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Abstract The paper deals with an analysis of transmission line terminated by in series connected RL-loads parallel to
C-load. The mixed problem for Telegrapher equations to a periodic problem on the boundary is reduced. The obtained
neutral system of equations in an operator form is presented. The fixed points of the operator in question are solutions of

the periodic problem.
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1. Introduction

The main purpose of the present paper is to consider a
lossless transmission line loaded by in series connected
nonlinear RL-loads parallel to C-load. Such a configuration
arises not only in radio frequencies devices but in various
geophysical studies as well (cf.[1]). Our goal is to
demonstrate the advantages of our method[2] used in
analogous problems. So we came up with an approach to
solve this set of problems (cf.[3]-[7]).

The primary purpose of the present paper is twofold. First,
to formulate the mixed problem for hyperbolic Telegrapher
equations corresponding to the nonlinear circuits on Figure 1.
The boundary conditions are nonlinear ones in view of the
nonlinear characteristics of the loads. Important first step on
the base of Kirchoff’'s law is to derive the boundary
conditions in the form of differential equations on the
boundary. This is done in 2.1. Reducing the mixed problem
to a neutral system on the boundary is made in 2.2 following
the technique from[2],[5] and[6].

Second, to present a method for solving neutral equations
with “bad” (non-Lipschitz) nonlinearities. In 2.3 the domains
of the nonlinear characteristics are defined. They have to
possess strictly positive lower bounds and namely
Assumption (C) for capacitive functions and (L) for
inductive functions ensure that. In 2.3 the choice of
functional spaces and a family of pseudo-metrics is directly
related to the operator representation of the periodic
problem in 2.4. Let us point out that the extension of
Bielecki norm allows to overcome the difficulties caused
by nonlinearity of the characteristic functions.

The key role plays Lemma 3. It guaranties that the fixed
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points of the operator defined in 2.4 are periodic solutions
of the neutral system and conversely. The main result is
Theorem 1 (cf. 2.5) and its proof consists of two parts. The
first one is to show that operator B maps the set

MoxMy xM,xM, into itself. The second one is to show

that B is contractive operator. The fixed point of B is the
required periodic solution. The numerical example in 2.6
shows that for applications are required only inequalities
obtained in the proof of the main theorem.

2. Main Results

2.1. Formulation of the Problem
Let A be the length of the transmission line and
T=A/v=A/(l/NLC)=AVLC,Z,=+L/C, where L is

per unit length inductance and C - per unit-length
capacitance. In accordance of Kirchoff’s voltage-law (Figure
1) we have to add the voltages of the elements R, and L,

after that to define the current of R L, and finally to add it

with the current of C,. In the real cases parallel to R,L,

and C, is connected an input voltage g, U, (r), where

g,, s theamplification coefficient. Since we have to add the

currents one can replaced g, U, (r) by an equivalent

m
current source /, (f). We assume that the second end i

terminated by the same configuration.
Assume that R),L, and C, are nonlinear elements,

that is, Ry, =R,(i),Ly=Ly(H) and C;=Cy(u) are
nonlinear functions. So we have
ugy = Ro(),
g, = d¥y _ dLy(i) _ d(Ly(i)d) _ {i dLO.(i) .1, (i)} di
dt dt dt di dt
and then
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Figure 1. Lossless transmission line terminated at both ends by in series

connected RL-loads parallel to G-load

connected parallel to

Since current [, (f) is
RL-elements then Kirchoff’s current-law yields
=i(0,1) = L (t)+iR0L0 +ig,- (1
dqc,  d(Cy(u)u)
Since u ) =u(0,t), i, =—"0=—"0"2""" then
oty (0 =1(0.0), iy =—- .

iryr, can be found as asolution of differential equation

11

But %(0,7) is unknown too and then from (1) we have

- l(O, t) = Ilnput (t) + iR()LO (t) + d(CO (u(oc}i))u(o, t))

or one more differential equation:

_i(o, t) = Iinput (t) + iR()LO (t) +

du(0.1) [ dC, (0,
+ ”Eﬁ ’){ 0(:: t))u(O,t)+C0(u(O,t))}.

Analogously for the right end we have
dLy (i, (1))
{lm] () ————+

dig,
= u(Aa t) - Rl (iRlLl (t))a
du(A,t)| dC(u(A,1))
dt du
= _Z(A’t) - iR]L] (t)
Now we are able to formulate the initial-boundary value
(mixed) problem for the transmission line equations: to find
a solution (u(x,?),i(x,t)) of the first order partial
differential system of hyperbolic type
ou(x,t) L O0i(x,t) _o, 0i(x,t) +C@u(x,t)
ot O0x ot Ox

RlLl( ) _

L (lRlll( )):l

u(A, 1)+ C, (u(A, t))} =

=0 (2

for
(x,H)ell={(x,t)e R*:0<x <A, t>0}
satisfying the initial conditions

o dLo(igyr,) iRz () . u(x,0) = uy (x), i(x,0) =iy (x) forx [0,A]  (3)
Holo digoz, + Lol )} dt = 0.0~ Ro lingry ) and the boundary conditions for x =0
. dLy(ig,1, (1)) , dig,1, (1) .
I:ZROLO (t)ﬁ + Lo (i, 1, (ﬂ)}% =u(0,8) = Ry (ig 1, (1)) @
dCy(u(0, du(0, . ¥ .
[%uw, £)+Co (0, z))} % = —i(0,0)~ Iy (1) ~ g1, (1)
and for x=A
. dLy(ig g, (1)) (1) .
I:ZRILI (t)% Ly (g, (¢ ))} il =u(A,0) = Ry (ig,, (1)),
lR]L]

dC, (u(A du(A
{Wu(l\,t) +C (u(/\,l‘))}u(T’t) = —i(A1) gy, (0.

(5)
2.2. Reducing the Mixed Problem to an Initial Value Problem on the Boundary
We proceed from the lossless transmission line equations
ou(x,t) ‘L i(x,1) _ 0, 0i(x,1) L C Ou(x,t) _ 0. 6)
Ox ot Ox dt
Rewrite system (6) in the form
Qu(x,t) | 1 3i(xt) _ \/7 dix,1) [1 au(x 0 _ ™
a C o C LC 0

Adding and subtracting (6) and (7) in viewof Z,=+/L/C we get:
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2+ 2y 1)+ v+ 2y)=0,

-7y i) v
ox

ot

(8)
Zo’)

0.

Let us put
Ux,t)=u(x,t)—Zyi(x,t), 1(x,t)=u(x,t)+Zyi(x,t)

and hence
ou oU 0 81 oL ol

——y—2=0, =0.
ot ox 8[ ox
It follows
u(x,t) = U(x t) l(x t) i) =— Uz(;,t) N [2();t)~ 9)
0 0
For x=0 and x:Awehave
AL 1(0 0 0= YO0 100
2 27, 27,
w(At) = U(A,b) I(A ) A = RUGYN I(A,t)_
2 27, 27,
Replace them in (4) and (5) we obtain
®)
gz (VLo Gz (00)/ iy J+ Lo iz (r))]%
= EU(OJ)+EI(OJ)—R0(1'R0LO @),
[14(0,))(dCy (u(0,2)) / du )+ Cyy (u(0, 1)) |x
Xl(dU(O,t) . d[(O,t)j _ —LU(O,m
2\ ar dt 27,
1 = .
+E1(09t)_lin(t)_lRoL0 (t)
and
R]L] ( )

[lRlLl (t)(dLl(lRlLl (D) dig, )+ Ly (g, (1))]

= EU (A0 + 51 (A1) = Ry (igy 1, (1)),

(A, O(dC, (u(A, 1))/ du)+ Cy (u(A, 1)) ] x

Xl[dU(A,t) N dl(A,t)j 1
2 2

—U(A D)+
dt dt Z,
+il(A,t) gy, (O)-
But
U0,0)=U(A,t+T), [(0,t +T) = I(A,¢).
We assume that the unknown functions are
U0,)=U(t), I(At) = I(F)

and then in view of

u(0,) = (U(0,0)+ 1(0,0))/2=(U@t) + I(t~T))/2,

u(A0) = (UMD +I(AD)) 2=(U@E-T)+1(0))/2
solve with respect to the derivatives we reach the system

digry () 1 U@O+1(=T)=2Ry(ig,z, (1)
dt iy (0 dLo iy, () digyzy )+ Loliny o (1)
dU(r) _ dI(t-T)
dt a (10)

| =U@O)+1(t=T)=2Zy1,, (1) = 2Zig, 1, (1)
+70 u(0,6)(dCo(u(0,0))/ du)+ Co(u(0,1))

Lossless Transmission Lines Terminated by in-Series Connected RL-Loads Parallel to C-Load

dig, () 1 U@=T)+1(0) = 2R (igy, (1))
dt 2 gy, (O\ALy (i, ()] digy g, )+ Ly, (0)
di() _ _due-T)
dt dt
L UGS I0) = 2, ()

Z0 u(A, O(dC (A, 1))/ du)+ C (u(A, 1))
So we have obtained a neutral system of differential
equations with retarded arguments.
2.3. Estimates of the Arising Nonlinearities and
Introducing Metrics
We consider C-V characteristics
C,(u)=c, /hJ‘l—u/CDp i,
hel23],c,>0,®,>0(p=0,])
for
|u| <gy < min{(DO,(Dl}
where C,(u) have a strictly positive lower bounds. Put

C,(w)=C, ), C,(u)=dC,(u)/du.

Then
~ @, —((h=1)/h)u
C,(u)=c,hld, —>~ ;
p)=c, 4@, ((Dp _u)(h+l)/h
dC,(w) — 2c,4®, ~@+W/h)u
du ((Dp _u)(l+2h)/h h ’
dC,(u) 3 2, 4@, @, +Q2+1/D))py
du |~ (ch — 4, >(l+2h)/h h ’
aC, )| _2¢, 4@, (hv, +4,)
du | 52 V((Dp_¢0)l+2h ’

2> min{ap(u): uel[-dy,91 }2

= ©, +dy 2i)/h

For the I-V characteristics we assume

Ry (i) = Zr<°)" L,()= Zl(p)”(p 0,1).

n=1

—R+W/mMy _

P = p>0.

m
Then L,(i)=i.L,())=i.) " For L,()we get

n=1

de(i) dL (z) o
- +L,(i)= Z(n+1)zp
2 m

;—(Z)—Z(n%rl)nl(p) =l

Assumptions (L): |z(t)| <ip =
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dL (l(f )

f( I (i) =

Assumptions (C): |u(0, t)| < et (UO +Ipe " )/2 < dy;

>0 (p=0,1).

hu(A, )] < e (er—f” +1, )/ 2< 4.

For the V-I characteristics we assume that they are of
polynomial type:

m m
: _ ©); n : _ Ore n

RO(ZROLO)_ern (iRyLy) aRl(lRlLl)_ern (ig,1,)

n= n=
We introduce the sets for the unknown functions

iRoLO (t)7 U(t)9 iRlLl (t)s I(t)
. . 1(t—-T—k

Mo =ity (0 € CHIT.2T} : fipgy (0] < Ty 710§
M, = { ue Cp[T2T): [U@®)|<Uye 0 },

M, = {iR]Ll (1) € CRIT2TY: Jigy, (O] < I, e““*T*"To)},
M, = {u € Cp, [T.277: [1(t)| < Ipe T },
te[T+kT,, T+(k+DT,] (k=0,2,.,m-1), where
C}O [T,2T] is the set of all continuously differentiable T;,
-periodic functions and Ip Uy, g, .1y, T, p# are positive
constants (chosen below) and T, = g, = const.
Introduce the metrics
p (TR jROLO) =
maxiiROLo ()= Trry (t)| cte[T+kT,, T+ (k+ 1)T0]}
PlingroTrory) = max{iRO G (t)| ‘e [T,zr]}

: T —p(t=T—kTp) | T
P,Eik) (TryLgIRgLo) = max% M=tk Igoro (D) = TRyLg (I)‘ :
t [T +kTy, T+ (k+1)T, 1},

pOU,U)= maxﬁzJ(z)—U(t)| te [T+kT0,T+(k+1)T0]},

pUU) = max{U(z) -U (t)| ‘te [T,zT]},

P = max{g*"“*f*”(”

Uty -U (z)‘ :
te[T +kT,,T +(k+1)T,1},
p (U leLl )= max{iRlLl (- ITRlLl (l)| :
t [T +kT,, T+ (k+1)T,1},
Pligy ’ZRILI )= maX{iRlLl (n- lTRlLl (l)| e[, ZT]}

L*ﬂ(f T-kTp) |;

P;(,k) (l:RlLl ’i;RlLl ) = max gy () — lRlLl (f)‘

t [T +kTy, T+ (k+1)T,1},
pN(1,1) = maxﬂl(t) ~I(@)|:t [T +KTy, T+ (k + 1)T0]},
P 1) = maxﬂl(t) ~I(0)|:telr 2T]}

(k)(l I) maXL—,u(t T-kTp)

i)-10):
t [T +kT, T+ (k+ 17,1}
The set MyxM, xM,;xM, turns out into a complete
metric space with respect to the metric:

7éy ((iRoLO 7U iRlLl ’I) (ITR()LO 7l7 lTRlLl 9]_))_
- max{p(lRoLO lRoLO) p,u (IROLO lRoLo) p(U U) p(k)(Usﬁ)a

p(lRlLl ’lRlLl) py (lRILI ’lRlLl) p([ 1) p(k) (13[) :
k=01.2,.,m-1}

2.4. Operator Presentation of the Periodic Problem

Now we formulate the main problem: to find a T
-periodic solution (iRoLo (0,U(@),1g,1, (t),[(t)) ofthesystem
(10) on the interval [T,27] coinciding with prescribed T
-periodic initial functions 7% LO O.Uo(0), i) (0),14(2)
on the interval respectively:

U@)y=U,y(@), dU(t)/dt =dU,(t)/dt,t €[0,T];

1(t)=1,(), dI(t)/dt =dl(t)/dt,t €[0,T];

gy (T) =0, gy (T) =0, Up(T) =0, I,(T)=0.

Remark 1. As in[3] one can shift the initial function of the
mixed problem from the interval [0,A] along the
characteristic to the interval [0,77].

The main difficulty is to define a suitable operator whose
fixed points are solutions sought. We define it in the
following way: the four-tuple functions

B =(By(1),By (1), B,(1), B; (1))

are defined on every interval [T+ kTo. T + (k+ 1) ]
every k=0,1,2, ..., m-1) by the expressions

t

B(()k) (iRoLO aUaiRlLl ’I)(t):: IIRO (iR()LO 7UaiR1L1 ,[)(S)dS—

(for

T+kTjy
T+(k+1)Tp
t—-T —kT; . )
_T—O _[IRO (IR()LO 7U71R1L151)(S)dsy
0 T+kTy

t

Bl(]k) (iRoLO >Ua iR]L] ] 1)(t): IV(iRolo ’ U: iR]Ll 9 [)(S)ds -

T+kTjy
T+(k+1)Tp
t—T—kT; . )
_T—O IV(ZR()[O 5U51R1Ll’1)(s)dsa
0 T+kTy

t
Bl(k) (iRoLO >U>iR1L1 5 1)0):: J.IR] (iR()LO 5 Ua iR]L] 5 ])(S)dS -

T+kTp
T+(k+1)Tp
t—T—kT, , ,
- T J‘]Rl (lRoLO ’U»lRlLl ’ ])(S)ds 5
0 T+kTp

t
Bik) (iR()LO >U> iRlLl 5 1)0): jJ(lRolo 5 U7 iRlLl ’])(S)ds -

T+kTy
T+(k+1)Ty
t-T—kT, . .
- T— J‘J(IR()LO aU: lRlLl ) ])(S)dS,
0 T+kTp
where

U(0) + 1y (t) = 2Ry (igyry (1))

T (it Us DO = roto Lo iggze () diggry )+ Loigyro (1))
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V(iggro-U- D) =
_dly(0) | 1 U +1g(0) =221, (1) = 2Zpigy 1, ()
dt Zy (dCy(u(0,0))/ duYu(0,1) + Co(u(0,1))
Lo (U,igyy . 1)) =
_ U (t) + 1(6) = 2R, (i, (1)
iy, ALy Gy (0) iy, )+ Ly gy, 1))
J(U, gy 1) =

__d0,@0 1 U@+ 1) =2Zig, ()
Cdt Zy (dC (A1) du (A1) + Cy(u(A, 1))

(0,5 = U(t)+£(z—T); W) = U(z—T2)+1(t)

and Uy(t),1y(t) are translated to the right initial

functions Uy (?),1y(t) over [T,27T].
Fromnow on the following assumptions will be fulfilled:

(B): I,(.) € Cp[0,00)3|, (6] < e H0p 5
(IN):
Up()e C[0.T1, I, ()e C [0,T1.T = mTy,me {2.3,...}

|Up(0)|< eiﬂTer”(tfkTO),Vo )< e Ty jeHHI0)
(k=0,1,2,....,m-1).
It follows
| UO (t)| < ef”TUOe”(FT*kTO) , |f0 (t)| < ef”TUOe”(“T*kTO).
Lemma 1. If (E) and (IN) are satisfied and
(iROLO,U,iRlL1 JA)eMoxMy x M xM,;
then
By (igyry»Usigyry » D@ By (igyry »Us gy - D),
By (igyro > Usigyy » D@, By Gigyry »Usigyry » D)
are T -periodic ones.
Lemma 2. If
(iROLO,U,iRlL1 JyeMogxMyxM, xM,
then
(Bo (irgro»Usiry » D0 By Gigyry s Usigyy s (),

Bilingzg Usin o YO By Gingrg Uiy DO (€l (7271

The proofs can be accomplished as in[5],[6].

The following lemma guaranties that the fixed points of
the above defined operator are periodic solutions of the
neutral system (10).

Lemma 3. The periodic problem (10) has a solution

(iROLO,U,iRlL1 I)yeMoxMyx M xM,;
iff the operator B has a fixed point
(iROLO,U,iRlL1 IyeMoxMyxMxM,;,
that is,
IRgLy = BO(iROLO sUsiR]Ll 1), U=8By (iR()LO sUsiRlL] 1),
iry = Biliggry-Usigy»1)s I =B, (z’ROL0 Usigy D).

Proof: Let
(iR()L()’U’iRlLl’I)EMOXMU xM;xM,

Lossless Transmission Lines Terminated by in-Series Connected RL-Loads Parallel to C-Load

bea T, -periodic solution of (10).
Then after integration of the first equation we have (recall

that g, (T)=0):

iroro (1) = IIROLO(t)dt =

T+kTy
T+(k+1)Tp T+(k+1)Tp
iroto (T + (k+1D)Ty) = j Iy, (Ot = j Iy, ()di=0.
T+kTy T+kTy

Therefore

’
B(gk)(iRolo Uiy, D) = J.[ROLO (s)ds -
T+kTy

Analogously we obtain

t
B gy Usigy D= [U()ds,
T+kTj

t
B iggry s Usiz - DNO= [ I (5)ds,
T+kTy

t
By()(iRoLO 9UaiR|L1 91)(t): J.J(S)dS
T+kTy

that is, (igyry.Usigyp 1) €MoxMyxM;xM; is a

fixed point of B.

Conversely, let B have a fixed point
(irgre »Usipyy - ) €Mox My x My x M. Then
T+(k+1)Ty
IIRO (ingry s Us1)(s)ds| <
T+kTy

T U(0)+To(1) = 2Ry iy (1) |

vty |Trot0 Lo Gigyry (O digyrg I+ LoGingry (1)
T+(k+1)T}

<1 |
2L, T+kT,

<

N | —

erﬂ(t_T_kTO)+[Oel’(t_T_kTO)e—ﬂT+

U, e 1 [.eH o4 _1
rn(O)HiROLO (t)‘n}lt < Lf’ c - Oj: ¢ +
0o H 0 H

m
+2)°
n=l
yom T+(k+1)T
W23 [ et <
Lo wa T+kT,
et —1 Ul | A0 n (=D | .
o [U0+10e “ +2,1Z=;‘r'5 >}1R0e OJzM,RO(y),

T+(k+1)Tp
[V(irgz-Us D(s)ds| <
T+kTy

T+(k+1)Ty
(er,u(t—T—kT())+loe,u(t—T—kT0)e—,uT+

0
nlik,

<—
ZOCO

T+kTpy
+2Z0 g "0 1271, H TR )dt <
LYo +Ige T AZo IR ot T0

Zoéo

=My (w);
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T+(k+1)Ty
IRI (U’iRlLl ,])(S)ds <
T+kT0
—uT T+(k+D)T
< er,\ J‘
2L1 T+kTO
T+(k+1)Ty

e'u(t_T_kTO)dt+

1 T+(k+1)Ty
T gy L]
T+kT0

-1 _ e _
- (er ”T+IO+Z‘1’,EI)}!}§1€(" DMJEM[RI (10);
n=l1

T+(k+1)Tp
[ i, D(s)ds| <

‘Rl(iRlLl (t ))}dl <

T+kTj
1 T+(k+1)Ty

<— j QUO o]+ + 220 inL (z)‘)dt <

ZoCy 1
. Uge ™ +1y+2ZoIg 0 -1
- Z,C, Ho

T+(k+1)T
If we assume J‘IRO (s)ds|=0 in view of
T+kTg

lim M, %o () =0 one obtains a contradiction.
H—>0

It follows
T+(k+) Ty
j I, (s)ds =0

T+kTy

Analogously
T+(k+1)Ty T+(k+1)Ty T+(k+1)Ty
j V(t)dt =0, j Iy, (s)ds =0, J.J(t)dt =0
T+kTy T+kTy T+kTy

Consequently

t

it )= [ I iRyt Uiy - 1)(s)ds,

T+kTy

t
U= [ViggsgUsingy 1)s)ds,
T+kTy

t
iRlLl (t) = J.IR] (iROLO 9UaiR1L1 ,])(S)dS )
T+kTp

t
0= [Jliry-Usigsy1)5)ds.
T+kTy
Differentiating the last equalities we conclude that (10)
has T, -periodic solution.

Lemma 3 is thus proved.

2.5. Existence-Uniqueness of Periodic Solution

The main result contains in the following

Theorem 1. Let assumptions (L), (C), (E) and (IN) be
fulfilled. Then there exists a unique Ty-periodic solution of
(10).

Proof: We show that B maps M x M, x M, xM, into
itself. Indeed

k) /. .
‘B(() )(lRoLo Usipy J)(f)‘ﬁ

t T+(k+1)Tp
[Tt @ds+ | [Trysq ($)ds| =y + 3,
T+kTp T+kTp
We have
u(t-T-kTy) _ —uT  u(t=T—-kTy) _
Jl < (]/\0 e 1 + Ioe’\ e 1 +
2L, H 2L, U
N } =T =KTy) g
L RO
0 n= T+kT,
UO eﬂ(t—T—kT()) -1 [Oe—ﬂT e#(Z—T—kTO) -1
< = + — +
2L, H 2L, H

u(t—=T—kTy) m
JLle -l n Dty

L, u el
< -TkTy) 1 1 (U0+Ioe “ (0)}1 o l)ﬂTo]

,uLO 2
Uy e*0 -1 . Tye M e 1

Zio H 2£0 U
T+(k+l)T

(m},
Ro
T+kT0

—uT
< H-T—kTy) e’UOA—l Uy +1je #
ML 2

‘B(gk) (iROLO s U7 iRlLl s I)(t)‘

UO +10€_'u
2

n=l

Jy <

”F(S_T_kTO)ds <
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where
K =max{e”oKo,e”OKU,e”OKl,e”OK],KO,KU,Kl,K1}<1.
Then B has a unique fixed point which is a periodic

solution of (10).
Theorem 1 is thus proved.

2.6. Numerical Example

For a transmission line with length A=1m,

L =045 uH /m, C =80 pF/m, v=1/JLC =1/(6.107)=

1,66.108; Z, =JL/C =750 . Then T =A~LC =6.107 sec
Let us check the with
2o =(1/6)107m. We have

fo :1/(10\/LC)= 102 Hz = T, =1/ f, =107"%,

propagation of waves

Lossless Transmission Lines Terminated by in-Series Connected RL-Loads Parallel to C-Load

We choose u= 10" ,then uTj, = uy =1 and

T =12000.T, = m=12000 ¢ " =2 0.
We choose resistive elements with the following V-1
characteristics Ry (/)= R, (i) = 0,028/ —0,125;* and inductive

elements  with  L,(i)=L,())=3i—(1/12)i>.  Then
Lo (i) =i(dLy i)/ di)+ Ly (i) = 6i —(1/3)i>. For ;=1 one
obtains Ly(i)>6—-(1/3)=17/3 =1/L,=3/17.

Letus take Cy(u)=C,(u)=cy/ 1—(u/(I)0)=

Cor Do /APy — where h=2 . Let us choose
$ =02  ¢y=¢ =50pF=510"F and ®,=0, =04V =

Uy <@y <0,4. Then

Cou)=co / 1=/ Dy)=coy/ Dy /1/Dy —

> Cy(-Ug) = cpd® o /[0 +U, =,
Co=5.10"0,4/0,4+02 =C,=C =82.107".

Then the above inequalities for #£=2; U,=0,01;
I, =001 1R0 = IR1 =0, become:

1,36.0,01<0,2; 1,36.0,01<0,2;
0,18¢.1072(7,8.107 +125.10%¢)<107"; % <0.L:

0186107278107 +125.10¢?)< 01; 2201
8.2.75

9le

<0,l.

We calculate just K,,K,,K,,K, since K,,K;,K.K,
K, =9/82<1;

are of order l/yzz K0=0,544.10_'2<1;
' : K,=9/82<1= K~0,111.

K, =0,544.107"% <1

3. Conclusions

We consider transmission lines neglecting the lossies.
This makes it possible to find conditions for the existence
and uniqueness of periodic regimes. This natural physical
fact is confirmed by the mathematical method we apply.

* In order to prove an existence-uniqueness theorem we
introduce an operator (unknown in the literature up to now)
whose fixed points are periodic solutions of the problem
stated. We apply contractive fixed point theorems in metric
spaces. By extended Bielecki metrics we overcome the
difficulties caused by polynomial and transcendental
nonlinearities.

* The numerical example demonstrates a frame of
applicability of the theory exposed (for instance to design of
circuits) and shows that the method could be applied
checking few simple inequalities between the basic specific
parameter of the lines and loads.

* We show a unified approach for solving problems for
analysis of transmission lines terminated various
configurations of nonlinear loads. In contrast to various
results devoted to numerical methods[8]-[14] we obtain an
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explicit approximated solution.

* We emphasize on the fact that first we prove not only an
existence but and uniqueness of the solution as well. So our
successive approximations tend to this solution. All other
methods need such a uniqueness result. Unfortunately_in
most papers the uniqueness is not ensured.
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