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Oscillations in Lossy Transmission Lines Terminated by
In Series Connected Nonlinear RCL-Loads

Vasil Angelov

Department of Mathematics, University of Mining, Geology “St. I. Rilski”, Sofia, 1700, Bulgaria

Abstract We formulate conditions for an existence-uniqueness of oscillatory regimes in transmission lines terminated
by in series connected nonlinear RGLC-loads. This is achieved by introducing suitable operator whose fixed point is a
seeking solution. The method allows obtaining approximated solutions and an estimate of the rate of convergence.
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1. Introduction

In a recent paper[1] we have investigated a transmission
line terminated by in series connected RCL-loads and we
have reduced the mixed problem for the lossy transmission
line equations to an initial value problem for a system of
neutral equations on the boundary. Then we proved an
existence-uniqueness result of periodic boundary value
problem for the neutral system obtained but for one period.
Global behaviour of the solution is declining rather than
periodically. In contrast to parallel connected RCL-loads

(cf.[2]) here the multiplier e~ R/L could not be eliminated
and this implies that the solution vanishes exponentially.
Fromthe physical point of view this means that the signal
vanishes in time. Moreover one can notice the voltage and
current in the lossy transmission line are products of a
periodic function and an exponential function, that is,

u(t) =V ()e ®L i) = 1(t)e R/,
Therefore u(t), i(t) should be oscillating functions and

vanish exponentially at infinity. This suggest us to state the
problem for an existence-uniqueness of a global oscillatory
solution on [T,¥) vanishing exponentially at infinity. As

in[1],[2] we assume the Heaviside condition is satisfied, that
is, R/L=G/C. It implies that the transmission line is
without distortion. Here we omit the reduction (cf.[1]) of the
mixed problem for the hyperbolic systemto a neutral system
on the boundary and prove by the fixed point method (cf.[3])
an existence-uniqueness of the oscillatory solution for the
neutral system. The main difficulty is generated by
nonlinearities of RLC-loads (cf.[4]-[7]). We obtain
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successive approximation of the seeking oscillatory solution
in an explicit formand estimate the rate of convergence.

Especially we want to draw attention to a fundamental
disadvantage of lot of papers — solving equations without
guaranteed unigqueness of the solution. Whatever the method
(numerical, approximated and so on) to apply without
unigueness is not known to which of the many solutions are
coming.

We mention recent various approaches for an analysis of
transmission lines[8]-[15] .We would like to point out that
we obtain an approximated solution but in explicit form
beginning with simple functions.

2. Mixed Problem for the Lossy
Transmission Line System terminated
by in Series Connected RCL-Loads

We proceed from the lossy transmission line equations
system:
c Jutxt) | fli(x,t)

+Gu(x,t)=0
o x (1)
RRUCDURTCE PR
It fix

TP ={xt)TR2: (x)Tlo.L] [0,¥)}

with initial conditions
u(x,0) = uy(x), i(x,0) =ig(x), xT[0,L] @)
where L, C, R and Gare prescribed specific parameters of the
line and L >0 is its length and u (x), iy(x)are prescribed
functions. Here u(xt),i(x,t) are unknown functions —
voltage and current respectively. The boundary conditions
are derived fromthe loads and sources at the ends of the line
(cf.[1], Fig. 1) on the base of Kirchoff’s laws.
For x=0 we have
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u(0,t) = Eo(t) - Ry(i(0, 1)) - c_o-lgé i(0,1)d t° -
. T [/ (3)
- g0 8B+ oy T

and analogously for x =L

u(L,t) = E;(t) + Ry(i(L,1)) +C_:1‘1§6i(L,t)d t°+
T [/} (4)

dLl(l(L ) udi(L,t)
dt

S(L H————+L(i(L, t))

where E,(t) are the prescribed source functions and

Cp(), Lp()R,()(p=01) are prescribed

functions — nonlinear characteristics of the corresponding
elements.

nonlinear

ifx, t) ifx, 1)
R,
I
(o)
g/ ( L‘.
|
(({
x=0 x=A

Figure 1. Lossy transmission line terminated by nonlinear loads

Recall briefly some results from[1]. For the voltages ofthe
condenser C, we proceed from the relation (assuming

ucp(l')°u(l'):0,where T=L/v=L4JLC):

d(C
:d_q w (x t)dt =C, (u)u°C (w)
dt dt T
&t
and hence Uc, = u(o,t) = §0|(0 t)dt‘ where
T

CyhF
__p p
Cp(u)_

Since

, €5 F, >0, hT[23]

c,hF
lim 2P -y
u

UF, hF -

are constants. and

c,hF, u
lim P

u® -¥ h“:p -u

lu| £ £ < F = min{F,, F1}£%F.

=-¥ we consider C,(u) for
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coifF a u 0

dc,(u) K
du gfF, _ug G o-u);
uT[-7;, ], the inverse function Cp (1) exists and
eolfF, u
ch/F_p fog

Since

Cp(u) =uCp(u) =

g—cph‘/Fp 1,

-1, 7]®

g YFoth  YFp-1 |
that is,
h,/ f c h,/ f,U
C'l(l) e . -1 ®[-1, ]
\/F th \/F “h
and hence

‘6510)‘ £T, (5)
The explicit form of the inverse function (for h=2)is

Co4/Fou
XL P =1p AFu’+1%u-F,1?=0;

Fp,-u
_ 12 +4ciF% - I
Crm = PP =0));
OB 2F, (p=01)
~- 2 22 22,2
dCp(1) _ +2c2F2 - 14 + 4c2F21
dl 2 4 22,2
C2F o1 + 4c2F 2
We need the following inequality'
) -1,
cmle 1] H |-

p\/_\/': -
We need also the following estimates:
N I NN
“F. A [[Fa

IdC'1<'>| JF_p ©
R

The voltage of the inductor L,

dv, d(Lp(i).l) e dL (i)
u = =
Yo dt a o di

U di

+L, ()HE

m
-\ _ O -n
where L, (i) = QI{Pi" and then
n=0
)jn+l

m
L o) =i L) =i QlPi"= a|<P

n=0 n=0

We get

dL (l) _ d(iL?(i)) g(nﬂ)lrﬁp)i”, (p=0.1).
di di n=0

We know that (cf.[4]-[7])




International Journal of Theoretical and M athematical Physics 2012, 2(5): 143-162 145

_di,G) 2. dL, (i)
P dt di
For the I-V characteristics we assume that

R, (i) = ar“’ (p=0,1).

n=1

Uy

+L ()_d— (p=01).

The mixed problem (1)-(4) can be reduced to an initial
value problem for a nonlinear neutral system. Recall some

transformations from[1]:

—Bt —Bt
u(xt)—z\/_ (x,t) - \/EJ(Xt)

—Bt —Bt
i(x,t)= 2\/_W(xt)+ 2\/_J(xt)

which reduces (1) to the system
ﬂW 1 w__ 9 1 1

=0, =0 (7)

Jic xo Mt Jic x
The initial condltlons remain unchanged because
W(0,t) =V (0,t) =V ((x), J(O,t) = 1(0,t) = 15(X)-
Assume that the unknown functions are (cf.[1])
W (L,t)=W(t), J(0,t) = J(t).

and taking into account the relations obtained after

integration along the characteristics
W(L,t+T)=W(0,t), J(L,t) = J(0,t+T)
we obtain the system (cf.[1]):

R R
€ twm-e t -1y /lvc)

R R A
= Ey(t-T)- R0§<e'LtW(t)+e'L“'T’J(t i

[/}
. i
_C—l(t)%(e n W(q)+e I(q )J(q—T))/(Z\/E)EdCI
T [/}
& _R, R 0
_eg(e LW(t)+e o J(t—T))/(Z\/E)g
& [/}

g _R R 0
4 Setwore t T e -T) VL)

i ;

+Ly(e '-W(t)+e e )J(t—T))/(Z\/E)E
H

- d aé(e iW(t)+e'f“ )J(t—T))/(Z\/E)g;

2

R R
€t W-T)-e Ca)/(2VC)

R R .
=E(t-T)+ R12(9_L(H)W(t “Ty+e LI(t)/ (Zx/f)g

o

o’et R R, o 0
N §°§‘e LYW (g-Ty+e L 3(g))/(2VL):dg>
g g

_,(_ ) _Bt 0
(et W(t-T)+e L I(m)/(2/L):
s§ ;
d & —E(t—T) _Bt o
“Tlge b W(t-T)+e LI@m)/(2V0):
di g p
& —B(t—T) _Et 0
+L1§(e LW e-T)+e LI/ (240):

/]
_d& -Rem Ry 0
Eg(e L W(t-T)+e L J(t))/(Zx/E)g

Principal Remark. If W (t), J(t) are periodic functions

ons Wee twa, Smee ™
then the functions (t)ee LW(t), J(@)°e L I()
should be oscillatory ones. They should satisfy the following

R R
-—t -t
inequalities NS(t)‘EWOe L ,‘J((t)‘EJOe L. Further on we

again denote themby W (t), J(t), thatis,
_R _R
W) EWge b, [I@)|£dge b .
So omitting some transformations given in details in[1] we
reach the problem for existence-uniqueness of oscillatory

solution (W (t), J(t)) of the following system:
aw() __di-T), 2L

- Eo(t-T)
dt dt Ly (W, J)(t)

L 2JL Ry EW (1) +(t-T)0
LW, 3)(t) 2L 5

__ZW() |, Zpd(t-T)
L. 90 LW, I)
2L <aBEW(g)+I(g-T)0

-—= C dgi°eU J)(t
WO L B gqg W.)0:

di) _ dwt-T)  2JL E(t-T)
dt dt LW,
2JL REW(E-T)+I(1)0

Lw, )t & 2L 3
ZW(E-T) _Zd(@)

LW, 3O LW, )

__ 2L c §°§W(q T)+J(g)0
LW, )1 ~ & L g
W (D) =W t), W ) =V 1) 9t) = T, 1), ﬂ(t) =50 ®
tT[0,T] where

=

dq 21w, 3)(®);
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W(t)+J(t—T)iLan(t)+J(t—T)t}
L di '8 2L

W () +J(t-T)o @2W () +I(t-T)o".

oW, 3)(t) =

+LOSTE=SO(n+1)I T L
eW(t-T)+JI(0_ 2 pEWE-T)+ IO
+L18 N r90(n+1)ln Rt

The initial functions are obtained as in[1].
First we formulate the conditions for the initial functions

R R
~ Ny _ _R,
(IN) O(t)‘ fe L Woe/ﬂ(t—tk); “]O(t)‘ fe L Joem(t_tk) )

Assume that one can find an interval |I| £ i, suchthat the
inequalities

R R
-2t -2t-T)
WO+IE-T)| o oty € “Wote Joe ™
2L AL
2 R 2 Rb
—cm-—:T —cm-—:T
mt-t,) '%‘Wo*“]oeg AP e W0+J0eg O
fe el — ——  fe"ve Eig;
2L 2JL
R R
-2-m) -5
W (t-T)+J(t) £ on-t) € LT W +e L,
2L 2L
¢ Rab
_R i
geme W © *do £ij
2L
imply
m N
I _ o (o)%W(I)"'J(t—T)O a0
Byt-T)= Q+IQE "0 s[>0
n=0 " 2\/E g

b L gl
LW, )M Ly

m _ + n

by(t-T) = &+ FHE- D0

n=0 8

o1l

LW, L

This can be done if the polynomial has suitable properties

(cf. Numerical example).

- 20>0

2JL 5

3. An Existence-Uniqueness of
Oscillatory Solution for the Neutral
System

Here we introduce an operator representation of the
oscillatory problem and by a fixed point theorem in uniform
spaces[3] we establish an existence-uniqueness of global
oscillatory solution.

Now we are able to formulate the main problem: to find a
solution of (8) with advanced prescribed zeros on an interval
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to,¥), (T ©t, )where W (t), J,(t), t T[0,T]are prescribed
initial oscillating functions on the interval [0,t,].

Let S; ={t,}r=,n TN (such that #,=0, £, =T °t,)
be the set of zeros of the initial functions, that is,
W, (£,) =0, Jo(t,) =0.

Let S :{tk}f:0 be a strictly increasing sequence of real
numbers satisfying the following conditions (C):

(C1) limt, =%¥;

K®¥

(C2) for every k there is s<k
t -T =t (t -T 3¢,) where t, TS; ES.

(B) Ex(t)=0 (p=01).

It follows O£ inf{t,,; -t :k=012,...}

Esup{ty,y -t :k=012,..} =T, <¥;

Introduce the sets C[t,,¥) consisting of all continuous
and bounded functions differentiable with bounded
derivatives on every interval [t ,t,,,].

Remark 3.1. Let us note that the left and right derivative
at t, ofany W(.),J()TC[ty,%¥) may not coincide. This
requires introducing of uniform spaces[3] with a suitable
topology for continuous functions with piece wise
continuous derivatives.

Introduce the sets

My = WO TClte, %) W (1) =Wy ()t T[O,TTOW () = 0

such that

. )
UMW () EWge L et T, ,tkﬂly,
b
M, =P Tl %) 30 = S TO.TIVIt) =0
A )
OPO]E Jge L™ T, ,tm]§.

b
Remark 3.2. Conditions (C2) and (E) imply that if

W(t)=0,E,(t,)=0 then W(t -T)=0, E,(t)=0.
Remark 3.3. Let us comment the conformity condition
(CC). It could be obtained replacing t=t; in (8) and in
view of W(0) =W (ty) =J(0)=J(t;) =E,(0) =E,(t;) =0
and C,%(0)=0:
W (t))=-$(0), $(to) =-W(0).
where V¥ (t) = dw (t)/dt . We notice that (CC) becomes a

relation between the initial functions \ﬁo(to)=—j(o(0),

5[0 (ty) = ‘\ﬁo (0) . If the last condition is not satisfied then
the jump of the derivative at t =t;, propagates to the right
and it falls at some zero point because of t, -T =t,. We do

not go beyond our function space because the derivative of
our functions might have jumps at t =t, .

Remark 3.4. It follows that the functions from M,, and
M, satisfy the inequalities
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W ()] £ Woe™ %), |30 £ Joe"™ ), t Tty gl (K=01,2,...)
where Wy, Jo, m, miTy = m,. are positive constants and
Woe™ £ fy <¥

Ry
W) EWpe Le” %) implies the global estimate

Besides we point out that

_Ry _Ry
W (0] EWge L e Ewge e,
Introduce the following family of pseudo-metrics

r® W W) = maxW () -W (@)t Tt by},

r%a,3) = max{J t) - J‘(t)|:tT[tk ,tk+1]},

FOW,W) = max{vv (1) -W (1) :tT[to,tk+l]},

F93,3) = max{J ®-JO:t Tt ,tk+1]},

P W ) = maxg W Q) -W 0T )
r',J) = max{e'”’(t'tk) J(t) - J‘(t)|:tT[tk ,tk+1]},
HOW,W) = max{r® w W), rO W, Wy,.., i w,w)},
F9,3) = max{r§?’ (3,3), r%, )., r,(,,k)(J,J_)},

O o W = malefe"”(t'tk)’\l@(t) X7 (t)‘:tT[tk ,tkﬂ]g,

r$ 5= max,lfe"”“'tk)

ﬁ(t)—f(t)\:tT[tk,tm]g,

O 00 ) = a0 o ), 70 0 ). P00 )}
O, 3= madr® (3.9, k0 (3, 9.... 0 3, )}

The following inequalities imply the equivalence of the
both families of pseudo-metrics

rOw W) £ FAOw,wW) £e™ AOwW,W), (k=012,..)
r0, e Y0, 3)£e™AYQ,T), (k=012,...).
It is easy to verify that
7O W, W) = maxrO w, W), rOW,W)...., FOwW,W)}
£eo max{r,(ﬂo)(W,VV), rOw,w,..., r,(nk)(\N,VV)}
=e™ FKOW W), (10
79,3) = max{r(o’(J,j), Q... r(k)(J,j)}E
£e™madr®(3,3), A (3,3).... 9, 3)}
=™ (3, 7).
The set M,, "M, turns out into a complete uniform
space with respect to the family of pseudo-metrics

How W3, 8, W W T, 5)
= max{f © (W W), 7493, 3), H0 b, ), 740 (4, f)}
(k=012..).

Define the operator B:(BW (\N,J),BJ(W,J)) by the
formulas

147

By W, 3)(t)=Wy (1), t T[0,t,],
t
By W, 3)(t) = B{O (W, 3)(t):= U W, J)(s)ds

t
t - tk tk+1

QUW,J)(s)ds, t T [t bl (k=012,...)
e =T g,

By (W, 3)(1):= Jo(t),t T[0,t,],

t
B, (W,J)(t)= B W, 3)(t):= 1 (W,J)(s)ds

t

- tk+1 g
Eobe Siw, 3)(s)ds, tTTty b, (k = 012,..).
e =l

The  sources Eo(t), E (1) :[0,%¥) ® (-¥;¥)
continuously differentiable oscillatory functions.
Further on the following assumptions will be hold:

are

R
~ =St
Assumtion(IN): ’Wo(t)‘f'Woe L gt
N R,
‘Jo(t)(EJoe L) t Tty tes ]

R

Assumtion (E): |Ep(t)| EWOeTte’”(t'tk) (p=01);
R . r W +J
Assumption (IT): e”° ;\/EO
Lemma 3.1. Problem (8) has a solution (W,J)T
My ~ M, iff the operator

My ~ M, , thatis,
W, J) = (By (W, J),B;W,J)). (1)
Proof: Let (W,J)TM,, ~M, beasolution of (8). Then
integrating every equation of (8) on [t t] T [t,,t,.;]

(k=012...) we obtain

Eig; Wee™ £ £; m>%.

B has a fixed point in

W) -W(t) = Su W,J)(s)ds O W(t) = E)U(\N,J)(s)ds,

% t

t t
JO-IE)=glW,I)s)ds O J()=§lI(W,J)(s)ds
t t

and then

t tk+1
W(t)=gUW,J)(s)ds P W(t,)= gUW,J)(s)ds=0

t, t, (12

t by
J)=g1W,J)(s)ds P J(t.y) = 1 (W,J)(s)ds =0.

tk tk
Therefore the pair (W, J) satisfies

! t-t, 1
W () = gUW,J)(s)ds - —~— qgUW,J)(s)ds,
tx k+1 _tk tx
t t—t tk+1
J(t):(‘)l(\N,J)(s)ds—t K o1 W,J)(s)ds

tx k+1 7 Rk gy



148 Vasil Angelov:  Oscillations in Lossy Transmission Lines Terminated by in Series Connected Nonlinear RCL-Loads

for tT[t,,t..] or W,J)=(ByW,J),B;(W,J)), thatis,

(W,J) is afixed point of B.

Conversely, let (W,J) be afixed point of B or

t

W(t)= (‘)U(\N,J)(s)ds—%

ty k+1

. t-1ty
0= 1W, I)(E)ds - =

ty k+1 ~ tk

Then in view of 7, = niT, = const. we obtain

oUW, J)(s)ds;

0 1W, J)(s)ds.

IK+1 kl tkl
JUW,J)(s)ds| £ od‘](; T)o|t+2f
t, t,
2\/—‘“ EW () +I(-T)
8 2JL g
X

OM ®dt+32 4 |3t -T)|dt
LOBIW | Logl |
2ﬁ‘klc 1G\aeW(q)+J(q )6

8 ° Stg 2L 9

E%W N emtT-)ge  2VL */—°

+

t, n=1

b o)
+—ZOWO k(‘) e”’(t_tk)dt + ZQJO (‘) Bm(t_T_tk)dt

% B

dq ds

2\/E e em(tku_tk

tk+1
. 2@ W, ;

t

" Wds £ X we
[,

2J_o

aeW0+Joo et _

m

2\/—20 (Wo + ‘]Oe_m—) emak 174) -1 + 2\/2 WO em([kﬂ_tk) -1

2JLL, m
c 2\/E e”’(tm -t.) -1@
[,
2JLe®-12 ¢ o|(
ET - QWe +a|r (i) +|Ozo+wo_

tkﬂ

W "”T+a|r(°)| io) +|OZO+W0_
é o

0 1W,J)(s)ds| £

&

2L Wy e"at) _1

m Mt =t) _
+2\A/— o r(l) (io)n e 1
1 n=1 m
o 2VL Zge™ Wy +Jg) e -1
2JLL L1 m
k+1 k) —_ mO -
. 2\[— W, e” 1, Z{E e
m L m

SEB Rl AN L 0,
€ n=1

Since ”|]|®nl M, (m) =0 (p=01) weconclude that

thar tew
QUW,J)(s)ds=0 and ¢l (W,J)(s)ds=0.
ty ty

Therefore operator equations (13) become

t t
W (t) = gUW,J)(s)ds, J(t)=¢l(W,J)(s)ds
ti ti
Differentiating the last integral equations we obtain (8).
Lemma 3.1 is thus proved.
Preliminary assertions:
t -t

k+1 7 Yk

1) £1tT[t, t ]

el t) 1 (el te _) (e Dt t) 4 o(M-2Deat) 4 4q
) (et -1y )
n n

(e(tkﬂ'tk) _ 1)ne(n'l)(tk+l'tk)

- (e(tkﬂ'tk) _ 1)e(n'1)(tk+1'tk);

n
t _Rq g R Reo e R _Rié
\ L t Y L t t0
3) ge - ds:—EQe L —e Lk;:E@e e LT
it g ] g g
-t L& T R 0
ze L lF;Q L( 9 -1[fe b %QeL -17
§ p § p
Ee-n%sds L Ee-n%t e-n%tkg_ L ge—n%tk e-n%t':(_')
0 =-— - T - i
t nR§ : RE :
_e'% LQ f(t t) O% - -D%k . 4o -(n-1) t_
nRg ﬂg p
R R " R R .
-t L& Se) 9 St L& T 0
ge bttt ™ _pfnge el o7
RE p R§ p
tar —BS ® —Bt+ —Et 0
4 get ds——Lge LY e Lk:
ty é p
_R ) g _R R, R R
:Lge Ltk Ltkﬂjzhge Ltk —-e Lt+e Lt_e Ltkﬂj
Re [4] Re [’}
_e_%t Lge%(t_tk) 1+1 ‘I( K+1 t)9
R¢ +
e g
Ee'%t Lgei(tkn t) (1 tk)g
R¢ +
€ [/
R R R_ 4 R
~tLE T rh? -t2L aR_ g
fe L Egel‘ ° L O;ZE L ?Shngog,
7 e g
5) Iktle—n%sds_ L %e—n%tk -n tk+10
tO nRg =
k g
g _R 08 _(n-1 Rt _R
_ LBt a8 el e
R £
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6) the function b(x)=——= x30

is increasing and
lim b(x) =1,
XI®0 (X)

% .
7) sup —dLé’i(')|

Ry -Re-m) "
i Woe L em(t'tk) + Joe L e/ﬂ(I—T—Ik)

| i |

& Rt Ry E

My 4 L :

c a(n +1)‘|(0)‘9W0 e +Je Lee i
n=1 2\/E o

: ;

py Ry
EQM+D0|(ip)"e
n=1

/777_T0

m -
8) sup d'a‘l.(')‘£ A+
di -
R R n
- (t-T) -t
L /ﬂ(t-T-tk)+ L o/m(t-t)
c a(n+1)‘|(1)‘ Wee e Joe te
n=1 2\/I ‘
& Rz, Ro R, 0
Uame & Ls Llam :
g (N+1)} ) SWpe - e™e +Je Le
£ = 157 (¢
n=1 nft 2\/E I
el § ;
R
-n—t
(o)
k’(\K?/ i r(k>(# ﬁf)

9 rioww)g-2-——~ ). ol (VN s

Theorem 3.1. In addltlon to conditions (IN), (E) and (1)
suppose

g R .
Sy F (RT,)/L _ §
(R) ‘]Oeg Lg +e™ 4||:_0\ét§e 5 1+Sh RI-_I-Oi
g
é &, RO
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point in M (cf[3], Theorems 2.2.2 and 2.2.3). It is an
oscillatory solution of (8).

Thus Theorem 3.1 is thus proved.

4. Numerical Example
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5. Conclusions

» We consider transmission lines taking into account the
lossies. This means there is attenuation in time of the signals.
This natural physical fact is confirmed by the mathematical
method we apply. Namely, the transformation (we have used
to reduce the mixed problem for hyperbolic system to a
problem for neutral system on the boundary) contains an

exponential function e ®/L which implies that signak
(current and voltage) vanish exponentially. It reminds us that
naturalglobal solutions are not periodic ones. That is why we
formulate the problem of existence-uniqueness of an
oscillatory solution.

* In order to prove an existence-uniqueness theorem we
introduce an operator (unknown in the literature up to now)
whose fixed points are oscillatory solution of the problem
stated.

* It turns out that the space of oscillating functions does
not form a metric space but a uniform one. This requires
applying fixed point theorems of operators acting on uniform
spaces.

» We would like to point out that by means of this fixed
point method we solve nonlinear equations with various
nonlinearities as polynomial, exponential and transcendental
ones.

* By virtue of the theorems obtained in this paper we show
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that attenuating oscillating modes are natural for the lossy
transmission lines terminated by such configuration of the
nonlinear loads.

e 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.

« Finally we note that a lot of papers have been done where
numerical (or other) methods are applied without uniqueness
is assured. Then it is not clear to which solution is
approaching. Our fixed point method guarantees a
uniqueness of solution.

« The calculation of the successive approximations and the
estimations of some terms (leading to their disregarding)
simplify the calculation of the next approximations. It is
extremely important for any program implementing the
method.
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