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Abstract. The transfer coefficients k, , k, .k, .k, ,Z, ,Z, of a

=Upz " —=Ugg? =iz’ =l =my3?
linear, non-autonomous and reciprocal two-port supplied, in harmonic steady-
state, simultaneously, at the gates (1), (1') and (2), (2'), are determined. The
curves’ equations which mark the limits of existence domains of these
coefficients are determined too, when complex impedance Z; is passive.
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1. Introduction

In a previous paper (Rosman, 2007), the transfer coefficients of a linear
non-autonomous and general two-port (LNGT — Fig. 1 a) in harmonic steady-
state, were defined. These transfer coefficients are the followings: the voltage
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transfer coefficients k, =U,/,, k, =U,/J, and k, =U,/U,; the
current coefficients k, =1,/1,,k, =1,/1, and k, =1,/1,; the transfer
impedances Z,, =U,/l,,Z, =U,/I, and Z, =U,/I,.
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When the LNGT is supplied, simultaneously, at the gates (1), (1') and
(2), (2') with harmonic voltages having the same frequency (Fig. 1 b), the two-
ports egs. are (Sigorsky, 1955)

U, U,
1 |= [A] -1, |, (1)
U, 15
where
Ay A, Ag
[A]: Ay Ay Azs 2)
Ay Ay Ay

is the fundamental matrix of the considered LNGRT (supposed as being
reciprocal) and

u )
I——3=;3=R3+1X3, (R, >0). ()
=3

Having in view relations (1) and (3) it is possible to determine the
expressions of the before named transfer coefficients namely

_ ABZL_Jl _(613632 _A12A31)Q2 é (4)
U Alz ;3 + A13A32 - AlZ Ass lil
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_ A32 L_Jl - (A13 A32 - A12 A33 )Qz ;3
Ky, = =, ®)
A12 ;3 + A13 A32 - A12 Ass Qz

ABZ L_Jl + AlB L_JZ

k, = , (6)
e (A23A32 - Azz A33 + Azz Zs )Ql + |:A33 + (Aquz - Alz A21 )Zs]gz
k = ABZL_Jl + A13L_Jz (7)
=1 ]
“ (A33 - ;3 )L_Jl - (A11A33 - A23A31 - Aués )Qz

. (AU, + AU, )Zs (
e (A23A32 - A22A33 + A22;3 )Ql + |:A33 - (Auézs - 512 AZl);3 ]Qz '

8)

7 = (AB2L_Jl + A13L_Jz );3 _
e (A33 - ;3 )L_Jl + (Am A33 - £‘13A31 - 611;3 )Qz

)

The relations (4),...,(9) are the single transfer coefficients having a
physical meaning in the case of a LNGRT supplied, simultaneously, at the gates
(1), (1" and (2), (2'), with harmonic voltages having the same frequency. It
must be underlined that these expressions were obtained having in view the
reciprocal character of the considered two-port. In this case the fundamental
parameters, Ajj, (i, j = 1, 2, 3), satisfy the relations (Sigorsky, 1955)

|A| =As A Ay —AAy = Ay AuAy — AL A=Ay, (10)

where |A| = det|A;|, (i,j=123).

Analysing the expressions (4),..., (9) it can be observed that these ones
have the general form

M +NZ,

k= :
- S+T14,

(11)

which represents a conformal transformation of circles from complex plane
(Rs, jX3) into circles in complex plane (k’, jk”), where k = k" + jk” (Stoilov,
1964). It is possible to determine the curves’ egs. which mark the limits of
existence domains of each transfer coefficient. A simple proceeding is that of
solving eq. (11) with respect to Z; and annulling the real part of these one,
having in view that this complex impedance is considered passive and
consequently Re(Z,) >0.
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2. The Voltage Transfer Coefficient ky
If relation (4) is solved with respect to Z; it results

_ (A13 A32 - Alz A33 )KU13 Ql
A32 L_Jl + Am L_Jz - Aiz KUB Ql

=3

Introducing the notation

K

=Uy,

= kllJ13 + jkl"JlS
and annulling the real part of Zs it results

a(ky, +k; )+ bk, +ckj, =0,

where the expressions of coefficients a, b, ¢ are given in the Appendix.

(12)

(13)

(14)

Relation (13) represents the eq. of a circle paasing through the
coordinates kl'JB, k;m origin. The existence domain of transfer coefficient, ky_,
is situated in the inside and on the frontier of this circle, when the complex

impedance, Zs is passive.
3. The Voltage Transfer Coefficient ky,

Solving relation (5) with respect to Z; one obtains

_ ABZL_Jl - (A11A32 _A12A31 + A12KU13 )Qz
(A13 A32 - A12 A33 )KU23 Qz

=3

If notation

KUZ = kl‘Jza + JkUzs

3

is used and annulling the real part of Z; it results

d(k}, +kg7 )+eky, +fk, =0.

The expressions of coefficients d, e, f are given in the Appendix.

(15)

(16)

A7)

Relation (17) represents the eq. of a circle which pass through the
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coordinates kl'Jm, k;m origin. The existence domain of transfer coefficient, k,_,

is situated in the inside and on the frontier of this circle, the LNGRT’s receiver
being passive.

4. The Current Transfer Coefficient k,

Determining the complex impedance, Z;, from relation (6) one obtains

7 |:A32 - (A23A32 _A22A33)K|13 ]Ql + (AlB _A33K|13 )Qz (18)
= |:A22 L_Jl - (Auézz - A12 AZl )Qz ]KIB

Introducing the notation

k, =k_+ik_ (19)

=3 I3

and annulling the real part of Z; (s. rel. (18)) it results
g(k? +k?)+hk,, +ik, =0, (20)

where the coefficients g, h, i expressions are reproduced in the Appendix.
Relation (20) represents, in the plane (k, , k, ), the eq. of a circle

which pass through the origin. The existence domain of transfer coefficient,
k,, . is situated inside and on the frontier of the circle (20), supposing that the

complex impedance Z; is passive.

4. The Current Transfer Coefficient k,

Taking into account relation (7) expression

7 (A33K|23 _A32 )L_Jl _|:(A11A33 _613A31)K|23 _Ais]liz (21)

= (Ql _AllL_JZ)KIB

can be established. Using the notation

k,, =k _+ik_ (22)

=la3 I23

and if the real part of Z (s. rel. (21)) is annulled it results the relation
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j(k2 k2 )+kk, +ik; =0, (23)

which represents, in the plane (k, , k, ), the eq. of a circle passing through the

origin. The existence domain of transfer coefficient, k, , is situated inside and

on the frontier of circle (23), when the complex impedance is passive.
The expressions of coefficients j, k, | are given in the Appendix.

6. The Transfer Impedance Z,,

Using the some proceeding as in the previous sections it may be
deduced, from relation (8), the expression

(Az3 A32 - Azz A33 )Ql + A13 Qz _
(A32 - Azz ;mm )L_Jl + |:£‘13 + (Auézz - AlZAZl);mB ]Qz

Zy=

(24)

If the real part of expression (24) is annulled relation

2 2
m(Rm + xnh3)+an +0X,,, =0 (25)

is obtained, where the coefficients m, n, o are given in Appendix, and the
relation

;mm - Rmm + jxmm (26)

is used.
Relation (25) represents, in plane (R

pass through the origin.
The existence domain of transfer impedance Z,, is situated, when the

complex impedance Z; is passive, inside and on the frontier of circle (25).

X, ) the eq. of a circle which

M3

7. The Transfer Impedance Z,,

Relation (9) permits to obtain the expression

;3 _ A33L_Jl - (A11A33 _A13A31)Q2 _ (27)

(A32 + ;ng )L_Jl + (A13 _AMZmB )Qz

Introducing the notation
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Z =R +jX

S=myz T T myg

(28)

ma3

and if the real part of expression (27) is annulled relation

p(anm +x§]23)+quz3 +1X,,, =0 (29)

is obtained, the coefficients p, g, r expressions being given in the Appendix.
Relation (29) represents, in plane (R, ,X, ), the equation of a circle

passing through the coordinates axis origin. When the complex impedance Z; is
passive, the existence domain of transfer impedance Z, is situated inside and

on the frontier of this circle.
8. Conclusions

1. The expressions of transfer coefficients k, , k Kk Kk

=Up ! =gt 2yt =mgy!

Z, . of a linear, non-autonomous and reciprocal general two-port, supplied

simultaneously at the gates (1), (1) and (2), (2') with harmonic voltages having
the same frequency, are determined.

2. In the studied case the curves’ egs. which mark the existence domains
of these transfer coefficients are determined too, when the coupling complex
impedance Z; is considered passive.

3. The curves which mark these existence domains are, in this case,
circles passing through the corresponding coordinates axis origin.

Appendix
The expressions of coefficients a, b,..., r are the followings:

a=ULSe| Ay (A Ay~ Anhg) |,
b=—U23e| ALy (A Ay — Ao As) |+ 9] Ay (A Ay Ao AUV |,
c=U2Im] Al (A Ay — Ay Ag) | +3m] Az (A Ay — A AU, U3 |,
d =UZ%e| Ay(A Ay —AuAy) |,
e =0 Ay (A A~ A Ao JULU, |+ UZSE] (A Ay — Ay A) By o, ~ A ) |
F = M) Ay A A = Aoy Py JULUS UM (B Ay — Ay A Ay B, = A P) |
0=t [( A Ay — Ay ) Ay = g o )~ By o JULUS |+

+U3Re| A (A A — ARy |
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h=-U75%e] AL Ay Ay — Ao A |+ Pon By | =] Ao K By = B By JU, U [+
+ e[ Ay AU U, | -U39Re] A (85,25~ Ao )|,

= U2 Al (A = Aoy oy |+ Py | -S| Ao Ky Ky =B Py )U,U [+
+3( Ay AU U, |-U33m] A (A4~ R Ay )|,

§=UPe A )~ A AUy Us | -] (A A — A g JULU, [+
+UZe] A (AuAs—AnAy |

k=U7%e( A )+ 9e( A ApU, U, | -9t AUU, | -U39%e( A Ay,

I =-U73m( Ag )+ 3m( A AU, U3 | - 3m( AgULU, | -UZSm( Ay, Ay ),

m=-U7Re] Aoy (Ao ~ oo ) [+ AP~ P Ay ) Aoy P~ o B JULU |-
~%e( A U1, | +UZe] Ay Ao =P A |

N=U7Se| Ay (s ey = Ay ) |- 00| Aoy Ay o= Pop g UL U |+
+9e( A AgULU, | -UoRe( A Ay,

0=-U7am| A (A Ay ~ AP |+ 3 Ay Ay = A A JUL |-
—3m( A AgULU, | +UZ3m( A Ag ),

p=U7e( A |~ e( Ay AU, U )~ ( Ay Ay~ A A J UL, [+
+U3te] Ay (AAn—Aahy) |

0 =U7e( Ay Ay ) +906( Ay AUy U )~ 98e] Ay (A Ay~ A Ag JULU, |-
~UZ%e] A AuAn—AoAy) |

r=U23m( Ay g ) - S| £33 Ay Uy U )3 Aoy ( Ay A~ Ay JUIU, |+
+UZ3M A (AuAn—Achy) |

Examining the coefficients a, b,...,r expressions it results that these depend on
LNGRT’s fundamental parameters, A, (i,j = 1,2,3) and on the complex RMS values of
voltages, U, Us.
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ASUPRA COEFICIENTILOR DE TRANSFER Al UNUI CUADRIPOL
GENERAL LINIAR, NEAUTONOM SI RECIPROC, ALIMENTAT, IN
REGIM PERMANENT ARMONIC, SIMULTAN, PE LA PORTILE (1),

(1) S1(2), (2)
(Rezumat)
Se stabilesc expresiile coeficientilor de transfer k, , k, , k, .k, ,Z, ,Z

4 =Uiz? —=Up? =l —lp3’ =My’ =My,
ai unui cuadripol general, liniar, neautonom si reciproc, alimentat, simultan, pe la portile
(1), (1) si (2), (2", cu tensiuni armonice de aceeasi frecventd. Se determina ecuatiile
curbelor care delimiteazd domeniile de existentd ale acestor coeficienti in cazul in care
impedanta Z3 este pasiva.






