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Introduction

The discipline “Theory of Electrical Circuits” is intended to students of high-
er educational institutions in the specialty 5B071600 — Instrumentation, belongs to
the module MPS08 “Theory of electrical circuits” and is included in the working
curriculum as an elective discipline.

The purpose of the discipline is to study the methods of analysis and calcula-
tion of transients and steady-state modes in linear electrical circuits with lumped pa-
rameters, two-port networks and electrical filters, steady-state modes in linear elec-
trical circuits with distributed parameters, and in nonlinear DC circuits.

The task of the discipline is the development by students of methods for cal-
culating transients and steady-state modes in linear electrical circuits with lumped
parameters, methods for calculating two-port networks and electrical filters, meth-
ods for calculating steady state modes in linear electrical circuits with distributed
parameters and in non-linear DC circuits.

Preparing students on this basis for a successful and competent problem solv-
ing, which put special disciplines in the specialty “Instrumentation”.

The methodological guidelines and assignments for performing calculation-
graphical works Nel, 2, 3 for the Theory of electrical circuits (TEC) discipline con-
tain three calculation-graphical works on the following topics: Calculation of transi-
ents in a linear electric circuit using classical calculation method, Calculation of
transients in a linear electric circuit using the Laplace transform (operator calcula-
tion method) and Calculation of two-port networks.

In the process of performing calculation-graphical works, the student must
master the classical and operator methods for calculating transients in linear electri-
cal circuits and methods for calculating two-port networks.

The solution of calculation-graphical works helps students to check the de-
gree of their learning the course, develops the skill to clearly and briefly express
their thoughts.



1 Calculation-graphical work Nel. Calculation of transients in linear
electric circuits by the classical method

Purpose is to acquire the skills of transient calculation using the classical
method in second-order linear electrical circuits.

1.1 Assignment

A second order linear circuit (figures 1.1-1.10) containing resistors, inductor
and capacitor is connected to a DC EMF E source and is in steady state. At the mo-
ment of time t = 0, the circuit is switched by locking or opening the key and the
transient process begins.

The following is required:

1) Write introduction: specify in which circuits and under what condition
transient processes arise, what are the causes of transient processes, define the tran-
sient, steady state and free modes, specify the essence of the classical calculation
method of transients.

2) Determine the current or voltage in one of the branches of the electrical
circuit after switching by the classical method, according to a given variant (table
1.3).

3) Plot a graph of dependence of the desired function versus time (current or
voltage), plot a graph over the time interval from 0 to 5z, (if the characteristic
equation roots are real) and from 0 to 5z = 5/a (if the roots of the characteristic
equation are complex-conjugate).

4) Make conclusion: in a conclusion write about the character of the free pro-
cess depending on the type of roots of the characteristic equation and specify what
is the duration of the transient process actually.

The number of circuit’s scheme is determined by table 1.1, the numerical val-
ues of the circuit’s parameters are given in tables 1.1, 1.2 and 1.3.

Table 1.1

Enrollment st | fth

year First letter of the surname

even ABB | TZIE |31 |KJIbI| MH | OIIP | CTY |®YLT | X1 | DO
odd KJIbI | OIIP |CTV |®UILl| ABB | I'JIE | K31 | MH | IO | XI1III]
Nescheme | 1.1 | 12 |13 |14 | 15|16 | 17 |18 | 19 | 1.10
E,V 60 70 | 40 | 35 | 50 | 55 | 35 | 65 | 45 30
Ry, Q 50 65 | 45 | 55 | 40 | 75 | 55 | 60 | 40 70
Ry, Q 30 50 | 68 | 60 | 55 | 45 | 75 | 58 | 45 60




Table 1.2

Enrollment year Last digit of the credit book number
even 0 9 8 7 6 5 4 3 2 1
odd 1 2 3 4 5 6 7 8 9 0
L, mH 25 | 15 | 30 | 10 | 20 | 18 | 25 | 10 | 20 | 28
Rs, Q 40 | 60 | 56 | 70 | 65 | 60 | 55 | 70 | 45 | 50
Rs, Q 60 | 45 | 55 | 60 | 50 | 50 | 55 | 70 | 60 | 55
Table 1.3
Enrollment year Penultimate digit of the credit book number
even 1 2 3 4 5 6 7 8 9 0
odd 0 9 8 7 6 5 4 3 2 1
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1.2 Methodological guidelines for performing of calculation-graphical
work Ne 1

The classical calculation method of transients includes the following steps:

— before switching the steady state in the circuit is calculated: the current
through the inductor i (0-) and the voltage across the capacitor uc(0-) should be de-
termined;

— independent initial conditions are determined by the commutation laws:
iL(O)’ Uc(O):

i (0) =1i.(0-); u (0)=u,(0);

— differential equations are written according to Kirchhoff’s laws for a circuit
after commutation;

— desired transient current or the desired transient voltage is determined in the
form:

i(t)y=i +i (t); u(t)=u_+u, (t);

— steady state current ig or steady state voltage ugs is found by calculating the
steady state in the circuit after commutation;



— to determine i or us, make the characteristic equation, find the roots of the
characteristic equation and write down the corresponding expressions for the free
current i or free voltage uy;

— the integration constants are determined using the initial values of the de-
sired value itself and its first derivative.

The characteristic equation can be obtained using different ways: by a homo-
geneous differential equation, by the method of the main determinant or by the
method of input impedance. The essence of the input impedance method is as fol-
lows:

a) write the input impedance Z(jw) for the circuit after commutation relative
to any branch except the branch with an ideal current source;

b) in the expression Z(jw), replace jow with p;

c) the resulting expression Z(p) equates to zero and get the characteristic
equation Z(p) = 0.

The expression of the free component of current i; or free component of volt-
age Us is determined by the type of roots of the characteristic equation, which de-
pends on discriminant of equation. There are three cases:

— discriminant D > 0, the roots are negative, real and different (p, <0, p, < 0):

- pyt p,t, p,t pot,
i (t)y=Ae" +Ae™; u (t)=Ae" + Ae™";

2 2

— discriminant D =0, the roots are negative, real and the same (p; = p, =p
<0):

i, (1) = (A +Ate’; u, ()= (A +Ate™;
— discriminant D < 0, the roots are complex-conjugate p,, = -« * jo, :

a o

. —at . . —at .
i.(t)=Ae sin(o,t+y);, u (t)=Ae sin(o t+y),

where A, w and Ay, A, are constant of integrations.

2 Calculation-graphical work Ne 2. Calculation of transients in a linear
electric circuit using Laplace transform

Purpose is obtaining the skills of transient calculation using the operator
method (Laplace transform) in second-order linear electric circuits.

2.1 Assignment

A second order linear circuit (figures 1.1-1.10) containing resistors, inductor
and capacitor is connected to a DC EMF E source and is in steady state. At the time



moment of t = 0, the circuit is switched by locking or opening the key and the tran-
sient process begins.

The following is required:

1) Write introduction: write the essence of the operator method (Laplace
transform) of calculating transients.

2) Determine the current or voltage in one of the branches of the electrical
circuit after commutation by the operator method (Laplace transform) according to
a given variant (table 1.3).

3) Plot a graph of the dependence value to be searched (current or voltage) on
time, plot a graph over the time interval from 0 to 57, (if the characteristic equa-
tion roots are real) and from 0 to 57 = 5/« (if the roots of the characteristic equation
are complex-conjugate).

4) Make conclusion: compare the result of the transient process calculation by
the both classical method (calculation-graphical work Ne 2) and operator method
(Laplace transform), specify the advantages of the transients calculation using of the
operator method.

The number of the circuit’s scheme is determined by table 1.1, the numerical
values of the circuit’s parameters are given in tables 1.1, 1.2 and 1.3.

2.2 Methodological guidelines for performing of calculation-graphical
work Ne 2

The method of calculating transients by the operator method includes the fol-
lowing steps:

— the steady state in the circuit before commutation is calculated and the cur-
rent in the inductor i (0-) and the voltage on the capacitor uc(0-) are determined,;

- independent initial conditions are determined: i,(0), uc(0), which are found
by the commutation laws:

iL(0+) =i.(0-) and uc(0+) = uc(0-);

— an equivalent operator circuit is formed (the circuit is formed for the circuit
after commutation);

— for an equivalent operator scheme, equations are written to determine the
image of the desired quantity using any of the calculation methods: Kirchhoff’s
laws in operator form, the mesh current analysis, the nodal analysis, the Thevenin’s
theorem and the image of the desired quantity is determined;

- the desired value is determined by the original of the found image of the
desired value.

When forming equivalent operator schemes, the sources of emf e(t) are re-
placed by images E(p), the image of the source of DC emf is equal to E/p.

The currents i(t) and voltages u(t) are replaced by the corresponding images
I(p) and U(p).

Under zero initial conditions i, (0) = 0 and uc(0) = 0, the inductance L is re-
placed by pL, the capacitance C is replaced by 1/pC.



With non-zero initial conditions, the source of the calculated EMF Li_(0)is
added in series with the inductance pL, and the source of the calculated EMF
uc(0)/p is added in series with the capacity 1/pC.

Operator schemes of electrical circuit elements are shown in table 2.1.

Table 2.1

Originals and corresponding images of the linear electric circuit’s elements

Original Image
i(t) £y By
e N I(p) )
s > vl — @ P »
u(t)
_r — Uip)
u(t) = E, = constant
i(t) R I(p) R
 ——— — # = | ]
—_— 2
up(t) Ur(p)

ugp(t) = R-i(t)

Ur(p) = R-1(p)

o, B p pL L
e —— e g ' W 5
HL(t)' i | 7o)
u, (t) = dlzit) _ dLC;Et) — L d;(tf)_ U,(p) = pL-1(p) — L -i,(0)
1 Hc(ﬂ)
| m— 10,70 P,
uc(t) i UC(P) i
uc(t) = @ f (t) dt. Us(p) = —- I(p) + 22 uc(O)

10




To determine the original of the desired function of current or voltage accord-
ing to its image the decomposition theorem is used (table 2.2).

Table 2.2

Decomposition theorem

An expression of the image of the desired function should be reduced

to the form of rational algebraic fraction:

Fi(p) _ amp™+am—1p™ 1 ++aip+ag
Fy(p)  bppM+by_1p1+-+byp+bg

.wherem<n

F,(p) = 0 — Analogue of the characteristic equation
in a classical calculation method
The original is determined using decomposition theorem

Kind of the roots of a characteris-

tic equation Fp(p) = 0 atn = 2 Decomposition theorem

F1(|o)if F.(p) .o F.(p,) .
= f(t) = e+ e,
F,(p) F,(p,) F,(p,)

where F/(p) = dF (p)/dp.

The roots is real, different and
negative: p; and p,

The roots is complex.conjugate: F(P) = (t) = 2 Re [ F plﬂ
P12 =—axjwg F,(p) { J
The denominator has a zero root: Fpy= P FR(p)
F,(p)= pF,(p)- F,(p) pF,(p)
The roots of F3(p) =0 is real, F.(0)  F(p) ¢ F(p,)
. . f(t)= + et + e
different and negative: p; u p, F,(0) p,F.(p,) p,F.(p,)
The denominator has a zero root:
F.(P) = PF,(P). FACIIIRSNAC) +2Rer F.(p,) epﬂ
The roots of F3(p) = 0 is complex|  pF_(p) F,(0) p,F.(p,)

conjugate: p; , = —a x jwg

11




3 Calculation-graphical work Ne 3. Calculation of two-port networks

Purpose is obtaining skills for calculating the parameters of the two-port net-
works.

3.1 Assignment

A passive symmetrical T-or m-shaped two-port network is set (figures 3.1-
3.10).

The following is required:

1) Make an introduction: give an explanation which electric circuit is called a
two-port network, give examples of a two-port network, what is the essence of the
theory of a two-port network, to write down the transmission equations of a two-
port network.

2) Determine the complex impedances of the branches of the two-port net-
work.

3) Determine the A-parameters of the two-port network, using equations
compiled by the of Kirchhoff’s laws.

4) Determine the A-parameters of the two-port network, using currents and
voltages in the modes of idling and short circuit.

5) Express Z-, Y-, H-parameters (according to a given variant, table 3.2)
through A-parameters.

6) Determine the characteristic impedance of the two-port network Z, using
A-parameters.

7) Determine the characteristic impedance of the two-port network Z¢ using
the parameters of idling and short circuit.

8) Determine the characteristic constant of the transmission of the I, the
characteristic attenuation of the A., the phase constant of the B., using A-
parameters.

9) Make conclusion: analyze the results obtained and check the fulfillment of
the conditions, which are the A-, Z-, Y-, H-parameters of the passive symmetric
two-port network satisfied (according to the given variant).

The number of the circuit’s scheme, as well as numeric values of active, in-
ductive and capacitive impedances are given in tables 3.1-3.3.

Table 3.1

Sggfllment First letter of the surname

even ABB | T'JIE | )K3U1 | KJIbl | MH | OIIP | CTY | ®Ul] | XIHII | DK04A
odd KJIBI | OITP | CTY | ®UL] | ABB | I'JIE | K311 | MH | OFO4 | X1,
Nescheme | 3.1 | 32 | 33| 34 | 35|36 | 37 | 38 | 39 3.10
Ry, Q 45 | 60 | 40 | 60 | 50 | 64 | 58 | 65 48 70

Ry, Q 30 | 55 | 68 | 65 | 55 | 45 | 75 | 58 65 60

12




Table 3.2

Enrollment year Last digit of the credit book number

even 0 9 8 7 6 5 4 | 3 2
odd 1 2 3 4 | 5 6 7 8 9
X1, Q 64 | 55 | 46 | 58 | 68 | 56 | 60 | 75 | 70
Xe1, 60 | 75 | 85 | 60 | 50 | 40 | 75 | 40 | 50
Determine parameters Z|Y |  H| Z|Y | H| Z|Y|H

Table 3.3
Enrollment year Penultimate digit of the credit book number
even 1 2 3 4 5 6 7 8 9
odd 0 9 8 7 6 5 4 3 2
Xi2, Q 48 | 50 | 45 | 62 | 70 | 40 | 64 | 56 | 50
Xeo, 55 | 46 | 65 | 35 | 40 | 56 | 58 | 60 | 60
Ci Ri R G Ri I L1 R1

o = N Jn

RQ[E} L) L —

X a w
Figure 3.1 Figure 3.2
Ci Ri Ri C . rmé,;j
o
R Ci—— R —_—Ci
I R R
o Q X . -
Figure 3.3 Figure 3.4
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3.2 Methodological guidelines for performing of calculation-graphical

work Ne 3

The method of determining the A-parameters will show the example of an L-
shaped two-port network. We define the A-parameters of the L-shaped two-port
network (figure 3.11), using equations compiled according to the Kirchhoff’s laws.

14
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1 27

Figure 3.11 — L-shaped two-port network.

We write the equation according to the Kirchhoff’s laws for the two-port
network (figure 3.11).

(3.1)

Substitute the expression for U into the second equation of the system:
BB z,Bfz,+ BBz, vz, /2)k (3.2)

We represent the solutions of equations (3.1, 3.2) in the form of equations of
the transmission of the two-port network in A-parameters:

B =%+ 2, B

. 3.3
RLB /22, )2)R &)

Let we compare the system of equations (3.3) with the transmission equation
in A-parameters:

ju% = AMU% + AizfgzL (34)
Lfgle Anu&z + Azzf%
and get the A-parameters of the L-shaped two-port network (figure 3.1):
YA
A,=1% A,=7Z,; A,= A, =1+ =, (36)

1
Z,

Z,

Determine the A-parameters of the two-port network according to the values
of voltages and currents in the modes of idling and short circuit.

Parameters 41, and 4»; can be determined using voltages U, U, and current [
in idle mode at the port2 - 2

An= (U%/U%)IZZO; A, = (f%/u%)bzo' (37)

15



Current 7, and voltage U, for the circuit (figure 3.11) in idle mode at the port
2 -2" we find by the formulas:

U RUT @9

1

We substitute the current 7; and the voltage U, (3.8) into formulas (3.7), we
obtain the parameters 4;; and A»;:

(3.9)

Parameters 41, and 4,, can be determined through the voltage U;, and the
currents /3, I, in the short circuit mode at port 2 - 2" (figure 3.12):

A= (B[ i A= (B, . (3.10)
1 jl gz J.T_ 2
e
[:"11 Zy i%l I
=]
h“ I
1 2

Figure 3.12 — Short circuit across the port 2 - 2

Current £, for the circuit (figure 3.12) in the short circuit mode at the port 2 -
2" we will find by the formulas:

o

Z,

. (3.11)
z,+2,

ek

2

[N

Substitute the currents i, /> (3.11) into formulas (3.10), we obtain the parame-
ters 41, and A4,,:

A, =1+ =y (3.12)
z

—1

A

—12

2

All systems of parameters — coefficients describe the same two-port network
and there is a one-to-one relationship between them. Let us show how to express,
for example, Y-parameters through A-parameters. Let us write the equations of the

16



transmission of the two-port network in the A-parameters and solve it with respect

to the currents Iy, I5:

. . . (I.],: A, U1 _(Aquz_ A12A21)Lj2
T A
“1=A21U2+A22|2 || :Ul_AnU'
2
{ A, A,

Compare the system of equations of transmission in the form of Y:

I'l =Y 1101 + Y_lzu 2
[ | (3.14)

le :Y_21U1+Y_22U2

and the system of equations (3.13), we get the Y-parameters:

_AL (3.15)

—12

For a symmetric T-or n-shaped two-port network 4,1 = 4.
The characteristic impedance of a symmetrical two-port network is deter-

mined by the formulas:

Z. = Bz Z.=+Z,2.. (3.16)

C
AZI

where Z,., Zs are the parameters of idling and short circuit.
The characteristic constant of transmission symmetric two-port network is de-

termined by the formula:

I'c=4.+ jB, = In(\/inizz + \/i12421)' (317)

17



Appendix A

Requirements for the content and design of calculation-graphical works

Each of the calculation-graphical work should be included next sections:

a) title page (a sample of the title page is represented on the next page);

b) contents;

¢) introduction;

d) assignment;

e) main section (procedure of calculation and graphical results presentation);

) conclusion (make conclusion about the obtained results and using meth-
ods);

g) list of references;

h) appendices (if it is necessary).

Academic group code, credit book number, surname and initials of the stu-
dent should be written down on the title page (see sample of the title page on the
next page).

Choose the original assignment data according to your variant. Assignments
text should be rewritten to the explanatory note completely unabridged.

Each stage of the CGW should be named. All tasks are carried out on only
one side of a white paper sheet (sheet size A4 with margins: top of 20 mm, bottom
of 25 mm, left of 25 mm, right of 18 mm).

An explanatory note should be handwritten or by using Microsoft Word (font
size 14 points, line spacing 1...1.5 line).

In an explanatory note are to be presented not only calculation formulas and
final results, but also text with explanations, needed intermediate calculations,
which allow understanding and verifying your actions.

It is necessary to write appropriate units for the parameters, having a particu-
lar of dimensions.

The graphs of instantaneous and r.m.s. values should be performed on the in-
serted sheets of graph or checkered paper, or by using computer applications.

It is necessary to sign coordinate axes and variable names of on the graph, al-
so choose a scale to make it convenient to use the graph or diagram.

The circuit diagrams should be numbered and done in pencil neatly by using
a ruler, or by using computer applications.

All pages should be numbered, starting from the title page. The page number
should be located in the middle of the sheet bottom.

The works, which do not satisfy above requirements, will not be allowed to
defense and will be returned for revision.

In the introduction to justify the need to study transients and methods for their
calculation.

Calculation-graphical work must be submitted for check on the date specified
by the teacher in the syllabus. In case of violation the term of delivery the work by
the student, the total score for the work decreases.

18



Appendix B

Sample of the title page

MINISTRY OF EDUCATION AND SCIENCE REPUBLIC OF KAZAKHSTAN

Non-commercial Joint Stock Company
ALMATY UNIVERSITY OF POWER ENGINEERING AND TELECOMMUNICATIONS

Department of Electrical Engineering

CALCULATION-GRAPHICAL WORK Ne

Theory of electrical circuits (TEC) discipline

(Title of the calculation-graphical work)

5B071600 — Instrumentation baccalaureate specialty

Done by student of the group
(Student’s Surname and Initials) (Academic group code)
Checked by
(Teacher’s academic degree, academic rank, Surname and Initials)
(13 29 ¢¢ 29 20 y.
(Score) (Teacher’s signature) (Date)
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