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Abstract: This paper focuses on the problem of usng
the symbalic frequency method for the determining thetime
dependency of output signals of linear periodicaly-time-
variable circuits by applying the inverse Fourier transform
(for a steady-gtate mode) or the Laplace trandform (for a
trandtion mode) to the images of these sgnals obtained
using the transfer functions.

The frequency symbolic method alows us to
calculate the conjugate parametric transfer functions of
linear periodically-time-variable circuits. Such transfer
functions link the input signals with the output signalsin
the form of approximating polynomials of Fourier in
trigonometric or complex form. By the same
polynomials of Fourier are approximated the normal
parametric transfer functions which are the basis of
assessment of the asymptotic stability of the circuit. To
determine the conjugate and normal parametric transfer
functions, there are the appropriate functions in the
system of software functions Multivariate Analysis and
Optimization of the Parametric Circuits (MAOPC), The
system of software functions MAOPCs based on the
frequency symbolic method and is implemented in the
environment of MATLAB software.

The paper presents the results of computational
experiments obtained by the system of software
functions MAOPCs which show the adequacy of the
definition of steady-state and transent modes of linear
periodically-time-variable circuits in the time domain
using the transfer functions determined by frequency
symbolic method.

The coincidence of the results obtained by the
system of software functions MAOPCs and the Micro-
Cap7.0 program demonstrates the adequacy of applying
the inverse Fourier and Laplace transforms for the
investigations of linear periodically-time-variable
circuits in the steady and transent modes in the
MAOPCs environment.

Key words. time anadysis, conjugate parametric
transfer function, frequency symbolic method, inverse
Fourier transform, inverse Laplace transform, the system
of software functions MAOPCs.

1. Introduction

In several works [1, 2, 3] tW(s,t)he symbolic
frequency method (FS-method) of the analysis of steady-
state linear periodically-time-variable (LPTV) circuits
has been developed and studied. It is based on the
definition of their conjugate transfer functions W(s,t)

[3, 4] in the form of the approximated trigonometric
Fourier polynomials

Wi(s,t) =Wip(9)+ & o0 (S cosMD+u

&M (9)siniwe) §

or as complex polynomials
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the time-independent t fractional rational functions of a
complex variable s, k is the number of harmonics in
the approximation, W=2p/T,T is the period of the
parameter change of the parametric element of the circle
under the action of the pump signal.

Let us note that the fractiona rational functions, in
addition to the symbalic variables, can contain the
parameters of the circuit elements given in the symbolic
form. Multiple substitutions of different numerical
values for these symbols, as a rule, are executed in
multiple tasks at the stages of optimization, statistical
andysis or synthesis of designed devices.

In[1, 2, 3, 5] the appropriateness of the FS-method
for computing frequency characteristics is convincingly
shown. In [1, 2, 6] it is aso shown that the FS-method is
adequate and provides a solid basis for the formation of
sengitivity functions or the objective function when
solving statigtic tasks or carrying out the optimization of
the LPTV circuits. An important condition for the
adequacy of the FS-method is the choice of the sufficient
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magnitude of the value k
expressions (1), (2).

In our opinion, one of the unsolved tasks of using
the FS-method remains the problem of determining the
time dependency of output signals of the LPTV circuits
by applying the inverse Fourier transform (for the
steady-state mode) or the Laplace transform (for the
transition mode) to images of these signals obtained with
the use of the transfer functions. It should be noted that,
as we know, such a task has not been posed and solved
yet, due to the fact that no mathematica tools to
determine such transfer functions and no appropriate
software have been existed till now. However, with the
advent of the FS-method and the system of software
functions Multivariate Analysis and Optimization of the
Parametric Circuits (MAOPC) based on it [6] such a
possibility appeared, and it will be discussed bel ow.

In connection with the above, the aim of thiswork is
to study the adequacy of the calculation of the time
dependencies of voltages and currents in the LPTV
circuits in the presence of the frequency symbolic
transfer functions defined by the FS-method. In our
opinion, thisway of calculating time dependences at the
presence of multiple changes of the input signals and the
parameters of the circuit eements can be more
acceptable than, for example, their determination by the
numerical methods, in particular, by the Micro-Cap
program [7].

2. Themain part

It is known [4], that by analogy with the linear
circuits with constant parameters the output variable
y(t) of the LPTV circuit in the time domaint can be

represented in the form of the inverse Fourier transform

in the approximating

¥ .
y(t) == x eW(jw,t) <X (jw)e™ dw,  (3)
20 _y

or the Laplace transform
1 Cc+ ¥
yt)==—x o W(st)X(s)e™ ds, 4)
c- ¥
where X(jw) and X(s) are the images of the input
signal x(t) applied to the circuit, obtained by the Fourier

transform and the Laplace transform, respectively.

Let us note that:

a) expression (3) determines the time dependence of
the output signal in the steady-state mode of a circuit,
with the periodic input signal applied and within the time
periodfromt=-¥ tot=+¥ ;

b) expression (4) defines the output signal in the
mode of the transition process within the time period
fromt =0to t = +¥ ;
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C) in expressons (3) and (4) the inverse transformations
of theimages of the output signals are performed

Y(jw,t) =W(jw, 1) xX(jw), ©)

Y(s,t) =W(s,t) %X (s), (6)

respectively.

Thus, by the determined images of the output signal
in the form of (5) or (6), and by the formulas for its
decomposition into simple fractions known in the
operational calculus [8], the output signds in the time
domain are obtained. As opposed to the circuits with
constant parameters, in the circuits with variable
parameters the coefficients of the numerator of the used
decompositions become dependent on time. Thus, if the
image of the output signal of the linear parametric circuit
can be represented in the form

B (s,t) %> ()
Y(s,t) =W(s,t) XX (5) = 12> 7
(s,t) =W(s,t) xX(s) AE O (7
then [7]:
y(t):g; dRL(Sm!t))PZ(Sm) )esm*, (8)
"”@[QL(S) Qo (9s=s,
where W(s,t) :%, X () :QPZZ—((Z)), Sy are the roots

of the equations Q;(s) =0 andQ,(s) =0.

It is exactly expression (8) which isto be used in the
calculations performed below. However, it requires
calculating the roots of the denominator polynomials and
so should be used with certain caution.

3. Computer experiments

Experiment 1. Using the FS-method, the authors
performed the analysis of the steady-state mode of the
single-circuit parametric amplifier in the time domain at
the simultaneous change of two parametric elements
c(t) and L(t) showninFig. 1.

The tasks of the experiment were as follows:

— assume that the input signa is the harmonious
one and can be represented in the form
i(t) =1y >c0os(w, %+j),1,,=0.0001A, j =-p/4;

— use the approximation W(s,t) of the conjugate
parametric transfer function W(st)=U,(st)/1(s),
where s= jw, |(s) and U, (s,t) aretheimages of the
input i(t) and output u, (t) signals, respectively;

— applying expression (8) and the system of
software functions MAOPCs, draw the graph of output
voltage u,(t) at changing the phase difference

(G .-]) of theparametric elements from 0° to 180°;



Application of the Frequency Symbolic Method for Analysis of Linear ...

— applying expression (8) and the system of
software functions MAOPCs, calculate the
instantaneous value of the output voltage u,(t) at

t =0.80020°:0.00140°:0.80540° s and the change
of the phase difference (j . -j ) from 0° to 180°;

— compare the obtained value of output voltage
with the values received by the Micro-Cap 7.0
program [7] which are generally accepted to be
adequate.

1 Y,

i(t) —
u, (t)i ey Y,

iy iy

L(t)] c® 7 luz ®

s

Fig. 1. Sngle-circuit parametric amplifier with two parametric
eements - c(t) = ¢y X1+ m. xcos(Wx +j ..)),
0 =100 2F, L(t) = Lo X1+ m_>cos(Wxt +] | )),
Lo =0.2533X0 ®H, ¥; =0.25S, Y, =0.0004S,
m. =0.0Lm_=0.1,W=45 x0%rad/s.

Theresults of the experiment are as follows.

1. The image of the input signal according to the
Fourier transform isthe following
(9= 240 % s+ 2p 20°)
" 2>(52 +(2p 408)2)

2. The image of the output signa in the form of
(7) is determined by the functions F(s,t) and Q(s),

obtained by the system of software functions
MAOPCs at sufficient value k=6. Due to the
intricacy of the specified functions, they are shown
here with the value k=1:

R(s1) = 2.0270>0(0.12570%0 xj ¢ | +
+0.4827 0" 7 >exp(o.1257 2010 xj >¢) xS-

2

-0.8118%0 4 >exp(- 0.125720%° xj >¢) xd +
e+

+0.7757X0° 18 >exp(- 01257320 xj %
+0.4827 20" 7 >exp(- 0.1257:0 xj >¢) xS-
-0.8118%0 4 >exp(o.1257 2010 xj >¢) xsD -
-0.326540° 36 >exp(o.1257 0% xj >¢) s -

-0.3265%0° 36 >exp(- 0125740 xj >¢) st +
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+0.3395X0° 26 >exp(- 0125740 xj >¢) s +

+0.3395X0° 26 >exp(o. 12570 xj >¢) s +

+0.775720° 18 >exp(o.1257 200 xj >¢) x&2 +
+47.7900%] >exp(- 0.125720%° xj >¢) ;

- 47.7900%] >exp(o.1257 K0 xj >¢) +
+0.9028X0" 37 xj >exp(o.1257 0% xj >¢) s -
- 0.6412:20°% ] >exp(o.1257 R0 xj >¢) xS-
-0.902840 ¥ xj >exp(- 0125740 xj >¢) st -
-0.399140 27 xj >exp(o.1257 200 xj >¢) xS -
- 0.4834207 16 xj >exp(o.1257 2010 xj >¢) x2 +
+0.399140" 27 xj >exp(- 012570 xj >¢) s +
+0.6412207 % ] >exp(- 0.1257 200 xj >¢)>e+
+0.4834 207 16 xj >exp(- 0.125720%° xj >¢)>62 +
+0.129430" 3 xs* +.02555X10" 1° xs? +

+0.16180" 41 s +0.639340° 23 55> +
+0.227240°% x5+ 2.027050 - 0125740 xj 1)

Q(S) =0.1922X0 8 x5+0.704040 34 5* +
+0.4818x40" 16 552 +0.1617 40" 52 %8 +
+0.194040 # x> +9.0280 +0.562540 26 >3, (9)
and by functions P>(s) and Q5 (s)

P,(s) =10 4 x(s>xcos(- p /4) - 2p R0%>sin(- p /4)),
Qu(s) = +(2p 10%)°. (10)

Expressions (9) and (10) are the basis for
calculations of instantaneous values of the output
voltage of the amplifier in the steady state with the
use of the the system of software functions MAOPCs
and expression (8):

— Fig. 2 shows the obtained time dependence of the
output voltage for different given values of the phase
difference (j . -j |);

— Table 1 contains the numerical vealues of the
output voltage of the amplifier obtained at the given time
points and different given values of the phase
difference( .-j ).
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The coincidence of the 4" and 5™ significant figures
of numeric values of the output voltages from Table 1
obtained via the system of software functions MAOPCs
and the Micro-Cap 7.0 program demonstrates the
adequacy of results obtained by the FS-method.

Table 1
I nstantaneous val ues of the voltage u,(t)
t, us 0.800 0.801 0.802 0.803
1 2 3 4 5
(j c -j L) =0°
WOV BY | 610008 | 014815 | 011201 | 0.02445
Micro-Cap
WOV BY | 019008 | 014815 | 011201 | 002445
MAOPCs
(j c -j L) =30°
WOV DY | 00809 | 017156 | 025789 | 023206
Micro-Cap
WOV BY | o ooson | 017150 | 025784 | 023206
MAOPCs
(j c -j L) =600
WOV BY | 0o6es | 032372 | 050730 | 047107
Micro-Cap
YOV bY | o 0o681 | 032375 | 050732 | 047108
MAOPCs
(j c -j L) =90°
LON DY | 16617 | 062084 | 084004 | 070826
Micro-Cap
YOV bY | 16610 | 062085 | 084090 | 070822
MAOPCs
(j c -j L) =1200
WOV DY | oaa70n | 103862 | 119504 | 088196
Micro-Cap
YOV bY | 044701 | 103860 | 119507 | 088196
MAOPCs
(j c -j L) =1800
WOV DY | o0 | 165232 | 141933 | 169001
Micro-Cap
YOV BY | oa0n | 165230 | 141939 | 069003
MAOPCs
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Fig. 2. Time dependence of the output voltage uy(t)

of theamplifier depicted in Fig. 1, obtained by the system
of software functions MAOPCs for two cases.
1 — one parametric e ement in the circuit

c(t), L =0.2533x10 OH ; 2—two parametric dements
inthecircuit c(t) and L(t) G .-j)=0";
3—(e-ip)=30";4-(.-j )=60";
5—(o-j)=90";6—(.-j)=120;

7—(c-j)=180°

Experiment 2. Using the FS-method, the time
andlysis of the transition mode of the single-circuit
parametric amplifier depicted in Fig. 1 was performed.

The tasks of the experiment were as follows:

— assumethat an input signal isthe Heaviside step
function i(t) =1(t);

— by analogy with example 1, use the approximation
W(s,t) of the conjugate parametric transfer function
W(st)=U,(st)/1(s), where s=s + jw;

— udng expresson (8) and the sysem of software
functions MAOPCs, draw graphicd dependence of the
output voltage u,(t) at t = 0:0.00000130°: :0.25407F 5
the change of modulaion depth m, of the parametric
capacity from 0.03 to 0.27 and a
j.=0%_=0"m =01,

— using expression (8) and the the system of
software functions MAOPCs, calculate the
instantaneous value of the output voltage u,(t) at

t=0.1x40%:0140%:0540% s the change of
modulation depth m, of the parametric capacity from

0.03to027anda j . =0%j | =0°,m =0.1;

— compare the obtained value of output voltage
with the values received via the Micro-Cap 7.0 program
which are considered to be adequate.

Theresults of the experiment are as follows.

1. The image of the input signal according to the
Laplace transform is determined by an expression

lin(s)=1/s.

2. The image of the output signa in the form of
(7) has the same functions B (s,t), Q(s) from (9) for
k=6 and P,(s) =1, Q,(s) =s

Expressions (9) by analogy with the experiment 1
are also the basis for calculations of instanteous values
of the output voltage of the amplifier in the transition
mode by the expression (8) via the system of software
functions MAOPCs;
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— Fig. 3 shows the obtained time dependencies of  necessary to note an interesting phenomenon which can
the output voltage for varioug given_valu& of depth e opserved in the time range t = (2.0, 2.5) 20 ’s of
modulation m,. of the parametric capacity;

— Table 2 contains the numerical values of the
output voltage of the amplifier obtained for the given ’ i
time points and for various preset valuesm, . decreases; then, when m. increases from 0.09 to 0.21

The coindidence of the 4" and 5" significant figures of (Fig. 3, c-f), signd amplitude incrgases. Finaly, at_ t_he
numeric values of the output voltagesin Table 2 obtained via  valueé m. =0.27 , as derived from Fig. 3, g, the amplifier
the system of software functions MAOPCs and Micro-Cap  becomes unstable (Fig. 4). This peculiar phenomenon
program, by andogy with expeiment 1, dso demondrates  was considered in [9], while analysing the stability of the
the adequacy of the received FS-method results. It is ~ amplifier depicted in Fig. 1.

the transients depicted in Fig. 3, a—g: when m., rises from
0,03 to 0,09 (Fig. 3, a—<) the amplitude of the signal

o 1),V . u,(t).V
N o
A AR i
9 A LA MMM MM P P i A AR A AAAR AAAAAA
ol (YA \I\/h\/h\lh VVVVEVVVEY RN \;\/\N\ VM
w LY MIAREAS
-150 u : 150 U '
a m, =0.03 *“ b) m. =0.06 )
o 1),V mu_(t) v
W Wy
“llJ”HnHr\IA\A\!\/\/\/\ H‘Hﬁ\lﬂ\lﬂ\ N
o il D A DA AR AAAAAARAANAAAAAA o A afafin
NUAARUNAR: WP A AR B \I\]V\]UUUUA\AAWWAWA\NAWAV WA
Wl 0 w YT
150 u " 150 U '
c).mC:O.O9 d) @:0.15
- u, (t).V " u, (1), V
:::lnﬂn ::Zlnl\ﬂﬂ hoa s
ol LR kbt ol I AL A AR Bt pnn
JHHUUL A AR AR AR R A AR AAAAL U LA AN
B AR AR ATAVATATATATAC ek bt I LAY TR TRV ARV TRV VRVAVAAVATATANRIA
AHLE T LA
ej m, =0.18 f) &1:0.21
Elmuz(t),V
ZZZ ST
0 PRSI I
B e A
oL T L T
oo AL LB LA EL L
IR AL O I AT R At
0 IR NN R
400 'IWVUUU
Vg[mn ’ ' t,S " ’ 1025
g) m. =0.27

Fig. 3. Time dependence of the output voltage U5 (t) of the amplifier, depicted in Fig. 1, in a transition mode, feeding the
input Heaviside step function and for different values of modulation depth m..
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Fig.4. The map of the stability margin of the single-
circuit parametric amplifier at
jo=0% =0"k=6,m =01
Table 2
I nstantaneous val ues of the voltage u,(t)
t,us 0.001 0.002 0.003 0.004
1 2 3 4 5
m, =0.03
uz_(t),v by 91.3542 | 147.8293 | 134.4481 | 73.4786
Micro-Cap
1 2 3 4 5
U ().V by 91.3542 | 147.8293 | 134.4481 | 73.4786
MAOPCs
m, =0.06
\Y
uz_(t), by 90.6804 | 151.8875 | 136.6407 | 69.7815
Micro-Cap
Uz(t).V by 90.6804 | 151.8875 | 136.6407 | 69.7815
MAOPCs
m, =0.09
uz_(t)'v by 90.0121 | 156.1322 | 138.8270 | 65.9691
Micro-Cap
U ().V by 90.0121 | 156.1322 | 138.8270 | 65.9691
MAOPCs
m, =0.15
OV BY | g0 6030 | 1652450 | 143.1539 | 57.9725
Micro-Cap
U0V BY | oo 6030 | 165.2450 | 1431549 | 57.9725
MAOPCs
m, =0.18
uz_(t),v by 88.0427 | 170.1516 | 145.2766 | 53.7732
Micro-Cap
U ().V by 88.0427 | 170.1516 | 145.2766 | 53.7732
MAOPCs
m. =021
uz_(t),v by 87.3988 | 175.3177 | 147.3566 | 49.4279
Micro-Cap
U ().V by 87.3988 | 175.3177 | 147.3566 | 49.4279
MAOPCs
m, =0.27
uz_(t),v by 86.1305 | 186.5294 | 151.3230 | 40.2559
Micro-Cap
Uz(0).V by 86.1305 | 186.5294 | 151.3230 | 40.2559
MAOPCs
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Experiment 3. With the use of the FS-method, the
time analysis of the steady-state mode of the double-
circuit parametric amplifier with one parametric element
c(t) , shown in Fig. 5, was performed.

The tasks of the experiment were as follows:
— assumethat theinput sgnd isharmonious, its form

being i(t) = Iy *COSW, X +] ), Iy =0.1mA, | =P/

—  use the approximation W(s,t) of the conjugate
parametric transfer function W(s,t) =U¢ (s,t)/1(s),
where s=jw, I(s) and U (st) are the images of
the input signal i(t) and parametric capacity voltage
uc (t):;

— using expression (8) and the system of software
functions MAOPCs, calculate the instantaneous val ue of
the voltage uc(t) at t =7030 6:10°°:70.00740°% s,

- compare the obtained voltage values uc(t)
with the values obtained by the Micro-Cap 7.0 program
[7] which are considered to be adequate.

Theresults of the experiment are as follow.
1. The image of the input signal according to the
Fourier transform isthe following

2304 X(s- 25p 10°)

I(s) = 11
® 2Xs? +(2p 10°%)?) -
u®
1 — 2
i) o
C
<> ) #Yliul(t) e Cl L, Y ::CZ
T

Fig. 5. Double-circuit parametric amplifier
c(t) = ¢ X1+ m>cos(Wx)),
Co =1pF;m=0.1W=2x x298.573x10%rad/s;
s= jwewe = 2>p 40%rad/sY; =Y, = 0.0001S;
Cy = Cy = 68pF; Ly =36.70795nH; L, = 9.312609nH..

2. Theimage of the output signd in the form of (7) is
determined by the functions B (s,t) and Q,(s) obtained via
the system of software functions MAOPCs and sufficient
value k =2 . Dueto the intricacy of the specified functions,
they are shown herewith thevalue k =1.:

R(st) = (473%0% 5% + 695X0'° 55+ 746 40°)”
“(-s) >{116 107 e (196>{L013 J104X0% ] >¢) x5 +

+3344017 >exp(- 196%103/1040% x| >¢)>e
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- 2791010 s - 402>40% 57 - 192:40'% > -
- 138x10%0 >s% - 865X10°* x5’ - 1164074 >s° -
- 14940 xB - 2684067 >s° - 56101 +
+1160'1° >exp(- 196013 /104%20% ] >¢) +

+116 4019 xexp (196 0% /1040% x| >¢) +
+313%10% xj sexp (196 0% /1040% x| >¢) s +
+942207° x| >exp(196>§LOl3 1104%0% x| >¢) st +
+63920° x| >exp(196 102 /1040% xj >¢) s +

+135X00 xj >exp(196>§LOl3 1104%0% x| >¢) ;
- 94207 x| >exp(- 19603 /10420% ] >¢)>e4 ;
-6390% x| >exp(- 196%10'3/1040% x| >¢)>e3 ;
- 31320% xj >exp(- 196103 /104%10% j >¢) g2 -
- 34920% xj >exp(- 196x10'3/104x0% x| >¢) s’ +
+655019 xj >exp(196 102 /1040% xj >¢) x5+
+769072 xj >exp(196>§LOl3 /104%0% j >¢) s
+57120% xj sexp (196 102 /1040% xj >¢) xS +
+3490% xj >exp(196 10 /1040% x| >¢) s’ -
- 769072 xj >exp(- 196013 /104%0% ] >¢)><35 ;
- 655201 xj >exp(- 196%10'3 /104x10% | >¢)>e-
- 57140% xj >exp(- 196013 /104%0% ] >¢) xS +
+185x10°%3 >exp(- 196013 /104%0% ] >¢) st +
+362x10% »exp (- 1961012 /10440% xj >¢) s +
)
)
)

+116407 >exp(- 19603 /1040% xj st | < +

xs2 +

3

+397x10% sexp (- 1961013 /104 40% xj ¢ | 53 +

+29640101 >exp(- 1963103 /1040% xj
+29640101 >exp(196 102 /1040% x| >¢) s +
+397 205 sexp (196 102 /1040% x| >¢) s +
+334 4017 >exp(196>§LOl3 /104%0% j >¢) xS+
+185x10%3 >exp(196>§LOl3 /104%0% ] >¢) st +

+3622064 >exp(196 102 /1040% xj >¢) x0 +

+931:40° >exp(- 1961103/1040% x| >¢) s+
+21310% >exp(- 1961103/1040% x| >¢) S+
+931:40°% sexp (196 102 /1040% x| >¢) ss +
+21310% >exp(196 102 /1040% xj >¢) B -
- 13540 ) exp - 196:40° /10440° ] >¢)) ,

Qu(s) =171:40'%8 5% +109:0'% x5 +368:40% 57 +
+691x10M6 xs® + 636407 x® + 497 4014 553 +
+755X101 552 +159 4010 xs® +984 4072 xs'0 +
+713%07° xs° +114401° + 429:40°% x5! +

+494 0% > . (12)
and by the functions P,(s) and Q,(s) intheform:

P,(s) =10"* x(s>cos((p / 4) - wosin(p / 4)),

Q(s) =57 +(2p 10%)2. (13)
Expressions (12) and (13) are the basis for
calculations of instanteous values of the voltage u, (t)
of the amplifier in the steady state with the use of
expression (8) and the system of software functions
MAOPCs:
— Figure 6 shows the obtained time dependence of
the voltage uc (t) ;

ue(t), V

15

1

05

0

05

Fig. 6. Time dependence of the output voltage ug (t)
of theamplifier depicted in Fig.4, obtained via the system
of software functions MAOPCs

— Table 3 shows the numerical values of the
voltage uc(t) of the amplifier obtained for the given

time paints.
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Table 3
I nstantaneous values of voltage uc (t)
t,us | u.(t),V byMicro-Cap U (1).V by MAOPCs
k=1 k=2
1 2 3 4
70000 0.807 0.807 0.807
70001 0.876 0.875 0.876
70002 -0.065 -0.064 -0.065
70003 -1.466 -1.466 -1.466
70004 -1.958 -1.957 -1.958
70005 -0.978 -0.979 -0.978
70006 0.473 0.474 0.473
70007 1.087 1.087 1.087
70008 0.773 0.775 0.773

Experiment 4. Using the FS-method, the time
andysis of the transtion mode of the double-circuit
parametric amplifier depicted in Fig. 5 was performed.

The tasks of the experiment were as follows:

— assumethat an input signal isthe Heaviside step
function i(t) =1(t);

— by anaogy with experiment 3, use the

approximation W(s,t) of the conjugate parametric
W(st)=Uc(st)/1(s), where

transfer  function

S=s + jw;

— using expression (8) and the system of software
functions MAOPCs, draw the graphical dependence of
the voltage uc (t) at t =0: 0.740°%;

— using expression (8) and the system of software
functions MAOPCs, calculate the instantaneous val ue of
the voltage uc (t) at

t=0.140°:0140°:0740°6s;

— compare the obtained voltage values uc(t)
with the values obtained via the Micro-Cap 7.0 program,
the latter being assumed to be adequate.

Theresults of the experiment are shown below.

1. The image of the input signa according to the
Laplace transform isthe expression |, (s) =1/s .

2. The image of the output signal in the form of (7)
has the same functions B(st), Q(s) from (12)
andR(s) =1, Qx(s)=s

Expressions (12) by analogy with experiment 3 are
also the basis for calculating the instanteous values of
the voltage uc (t) of the amplifier in the transition mode

by expression (8) and via the system of software
functions MAOPCs:

Yuriy Shapovalov, Bohdan Mandzy, Dariya Bachyk, Marian Turyk

— Fig. 7 shows the obtained time dependencies of
the voltage uc (t) ;
— Table 4 shows the numericd values of the voltage
U (t) of theamplifier obtained &t the given time points
The coincidence of the 3 and 4™ significant figures
of numeric values of the voltages uc(t) from Table 4
obtained via the system of software functions MAOPCs
and Micro-Cap program, by analogy with experiment 3,
also demonstrates the adequacy of the results obtained
by the FS-method.
Table4
I nstantaneous values of voltage uc (t)

t.us | Uc(t),V by Micro-Cap Uc(t),V by MAORCs
k=1 k=2
0.1 0.7413 0.7410 0.7413
0.2 -0.2015 -0.2041 -0.2015
0.3 -2.1240 -2.1217 -2.1240
0.4 -2.8182 -2.8149 -2.8182
0.5 -0.9670 -0.9713 -0.9670
0.6 2.3007 2.3001 2.3007
0.7 4.2531 4.2603 4.2531

Fig. 7. Time dependence of the output voltage ug (t)

of theamplifier depicted in Fig.4 in atransition mode,
when feeding input Heaviside step function.

4. Conclusions

The coincidence of the results obtained by the
system of software functions MAOPCs and the
Micro-Cap7.0 program demonstrates the adequacy of
applying the inverse Fourier and Laplace transforms
for the investigations of LPTV circuits in the steady
and transient modes in an environment of the
MAOPCs.
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3ACTOCYBAHHA YACTOTHOI'O

CUMBOJIBHOT'O METOLY IJIAA AHAJII3Y

JIIHIMHUX IAPAMETPUYHUX KILJI
Y YACOBI OBJIACTI

IOpiii I1lanoBanos, bornan Man3ii,
[Hapis bauuk, Typuk Map’ sin

3’51c0BaHO NMPOOJIEMY 3aCTOCYBaHHS Y4aCTOTHOTO CHMBOJIb-

HOro ME€TOAY 10 BU3HAYCHHS YaCOBUX 3aJICKHOCTEH BI/IXiL[HI/IX

CUTHAJIIB JIIHIMHKX MapaMeTPHYHUX KiJl Ha MiJICTaBi 3aCTOCYBaHHS
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o0epHEHOro Dyp'e (s

pexxumy) uum Jlamnaca (JUis HEpexifIHOrO PEKUMY) 10

[IEPETBOPCHHS YCTaJICHOT 0
300paKeHHsI LIMX CUTHAIIB OTPUMaHHUX 3 BHKOPHCTAHHAM
nepenaBaibHUX (YHKIIH. YacTOTHHII CUMBOJIBHHHA METOJ
Jla€ MOXKJIMBICTb OOUYMCIIIOBATH CHPSDKEHI IapaMeTpHYHI
nepenaBalibHi QyHKUIT JiHIHHUX MapaMeTPUYHMX KiJl, 11O
3B’S3YIOTh BXiJHI CHUTHaJWd 3 BHUXIZHUMH Y BHIJSAI
alpOKCHUMYIOUMX HONiHOMIB Dyp’'e y TpUrOHOMETPHUUHIN
41 KoMIIeKCHiIH ¢opmi. Takumu x noniHomamu Pyp’'e
aIPOKCHUMYIOThCS HOPMAaJIbHI IIapaMEeTPUUHI NepeaaBalbHi
¢yHKIii, SKIi € OCHOBOIO OLIHIOBaHHS ACHMIITOTHYHOI
crifikocTi Kkona. JIns BHU3HAuUeHHsS CHPSDKEHHX Ta HOpMa-
JIBHUX TIepeJaBaJibHUX (YHKLUIH MU BHKOPHCTOBYEMO
cucreMy mnporpaMmuux ¢yukuiii MAOPCs (Multivariate
Analysis and Optimization of the Parametric Circuits), ne-
penbaueHo BignoBinHi mnporpamHi  Qynknii. Cucrema
nporpamMuux ¢ynkuii MAOPCS ocHoBaHa Ha 4acCTOTHOMY
CHMBOJIBHOMY METOZ.

Y pobori
€KCIIepUMEHTIB,

HAaBEICHO pPEe3ylbTaTH  OOYMCIIIOBAIBHUX
OTPHMAaHMX 33 CHCTEMOI IPOrpaMHHX
¢yukuiit MAOPCS, 1o noka3syroTh aleKBaTHICTh BU3HAYECHHS
YCTaJIEHHUX Ta HNEPEeXiJHUX PEeXUMIB JIHIMHUX MapaMeTpUYHNX
Kil y 4YacoBiii 00JacTi 3a JONOMOION CHPSDKEHHMX IIe-
penaBanbHUX (YHKLIH, BU3HAUEHHX 33 YaCTOTHUM CHMBOJIb-
HHUM METOJIOM.

30ir pesynbTaTiB, OTPUMAHUX 3a JIOIOMOIOK CHCTEMHU
nporpamuux ¢yskuii MAOPCS Ta 3a mporpamoro Micro-
Cap7.0, cBiguMTh NpO aJIeKBaTHICTh 3aCTOCYBaHHA OOEPHEHOI 0
neperBopenns @yp’e ta Jlamnaca st qOCHiPKEHHS JTTHIHHIX
[IapaMeTPUYHUX KiJ B YCTAJICHOMY Ta IEPEXiIHOMY PEKHUMaxX y
cepenosri MAOPCs,
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