1;

@d =@c +R2l2; (2.3)
®e =@4 +R3l3;

of =pe —E3;

Ya=0f —Rglg=0.

The calculation of the last potential is verifying.

The potential diagram for this case is given in fig. 2.2.

In potential diagram it is possible to determine a voltage between any
two points as a projection between these points on an axis of ordinate. The
tangent to a slope angle of a piece of a broken line which corresponds to a
section with resistance, is proportional to a current through this section. It is
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easy to prove if to consider, for example, a right-angled triangle with sides
R1 and Ugp

_MuYed _ |, MUy

tgax ' .
9 MRRo mR (2.4)
where my , mpR - are the scales for a voltage and a current.
®
Pc
Ry
Pa R
0
40

Figure 2.2 — The potential diagram

2.1.4 An energy balance

The heat is given in active resistances when currents flow
through them. On the basis of conservation energy law the quantity
of such heat should be equal to the energy given by an energy
sources to a circuit. If the actual direction of a current which flows
through EMF source coincides with the direction of a source the last
gives energy equaled to EI to the circuit for a unit of time. If the
actual direction of a current is opposite to direction of EMF the
source consumes energy from the circuit (for example, when the
accumulator is charged).

When there are current sources in a circuit drawing up of an
energy balance it is necessary to take into account the energy which
is given into a circuit by current sources. Let a current source is
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directed from unit bto unit a. Then in a unit of time the current
source gives into a circuit the energy which is equal to JUg=JU 3.
The general view of the energy balance equation

n n n
S 12R = X Exlk+ 2 IkUg, (2.5)

2.2 The order of carrying out of a spadework

2.2.1 Study a theoretical material and prepare oral answers to control
questions.

2.2.2 Prepare a blank form of a report which must contain the
purpose of the work, the electric circuit (fig.2.4) and tables 2.1 both 2.3 and
the calculation by item 2.2.3.

2.2.3 Make calculation for the circuit (fig.2.3) with the help of
Kirchhoff's laws if the next data are given:

E;=20+5-b V,
E,=5+10-b V,

R; =350+10n Q,
R, =1500+100n Q,
R3 =1500+ 200n €,
R; =50+5nQ,

where n is a number of a team which is set by a lecturer, a, b, ¢ are the 1st,
2nd and 3rd digits of the group number, respectively.

RONRIILEENE

I ZT Ry R1

Figure 2.3 The circuit for calculation
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2.3 The description of the laboratory plant
We use here the following settings:
- two direct current voltage sources E1 and E2;
- active resistors R1, R2, R5, R9;
- a voltmeter of magneto-electrical system V 1;
- milliamperemeters of magneto-electrical system Al, A2.

2.4 The order of conducting of a spadework
2.4.1 Make electrical circuit (fig. 2.4). Invite a lecturer to check up it.
2.4.2 Switch on tumblers of EMF sources E1 and E2.
Measure branch currents 11, 15, voltage drops across resistors U1,
Ug, Ug, Ug, EMFs of voltage sources Eq, E, (we consider EMF

sources are ideal). The results of measurements must be brought into
table 2.1.

b i /El\ d
c
T
A2 L — Al
\_/ I
Al
= || |
R9 R4
1
L
a ) e

Figure 2.4 The scheme of the electrical circuit

Table2.1 - Experimental results
E1 V| Ex V]I Ml mA Ig,mMA| Uq,V| Uy, V|WUg,V|Ug,V

2.4.2 Measure potentials round the circuit, (fig. 2.4). Each team must
choose a conditionally grounded node according to table 2.2.

Table 2.2 - The nodes to be grounded conditionally

No of a team 1 2 3 4 5 6

Marked nodes a b c d e a

To measure potentials round the circuit, one must connect a negative
terminal of a voltmeter V1 to a grounded junction, and a positive terminal
must be joined to others junction in turn. If a voltmeter needle swung to the
left it is necessary to change its polarity. A potential value is negative in
this case. The results are taken into a table 2.3.
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Turn off voltage sources. The measured results must be shown to a
lecturer. The electrical circuit is disconnected.

Table 2.3 - Nodal potentials of the circuit
Nodes a b c d e
Nodal potentials, V

2.5 The processing measurement results and reporting

2.5.1 Calculate current 15 by KCL
Ig=11-15.
2.5.2 Make up an equation by KVL for an external contour of the
circuit (fig. 2.4) and check up the results of experiments.
2.5.3 Calculate active resistances R1, R4, Rg, Rg by Ohm's Law

2.5.4 construct a potential diagram for an external mesh.
2.5.5 Check up the results of experiments by making up the balance
of powers. Make the conclusion to the work done.

2.6 Control questions

2.6.1 Give the determination of a junction, a branch, a contour.

2.6.2 Give the determination of Kirchhoff's current and voltage laws.

2.6.3 Write down equations by KCL and KVL for any circuit.

2.6.4 What is a potential diagram?

2.6.5 How can we determine the voltage between two nodes with the
help of potential diagram?

2.6.6 How can one make a scheme of a circuit by a potential diagram?

2.6.7 How can we determine a current flowing through a part of the
circuit by a potential diagram?

2.6.8 What is the difference between the measurements of a potential
and a voltage?

2.6.9 What is called a potential and a voltage?

2.6.10 Formulate the principle of the balance of powers. How can
one use it for checking up of calculation?
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Laboratory work Ne3
THE RESEARCH OF THE ACTIVE LINEAR
TWO-POLE UNIT

The purpose of operation is to acquaint with parameters and
characteristics of a two-pole unit, and learn to get them with the help of
experiments.

3.1 Short theoretical data

In any scheme of an electrical circuit always it is possible to allocate
mentally one branch, and the rest part of a circuit, irrespective of its
complexity, may be conventionally represented in the form of some
rectangle. Concerning the allocated branch all other part of the circuit
represents a two-pole unit.

Two-pole unit is the name of any part of an electrical circuit which
has two terminals. Two-pole unit is depicted as a rectangle in the figure.

If two-pole unit contains energy sources which do not compensate
each other such a two-pole unit is called active and a rectangle is marked
with letter A (fig. 3.1, a). The active two-pole unit is characterized by three
interdependent parameters: an idling voltage U, (or a voltage of open
circuit rate), a short-circuit current 1 and an input resistance Rjp, .

Ug = IkRin- (3.1)

The active two-pole unit can be exchanged either with the equivalent
EMF source, the electromotive force of which is equal to an idling voltage
on the terminals of a two-pole unit, and the internal resistance is equal to
the input resistance of a two-pole unit, or with the current source whose
current is equal to a short-circuit current of a two-pole unit, and the internal
resistance is equal to an input resistance of it.

Input resistance of a two-pole unit concerning terminals is found by
eliminating all energy sources from the calculated circuit (branches with
ideal current sources are torn, and ideal EMF sources in branches are
isolated). A short-circuit current and an idling voltage are defined by any
calculated method. The parameters of a two-pole unit can be determined
with the help of two experiments: an open circuit rate (a voltmeter is
connected to the terminals of a two-pole unit) and a short circuit rate (the
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ammeter is connected to the same terminals). The input resistance in this
case is defined from the equation (3.1).

If there are no energy sources in a two-pole unit or they compensate
each other such a two-pole unit is called passive, and we put letter P in a
rectangle (fig. 3.1, b). A passive two-pole unit is characterized only by one
parameter. It is an internal resistance Rjn. An idling voltage Uy and a

short-circuit current 1} of such a two-pole unit are equal to zero.

—0 —0
A P

l

—O

a) active b) passive

Figure 3.1 - Electrical schemes of active and passive two-pole units

3.2 The order of the working out of the spadework

3.2.1 One must study theoretical material and prepare oral answers to
control questions.

3.2.2 Prepare the form of the report which must consist of the
purpose of work, a scheme of an electrical circuit (fig. 3.3), and table 3.1
and the calculation according p.3.2.3.

3.2.3 Calculate the idling voltageU, the short circuit current Iy

and input resistance Rjp of the two-pole unit which one can see in fig.3.2,
when the following data are given:

E=10V,
R1=10+n Q,
Ro =25+2n Q,
R3=20-2n Q,
R4 =20+4n Q,
Rg =20-3n Q,

where n is a number of a team which is set by a lecturer.
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Figure 3.2 - The electric circuit for calculations

This preparatory work consists of three separate calculations.

1. For the circuit shown in Fig. 3.2 one should calculate the
idling voltage U, between open right terminals using mesh-current method
for two loops or the method of circuit convolution (method of equivalent
transformations) in order to simplify the circuit.

2. For the same circuit determine the input resistance Rjp of
this two-pole unit relatively of open terminals.
3. Connect two open terminals and you will make short circuit

between them. Then short circuit current 1y is equal to the current flowing
through resistance Rs. This current is easier calculated by the mesh-current
method for a circuit with three loops.

Check up the calculation by substituting three found values into
equation (3.1).

3.3 The description of laboratory installation
For fulfilment of laboratory work on the stand we use: a direct
current EMF source E1; active resistors R1, R2, R3, R4, R5, R9;
the variable resistor R8; the voltmeter of magneto-electrical system V1;
milliammeters of magneto-electrical system Al, A2,

3.4 The order of carrying out of the work
3.4.1 Make up an electric circuit (fig. 3.3). Invite a lecturer for
checking up of the electric circuit.
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Figure 3.3 - The electric circuit for investigation

3.4.2 An open circuit experiment. Disconnect the load resistor R8 .
Turn on a switch of EMF source E1. Measure branch currents 11, 12, an

idling voltage of a two-pole unit. The results of measurements are brought
in table 3.1. Switch off the switch of EMF source E1.

Table 3.1 - Experimental results

Parameter Anopen |[1]2|3|4| Ashort
circuit circuit
experiment experiment
Voltage, V

Current 11, mA

Current 15, mA

The load resistance, Q

The power of a source, Wt

The power of a load, Wt

Efficiency, relative units

3.4.3. Connect the load resistor. Turn on a switch of EMF source.
Changing the load resistance by rotating a handle of the variable
resistor R8 , measure branch currents 11, 1o, voltage drops on the load
resistor. The results of measurements are brought in table 3.1. Switch off
the switch of EMF source. Experimental results must be shown to a
lecturer. The electric circuit should be disassembled.
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3.5 The processing measurement results and reporting
3.5.1 Define the input resistance of the two-pole unit

Rin="0.1073, .
Ik

3.5.2 Calculate a load resistance by Ohm's law for each rate

R| = Us . 10—3’ Q
12
3.5.3 Define powers of equivalent EMF source and a load, and the
efficiency of the equivalent source

Ps =Uglo-103, W;
Pl =Ugly-103, W;

ﬂ=ﬂ
Pg
Record the results into tab. 3.1.
3.5.4 Construct the schedule of dependence Ip= f(l1), make

conclusions about linearity of the two-pole unit.
3.5.5 Construct schedules of dependences Pg= f(R}), P = f(R]),

n="*f(R).

3.6 Control questions

3.6.1 Give the definition of a linear two-pole unit.

3.6.2 How can we define the input resistance of a two-pole unit
experimentally?

3.6.3 At what load resistance is the maximal power allocated?

3.6.4 Explain the difference between active and passive two-pole
units.

3.6.5 How can we define the parameters of the two-pole unit?

3.6.7. How can we get open circuit rate in the circuit?

3.6.8. How can we get short circuit rate in the circuit?
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Laboratory work Ne4
THE FEATURES OF THE WORK OF SINUSOIDAL
ELECTRICAL CIRCUITS

The purpose of the work is to acquaint with the features of the work
of sinusoidal current (s.c.) electrical circuits and get practical skills in
analysis of such circuits with the help of vector diagrams, and learn some
ways for the definition of an angle of phase shift.

4.1 Short theoretical data
4.1.1 The features of electromagnetic processes in sinusoidal
current electric circuits
In electric circuits of sinusoidal current electrical values of EMF, a
voltage and a current are sinusoidal functions of time
e=Epm sin(at +ye );
u=Up sin(at +y ); 4.1)
i=Ilpsin(at+y;).
where Epyy, Uy, Iy - peak values;

Ve, ¥m, Wi - initial phases;
@ - anangular (circular) frequency.

The basic displays of electromagnetic field in receivers of electric
energy are:

- electric current heats up a conductor;

- alternating magnetic circuit rouses a self-induction EMF;

- alternating magnetic field inducts an electric current of
displacement in a dielectric.

These physical phenomena in the circuits of displacement are
displayed by ideal passive elements such as a resistor, an inductor and a
capacitor. Ohm's law establishes dependence of a voltage on a current for
each of these elements accordingly

UR =Ri=Rly sin(at +y;j );

di . UAY
uL =L =Lolysin(at+yi+2); (4.2)

Uc =éjidt=$lm sin(@t + yj —%).
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where L is an inductance, H;

C is a capacitance, F.

Thus inductive voltage leads a current on a phase by a quarter of a
period, and capacitor voltage lags behind a current by a quarter of a period.
In resistive element a current and a voltage coincide on a phase. By analogy
to active resistance R the values are called reactive resistances or
reactances

XL=al;
1 (4.3)

Xe = —.

C=ecC

Making calculations we use effective values of sinusoidal
guantities

_Em . _Ym . _Im
R R R (44
It is also necessary to take into account initial phases of effective
values. It is convenient to do with the help of so-called complexes of
amplitudes (of effective values)

Em=EmeW/e U =UmeJ‘//u; Im= |meJ‘//i ;

. . o (4.5)
wm E=Eel¥e; Uu=Uel¥u; 1=1el¥i.
The concept of complex resistance (impedance) follows from here
z=22Yeluvi) Jzele _ Ry j(x| —Xc), (4.6)

|
where @ is a phase shift between a voltage and a current on a section

where we define impedance Z .

4.1.2 Vector diagrams

EMF, a voltage and a current are scalar sizes, but for their
presentation and convenience it is possible to represent them as radiuses -
vectors. The length of such a vector is equal to the amplitude value, and an
angle concerning a horizontal axis equals to an initial phase. Positive angles
are placed counter-clockwise. The set of vectors which represent currents
and voltages of some electric circuit name is called a vector diagram.

Phase shift between a current and a voltage on a circuit section is set
from a current vector to a voltage vector on a diagram.
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Vector diagrams for separate elements of sinusoidal current electric
circuits are represented in fig. 4.1.

+]

+j +]
1 +1
U
=L
I Ug +1 oc =—%
pr =0 oL="
L2 1 41 Uc
a) for a resistor b) for an inductor c) for a capacitor

Figure 4.1 - Vector diagrams for separate elements

4.1.3 The series connection of two ideal elements
According to Ohm's law a complex current for the series
connection of two ideal active elements

| = L 4.7
~ Ri+Ro’ (4.7)

According to the second Kirchhoff's law
U=Ug +Ug, =Ry +IRy. (4.8)

The vector diagram for a case of two resistors connected in series is
resulted in fig. 4.2a.

+ ]

+]
L | U
u I+1 U, ii
Uri Uro U |+l
Ur

a) for two resistors b) for resistor+capasitor  c) for resistor+ inductor

Figure 4.2 - Vector diagrams for two series elements
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By Ohm's law a complex current for the series connection of an
active and a capacitor elements

P 4.9)
TTRojXe :
According to the second Kirchhoff's law
U=Ugrp+Uc=1R-jIXc. (4.10)

The vector diagram for a case of a series connection of an active
and a capacitor elements is resulted in fig. 4.2b.

According to Ohm's law a complex current for the series
connection of active and inductive elements

P (4.11)
- R+ XL '
By the second Kirchhoff's law
U=Up+U,| =IR+]jIX|. (4.12)

The vector diagram for a case of a series connection of an active
and an inductive elements is resulted in fig. 4.2c.

One can see rectangular triangles (voltage triangles) onvector diagrams.
We can define an effective value of a total voltage for series active and
reactive elements from these triangles. So, for the load in fig. 4.2b

12 112
U= UR+Ug . (4.13)

And for the load in fig.4.2¢c
U=,uz+u? (4.14)

4.1.4 Power ratios in a sinusoidal current circuit

In direct current electrical circuits an electrical energy in consumers
irrevocably turns to other kinds of energy. The speed of these
transformations is characterized by active power (capacity) P .

Such transformations also take place in circuits of sinusoidal current.
In the circuits of sinusoidal current there is energy exchange between an
electromagnetic field of a source and consumers, and also between
magnetic and electric fields of consumers. The speed of these
transformations is characterized by reactive capacity Q.



30

There is also a concept of full capacity S. This capacity will be used
for estimation of common opportunities of an electrical circuit. Nominal
parameters of devices on alternating current are usually set by full capacity.

n n
P=Y Pc=D IgRk
k=1 k=1

n n n
Q=QL-Qc =D, Qr, - 2, QL =Z||§(XL|( - Xcy )
k=1 k=1 k=1

S=4P2+Q?

4.1.5 An equivalent scheme of inductive coil
An inductive coil in electric circuits is used for creation of an electric
field (fig. 4.3). Flowing current heats it. So, its equivalent scheme consists
of two elements - resistive and inductive. Therefore to measure a voltage
either on inductive or resistive element is impossible. If we connect the
voltmeter to terminals of the inductive coil it will show the value of a full
voltage on it.

(4.15)

roa |
| Ry L I
| o~~~ |
' !
*lik I
———
0

Figure 4.3 - An equivalent scheme of inductive coil

4.2 The order of carrying out of a spadework
4.2.1 One must study theoretical material and prepare oral answers to
control questions.
4.2.2 Prepare the form of the report which must consist of the
purpose of work, a scheme of an electrical circuit (fig. 4.5, 4.6), and table
4.1, 4.2 and the calculation according p.4.2.3
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4.2.3 Calculate full impedance Z|, active resistance Ry , inductive
reactance of the coil X ; a phase angle of shift ¢ ; active, reactive and

apparent capacities of an electric circuit (see fig. 4.4) if it is given:
U=100V, Ur =Uk =50+10n V, 1 =0.1n A,
Where n - number of a team, set by the teacher.

4.3 The description of laboratory installation
For fulfilment of the laboratory work on the stand we use:
- a sinusoidal current EMF source (terminals A and B);
- the active resistor R14;
- the inductive coil L1;
- the block of capacitors C3-C7,
- the voltmeters of electromagnetic system V3,V 4;
- the ammeter of electromagnetic system A5 ;
- the wattmeter of electromagnetic system W1.

4.4 The order of carrying out of the work
4.4.1 Make an electric circuit (fig. 4.5). A capacitor is chosen by
teacher's indication. Invite the teacher for checking up of the electric
circuit.

@

|
- 0

C3-C7
=@
R14

Ur

1]

Figure 4.5 - A series connection of the resistor and the capacitor

Turn on a source of sinusoidal current. Measure the voltage of
energy source U, voltage drops on the resistor U and the capacitor U
(with the help of the voltmeterV 4), current 1. The results of measurements
are brought in table 4.1. Switch off an energy source with the help of the
automatic device. Show the results of experiments to the lecturer.
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Table 4.1 - The results of experiment according item 4.4.1

Measured Calculated
,|UR,| U, | 1, |U,|Z,|R,| Xc,| @, |S,|P,| Q,
V | v |[A]V]QQ| g |deg |VA|WL| vAr

< C

4.4.1 Make up the electrical circuit (fig. 4.6). Invite the teacher for
checking up of the electric circuit.

|
]
]
'
'
'
)
)
]
)
)
'
'
'
i
)
:
)
<
Py
— —

Figure 4.6 - The series connection of a resistor and an inductive coil

Turn on a source of sinusoidal current. Measure the voltage of
energy source U, voltage drops on the resistor Ug and the inductive coil

Uk (with the help of the voltmeter V 4 ), current 1, active capacity P. The

results of measurements are brought in table 4.2. Switch off an energy
source with the help of the automatic device. Show the results of
experiments to the lecturer.

Table 4.2 - Results of experiment on item 4.4.2

Measured Calculated
U,|UR,|Uk,| .| P.|Z,| @, | R1a,| Zk,| Rk, | XL, | @k,
VIiv | |Vv [ [AWIQldg| 0 | Q| Q| Q |deg




33

4.5 The processing of experimental results
45.1 According the results of the first experiment (item 4.4.1,

table 4.1) check up the measurements: U = ,/Ué + U(z: and calculate:

- impedance: Z=U/1,Q;

- active resistance: R=UR /I, Q;

- capacitance: X¢c =Uc /1, Q;

X

- shift phase angle: @ =— arccos? = —arctg?C , deg;

- apparent capacity: S=Ul, VA

- active capacity: P=Scose, Wt;

- reactive capacitor capacity: Q= Ssing, VAr.

The results of calculations are brought into table 4.1. Construct a
vector diagram for this case.

4.5.2 By the results of the second experiment (item 4.4.2, table 4.2)

calculate:
- Impedance: Z=U /1, Q;

- Shift phase angle: @ = arccos& , deg;

- Active resistance: Ri4 =UR /I, Q;
- Atotal inductive impedance: Zy =Uy /1, Q;
- Reactive inductance: X | =Zsing, Q

- Active resistance of inductive coil: Ri = 1/Zlf — X|2_ , Q
. . i . R
- Shift phase angle in inductive coil: @y = arccosz—I< , deg.
k

The results of calculations are brought into table 4.2. Construct a
vector diagram for this case.
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4.6 Control questions

4.6.1 What can you say about the behavior of active resistance, a
capacitive reactance and an inductive reactance in direct current and
sinusoidal current circuits?

4.6.2 What is a shift phase angle? What does it depend on?

4.6.3 What do you know about these angles of shift for an active
resistance, a capacitive reactance and an inductive reactance in sinusoidal
current circuits?

4.6.3 What is called a vector diagram, for which purposes is it
drawn?

4.6.4 What is the triangle of voltages and in which case is it
rectangular in?

4.6.5 How can we define a voltage drop on any section of the circuit
with the help of a vector diagram?

4.5.6 How can we check up the rightness of measurements? What
calculations are made? What Law must we use in this checking?
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Laboratory work Ne$
THE RESEARCH OF A SERIES RLC SINUSOIDAL
CURRENT ELECTRICAL CIRCUIT

The purpose of work: to study a technique of application of
Kirchhoff's voltage law to the analysis of non-ramified electrical circuit of
sinusoidal current; to get habits of such circuits analysis with the help of
vector diagrams; to familiarize with the working features of a series
electrical circuit.

5.1 Short theoretical data
5.1.1 Series connection of elements in an electrical circuit
When resistive, inductive and capacitive elements are connected in
series (fig. 5.1), a current is the same through all elements, and the
geometrical sum of effective voltage values across separate elements is
equal to the effective value of input voltage.

R L C
o — /YYY\__lli
U Ur Up Uc
-1
O
Figure 5.1 - The series connection of resistive, inductive and capacitive
elements
Ohm's law for effective values of voltage and a current looks like
U U U
R+ (X -X 5.1
\/R2+(a)L—lj (XL =Xc) (5.1)

Kirchhoff's voltage law in a complex form

U=Up+U, +Uc =(R+ X - jXc)l=21 (5.2)

Let's construct vector diagrams for different operating modes of an
electrical circuit (fig. 5.2).



36

a) active-inductive rate b) active-capacitive rate c) a voltage resonance

Figure 5.2 - Vector diagrams for different operating modes of an electrical
circuit

When X > Xc, a current lags behind a common voltage (¢ >0 ),

and a character of a loading is active - inductive (fig. 5.2, a) When
XL < Xc, acurrent leads a common voltage (¢ <0), and a character of a

loading is active - capacity (fig. 5.2, b).

5.1.2 The mode of voltage resonance
In a case when X | = X¢, the resonance of voltages takes place in a

circuit. A common impedance will be equal to an active one despite of
presence of inductive and capacitive elements, and a circuit current reaches
a maximum value and coincides with the common voltage in a phase (fig.
5.2, c).

A resonance frequency

1
Dy = ——
0 ic (5.3
A voltage across inductive and capacitive elements can considerably
surpass the common voltage in this mode. The ratio of the capacitive (or
inductive) voltage to the common voltage is called a resonance factor or a

quality factor
Xcl X
p-Jc _YL_Xcl_Xc _p (5.4)

U U RI R R

1 L . . -
where p=wolL=—-+=/— isawave resistance of a circuit.
@oC C
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5.2 The order of carrying out of a spadework

5.2.1 One must study theoretical material and prepare oral answers to
control questions.

5.2.2 Prepare the form of the report which must consist of the
purpose of work, a scheme of an electrical circuit (fig. 5.3), and table 5.1,
and the calculation according p. 5.2.3

5.2.3 Calculate a current and voltage drops for elements of the circuit
(fig.5.1) and draw a vector diagram if it is set

u=10V,
R=10+n Q,
X L= 40—-n Q,
Xc=20+n Q,
where n is a number of a team which is set by a lecturer.

5.3 The description of laboratory installation
For fulfilment of the laboratory work on the stand we use:
- a sinusoidal current EMF source (terminals A and B);
- inductive coils L1, L2;
- the block of capacitors C3-C7,
- the voltmeters of electromagnetic system V3,V 4 ;
- the ammeter of electromagnetic system A5 ;
- the wattmeter of electromagnetic system W1.

5.4 The order of carrying out of the work
5.4.1 Make an electric circuit (fig. 5.3). Invite a lecturer for checking
up of the electrical circuit.
5.4.2 Turn on the stand and measure capacity P, voltage drops across
two inductive coils Uy and across the capacitorUc , and the current |

connecting capacitors C4, C5, C6, C7 in turn. Bring the results of
measurements into tab. 5.1. Switch off the stand. Show the results of
measurements to a lecturer. An electric circuit is disconnected.

5.4.3 Connect the voltmeter V3 to the terminals of a sinusoidal
current EMF source. Turn on the stand and measure input voltage across
the terminals of EMF source. Switch off the stand. Show the results of
measurements to a lecturer. An electric circuit is disconnected.
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Figure 5.3 - The scheme of the non-ramified electrical circuit

Table 5.1 - The result of the experiment

Measured Calculated
Ci|Uc P |Ukil1,Z,|Xc)|Zk:|Rk | XL.|UR UL |S,| Q,|C0%¢®
V Wt VIAIQ Q | Q| Q| Q| V |V [VAVAr
C4
C5
C6
Cc7

5.5 The processing of experimental results

5.5.1 According to the results of each experiment one must calculate:

. N U
- an impedance of the circuit - Z = T :

- an capacity reactance - X¢ =

Uc .
|

Uk |

- a common inductive impedance - Zy = 7

- an active resistance of a coil - R =

P

I 2




39

- an inductive reactance of a coil - X | = ,lzlf — le ;

- an active component of the coil voltage drop - Ugr =Rk 1 ;
- a reactive component of the coil voltage drop - U =X I;
- a total capacity of the electrical circuit - S=UlI ;

- a reactive capacity of the electrical circuit - Q =v'S 2 _p2 ;
. P
- a capacity factor - cose = 5

Bring up the results into tab. 5.1.

5.5.2 Using calculations construct vector diagrams for each
experiment in one scale.

5.5.3 Determine a load character for each experiment.

5.5.4 Define the experiment being the most corresponding to the
mode of resonance.

5.5.5 Construct the following schedules of dependences on one field:

I=f1(Xc), Z=1(Xc), UL=13(Xc), Uc=Tfs(Xc),
cosp= fg5(Xc).

5.6 Control questions

5.6.1 Which shift phase angles corresponds to resistive, inductive
and capacitive elements?

5.6.2 What is called a vector diagram of an electric current, and
which purpose is it built with?

5.6.3 What is an active capacity, how can one measure and calculate
it for a sinusoidal current circuit?

5.6.4 What are reactive and apparent capacities? How are they
calculated?

5.6.5 What is a capacity factor?

5.6.6 What do we call the resonance of voltages, in which electric
circuit is it possible?

5.6.7 Explain the condition of a resonance of voltages and the
properties of this rate.

5.6.8 How can we define the effective value of a sinusoidal current
or a voltage?

5.6.9. What will the total current be in the circuit at voltage
resonance and why?

5.6.10. In which case can an ideal vector diagram of voltages be
obtained?
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Laboratory work Ne6
THE RESEARCH OF THE RAMIFIED SINUSOIDAL
CURRENT ELECTRICAL CIRCUIT

The purpose of work: to familiarize with the working features of a
parallel connection of inductive coil and a capacitor, to learn a technique of
calculations of these circuits, to construct vector diagrams.

6.1 Short theoretical data
6.1.1 The basic equations in an electrical circuit for parallel
connection of elements
At parallel connection of elements an instantaneously value of a
common current in non-ramified part of an electrical circuit is equal to the
algebraic sum of instantaneously values of currents in parallel branches by
Kirchhoff's current law (fig. 6.1)

i=ip+io (6.1)
The complex current in a branch with an inductive coil
U
I — ;, .
177, (6.2)

where Z, =Ry + JX_ is the complex impedance of a real inductive coil.

The complex current in a branch with a capacitor
U
| ——
LE) Z, (6.3)
where Z, =—]JX|_ is the complex capacitance impedance.
1

—_—

ulj 3 l'z

—

c

0
Figure 6.1 - The scheme of ramified electrical circuit
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The current in every branch is equal to the algebraic sum of active
and reactive current components

oY Rk — X Ry j XL

11 = N . A =

R +JXL Re—iXL | RZ+x2 "RZ+x?
=(G1 - jBL)U=Y U

iX
J_ ¢ _j 1 y-jBeu=y,U

(6.4)

lg=—= = U
T2 - Xe iXc T Xc
R . . - .
where G1 =ﬁ is an active conductivity of the first branch;
R + X
XL . . ) 1 .

BL =— 5 isa susceptance of the first branch; Bc =—— is a

RE +X{ Xc

susceptance of the second branch; Y, Y, are complex values of

admittances of the first and the second branches.
The current in non-ramified part of a circuit is equal to the algebraic
sum of the currents in parallel branches
I=1,+1,=(G1 - j(BL-Bc )U=(G-jBU=Y U (6.5)
where G=G1 is an active conductivity of the circuit; B=B| — B¢ is a
susceptance of the circuit; Y is the complex value of admittance.
Let's construct vector diagrams for different operating modes of the
electrical circuit (fig. 6.2).
+] +] +]
RS P
’2 b Iy=1pp

a) active-inductive rate b) active-capacitive rate c) a current resonance

Figure 6.2 - The vector diagrams for different operating modes
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When B > B¢, a current lags behind a voltage (¢ >0 ), and we
have an active-inductive load (fig. 6.2, a). When B| < B¢, a current leads
a voltage (@ <0 ), and a load character is active-capacitance (fig. 6.2, b).

6.1.2 The resonance of currents
In the case when B =B, there is a resonance of currents in the

circuit. And the admittance is equal to the active conductance

Y =62 +(BL-Bc)? =Gy =G (6.6)

A common current will be minimum. It is equal to an active
component of the current in the first branch. It coincides with a common
voltage in phase(fig. 6.2, c). A resonant frequency of the circuit (fig. 6.1)

1
wO=EJp2—R§ (6.7)

L . . L
where p= \/g is a wave resistance of the circuit.

The resonance of currents is a useful phenomenon as it reduces a
current in transmission lines. As a result that leads to reduction of capacity
losses and voltage at transportation of the electric power.

6.2 The order of carrying out of a spadework
6.2.1 One must study theoretical material on this theme.
6.2.2 Prepare the form of the report which must consist of the
purpose of work, a scheme of a circuit (fig. 6.3), and table 6.1.
6.2.3 Calculate a common current and currents in branches (see
fig. 6.1) and construct vector diagrams if it is given
U=10nV,
R=10+n Q,
XL =40-n Q,
XC =5+n Q,
where N is a number of a team which is set by a lecturer.
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6.3 The description of laboratory installation
For fulfilment of the laboratory work on the stand we use:
a s.c. EMF source (terminals A and B);
inductive coils L1, L2;
the block of capacitors C3-C7,
the voltmeter of electromagnetic system V 3 ;
the ammeters of electromagnetic system A5, A6, A7 .

6.4 The order of carrying out of the work

6.4.1 Make an electric circuit (fig. 6.3). Invite a lecturer for checking
up of the electrical circuit.

6.4.2 Turn on the circuit and measure a common current |, currents
in branches 11, I, and voltage U moouepernno connecting capacitors C4,
C5, C6, C7 in turn. Switch off the stand. Write down the results of
measurements in tab.6.1 and show them to a lecturer. An electric circuit is
disconnected.

| ——
- C3
o (s5) |5

()
l - C4

1

L1 ——°
3 1,

Cé6

Ic
(<

L2 C7

O

Figure 6.3 - The scheme of the circuit with parallel connection
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Table 6.1 - The results of experiments

Measured Calculated
Ci |U, [ I, [ 11.| 12, Y, |Y1,| Yo |la1, Vp1.[COS@|cosey
VI iA|A|AIQ Q| A Al - | -
C4
C5
C6
C7

6.5 The processing of experimental results
6.5.1 According to the results of each experiment one must calculate:

. . L I . .
an admittance of the electrical circuit - Y = U; an admittance of the first

I .
branch - Yq = Ul ; an admittance of the second branch - Y, =By =

12
R

6.5.2 Draw vector diagrams for each experiment in one scale. Define
active and reactive current components lgq, I,1.

. . . . |
6.5.3 Calculate capacity factors of inductive coil cosgy = Iil and

1
- | . .
all the circuit cosep = %1 . Write down the results in tab. 6.1.

6.5.4 Define the experiment being the most corresponding to the
mode of a resonance of currents.
6.5.5 Construct the following schedules of dependences on one field:

I=11(B2), cosp=13(B2), Y =13(B2).

6.6 Control questions
6.6.1 When and where may the resonance of currents occur? What is
a condition of its occurrence?
6.6.2 What can we say about a capacity factor, admittance and
resonant current?
6.6.3 How can one define a load character by a vector diagram??
6.6.4 How is a load character determined by a vector diagram?
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6.6.5 How the vector diagram for parallel association of consumers
by a method of "notches" is under construction?

6.6.6 What can we say about the compensation of the reactive
capacity?

6.6.7. In which electrical circuit is current resonance possible?

6.6.8. Name the condition for the occurrence of current resonance in
parallel branches.

6.6.9. In what case can an ideal vector diagram of currents be
obtained?

6.6.10. What will the total current be in the circuit at current
resonance and why?
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