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Abstract: - Disadvantages of some well- known methods of analysis of electric circuits with variable loads are
analyzed. To interpret a mutual influence of the loads, some methods of the projective geometry are used.
The application of the projective coordinates allows receiving the equation of the active two-port network in a
normalized or relative form as well as defining the scales for the currents and conductivity of the loads. Such
approach makes it possible to estimate the qualitative characteristics of the current regimes, to compare the
regime efficiency of the different circuits. The formulas of the recalculation of the currents, which possess the
group properties at change of conductivity of the loads, are obtained. It allows expressing the final values of
the currents through the intermediate changes of the currents and conductivities. The generalized equivalent
generator of the active two-port network in the form of the passive two-port network and a set of the sources of
a current and voltage is proposed. The parameters of these sources do not depend on certain conductivities ¢
the passive two-port network.
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1 Introduction results from, of the Y - parameters, for example. A
range of properties, theorems and methods is well-

is given to the circuits with variable parameters Problems of this kind. However, the known

of elements. In practice, it can be the power @PProaches do not completely —disclose the
| t. f ' | f the direct properties of such circuits, which reduces the

supply Systems, 1or exampie, o € direc efficiency of the analysis.

current, are containing the power supply of

finite capacity and quantity (let it be two) of For example, in the theorem of mutual
resistive loads with variable resistances. changes of currents and resistance (the variation
Therefore, a mutual influence of the loads takes theorem), the changes of the load resistances are set
place in the similar active two-port network. in the form of increments [1]. Therefore, at circuit
One of analysis problems is determination of recalculation, in case of a number or group of
dependence of the changes of characteristics orchanges of these resistances, these increments
parameters of the circuit regime on the should be counted concerning the initial circuit. It

respective change of parameters of loads. shows that the group properties are not carried out,
P 9 P and the possibilities of this theorem are limited. The

group property defines the resultant change through
intermediate changes of the resistance and current
(the group operation takes place in the form of
addition or multiplication).

Also, it is important to present a circuit by
the equivalent generator, to define normalized
or relative values of the regime parameters with
use, for example, of the characteristic or
maximum valueJherefore, such definition of the  Thus, the obvious definition of the changes looks
regimes allows estimating the qualitative like formal and does not reflect the substantial side
characteristics of the current regimes, and of the observed mutual influences: resistance —
comparing regimes of different systems. current.

Consequently, the problem of the representation of
two-port network parameters in the normalized form

ISSN: 1109-2734 157 Issue 5, Volume 10, May 2011



WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS Penin Alexandr

The method of the equivalent generator or formulated. It appears that the external characteristic
Thevenin’s theorem represents an active two-pole asis transformed into a bunch of straight lines for
a source of the voltage with an internal resistance various values of the internal resistance of this two-
[1], [2], [3]. For analysis of the regime efficiency, it pole. Since the coordinates of the center of a
is convenient to present the external or load bunch do not depend on this changeable element,
characteristic of an active two-pole through the they can be accepted as the parameters of the
normalized or relative expression. Scales for generalized equivalent generator.
corresponding parameters of the circuit regime are
the open circuit voltage, the internal resistance and  Proceeding from the obtained results, it is
the short circuit current. If the normalized load possible to draw a conclusion that such
voltage is equal to 1\2 or normalized load resistance mathematical apparatus is adequate to the observed
is equal to 1, it shows immediately that the load interrelations. In the present article, the obtained
regime corresponds to the maximum power. results are applied to the analysis of active two-port
However, if any resistance is changed in an active networks.
two-pole, the open circuit voltage is changed also.

Therefore, it is not convenient to use this voltage as

the parameter of the equivalent generator. 2 Projective coordinates of an

Similarly, the method of the equivalent active two-port network

generator represents the active two-port network as
the passive two-port network and the separated : . .
sourges of the voI‘t)age or current at the termipnals of Le us con3|d§r .a.n active two-port ngtwqu with
two loads [1]. The parameters of these sources hanged conductivities of loadg,,Y,, in Fig.1.
correspond to the open circuit voltage or the short Taking into account the specified directions of the
circuit current of both loads at the same time. But currents, a circuit is described by the following
these parameters or quantities do not allow System of the equations:

presenting directly the system of the equations of I, =Y Y, Y A
the active two-port network in the normalized kind. | l=| v VIR V. | =
Moreover, if any resistance of the passive two-port 2 12 22 720 2
network is changed also, the recalculation of the Iy Yo Yo Yol |[Vo
values of these sources of the voltage or the current
IS necessary. 12 02 06 v,
The method of geometrical places or circular =/ 02 - 095 04|04V, (1)
charts allows investigating the influence of various — 06 -04 13 5

parameters only of the alternating current circuits on
the regime characteristics [1].  But this method is
not developed enough, since such basic geometricalWhere Y - parameters are:
concepts as the transformation or movement of
point are not used. To a larger extent, this method
represents the graphical constructions simply.

Y2
Y, =Y, +Y,, -2 =12
Yz 1
In a number of articles of the author, the Ys =YgtY3+Y;3+Y,; = 520833
approach is developed for interpretation of changes

or "kinematics" of the circuit regimes on the basis of Y. Y.
projective geometry [4], [5], [6]. It allows disclosing Y12 = ngf =02, Y, =Y03$ =06,
the invariant properties of circuits, i.e. such z z
relationships which are identical to all parameters of

the regime and sub circuits. Such invariant YS

=Y, +Y,, - 095,

relationships are also the basis of well-founded Y22
definition of the relative regimes. z

Also, the theorem of the generalized equivalent  _y Ys _ 54 y —vy Ve _ 13
generator of an active two-pole, which develops the "0 '® ©tro oo oS '

S , . b3 z
well-known Tevenin's and Norton's theorems, is
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Value dimensions are not indicated for simplifying
of the record.
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Fig.1. An active two-port network with changed
conductivities of loads

Taking into account the voltage¥,=1,/Y_,

V, =1,/Y,,, from the system of equations (1) the
equdion of two bunches of straight lines  with
parameters, ;, Y, ,are obtained:

A
\ o(Y 20Y 1t Y10Y22) - Y12| 2= I 1(Y22 + Y_j

L1

L2

A
VY101t Yo¥sn) = Yool 1 =1 Z(Yll * Y_j (2

The bunches of these straight lines are presented in
Fig. 2.

(=1
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Fig.2. The bunches of load straight lines

Y =0
LI
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A bunch center, a poifd;, corresponds to the

bunch of the straight lines with the paramter.
Physically, the bunch center corresponds to such
regime of the loadf;; which does not depend on its
values. It is carried out for the current and voltage
I, =0,V, =0 at the expense of a choice of

parameters of the second 1044d:

12 23

P =Vo(Yzo +Yio %} :VoYoa(l"'YY—zj =1625

V2Gl = —V0 h = -
Yio

&:—15.

v 3)

Negative value of conductivity of the lo¥d,,

which already gives energy, corresponds to these
parameters:

YLGZ1 = lzel )szl ==, +Y, )=-10833 (4)

The parameters of the cengy of the bunchy,,
are expressed similary:

|1(32 :Vo[Ylo +Yzo%j =

12

v ®)
= VOYO{1+ Y—lj =15
13
V% = _Voﬁ = _\/0& =-10,
Vi Yia
Y5 == (", +Y,)=-15 (6)

Regimes, which are defined at qualitative level,
we name as characteristic regimes. The regimes,
which set the centers of bunches, are such
characteristic regimes. One more form of such
regimes is the short circuit regime on both loads that
is presented by a poiSC in Fig. 2. In this case,
thecurrents are equal:

Ilsc =Y10Vo=3’|28[:=Y20V0=2- (7)
The open circuit regime on both loads is also

characteristic and corresponds to the beginning of
coordinates, a point O.
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Let the initial or current regime corresponds to a &

. 1 . . . ml_(OYl OOYGl)_ L2 —
pointM = which is set by the following parameters: 2~ L2 L2 /71 _yGl

L2 L2
9)
1 Gl
YL =05 Y, =05, I} = 0979 I} = 0825 _ TLZ/\Gfiz - 05  _ 3153
Y,L1Y, -1 05+ 10833

Let us use a definition of projective geometry
coordinates [7], [8], [9]. Currentd ,, |, are the The conductivitiesy$?, YS' also are the scale
Cartesian non-uniform coordinates in the oordinate gyes, as allow obtaining the normalized values of
systeml; Ol,. In turn, conductivitiesY ,, Y, the load conductivities. Non-uniform coordinates of
define non-uniform projective coordinates, , m, points of a straight line G, G,have not final

values. Therefore, homogeneous projective
coordinatest, , ¢,,£; are entered which set non-
uniform coordinates as follows:

_E_ph &P

which are set by a coordinate trian§de 0 G, and
a unit pointSC. A point O is the beginning of
coodinates and a straight lineG, G, is the
infinitely remote straight line.

’ 2 = ’ (10)
The non-uniform projective coordinatml1 is $s P, $s P
sd by a cross ratio of four points, three of these ) o ) )
correspond to the points of the characteristic Wherep is a coefficient of proportionality.
regimes, and the fourth corresponds to the point of
the current regime: Homogeneous coordinates are defined by the ratio
of the distances of poinfsl*, SC to parties of a
YL -0 -0 coodinate triangle in Fig. 4:
mllz(OYLllooYLciz)z 1Ll Gz - G2
Yo-Yyo oYy ®) 1 1 1
Y 05 pél=—L, p&H=%, p&=22 (11
v =025 o 3 3"

CYL-YS  05+15

The conformity of the valuesY,; and m, is shown
in Fig.3. The pointsy, =0, Y}, =Y$? correspond
to extreme or base values there. The pdint= o
is the unit point.

m oo
0 ! 1
| [ | | 1
| [ [ [
1 - G2 Y
0 YU YLl Ll

Fig.3. The conformity of a conductivity, ,

and nondniform projective coordinatam,

The cross ratio for the projective coordinatei is

. . . 1 .
expressed similarly: Fig.4. The distances of pointd -, SC to parties of

a oordinate triangle
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Taking into account a choice of the coordinate

system, the distances are given:

1 -1 1 -1 C | SC S | SC
=100 =11 0% =1F 65 =1,

For a finding of distances to a straight line, the
equation of this straight line is used:

I I
1 2 _ 1=
|GZ+IGl 1 O
1 2

Then the distance equal to

S ke
55 = i('_'_
AN G s

e C
192 15 7715 1625

= -0677= 1,0

1] where

and 4, is a normalizing factor:

_ = 00907.

Similarly:

1( 1} |2
or=—|—L+_-2-1],
: ﬂs(lfz B ]

| 55
(I% +|%_ 9: —-08839= /,/35;
1 2

Then, by expression (11),
coordinates have a view:
I 1
P
I 3
I 1
pg; _I%_%zsz 04125
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(12)

(13)

(14)

(15)

the homogeneous

161
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S I 15 1 _
pPés = G2 < T = < < ~
17" 150, 2 M05~ M0
08839— 13057
0.677

In turn, the non-uniform coordinates are equal to:

1
03264
1 =21 - "2 T 2
m 5 13057 >
1
m, =22 _0'4_125_ 03159
> 13057

tha coincides with the values (8), (9).

Let us express the projective coordinates through
the Cartesian coordinatés, |,. We present the
system of the equations (15) by a matrix form:

pgl Il
p&, | =[c1d 1, | =[c]di], (16)
| P& | 11
where  matrix
- _
= 0 0
1
[cl=| o < 0
|2
1 1 -1
120057 17057 105 |

Then the values(l,,l,,1) are homogeneous
Catesian coordinates.

For our example, the matrix of transformation (16)
is:
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1 0 0 1= 3 23[025 = 0979
3 ° 25+ 103158 0677
1 15 1625
[C]= 0 E 0
T ST IR Ry P
1510677 162510677 0677 | '
Thus, for the preset values of

The reverse transformation to the transformation

(16) is expressed as follows: conductivitiesy,,, Y, , we find the coordinates

m,, m,, and the transformation (18) allows

ol & ] finding the currents,, |,.
| > 0 0
It is possible to present the system of the equations
(18) by the normalized or relative form:

pl,|=| 0 I 0 |O&| @7)
Eﬁnl
G2
[ s ,; T
G2 Gl 373
_10|3_ L Il I2 _ _53_ Gzﬁnl Gl 2 162_ 261 +1
(I [, I I,
From here, we pass to the non-uniform Cartesian
coordinates: |lSC
1o
|lSC j:l = 1S ES sc '
L pl 53 - IG2 E(rnl )+ [(m _1)+1
Pl IlSC b1l 2 2 - U305° g
Il(32 4(3 lGl 53 ’ |513
e , 18
- = a8) Tl < (49

=< =<
| I

I
2o Om -D)+-2-Om, -1)+1
|<32Eml IGll]Tl — ;05 |1GZE(ml ) |G1[(2 )

2

From this system of the equations, it is possible to

| g‘:Z obtain the equations of two bunches of the straight
| ,ol 2 5 _ lines corresponding to expression (2):
2 < < -
,01 I I < _
o 51+|26192;2‘ﬂ353 , L1 1-iEns
1 3 2 3 1_|Zﬁ_|1ﬁ 1_5 1_—|SC/|GZ
— P > [, -
|SC |SC sc' 1 2 1 :L_llsclll(32
1-—=—1-—1-— 20
Isz Ielun /135 |162 |é31_ m, |§C/|§l (20)

For our example, the transformation (18) leads to The system of the equations (19) allows obtaining
the same known values: also in a relative form the equations of load

characteristics |1,(V.,V,), I,(V,,V,)  which

correspond to the two first equations of the system
(1). For this purpose, we express the non-uniform
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coordinates m;, m,through the currents and

voltages:

YL1
Y _YLG:L2
_ 1,1V, _ 1, /152

(L, IV) =12 IVE2 (11187 =V, IV,?

ml:

Gl
1, /1§

(15 =V, IVt

m,

Having substituted these values in system (19), we

receive the required equations
VL.V, 1,V,.V,), accordingly having
exduded the currents,, I, :

|1 — V1 1- Ilsc _ |lsc V2 + |lsc

| G2 _Vez | G2 | G2 Gl | G2

1 1 1 1 2 1

I 1V, V. | * | *

él -~ 2(31 él (_231 (1_ 2(31 j + 2(31 (21)

l 2 l 2 Vl V2 I 2 l 2

Penin Alexandr

_ |1G2 |1SC I1Sc o
Il_V]_GZ 1_|1ez |3]/1_\/2G1V2'|'|1
I$ IGl ISC
|, =——2-V, + 261[1—|21Jw2+|§0 (22)
1 2 2

From this, it follows thatY - parameters are
expressed by the parameters of the characteristic
regimes:

P OO Pl D Pl P
Y Vlez 1- Ile - Vlez =-12
()18
=Y, = VzGl 1- |261 = V2G1 =-095
1< 3 | 5*
Y,=-t-=—=--2-=02 23
12 2Gl 15 VlGZ ( )

The obtained system of the equations represents theThe systems of the equations (19), (20) are

purely relative expressions. Therefore, such values,

as
Rl |
1 2 2
(1_ J’ |62 ol ’[Jfﬁ}
1 2 2

represent the «normalized" -parameters:

I Se
1

IG2
1

I e
1

Yy :(1‘Iﬁj =1-Y,,

1

YN =Y = !
- v 1 + Y 20Y11/ Y10Y12

| S
N —_ N
Y,, = (1——| 2(31] =1-Y,,,
2
1
Yo =Yy =
1+ Y10Y22/Y20Y12

Let us pass to absolute values of the
parameters in the system (21):

regime

ISSN: 1109-2734 163

important relationships, as represent the purely
relative expressions. It allows defining, at first, the
coordinates m;, m, (as relative values) for

different load conductivities and, then, the values of
the normalized currents.

Also as the equation (21), these expressions
allow to estimate at once a qualitative condition of
such circuit, how much the current regime is close
to the characteristic values. Then, the currents

132, 15" represent scales. In this sense, the initial
systems of the equations (1), (2), containing the
actual or absolute values of th¥ - parameters,
curents and voltages, are a little informative,
because do not give of a direct representation about
the qualitative characteristics of a circuit.

In addition, it is possible to notice that it is
difficult to obtain the relative expressions of type
(19 - 23) from the systems of the equations (1), (2)
directly. Therefore, the application of the
geometrical interpretation solves such problem by
the easy and formalized method.
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3 Variation of load conductivities 1 ( 12 12 ]

Let a initial regime corresponds to a pdit,

and a subsequent regime corresponds to a pdint 2 | 2
with the concrete parameters of loads, |—a5 I%_ 1| =-0809= 1,07
Yi=1Y5=2,12= 1434]2 = 15504, ! 2
An arrangement of points of the initial and
. . . . then
subsequent regimes is shown in Fig. 5. Non-uniform
coordinates are defined similarly to (8), (9): )
2 g 1434
: P& =5 =5 = 0478
2 _ 2 G2\ — YLl — Il 3
m =0Y Y )= =04,
Yo 12 15504
) pfzz——szc——— 07752
2 _ 2 Gly — YL2 — |2 2
m, =Q0Y5 oY, )= T ve 06486.
o 5% _ 0809
1= 2 = " =11949
| 21 i P63 o, 0677
m, - m, 1 e m
p — X\ | | 1 Let us check up the values of the non-uniform
| [ I I I coordinates:
I 2 o G2
0 Yu Yu Yu Yu - _5_12_ 0478 _
2 1194 '
Fig.5. An arrangement of points of the initial
and sibsequent regimes > _5_22_ 07752_ ogag7 26)
It is possible to define a valid change of a regime, 32 1194

using a group property of a cross ratio:
Using the transformations (18), we receive the

m?=m? ml = 04:025=16, current
C 2
m&=m? mi= 06486:03158 20538 12 = Ly _
S P b e
then: Ilﬁﬁmﬁ'ﬁﬁmz_ﬂsa_s
1 2
m? =m* Chnp,me = ma* ;. (24) Taking into account (21), we present the non-

uniform coordinates,m’ and m, in a form:
Therefore, the change of the regime is expressed,

naturally, through the cross ratio:

& 21 &y
mi=m g, mp=mos
M= YA YA YSE) = & &
2 1
— ZLl B 22 : \l(u _ 22 =m?: mi Therefore, the current
YooY YooY |2= (lscm'&zl)gll/%
1
m2 = (0Y2 Y, Y). (25) (IGZ ﬂnflj B:; (Iel ﬂﬂ?j o — 057
3 3

Let us define the homogeneous coordinates of a
pointM 2, using (11), (14), (15):
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Then, taking into account the expression (17), we

receive the transformation:
For our example, the transformation (28) has a

_plf_ r 7 '511‘ view:
I S 21 O O
O pl} 16 0 o] [
, S . plzl=| O 20538 0 (O3 ].
plz (=0 oo 010 & 1@ | 004 00648 1 | |1
| Em?t 1 me L5 Let us check up the values of the currents of the
ol |62 B H30s P subsequent regime:
L 4 153 ]
2
Using (16), we receive the resultant transformation |12 = A = 1610979 = 14335
as a product of the two matrixes: Pl 004 0979 0064810825+1
_plf_ _ | 2 2053810825
IS m 0 0 12=P2 - = 155072
Pl 10926
plz|=| 0 | n2t 0O X Let us notice that a group property of the
transformation (28) is carried out owing to group
properties of the expressions (24). Let a regime once
I B < again change, i.e. we receive the values of the
pl anl Fﬁmz Hs9; changesm?, my”.
_ - Then the final value of the regime is expressed as:
1 M1
=0 11" 9 = 2 0 = g g = i
1 )
1 1
X0 < 0 |4t m; = my* (. (29)
1 1 _ 1 1 Using (28), we receive the resultant transformation
I 1‘32 ﬂsa'?)sc | ;31 ysa'gsc ,usdfc L= as a product of the matrixes:
o Ll om0 o
or in a definitive form: o3 -l o e olx
0 |2_ r 7 _Il— 32_1 m32_1
Ph o1 ! Pl mlez 2G1 1
my 0 0 L I I, i
plZl=| 0 m* 001, (28) o K
my 021 0 "
lel_l n1221—1 1 ’ 21 2:n2 297
1 G2 GL 1 m- -1 m;y -1
_'0 4t L 2 4L | G2 | 61 111
L 1 2 |
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or in a definitive form;

I} m o o |
1
pld|= 0 m* 0 q'z (30)
AL -1 -l
B - | G2 | G _1 N
1 2 J

3.1. Special case of the transfor mation (28)

Let us take interest only by a change of the
curentl, . It is necessary to receive a
transformation which defines the subsequent current
| only through the initial curredf.  For the
explanatory, we consider Fig. 6. Let the initial Fig.6. Changes of the currdnt
regime corresponds to a poiB with the concrete

pammeters of load§’, Y, and currentl **. Then
Also, this cross ratio is expressed through the

theregime passes into a poBt at the expence of a introduced currents:

change Y}, - Y5 . We name such case as own
change of a regime. 2

my
Further, the regime changes at the expence of a
chang&’’, -~ Y% , and passes into a po@t.
Such case is mutual change of a regime.

B2 _ Bl _
_ oy o 17-0

_lsz_lez'lsl_lez_
1 1 1 1

1_ B2 | Bl | G2
=07 1717

15073 0979 _
1.507:-15 0.97¢-1.5

i . 1 2
The specified point8™,C” correspond to above | ¢t s make the cross ratio for the mutual change of

consdered pointdvl ' M?2. Further, we use the the regime. For this purpose, it is necessary to map
results [5]. the points G*,C?, B? D?of a straight line with
pamameterY, on the axid, also. Then we receive

Let us receive expressions of a change of the the expression:

regime B' — B®. For this purpose, we map the

poinsB, BY, B2, G2 of a straight line with the M- =(G'C?B?*D?*)= (012172 17%) = (32)

pammeterY?, on the axisl, and we introduce the = (Y5 Y3 Y, Y5%)
coresponding values of currents. Using (22), we
make the cross ratio for this own change of the The choice of pointsG*, D?, as the base points,

regime: leads to the same base points, as well as for (31).

m'=(B,B? B, G*)=(0Y}Y} Y3 )=16 (31) The given circuit, concerning of the first load, is a
generator of the currer1t1GZ at the expence of the
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The
physcal sense of the valué’’ consists in this fact.

second load conductivity equal tev,2%.

Let us define the value of conductivity)”. For this
purpo®, we present expression (2) in such form:

|
(|1_|1GZ):_Y_2(Y11+A/YL2)1

12

Let the currentl, = |>*. Then the conductivity

—wyD2
YLZ_YLZ -

-2 —_o9166.
Yiu

Also, the same value is obtained from the second
expression (20). For this purpose, we find the
corresponding value of the cross ratio:

1-1.F /12

S Gl
171§

_ U0

BTSN
171

D2

m,

-55

Then the value of the conductivity}* is found
from expression (9).

Now we calculatem??, using the expression (32):

C2 B2
12-0  1%2-0

22 -
ICZ_IGZ'IBZ_IGZ
1 1 1 1

m,

(33)
1434 15073

© 1.434-15"1507:-15

= 0946

22 _ YL22 _YLG2l . Yl_lz _YLGZl

YL22 _YLDZZ Yl_lz _YLDz2

_ 2+ 10833 05+ 10833:
2+0.916€ 0.5+0.916¢€

(34)

0946

As common base points are used for the own and
mutual change, the group properties are carried out.

Penin Alexandr

It is apparently, the intermediate value of the current
| *%is excluded. Thus, knowing changes of load
condudivites, we find the values of
changesn’?, m?* and resultant change (35) by (31),

(32). A final value of a current,”is obtained from
(36)

3.2. Comparative analysiswith atraditional
recalculation of a circuit.

Let us lead the basic statements of a traditional
approach to recalculation of currents of an active
two-port  network. Expressions  for  the

currentd , |, are obtained from the equation (1):
Vl

|:Il:| _{_Yn Y12 Ylo} \/
- 2
I 2 Y12 - Y22 Yzo

VO

- {_Yll\/l +Y12V2 + Ilsc 37)

Y12V1_Y22V2 + |2SC
P

The short circuit currenti;lsc, are considered as

initial values of the load currerit$, ;. Now, we
introduce the load resistors as increments
AR!,, AR', concerning initial zero values in Fig.
7.,a. Therefore, the relationships take place for the
subsequent values of the currents and voltages:

V' =AR}, 0;,V,/ =AR!, 3.
We transform the expression (37) as follows:

If:_YllmRtlEnll"'le mthEll;+llo
I%: lemRtlﬂi_Yzsztzu;+lg,

Therefore, the resultant change is expressed by theiror:

product:
m, (C2, Bl) = m®? (m?* = 01670946 (35)
|C2_0 IBl_O
C2B1)=—1 P — =
R N T

= O15717157)
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|1l(1+Y11 mRﬁl)_YlZ mRﬁz D]; = |10
Y, mRﬁl Dlll + I;(1+Y22 mRﬁz) = Ig
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|
= —_— 12
AR | 1 |
V] 1‘{i_i VE ARL’
a)
et P L 1

Fig.7. A traditional approach to recalculation of

currents: a)- load resistoAR',, AR', are as
increments concerning initial zero values; b)- the
changedR’], AR} are concerning values

AR, AR,

The decision of this system of the equations gives
calculated relationships:

0 1 0 0
Il = Il +ARL2(Y22|1 +Y12|2

! A
PTG CALEAAL) -
2 A ’
whee
1 _ 1
A (1+ YllARil)(l+ YAR&Z) - (Y12) ZARilARtZ

Let us carry out the analysis of these relationshirs.
We introduce intermediate changeSR*, AR
thus
AR, = AR +AR], ARY, = AR, +AR, .

Theaefore, the denominator will contain, both
changedR?’], AR’Z, and initial values of resistance
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AR!,, AR!,. Thus, the structure of a denominator

of expression (38) shows that group properties are
not carried out for the intermediate changes of the
load resistances. Therefore, the subsequent changes
must be counted concerning initial zero values.

However, if we count off the chang&R?, AR?:

conerning values AR, AR',, the scheme of
othe two-port network with  conductivity
parameterg; is obtained in Fig. 7,b. Thus,

recalculation of parameters of new two-port network
is required.

The offered approach on the basis of the
projective geometry does not require recalculation
of parameters and, naturally, possesses greater
flexibility and convenience.

4 Generalized equivalent generator
of an active two-port network

The expression (37) shows that an active two-port
network represents a passive part which is set by
parameters of conductiviYy , and two generators

P

of acurrent fc, that is shown in Fig.8.

In turn, the passive two-port network can be defined
by various equivalent schemes. We notice that the

currents 1., 1 ;X are set by parameter¥,,, Y,,
which depend practically on all elements of the two-
port network, excepf;, Y, .

Fig.8. A traditional equivalent generator of an active
two-port network

Therefore, at possible changes, for example, of a
conductivityY,, it is necessary to make
recalculation of values of these generators of a
current that is inconvenient. The conductiMycan
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be a part of a possible third load. In this sense, the ;
parameters of generalized equivalent generator, | FoTTTTTTTT T T T 1
offered for an active two-pole, do not depend on -
such element of a circuit [4], [5]. .

Let us introduce, similarly, the generalized YU,HI Y. :
Vl | ij Y |

equivalent generator for the active two-port network
on the basis of coordinates of the centers of bunches
of straight lines and the relationships (3-6). We .
consider, at first, the generalized equivalent

generator of this two-port network concerning load

Y., whichis the active two-pole with a changeable a)
elementy, in Fig. 9,a. The family of external or
load characteristics 1,(V;)with a changeable
parametelY, , is presented in Fig. 9,b. This family LI
represents the bunch of the straight lines with L
familiar centeG, and center's coordinates G I\ |
comrespond to expressions (5), (6). ; R 8

e " g T . i, i gl

Accordingly, at change of the lo¥(,, the bunch of ! S

the straight lines is formed with the cenfgr, : g TR
coinciding with the beginning of the coordinates. ! N o
The equation of this bunch is obvious: ; S Y

=YV, ' =7
1 L1v1 VG: G 0 \V v! AV
The equation of the bunch with the paramder is v©! Y

obtaned from the expressions (1), (2) and accepts a 12
view: b)

(|1_|1Gz):_ (Vy +V162)’ (39) G2

. . : — 7
where a internal conductivity of the active two-
1

Vl
. —
pole is: I(;g e ks
Q) ’%’_‘Yl Vv %’ YU

2
Yi1=Y11_L- (40)
YL2+Y22

c)

Fig.9. An active two-pole with a changeable
. Y, (V, elemenl,,: a)- scheme of this active two-pole; b)-
I@‘l= _YGZ [V G2 "'1} (41) family of load c_haracteristics; ¢)- generalized
1 1 \ "1 equivalent generator

Let us transform the expression (39) to a relative
form:

Thus, the valuer$?is a scale for the internal

condutivity. The expressions (39), (41) allow o o
making directly the scheme of the generalized The valueY;” =-Y;" =15is the characteristic

equivalent generator in Fig. 9,c. value for the conductivity, . In this case, a voltage
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of the conductivity Y; is equal and opposite in a
direction to the voltage of the sourc¥,®?.
Therefore,l, =0V, =0for all values of

I
condudivity Y, . i
I

Similarly, relationships of type of the expressions
(39), (40) are obtained for a second l¥ad

Therefore, the whole scheme of the equivalent
generator of the active two-port network can be
constituted in Fig.10,a. This scheme gives a evident
representation about mutual influence of loads and
allows to carry out calculations.

Also, it is possible to obtain one more scheme of
the equivalent generator in Fig. 10,b. For this
purpose, we consider the expression (23) for Y

LI

parametey;:
Y, :—IlGZ_Ilsc :i b)
11 '
U2 \"A

Fig.10. The proposed equivalent generator of the

This expression defines input conductivity of the active two-port network: a)- is as an association of
passive two-port network at short circuit of the first ~two active two-poles: b)-is as generalization of the
load and short circuit of the second pair terminals of ~ €quivalent generator of active two-port network
the two-port network in Fig.11,a. The similar

relationship is obtained for paramet¥t,in Fig.

11,b. The association of these two schemes leads to
the scheme in Fig.10,b.

Following relationships take place for the passive

Taking into account the superposition theoréme two-port network:
values of all entering sources of a current and
voltage are decreased twice in the scheme in Fig. - -

g g 'Jl_Ylpl Y12U2

10,b. Calculations prove such scheme of the
equivalent generator. _
J, =Y U, +Y,U,.
We will obtain a system of equations, which
degribes the given scheme of the equivalent

generator. Using the specified designations in Fig. o
10,b, it is possible to write down: Then, taking into account (42), after a number of

transformations, the expression is obtained:

VGZ IGZ
U, = 12 +V, J,=-1-1,,
Vel = I 1=Y11V1_Y12V2 +
_ V2 —'2 _ G2 G2 G2
U, = : +V,, J,= > l,. (42) +[-Y11V1 +Yl2v22 +|12j (43)
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The offered scheme of the equivalent generator
v& U U is convenient at modeling of an active two-port

2 network.

\l( ] Parameters of voltage and current sources of
! the generalized equivalent generator of the active
ITC 1% Y two-port network in Fig.10 do not depend on the

conductivityY, . It represents a practical interest.

This conductivity Y, can be a part of third

a) changeable load. Therefore, onl - parameters of
the passive two-port network are recalculated.

Y, U, . ,I—\V: 5 Conclusions
— 7
J \l/ 1. The projective geometry adequately interprets
Y 2 Gl o "kinematics" of a circuit with changeable

n [ [ parameters of elements, allows to carry out deeper
) ) analysis and to receive relationships useful in
¢ practice. The given approach is applicable to the
analysis of «flow » kind processes of the various

b) physical natures.

_ o _ o 2. The application of the projective coordinates
Fig.11. The definition of input conductivity of the  gjlows receiving the equation of the active two-port
passive two-port network: a)- at short circuit of the  petwork in a normalized or relative form, to define

first load and short circuit of the second pair scales for the currents and conductivities of loads.
terminals; b)- at short circuit of the second load and gych approach allows estimating qualitative
short circuit of the first pair terminals characteristics of current regimes, to compare the

regime efficiency of different circuits.

) ) 3. The formulas of the recalculation of the currents,
Let us compare t_hls _form to the expression (37). \which possess the group properties at change of
Then the expression in brackets should be equal to conqyctivity of the loads, are obtained. It allows
the short circuit current™. We can check up its  expressing the final values of the currents through
value: intermediate changes of the currents and
conductivities.

10 15 15
1 = (— 12—+ 02— +—j =3. 4. The generalized equivalent generator of the active
2 2 2 two-port network in the form of the passive two-port
N o network and a set of the sources of a current and
expression shows components of this current. A do not depend on conductivity which represents a
componentY,V,°* / 2corresponds to own current  possible third load.

of the two-port network and depends on its

G2 H 1
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