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INTRODUCTION

These guidelines contain the necessary theoretical basis, tasks and
examples of calculations of linear DC electric circuits.

The task is on the topic «Linear DC electric circuitsy of the first
semester of students' study of the courses: «Theoretical Basics of Electrical
Engineering», «Theory of Electrical and Magnetic Circuits», «Theory of
Electric Circuits».

The first semester of students’ study in these courses is significant for
further study of both theoretical basics of electrical engineering and other
specialized disciplines of electrical engineering, for which theoretical basics of
electrical engineering are the basic discipline. During the first semester,
students learn the basic laws and methods of calculation of DC and AC circuits
(Ohm's and Kirchhoff's laws, mesh current method and nodal potentials
methods, the equivalent generator method and the superposition method),
which are the base for practical calculations of electric circuits for various
purposes.

Self-study students’ work by this task should be considered as the basis
for successful learning in the next semesters.

At this task performance, students can use sources at the end of the
guidelines, which contain the theory and examples of the considered problems
solution.

Guidelines are for students of specialties 141, 151, 171 of full-time and
distance forms of study.



1. SCOPE

These guidelines establish the requirements for performing calculation
and graphical task at the courses «Theoretical Basics of Electrical
Engineering», «Theory of Electrical and Magnetic Circuits», «Theory of
Electric Circuits» study.

The content of the calculation and graphical task corresponds to the
training program for students of 141, 151, 171 specialties.

2. PERFORMANCE PURPOSE

As a result of this task performance students must:
1) know the basic laws and methods of linear DC electric circuits
calculations;
2) be able to:
a) apply the laws and methods of electric circuits calculation to
solve specific tasks;
b) make rational choice of the optimal method of solution based
on the task analysis.

3. PERFORMANCE ORDER
Calculation and graphical task is performed in the study of the topic’s
theoretical material.

4. REQUIREMENTS FOR THE TASK

4.1 Each section should contain:

1) the task (schematic and parameters values);

2) theoretical substantiation of the applied method,;

3) calculations;

4) conclusions (comparison of the used methods).

4.2 Task should be written on A4 (297x210) mm paper sheets.
Left, right, bottom and top margins should be at least 20 mm.



4.3 Paper sheets of the work should be numbered in the upper right
corner. There is no number on the title page, but it is included in the total
numbering of the sheets.

4.4 Text of the work should be written on one side of a sheet in one of
the following ways:

a) handwritten — clear, legible handwriting with letters and numbers not
less than 2.5 mm high. Font density in the work should be the same;

b) printed — size 12-14 at 1.5 intervals.



5. GENERAL PROVISIONS

An electric circuit is a set of devices designed to transmit, distribute and
transform electromagnetic energy, processes in which can be described by
such concepts as electromotive force (EMF), current and voltage.

Such concepts as branch, node and loop are used in the analysis of
electric circuits.

A branch is a section of an electric circuit between two nodes, formed by
one element or several series-connected elements, through which the same
current flows (fig. 5.1 a, b).

Figure 5.1

A node is a junction of three or more branches (fig. 5.2).

Figure 5.2
A loop is any closed path that runs across several branches (fig. 5.3).



Figure 5.3

Calculations of electric circuits are based on application of the basic
laws of the theory of circuits: Ohm's, Joule-Lenz's and Kirchhoff's laws.

Ohm's Law
Ohm's Law for a circuit section that does not contain an EMF (fig. 5.1,
a) establishes a relationship between current (1) and voltage (U) in this section:
U

According to Ohm's law, for a circuit section, that contains an EMF (fig.
5.1, b), voltage drop over a resistor of the circuit section is equal to algebraic
sum of the electromotive force (E) in this section and voltage applied to this
section:

RI=E+U. (5.2)

Current is equal to a ratio of a sum of EMF in the section and applied
voltage to resistance (R) of the circuit section:

E+U
R -

I = (5.3)



Important: if current, EMF or voltage directions in a branch coincide,
these quantities in (5.2), (5.3) should be written with “plus” sign and, if not,
with “minus” sign.

Kirchhoff's current law (KCL)

Algebraic sum of all currents that converge into a node of a branched
electric circuit is equal to zero:

ilk =0, (5.4)

where n is the number of branches connected to the node.

Sign rule: currents directed to a node are negative, currents directed
away from a node are positive.
Example:

Figure 5.4

Kirchhoff's voltage law (KVL)

Algebraic sum of voltage drops in any closed loop of electric circuit is
equal to algebraic sum of EMFs in this loop:

M=

Rl = Ey (5.5)

k=1 k=1

where m is the number of resistors in the loop; / is the number of EMF sources
in the loop.



Sign rule: EMFs that match the loop direction are taken positive; EMFs
that do not match the loop direction are taken negative. Similarly for voltage
drops: if current over circuit resistor coincides with the loop direction, voltage
drop over it is taken positive, and if not — negative. Direction of a loop and
directions of currents in branches are chosen arbitrarily.

Example:

Figure 5.5

R, +R,l, —R;l; =E, +E, — E;.

A loop that differs from other loops by at least one branch is called an
independent loop.

Important: if there is a current source in a circuit, then do not choose an
independent loop through this source, because the internal resistance of the
ideal current source is considered to be infinitely large, and voltage drop over
such a source depends on the circuit to which it is connected. Therefore,
equations by Kirchhoff's voltage law for loops that include branches with
current sources do not write. Current sources are considered only in the
equations written by Kirchhoff's current law.

Any electric circuit can be calculated (currents in any branch can be
determined), applying Kirchhoff’s laws. The total number of equations written
by Kirchhoff's current and voltage laws is equal to the number of branches b
(this number does not include branches with current sources).
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KCL = n — 1 (where n is the number of nodes of the circuit) equations
are written by Kirchhoff's current law for nodes of an electric circuit.

KVL = b — KCL equations are written by Kirchhoff's voltage law for
circuit independent loops.

Power balance

Power balance is equality of power generated in an electric circuit by all
energy sources (EMFs and current sources) to a sum of power of all circuit
consumers:

D Pw=D P (5.6)

Power generated by an EMF source is determined as follows:
P.=E-I, (5.7)
where E is EMF;
I is current through the branch with EMF.

If direction of current flowing through EMF source coincides with the
direction of the EMF, then a product E-1 is included in the power balance
equation with a positive sign (fig. 5.6, a) and, if not, with a negative sign —
energy consumer mode (fig. 5.6, b).

1, E E
a b
Figure 5.6

Power generated by a current source is determined as follows:

11



P,=J-U, (5.8)
where J is current source;

U is voltage drop between the nodes to which this source is connected, it is
directed from the positive pole of the source to the negative one (fig. 5.7).

J

——

-
U

Figure 5.7
Consumed power is determined as a sum of power of all resistors in an
electric circuit:

P =YRIZ, (5.9)

where n is the number of branches containing resistors.

Equation P =RI? expresses Joule — Lenz law and is the power that
determines amount of energy released in a resistor in the form of heat per time
unit.

12



6. THE CONTENT OF THE TASK

6.1 At disconnected MN branch:

1. Write a system of equations by Kirchhoff's laws (solution of this
system is not necessary).

2. Determine currents through all circuit branches by the mesh currents
method and the nodal potentials method. Choose the most appropriate method
for the scheme and justify this choice.

Check correctness of the task solution by substituting the found currents
into the system of equations, written by Kirchhoff's laws.

3. Write a power balance and check that it is satisfied. Estimate an error.

4. Using the equivalent generator method, determine currents in two
branches, which numbers are indicated in Table 2.

Note. The currents included in the open-circuit voltage equation can be
determined by superposition method or by equivalent circuit transformations.

6.2 At MN branch connection, determine potential of node A.

Tasks are given in Attachment A. The variant number coincides with the
number in the group journal.

13



7. EXAMPLES OF DC ELECTRIC CIRCUITS CALCULATION

It is necessary to calculate electric circuit (determine the branches
currents), shown in fig. 7.1

E R
SEEL

Figure 7.1

Circuit parameters have the following values:

J=10A;E=15V;, Et=30V;E;=12V,; E3=16V;, R =3 O0Ohm;
Rllehm;

R, =4 Ohm; Ry=1 Ohm; Ry =2 Ohm; Rs = 4 Ohm; Re = 4 Oohm;
R, =3 Ohm.

7.1. Writing systems of equations by Kirchhoff's laws

In the circuit with MN branch disconnected, it is necessary to determine
the number of nodes and branches.

The number of nodes is 4. Nodes should be provided by sequence
numbers. Directions of currents should be indicated in each branch. In a branch
containing EMF, it is convenient to choose the same current direction as EMF
direction, in branches that do not contain EMF, currents directions are selected
arbitrarily. It is not necessary to indicate current direction in a branch with
current source.

The diagram shows 6 currents (fig. 7.2).

14



Figure 7.2

Thus, the diagram shown in fig. 7.2 contains 6 branches without current
sources and 4 nodes (b =6, n=4).

Equations for three nodes (KCL=n-1 =4 — 1 = 3) can be written by
Kirchhoff's  current law, and equations for three  loops
(KVL =b—-KCL =6 -3 =3), in which loop directions are chosen arbitrarily
(indicated in the diagram by circular arrows) can be written by Kirchhoff's
voltage law (fig. 7.3).

Figure 7.3

15



Equations for 1-st, 2-nd and 3-d nodes can be written by Kirchhoff's
current law, and equations for I-st, II-nd and Ill-d loops can be written by
Kirchhoff's voltage law.

Thus, the system of Kirchhoff's equations is follows:

J—l,—lg—1,=0;

s +1,+1g+15;=0;
~J-1,-1;=0;

R,l;—Rsls +R,l, =E, +E,;
R,1, +R,1, —Rslg = Ey;
Rels —(R; +Ry)l; = —E,.

(7.1)

7.2 Mesh current method

The mesh current method is based on Kirchhoff's voltage law. It means
that currents in branches can be expressed through mesh currents, each of
which circulates in its own mesh. The number of equations for determining the
mesh currents is equal to the number of independent loops (KVL).

To determine currents in branches by mesh current method, it is
necessary:

1) Determine the number of equations in the system of equations. It
coincides with the number of independent loops and is determined by the
formula:

KVL=b-(n-1)=6-(4-1)=3.

2) Indicate in the schematic loops directions (they are chosen arbitrarily
and will be used as the directions of mesh currents in these loops).

16



1

C\
N

R5

Figure 7.4
3) Write a system of equations of KVL order. For circuits in which
KVL = 3, it has the form:

lyRis + 1)Riz + 13 Ris = Eqy;
lyRo1 + 12)Roz + 1(3)Ros = E(3); (7.2)

In this system:
lay: 1 2), (3 are mesh currents;

R;;, R,,, Ry, are self (or total) mesh resistances of I-st, 11-nd and I11-d loops;
R5, Ri3, Ry1, Rog, Rgp, Ry, @re mutual (or adjacent) mesh resistances;
Euy: B E@ are EMFs of I-st, I1-nd and 111-d loops.

4) To determine the loops’ EMFs, it is necessary to draw an equivalent
circuit in which current source_J should be replaced by additional EMFs. To do
this, one arbitrary closed loop for current source J is selected. It is indicated by
a dotted arrow in the diagram (fig. 7.5). Action of current source is taken into
account by introduction of additional EMFs, which should be placed beside
each resistor in the branches through which this loop passes. Each such EMF
should have direction opposite to direction of current J in the corresponding

17



branch, and their values are equal to product of current J and corresponding
resistance R.

Figure 7.5

These rules are based on the compensation theorem for resistances
through which contour current J goes (fig. 7.6).

| R E=IR
—{ — = “>
e e
U=IR U=E=IR
Figure 7.6

The branch with current source should then be removed from the
equivalent circuit. As a result, an equivalent circuit will have only those loops
in which unknown mesh currents are flowing.

Positive mesh currents’ directions are selected arbitrarily and are
indicated in the diagram.

18



Figure 7.7 — Equivalent circuit in which current source action is compensated
by additional EMFs and current source is removed

5) Calculate self and adjacent mesh resistances, as well as loop EMFs
using the equivalent schematic.
R;;, R,,, Rs5 are self (or total) mesh resistances. They are equal to a sum of the

resistances included in a mesh (always positive):
R,=R +R,+R,=1+4+4=9 Ohm;
R,=R,+R, +R;=4+2+4=10 Ohm;

R;=R,+R,+R; =4+3+1=8 Ohm.

Ri5, Ry Ry1, Ryg, Ry, Ry, are adjacent (mutual) mesh resistances, i.e.

resistances of the branches common to two meshes. These resistances can be
positive or negative. They are positive if mesh currents flow through a
common branch in one direction; they are negative if mesh currents flow
through a common branch in opposite directions. If two loops do not have
common branches, their mutual mesh resistance is zero.

Ry, = Ry, =R, =4 Ohm; R,s = Ry, =0 Ohm;

Ew:Eq) E@ are loop EMFs. The loop EMF is equal to algebraic sum of

EMFs of all sources in a considered mesh, taking into account additional

19



EMFs if they are included, to regard influence of the removed from the
equivalent circuit current sources. EMF is written with a positive sign if its
direction coincides with the mesh current direction, and with a negative sing if
not:

Eqy=E, +E +RJ =12+30+10=52 V;
E(Z) = E2 —R4J =12-20=-8 V;
Eg=—-E;=-16 V.

6) The found parameters should be written in the system of equations
(7.2):

Solving this system of equations, we get the mesh currents values:

7) Determine current of each branch according to the initial scheme (fig.
7.5) using the calculated mesh currents and the source current J flowing
through the selected loop. If there are several mesh currents in a branch, then
their algebraic sum will be that branch current. Important. calculation of
currents in the branches through which source current J is looped, J value
should be included in algebraic sum of the mesh currents flowing through the
considered branch with regard of its real direction.

The rule of signs: mesh currents and current of current source, which
direction coincides with the branch current direction are taken with a positive
sign, and the currents which direction is opposite to the branch current
direction are taken with a negative sign.

l, =1~ J =857-10=-143 A;
|2 = |(1) + |(2) =8,57—6,29 = 2,28 A;
|3 =—|(3) =5,14 A;

20



I, =1y +J =-6,29+10=371 A,
|5 =—|(1) 2—8,57 A;
|6 = |(3) — |(2) = —5,14+6,29 =1,15 A.

7.3 Nodal potentials method

The nodal potential method is based on Kirchhoff's current law.
Using the generalized Ohm’s law, it is possible to express currents in
branches by the potential difference of the branch nodes:

| = (U+E)/R = (@1-¢2+E)/R. (7.3)
E
P1 R | 02
|
U=01-0,
Figure 7.8

All currents in branches can be determined by calculating the nodal
potentials, which reduces the number of equations compared to the system of
equations by Kirchhoff's laws. Potential of one node can be assumed to be
zero, as only the potential difference affects the current. Thus, the system of
equations relatively the nodal potentials has the order of KCL = n—1 (where n
is the number of nodes in a circuit):

Gy, + G, + G0, +...+ G0, = ‘](1);
Gy @) + Gy + Gy ...+ G, 0, = J 5
. (7.4)

Gy, + G0, + Ggg3 +...+ G5 0, = J(3);

Gnl(Pl + GnZ(PZ + Gn3(p3 +..t C:"nn(pn = ‘J(n) ’

where ¢, ¢,, ¢s,...,@, are unknown nodal potentials of nodes 1, 2, 3,..., n.

21



To calculate the currents by nodal potentials method, it is necessary to
perform the following actions:
1) Assign random numbers to the schematic nodes (1, 2, 3, 4).

J
)

Figure 7.9

Important: The node which potential is expedient to assume equal to O
should be assigned the largest number. This node is called the base. As a base
node, it is advisable to choose a node to which the maximum number of
branches is connected to simplify the solution process. It will be shown below
how to choose a base node in circuits containing an ideal EMF source. In the
considered problem, node number 4 is selected as the base node: ¢, =0.

2) Write a system of equations of the form (7.4) of KCL order. At
KCL=3 the system has three equations, each with three terms:

G101 + G0, +Gp303 = Jy);
G101 + G, + G003 = J(3); (7.5)
G311 + G300, + Gg303 = J5),

where G,,,G,,,G,; are self-conductance of nodes 1, 2, 3;
G,,,G13,6,1,G,3,G;4, G5, are mutual conductances between nodes 1 and 2, 1

and 3, 2 and 3;
JaysJ 2, J (5 are nodal current sources (or nodal currents) of nodes 1, 2, 3.

22



3) Determine the nodal parameters (self and mutual conductance of

nodes and nodal current sources).
Self conductance is always positive and is equal to sum of conductances

of the branches connected to this node:

Gn:i+i+ 1 :1+1+i:18;

R, R, R;+R, 2 4 1+3
Gzzzi+i+i+ 1 =1+l 1+i=18;
R, R, Ry, R,+R, 4 4 4 1+3
G3g—i+i—%+1:1,258.
R, R 4

Mutual conductance is always negative and is equal to sum of
conductances of the branches that directly connect considered two nodes; if
two nodes are not directly connected by any branches, their mutual
conductance is equal to O:

GlZ:Gﬂ:—i+ L :—(1+ij:—0,5 S;
R¢ R,+R, 4 1+3

G5 =G5, =0;

G,, =G, =—Ri:—%:—o,25 S,

To determine nodal current sources, it is necessary to perform equivalent
replacement of EMF sources by current sources. The currents of such sources
are determined by the formula

Figure 7.10
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The nodal current source of a node is equal to algebraic sum of the
currents of current sources and the additional current sources formed by EMF
connected to the corresponding node.

The rule of sings: if a source is directed to a node, then the term has a
positive sign, if a source is directed from the node it has a negative sign.

E
1, =-J+EG,=—J+—3 —_10+° __gA;
R; +R; 1+3
E
R, R;+R, 4 143
E
J3:J+GlE1:J+—1:10+§:40A.
R, 1

5) The obtained nodal parameters should be written into the system of
equations (7.5):

¢; — 0,59, =—6;
-0,5¢0,+ ¢, —-0,25¢; =—7,;
The solution of the system is the nodal potentials values:

¢, = _7143V, 0, = _2,86V, 03 = 31,43V

Voltage drop over each branch can be calculated as a difference of the
potentials of nodes to which the branch is connected:

Umnn = @m — @n. (7.6)

6) Calculate currents of branches using generalized Ohm's law (5.3) and
relation (7.6):

E+U
| = . 7.7
- (7.7)
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_E+o,—¢; 30-3143

1, =-143 A;
Rl

=228 A;
R2

I,

| _Este, - _16-286+7,43

3 =514 A;
R; + R, 1+3

1, = (P4R‘ ®_ 143 370 A
4

Py -9y _—286-3143

I = =857 A;
R, 4

|- (sz—(pl _ —2,864+ 743 114 A
6

Peculiarities of calculation of a circuit by nodal potentials method at presence
of an ideal EMF

A branch containing only an ideal EMF has no resistance. It is not
possible to calculate self and mutual conductances as well as nodal currents for
the nodes to which such a branch is connected.

1) A node to which a negative clamp of an ideal EMF is connected is
assigned as the base node having the largest number (N = n). Its potential is
assigned zero:

oy =0.

2) Then potential of a node to which a positive clamp is connected will
be equal to EMF voltage. It should be provided with previous number (N-1)
(see fig. 7.11). The potential of this node is equal to:

25



ony =E.
E

ON= ( ) ON-1

U
4—

on-1-ON=E
Figure 7.11

Thus, it is not necessary to write an equation for (N-1)-th node. The
system for nodal potentials calculation will have one equation less: (N-2), but
the number of terms in each equation will not change and will be equal to
(N-1).

3) As terms in the left-hand sides of equations (7.5), which contain the
products of @y_; and the mutual conductance between (N-1)-th node and other
nodes are known, they should be transferred to the right-hand side of the
corresponding equations.

4) The nodal parameters are calculated according to the rules described
above.

5) As a result of the system of equation calculation, the values of the
nodal potentials are got.

6) Currents of all branches except current of the branch containing ideal
EMF are calculated using Ohm's law (7.7). Current of the branch with ideal
EMF shoyuld be calculated by Kirchhoff's current law.

7.4 Power balance
Determine the generated power:
Pgen:E1|1+E2|2+E3|3+JUJ, (78)

where Uj is voltage drop over the current source.
U; can be determined by applying Kirchhoff's voltage law (see fig.
7.12):

U, -R,l, +RI, =E,; (7.9)

26



U,=E +R,l,-Rl, =30+2-372-1-(-1,43)=3887 V.

Y

Figure 7.12

When the nodal potentials are determined, voltage drops can be defined
as potentials’ difference (see fig. 7.13):

J

Pa :: ®p

-

U;=0p-0a

Figure 7.13

U, =@, —¢, =31,43+7,43=38,86 V.

In accordance with (7.8), power generated by circuit will be:

Pyen=30-(-143) +12-2,28 +16-514 +10- 38,86 = 455,3 W.

27



Consumed power is:

Pars =R+ Ro15 + (Ry+ RIS + R IZ + Rl + Ryl =

=1.143% +4-2,28% + (1+3)-514% + 2-372% +4-857% +4-114% = 4552 W.
Checking the power balance, we get:
Pyen = Peons — 455,3 Wx 4552 W.

Calculation error is:

455,3—-455,2

_‘ gen _Pcons

-100 %=

gen )

-100% = 0,02 %.

Note: the error should not exceed 5 %.

Conclusion: The power balance is satisfied.

7.5 Equivalent generator method
It is necessary to determine the current in the second branch.

7.5.1 Circuit presentation in the form of a two-port

To represent the circuit in the form of a two-port, the circuit can be
opened at the section where the current should be found (in our case, at the
second branch). Relatively the second branch, the whole circuit becomes an
active two-port (fig. 7.14).
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Equivalent
generator

e (D)
oo (]

Figure 7.14

According to the equivalent generator theorem, any active two-port can
be replaced by an equivalent generator with EMF equal to open-circuit
voltage U, and internal resistance Rq equal to input resistance R, of the same,
but passive two-port.

Then, as can be seen from fig. 7.14, current of the second branch is
determined by the formula:

e (7.10)

where U is open-circuit voltage;
Rin is input impedance.

When the second branch is opened and resistor R, is removed, the
scheme becomes as shown in fig. 7.15. When the second branch is opened,
currents in other branches will change, so they are denoted by an additional
index "oc" (or "0").
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Figure 7.15

7.5.2 Determination of the open-circuit voltage

To determine open-circuit voltage U, in the redrawn scheme, let us
choose a loop that includes the open branch and write an equation for it by
Kirchhoff’s voltage law (see fig. 7.15):

UoctRil10c+Rsl50¢ =E2+E;. (7-11)

From this equation, the open-circuit voltage is determined as follows:

Uoc =E2+E1-R1l10c —Rsls0c. (7-12)

To calculate this voltage, it is necessary to know currents of the active
two-port, namely I, and Iso.. They can be found using the superposition
theorem according to which current in any branch of a linear electric circuit is
equal to algebraic sum of currents generated in the branch by each energy
source separately. At determining current caused by one separate energy
source in a given branch, other energy sources are removed from the circuit but
their internal resistances remain. When ideal EMF source is removed,
terminals to which it is connected are short-circuited because its internal
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resistance is zero. When an ideal current source is removed, the branch in
which it locates is broken because its resistance is infinite.

7.5.3 Calculation of currents by the superposition theorem

According to the superposition theorem, three circuits can be formed
from the got scheme (see fig. 7.15). Each of such circuits has only one source.
At this, it is taken into account that source £, cannot generate current, as it is
located in the open branch.

1) Determination of currents I, and Isqoc &, caused by EMF source E;
action.

The scheme is presented in fig. 7.16. In this circuit, current flows from
EMF source through connected in series resistors Ry, Rs, then through two
connected in parallel branches with resistors Rg and Rs, Rz, connected in series,
then — through resistor R4 back to EMF source. Thus, currents lioc& and lso &
are equal to current in the branch of source Ej.

Figure 7.16

This current is calculated by Ohm's law after determining the equivalent
resistance relatively EMF terminals:

|E1 _|E1 — El _ 30
loc = "5oc k -
R1+R4+R5+R6 (R; +R;) 1+2+4+ Al+3)
R, +R, + R, 4+1+3

=3,33A.
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2) Determination of currents 12 and 12, caused by action of EMF
source Es.

The scheme is presented in fig. 7.17. In this circuit, current flows from
the source through resistor R;, then it divides in two parallel branches with
resistors Re and Ry, Ry, Rs, connected in series. Firstly, total current 132 in the

branch with EMF should be calculated by Ohm’s law. For calculation of
currents 12 and 1.2, the current divider rule or Ohm's law should be used.

R4
[ ]
I
Qe R,
e
R3 E3 3oc
L >
Figure 7.17
Current of the branch with source Ej is equal to:
E 16
loe, = : = = 2,44 A.
R,+R, + R,-(R,+R +R,) 1434 4.-(2+1+4)
R, +R,+R +R 4+2+1+4
According to the current divider rule:
1B =15 =5 Rs 2,44 4 =0,89 A.

oo = e e R LR AR AR, 4+2+41+4

3) Determination of currents 1. and 1.

loc 50c !

caused by current source J
action.
The scheme is presented in fig. 7.18.
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R4
L
I
Iloc
R il
J
Is0c Rs Rs
— .
L
Figure 7.18

Current in the branch with source J is known and equal to J = 10 A. It
divides in two parallel branches with resistors R;, R, connected in series, and

Rs connected in series with the parallel connection of branches Rg and R3+R;.
Thus, I and 1. are currents of two parallel branches. They are calculated

loc 50c

according to the current divider rule or Ohm's law.

According to the current divider rule:

). =J- R1+FF:4-(R +R):10' 1+421.(1+3)=3,33 A.
R+R,+R +2—2—7~ 1+2+4+————7
R, +R; + R, 4+1+3
Current 1. can be determined by Kirchhoff's current law:

I, =J—1) =10-3,33=6,67 A.

loc 50c

It should be noted that currents in a branch from different sources might
have opposite directions.

According to the superposition theorem, we determine algebraic sum of
partial currents from all sources as follows:

I, =12 +12 1) =333+0,89-6,67=-2,45 A;

loc loc loc loc
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I =12 +15 +1) =333+0,89+3,33=7,55 A.

The open-circuit voltage according to (7.12):

Uoc=E,+E; — Riloc — Rslsee=12+30+1.2,45-4.7,55=14,25 V.

7.5.4 Determination of input resistance Rj,

Input resistance R;, is resistance of the passive two-port relatively the
open terminals. To determine it, all sources in the active two-port scheme (see

fig. 7.15) should be removed, leaving their internal resistances. Scheme for Ri,
determination is shown in fig. 7.19.

22k

R5 R3
] ]
L L
Figure 7.19
—RGO(R3+R7)+R4 (R, +R;) 4L+3) +2|-(1+4)
R:.= RG+R3+R7 4+1+3
in R (R TR = 40+3) =2,22 Ohm.
528 T 4R, +R+R +2+1+4
R+ R, + R, 4+1+3

7.5.5 Calculation of the second branch current

According to the equivalent generator theorem, current I, is determined
as follows:

U, 14,25

l,= - =2,29 A.
R,+R.~ 4+2,22
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7.6 Determining potential of point A

After joining MN branch (fig. 7.1), currents of the other branches will
not change, because no current will flow through MN branch, as there is no
Is zero. Voltage between M and

closed circuit for it. The ground potential of N

N nodes is a difference between these nodes potentials (fig. 7.8).

Uan =0@a—

Because oy =0, U,y =¢,.
Uan can be determined as voltage d

write:

U, =E+1,R,

So, Uany and ¢, are written as follows:

(VK

rop over the path containing
elements R, E, Ry, E, (see upper part of dotted line in fig. 7.20), taking into
account that Ugr = 0, as current does not flow through NM branch, we can

_Ez.

U,y =0, =372-2+15-12=10,44 V.

J
<
//4— ———————————————————————
E. 7 R, M E R /
Sy
\ .
\ ¢ = e
\\ Q‘b //
Ri ~ |:| R, Um -
R, e
RS R3 E3
— — Q
¢ L 1 T/
Figure 7.20
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ATTACHMENT

Guidelines for task variant choosing.

The number of the scheme for calculation and the number of the
numerical data of the corresponding variant are shown in Table 1 of the
Attachment.

The student’s variant number corresponds to its number in the journal of
the academic group. It corresponds to the line number in Table 1. If there is
only one group in the lecture course, then the group index is «lI». If there are
several groups in the lecture course, then index «I» corresponds to the group
which group number is the smallest, for the group with the next number it is
«Il» and so on. This is the column number in Table 1.

In each cell of Table 1 (with a row number corresponding to the
student’s variant number and a column number corresponding to the index of
the group), the number in the circle corresponds to the circuit number (see
Figure A.1, p. 44-47), the number in the square corresponds to the variant
number of the numerical data (see Table 2, pages 41-43). The numbers of
branches, currents in which should be calculated by the method of equivalent
generator are in the last row of Table 2.
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Table 1 — Variants of tasks for calculation of electric DC circuit (scheme

number, data number)
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Continuation of Table 1 — Variants of tasks for calculation of electric

DC circuit (scheme number, data number)
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Table 2 — Variants of numerical data of electric circuit parameters

Data
wmber | T 2| 3 4 | 56| 78] 9|10 11]12
i’4260,9422121,521
5’ 50 |15 (10| 3 |60 (15|20 |15| 6 | 8 | 10 | 8
R, 20| - | = | = | = l40]|70] =| = | = | = |200
Ohm
E\}’ 100 | 48 |135| — |11 | 5|50 |24 |45| - |55 |25
E\i’ 3040 9 15| - |10|15|20| 3 |25]| - | 5
E\ﬁ’ 10 (10|30 |06|3 |20 5 |5 |10]| 1 [175] 10
Es, 60 | — | — ~ | - 133 | -|-]| - | - |15
Vv
Es,
v | - = | = |50 =] =] =1] =1 =125 -
Es,
v | = = |12]l10| -] -] =]=121]15] -
Ru V90 4 |as5]o6] 18| 5|2 15| 1 |05/ 4
Ohm
Roo 190l 12| 3 18] 7 [30] 5 os5| 1] 3 |35]15
Ohm
Rs, ~ | 6| 3015|156 | - | 3| 1 /025/|075| 3
Ohm
Ra, 7121 9103|253 (35(1 | 3 ]05]|125] 15
Ohm
Rs,
Ohm | 15 6 | 9 |0o6| —|15(75| 3| 3| 1| - |75
Rs,
onm | 81— | |8 |- [4]|-|-|-|4]-
Numbers of
branches, in
which
soude | 31 125125 |45 |36(52(31 (25125 |45 |36 |25
:é,l}ir:falent
generator
method
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Continuation of Table 2 — Variants of numerical data of electric circuit

parameters

Data

Daa |93 |14 |15 |16 | 17 |18 | 19 | 20 |21 | 22 | 23 | 24
i s | 4|8 |6 |8 aoalo2/12] 9 |12] 6
E} 100 24 | 12 | 12 |120| 80 | 30 | 10 | 30| 25 | 85 | 90
R,

o 40| — |~ |~ | - |wo]|w0| - |-]10] |3
E}’ 200 96 | 18| - | 22| 10| 10 |a8|27] - | 33| 15
E\Z/’ 60 |80 |12 10| — |20 3| 4 |18]15] - | 30
E\ﬁ}’ 2020140 4 |70]40| 1| 1 |60| 6 |105] 60
Eo Jqoo - | - - | —leol 6| - | -] -] - 190
vV

Es,

I N e N T AN A A I I - )
Es,
Sl ||| |12|]-
Ru ool s | 6] 4| 2 16| 1]04l90] 6| 3]24
Ohm

Rao 120l 2 | al12]14 60| 1 [01] 6] 18] 21 90
Ohm

Rs,

o | - |12 a1 | 3|12 |o06|6|15]45]18
R 4] al12] 2|5 |6 |07]02]18] 3 |75] 9
Ohm

Re 13012112 4| - |30 |15|06|18] 6 | - | 45
Ohm

Rs,

o ||~ | [ - || o8| || |2 -
Numbers of

branches, in

which

soie |39 |25 (o5 |45 |36 [25 31 |25 |25(45 |36 |25
ggutih\falent

generator

method
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Continuation of Table 2 — Variants of numerical data of electrical circuit

parameters

Data | 55 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33|34 |35 | 36
number

i’ 6 1 /08[112/08| 3 |16 5 | 1618|1612
%60184 5 | 15| 50 | 20 | 45 | 10 | 5 | 10 | 15
R,

onm | 25| — | | | -8 |8 | | -] | -|4
E\}’ 150 | 24 | 18| — |22 |75 |40 (12036 | — |44 | 3
E\j’ 45 | 20 |12 2 | — | 15|12 |100| 24| 3 — | 6
E\j’ 5| 5| 4 (08| 7 | 30| 4 | 25| 8 |12] 14 | 12
Bo o | o | | o Z | as|aa o | | = | - | 18
Vv

Es,

vl - - - - Jw| - -] -] ]2 -
Es,

v - =16l 2| = = = | = 24| 4| -
Ru | 15 | 2 0608 (02|12 | 4 |10 |12|12|04 |48
Ohm

Rar | 45 0504 (24|14 | 45| 4 |25/08|36]|28] 18
Ohm

Rs, ~ | 3104/02/03| 9| - |15/08|03/|06]36
Ohm

Ra, 05| 1 | 12|04 |05| 45 | 28| 5 |24|06]| 1 | 18
Ohm

R, 1225| 3 12|08 - |225| 6 | 15 |24 | 12| - | 9
Ohm

Rs,
Ohle———l,6—3,2———3,2—
Numbers of

branches, in

which

sudbe 131 12 5(25(45(36(25(3,1(25(25(45(3,612,5
:é,l}ir:falent

generator

method
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Variants of schematics of DC circuits are shown in fig. A.1.
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Figure A.1 (sheet 1)
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Figure A.1 (sheet 2)
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