Lviv Polytechnic National University

Institute of Telecommunications, Radioelectronics and Electronic
Engineering
Department of Radioelectronic Devices and Systems (REDS)

«The adequacy of analysis of linear
periodically-time-variable circuits by the
frequency symbolic method in the time
domain»

DSc, Prof. Yuriy Shapovaloy,
DSc, Prof. Bohdan Mandziy,

Ph.D. Dariya Bachyk,
B.Eng. Marian TuryKk.



The aim and the task of the investigation

The aim of scientific research is to determine the adequacy of usage
of Fourier and Laplace inverse transform to parametric transfer
functions of linear periodically-time-variable circuit, that are
determined by the frequency symbolic method.

To achieve the aim of the research we have to fulfil the following tasks:

1. To analyze the method of Fourier and Laplace inverse transform for
further research of linear periodically-time-variable circuits in the
state mode and transition mode using conjugate parametric transfer
function found by the frequency symbolic method .

2. To develop the program which is intended to form a conjugate
parametric transfer function of linear periodically-time-variable
circuits using the frequency symbolic method and to calculate the
time-dependency of output variable circuits on the basis of Fourier and
Laplace transform method.

3 To conduct computational experiments for analysis of radio-electronic
circuits in order to confirm the adequacy of our program.



Theoretical Foundations of the Frequency Symbolic Method

The mathematical model in the time domain of linear periodically time-variable circuit has
the form:

an(t)xoutput(n) + an—l(t)xoutput(n_1)+- - Fao(O)Xoutput = bm(t)xinput(m) + )

+bm—1 (t)xinput(m_1)+- = +b0 (t)xinput

1 d™A(s,t) d™"W (s, t) - dA(s,t) dW (s,t)
n! dsn 7 ds dt

+ A(s,t) - W(s,t) = B(s,t), (2)

wheres = j - w - complexvariable, t - time, A(s,t) = a,(t)s™+... +ay(t),
B(s,t) = b, (t)s™+...+by(t)

The conjugate transfer function is defined as L
k

~WO(S) W—i(s) —j-i-w-t W+i(s) +ji-w-t
Wi(s,t) = s + E ( ds ¢ + ds €

i=1
where k- quantity of harmonic components in a polynomial

<>
Xoutput(sr t) =W(s,t) - Xinput(s)




Formula inverse Laplace and Fourier Transform

Pi(s,t) - Po(s) (3)
Q1(s,t) - Q2(s)

Xoutput(s: t) = W(S: t) 'Xinput(s) =
P1 (s, t) - Py(sk) -
d €
5101600 - Q250

k=1

Xoutput (t) = (4)

where s = j - w - complex variable, s;, - the roots of equations:

Ql(s; t) =0, Qz(S, t) = 0.



CoMPUTER EXPERIMENTS. Example 1
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Fig. 1. Single-circuit parametric amplifier
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L(t)=L,-(1+m, -cos(Q-t+¢, )),L, =0.2533-10° H,Y, = 0.0004S, 43

Q=4-7T-108rad/s,i(t)=O.OOOl-cos(a)-t—(ﬂ/4)),
w=2-7-10rad / s,m ,=0.01,m, =0.1.
u?_(t)>V

Fig.2. Time dependence of the input

current i(t) of the amplifier from Fig.1

Fig.3. Time dependence of the output voltage
u,(t) of the amplifier from Fig.1, obtained by
SF MAOPCs for the following cases: 1- one
1 parametric element in the circuit c(t) ; 2- two
parametric elements in the circuit c(t) and
L(8) (9 = ¢1) = 07 3-(pc — 1) = 30
4(pc — ¢1) = 60 ;5-(pc — ) =90
6-(¢pc — @) =120 ; 7-(¢. — 1) = 180



U,(5,0)=W(s,t)-I(s)=

B(s,)-P(s,Y

O(5.)-Oy(s5.1)

where s; - the roots of equation: O,(s,)=0,0,(s,.t)=0,1(s)= (10 (S cos(p—o- Sm(go)))/(s2 +co2).
TABLE 1. THE INSTANTANEOUS VALUES OF THE VOLTAGE U, (t)

0(t)=3.

The expression to calculate the output voltage of the amplifier of fig. 1. in the steady
- B(s.0)-B(s.0)
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Example 2.
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Fig. 4. Input signal as a function of the
Heaviside step function i(t) = 1(t) b) m. = 0.06
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Fig.5. Time dependence of the output voltage u, (t) of the amplifier from Fig.1 in a transition
mode, when feeding the input pulse of Heaviside and for different values of modulation depth m,.



The expression to calculate the output voltage of the amplifier of fig. 1. in a transition
R(s.0)-B(s.0) iy
[Ql(Sk) O,(s, )]

mode:

Uy(s,0) =W (5,t)-1,,,,(5). =

P(s.0) P(s.)

O(s.t) Os(5:1)

n

t)zd

where sy, - the roots of equation: Q,(s, )=0,0,(s,,t)=0,1,,,,(s)=1/s.

TABLE 2. THE INSTANTANEOUS VALUES OF THE VOLTAGE u, (t)

, US 0.1 0.2 0.3 0.4 0.5 0.6
0.7412 | 0.2015 | -2.1240 | -2.8182 | -0.9670 | 2.3006
0.7413 | -0.2015 | -2.1240 | -2.8182 | -0.9670 | 2.3007
0.8580 | -0.2777 | -2.5651 | -3.3705 | -1.1295 | 2.7928
0.8580 | -0.2777 | -2.5651 | -3.3705 | -1.1295 | 2.7928
1.0334 | -0.3912 | -3.2283 | -4.2028 | -1.3738 | 3.5398
1.0334 | -0.3912 | -3.2283 | -4.2028 | -1.3738 | 3.5398
1.2091 | -0.5039 | -3.8938 | -5.0407 | -1.6192 | 4.2996
1.2091 | -0.5039 | -3.8937 | -5.0407 | -1.6192 | 4.2996
1.3853 | -0.6158 | -4.5620 | -5.8854 | -1.8663 | 5.0746
1.3853 | -0.6158 | -4.5622 | -5.8854 | -1.8663 | 5.0746
1.6208 | -0.7638 | -5.4582 | -7.0244 | -2.1992 | 6.1357




The program of calculation of output variables of linear

periodically-time-variable circuits based on Laplace and Fourier Transform
clc;

clear all;

close all;

clear;

pack;

syms ts CO LY m Omega koef tw

%% I[lapameTpu esileMeHTIB 4OCAIIKYBAHOT' O KOJ13;

DigitsIinVpa = 12; %% BHOip TOYHOCTI YUCJIOBUX PO3PAXYHKIB, KIJIbKICTh 3HAKIB MiCJISI KOMU;
load(‘data’); %% 3aBaHTakeymo 3 ¢paunay TransFunc cnpsipkeHy napaMeTpUYHY NepeaBajibHy
dyHKILi10

load([CurrentDir,"\ data.mat']);

OutputFilePath=[CurrentDir,"\ data.mat'];

W=TF{7,4};

w=2*pi*10"8; %%3alaEMO 4aCTOTY BXiJHOTO CUTHAJLY

W1l=factor(W);

[P1,Q1]=numden(W1) %% BupinseMo OKpeMO YUCEJbHUK Ta 3HAMEHHUK CIPSXKEHOI
napaMeTpPHUYHOI nepeJaBaabHOI QYHKILII

CoefOfPolyl=sym2poly(Q1);

pzl=roots(CoefOfPoly1);

pzl=vpa(pzl,DigitsinVpa) %%%o64rcatoeMo KopeHi oJliHOMa 3HaMeHHUKA CIPSIXKEHO]I
napaMeTPUYHO]I TepeaaBasbHOI QyHKIIII

fi=-pi/4;%%% 3aaemMo dpa3ly BXiJTHOrO CUTHATY
Xop_out01=0.0001*(s*cos(fi)-w*sin(fi))/(s"2+w"2); %%% 3amaemo 306paxkeHHs 3a Jlaniacom
BXIJIHOT'O CUTHAJy
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Xop_out02=factor(Xop_out01);

[P2,Q2]=numden(Xop_out02); %% BuAi/Ns€EMO OKpEMO YUCEJbHUK Ta 3HAMEHHUK 300paXKeHHS 3a
Jlaniacom BXiZJHOTO CUTHAJIYy

CoefOfPoly2=symZ2poly(Q2);

pz2=roots(CoefOfPoly2);

pz2=vpa(pz2,DigitsinVpa) %% o064uca0EMO KOpEHi MOJIiIHOMA 3HAMEHHUKA 300pakeHHA 3a
Jlamiacom BXiZJTHOTO CUTHAJy

%%migcTaBisseMO ofepKaHi KopeHi y popmysy nepeTBopeHHd Jlaniaca
X_out_p=((P1*P2)/(diff(Q1*Q2,s,1)))*exp(s*t);

X _out=0;

for n=1:18 %gkinbKicTh KOpeHiB pzl
X_out_sub11(n)=subs(X_out_p,s,pz1(n));

X outll=X out+..

X_out_sub11(n);

end

X_out=0;

for k=1:2 %KinbKiCTb KOpEHIB pZ2
X_out_sub22(k)=subs(X_out_p,s,pz2(k));

X_out22=X_out+...

X_out_sub22(k);

X out=X_outll+X out22;

end

save(OutputFilePath, X_out',-append");
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CONCLUSIONS

* The coincidence of the results obtained by the SF MAOPCs and the
program Micro-Cap7.0, demonstrates the adequacy of applying the
inverse Fourier and Laplace transform, and for the study of linear
periodically-time-variable circuitsin the steady and transient
conditions in the environment of the SF MAOPCs.

* The Frequency symbolic method means that to obtain accurate
values of input signal of linear periodically-time-variable circuits it
should be taken into consideration a sufficient number of harmonic
components in the approximation of the parametric transfer
function. Insufficient amount of harmonics taken into consideration
in the approximation can lead to receiving inaccurate results.
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Thank you for attention



