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Networks containing coupled two-poles (controlled generator, gyrator,
ideal transformer, negative impedance converter) can be modelled without
coupled branches, by using nullator and noratoer [1, 2, 3].

As known, the nullator (Fig. la) is a two-pole with zero current and
voltage. The norator in turn (Fig. 1b) represents no restriction on current and
voltage. Accordingly, the insertion of a nullator into a network consisting
of impedances and generators makes the equations of the network redundant,
while that of the norator makes them indefinite. In the case of an identical
number of nullators and norators as many linearly independent equations can
be written as there are branches in the network, i.e. unknown quantities of
the analysis.

The equivalent circuits made by using nullators and norators can be
calculated according to [4] by the method of node potentials. In the method
of node potentials, equations are first written for the network obtained by
omitting nullators and norators. In these equations nullators and norators
can be taken into consideration by some modifications.

In the following amethod based onthe use of the loop and cut-set matrices
of the graph of the network is presented. ‘

Lossy generators of the network can be taken into consideration by the
equivalent circuits of Thevenin or Norton. These can be regarded as a single
branch containing an impedance, or as two branches containing an ideal
generator and an impedance, respectively. In the following the latter will be
employed. For the calculations let us select a tree of the graph of the network
in which a twig corresponds to each nullator and ideal voltage generator of
the network, while a link to each norator and ideal current generator. (Such
a selection is always possible.)

Class the branches of the network into the following six groups:

1. links containing ideal current generator,
2. links containing nerator,
3. links containing impedance,
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4. twigs containing impedance,
5. twigs containing nullator,
6. twigs containing ideal voltage generator.

The number of branches in each groups are in sequence: by, b,, by, by, by, bs.
It should be noted that the number of branches in groups 2 and 5 is identical,
accordingly b, = b,.

u,I
U=0,1=0 —b
o (O——0 o o0 0
Q) 5

Let us number the branches in the order of grouping. Loops of the loop
system generated by the selected tree are numbered according to the respec-
tive links, the cut-set system gencrated by this tree is numbered in the order
of the respective twigs. Using the loop matrix B of the loop system, the loop
equations of the network are

BU=20 1)
whe}'e U is the column matrix of branch voliages.

Partition B and U according to the six groups of brarches. Thus (1) can
be written in the form:

b, b, by b, by by
b [T 0 0 F, F,, Fy |07
by |01 0 F, F,, Fy U,
by 10 0 1 Fy Faz Fy, [‘3 -0 ()
U,
0
- U

The numbers of the columns cf the individual blocks are indicated above
the matrix, those of the rows beside the matrix. It has been taken into con-
sideration that Uy;= U, is the column matrix of the source voltage of voltage
generators, and Uy = 0 is the voltage of nullators. From (2) we have

Ul + Fn U4 -+ F13 Uo =0 (3)

U,+-F, U, +-F ;U= 0 (4
Ug‘:— F31L74+F33U0:0 (S
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Write the cut-set equations

QI =0 (6)

where Q is the matrix of the cut-set system generated by the selected tree,
according to the previous numbering, and I is the column matrix of the branch
currents of the network. Partition also these according to the six groups of
branches. Since in the case of the above numbering of branches, loops and
cut-sets

B=[1 F] and Q=[-F*+ 1] @)

where F* designates the transpose of F, (6) can be written as follows:

(
—F; —F; —F; 1 0 0)r1,7
—F; —F; —F5 0 1 0||1,|=0 (8)
—F; —F; —F4 0 0 1| 1,
1,
0
l_Ia_.J

where 1, is the column matrix of the source current of the current generators
and I; = 0 the current of nullators. Hence

*FﬁIO—F;Ig_F;I3+I4:0 9
"‘Fl—:t‘zlo_‘F‘E’Iz’“F;::ls =0 (10)
—Fil, — Fil, — F I, + I, = 0. (11)

Currents and voltages of the branches can be determined from the above
equations e.g. in the following way. It is seen from (2) that F,, is a quadratic
matrix. If it is not singular then from (10)

I,= —F+ ' F;1,— Fi,  FLI,. (12)
Substituting this into (9) we find that

Fip—Fi) I+ 1, = (F — F3 Fi 7 F)I, (13)

(Ff FL™
the unknown quantities being I, and f, the currents of links and twigs con-
taining impedance, while in equation (5) the voltages of the same branches.
These will be used in the following calculations.

The relationships between the current and voltage of impedances can
be written as:

Ua = Zslz 13 = Ys Uz Ya = Z§1 (14)
U4 = Z414 14 = Y4 U:; Y4 = ZZI (15)

Z, and Z, denotes the branch impedance matrix of branches in groups 3
and 4, respectively. In the network there are no coupled branches since cou-
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plings are eliminated by the nullator —norator model. Thus, Z, and Z, are
diagonal matrices.

It is advisable to express U, or I, from the above equations, possible
by inverting a matrix of order by and b,, respectively.

For calculating U, we have from (13) and (15):

Uy= —Z(F; Fi Fi—Fi) L+ Z,(F;, — Fi F, Fio) L. (16)
Substitute this into (5) by using (14):
Uy, = [1 — FuZ (F;Fo; ' FH - FY,] 7 [FuZ(F4 Fi7 Ff —
—Fi), — F, U] .

17

If U, is known (14) yields I, hence (16) U, and (15) 1,.
Similarly, for the calculation of I, we express I, from (5), by using (14)
and (15).
Iy=—Y;Fy 2,0, — Y, F;; U. (18)

Substituting this into (13) and arranging:

I4 == [1 - (F;i F;‘z—'l F:;;‘.__ F3+1) Y3F31z4]——1 [(F;_l F2+2—1F3+2 .

(19)
—F5) Y, Fy Uot (Ffi—F5 B F) I,

In the knowledge of I,, I, can be expressed from (18), while U, and U, on the
basis of (14) and (15).

Thus, the voltage and current of impedances have been determined in
two different ways.

The other currents and voltages can also be calculated from our equations.
Thus the current of the norators I, can be written from (12), the voltage U,
from (4), the voltage of current generators U, from (3), while the current of
voltage generators I, from (11) and (12).

The calculation method is presented on two examples.

a) In the network shown in Fig. 2

R =1 k@ R,=56KkQ; R,=25k0Q;
R,=15k0Q; R,= 05kQ; R, = 08kQ

(4
and the hybrid parameters characterizing the transistor, at high frequency are

hyy = 0.95-10-3 Q; hy,= 5.4 -10~% hy = 50; h,, = 100 - 10-6S.

Let us determine the voltage amplification factor U,/U,.
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Fig. 4

From the aspect of high-frequency signals the direct voltage generator U,
can be regarded as a short-circuit. Neglecting the reaction of the collector-
emitter voltage on the base-emitter voltage (h;, ~ 0), the transistor can be
substituted by a current controlled current generator (Fig. 3). A calculation
model of this circuit is shown in Fig. 4. Here h,; = R;/R,;. In our calculation
let R, = 10 kQ, then R;, = 0.2 kQ. The graph of the network with the fore-
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Fig. 5

going numbering is shown in Fig. 5. Twigs are indicated by thick lines. Since
there is no current generator in the network, b; = 0, further, according to the
number of nullators and norators b, = b; = 2, and, since there is one voltage
generator in the network, bg = 1. The number of nodes is 8, accordingly there
are 7 twigs. Thus b; = b, = 4. The matrix of the loop system generated by
the selected tree is:

"1 010 0 0 0, 0 1 0 0j—1 0; 07
01,0 0 0 0/ 0 0 11! 0-11 0
_—_i _________ o0 ST e T | T
B=100,1 0 0 0+ 1 0 0 11 1 01-1
0010 1 0 0;,~1 0 0-1 -1 0 0
00,0 0 1 0! 0 1 0 0;—1 11 0
0 0:0 0 0 1, 0 0-1 1! 0 0! o_
accordingly
[0 1 0 0 ~1 0 0]
Fo = 3 Fop= 3 Foy=
0 0 1-1) 7% 0 -1/ °* 0 ]
1 0 0 1 [ 10 —~17
~1 0 0 -1 —1 0 0
Fa=] 9 1 o of Fo=|_1 1ff Fv=|
L 0 0 -1 1 0 0] 0 |
I, = U,=1,
Z,= <R R;xR, Ry Lk >=
=<1 1728 0.2 10 >>10° Q
Zy= <hy R, RcxR, R,>=

= <095 -10-¢% 10 0.522 0.5 >108 Q
Y, =<1 0.0579 ) 0.1 >10-3§
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On the basis of Eq. (17), from the above values we obtain

0.0918 " 0.0918
0.908 i 0.0526
Us=| o309 | Urand L=YUy=| [ '0™" | U; 1038
-1.836 | —0.184
0.0372 - 105
) 0.392
Us= | _o.927 U
0.857

The required voltage U, is the third element of U, accordingly U,/U, = —0.93.

b) In Fig. 6 the equivalent circuit of the negative impedance converter
closed by resistance R, generated by generator of voltage U, is shown. Let us
calculate the current of the voltage generator.

For the calculations the branches are numbered according to Fig. 6.
Branches 1, ..., 5 are links containing norator, branches 6, 7, 8 are links con-
taining impedance, 9, 10 are twigs containing impedance, 11, ..., 15 being
twigs with nullator, 16 a twig containing an ideal voltage generator (Fig. 7).
The matrix of the fundamental loop system generated by this tree is

__[1 0 F, F, an]
0 1 F;, Fy, Fy

10 0 0 0/000; 0 0!0 1 0 0 0! -1 7
001 000;000 0 1,0 0-1 0 0, 0
00100000/ —-1 00 0 1-1 0/ 0
00010000 —1 0;0 0 0 0 1, 0
=[0 0001000, 0 01 0 0 0 0]—1
s . = ————- T T
0 0 00/100/—-1 010 0 0-1 0] 0
0000 0,01 0, 0-1/0-1 1 0 0! 0
0000000711 0 0;1 0 0 0 1;—1 |
accordingly
. [0 0—=1-1"0] ., [-1 0 o0
Fa=lo 1 0 o 0_’F“"[ 0—1 o]°
=0 1 0 0 0 0 0 17
0 0—-1-1 0 0—1 0
Fi =0 0 0—-1 0|; F4=| 0 1 0]|;
0 0 0 0 1 —~1 0 0
1 0 0 0 0] L o o0 1
,- (X L 1Nad z,=@®RD
3 R Rl . 4 2542
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I 0 Yo
I~q_1ol 7. - o |
4 = = = -
R, R, Uy| R |
Lo e ~ R R — Lk

Substituting I, into (18) we obtain:

I6 U RZ/
I,=|1,|= RO —(Ry/Ry)* |.
I R/R,
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From (12)
L [ —(Ry/Ry)
I, U | —RR — (Ro/Ry)?
I,=| I, =?° —R,/R
I —R/R,
I P L—R/R,
Substituting I, and I, into (11)
R\ U 1 U
lL.=1I,=|-% —5 _ __L’
s [Rl] R K R
as it has been expected.
Summary

A calculation method for network models containing nullators and norators is described.
The calculation is based on use of loop and cut-set matrices of the circuit. For the determination
of voltages and currents a system of equations containing as many unknown quantities as
there are twigs and links containing impedances, respectively, has to be solved.
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