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Abstract—This paper is part two of the study of the
electromagnetic compatibility characteristics of lossless
transmission lines terminated by resistive polynomial
type of nonlinear loads initially proposed by C. Paul.
Based on the obtained system of two functional
equations and two neutral equations for four unknown
functions in part 1 of our analysis, we proved that the
mixed problem is equivalent to an initial value problem
for a functional system on the boundary. The system of
functional equations is solved by fixed point method.
Commonly, these problems are solved by numerical
methods or by Laplace transformation method that is
valid only for linear problems. Our results are verified
versus real-world example. The method here proposed
could be applied for nonlinear boundary conditions too.
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I. INTRODUCTION

Our investigation of electromagnetic compatibility
(EMC) of printed circuit boards (PCB) based on lossless
transmission lines terminated by nonlinear loads is split in
two parts. The 3-conductor transmission lines setup is taken
from C. Paul results in [1]. Distinct to [1] we propose a
broader treatment to find a solution to the system describing
the 3-conductor transmission line problem.

In part 1 [2] of our study, we formulated a hyperbolic
system modeling the behavior of 3-conductor transmission
line terminated by nonlinear resistive loads. Then we
transformed the system to a diagonal form using the method
from [3]; we also transformed the initial and boundary
conditions. The reduced system is consisting of two
functional equations and two equations of neutral type for
four unknown functions — these are the currents and voltages
of the transmission line. The mixed problem for the diagonal
system is reduced to initial problem on the boundary. The
system of functional equations is solved by fixed point
method. Commonly, such problems are solved by numerical
methods or by Laplace transformation method that is valid
only for linear problems.

In this paper, which is part 2 of our study, proceeding
form the obtained system of two functional equations and
two neutral equations obtained in part 1 of the analysis, we
prove that the mixed problem is equivalent to an initial value
problem for a functional system on the boundary.

For the sake of completeness, we note that in [4] we
investigated the case of the lines being terminated by linear
loads, while in [2] as well as in this paper, we consider the
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case of the lines being terminated by nonlinear resistive
loads.
Il. OPERATOR PRESENTATION OF THE PERIODIC PROBLEM

In part 1 of our analysis [2] we reduced the mixed
problem for hyperbolic system to initial value problem for a
system consisting of two neutral equations and two
functional equations on the boundary.

l1o (1), 150 (1), 130 (1), 14 (1)
Introduce the sets

My ={ 13t € Cr, [0,00): [, (0] < 10ge ™™, t e [KT, (k+1)T, ]}

My =1 15(t) € Cy [0,00) : 1, (0)] < 1o T0), t e [Ty, (K +1)T, ]

M, { 13(t) € Cr, [0,00) : [15(1)] < 1g“ ™), te[KTy, (k +1)T0]}
M, { 14(8) € Cy [0,0) : [1,(0)] < 1048 ™), t € [KT,, (K +1)T0]}
where Cr[0,0) is the set of all continuous To-periodic

functions and lok, To, & are positive constants and uTo = o =
const.

We use the technique of fixed-point theory in uniform
spaces (cf. [3]). For that purpose, we introduce a saturated
family of pseudo-metrics in the Cartesian product

M =M;xM, xMzxM,
P To) = max{[1, O~ T, O[T -t e [KTy, (k+)Ty]]
(h=1,234;k=0,12,..)

where the index set of this family consists of all ordered
fours

(1, P2, P53, Ps) € NgxNgx Ny x Ng; Ng ={0,1,2,...}
corresponding to the initial points of the intervals
[PiTo, (P +DToIx [Ty, (P2 +DTo]x
X[P3To. (P3 +DTo1x[P4To. (P4 +DTo]
The set M turns out into a complete uniform space with a
saturated family of pseudometrics

-P(pl,pz,p3,p4) ((Ill 5,13, |4)’(|_1,|_2’|_3’|_4)) =
= max { pp, (11,11), 2y, (12 T2), £y, (13, T), oy, (14 T5)

Introduce maps j, : Ng = Ny (n=1,2) in the following
way:

b i Ng = Ng; [KTo, (K +D)Ty] > [KTy - Ty, (k+D)Ty - T, 1;



We suppose that T, =m Ty (p =1,2) . Therefore

[KTo =Ty, (k+ )Ty =T, 1=[(k —m, ) Ty, (k +1-m,)To]
and then
Jpk—>k-—m,
provided
k=my =05 j,"(K) = j, (g (K)), 0 (K) =K.
The definition of j, implies that jpm(k) € Ny only for
finite m. Then we define the map

j(plv P2, Ps, p4)2 Ng x NgxNgxNg — NgxNgxNgxNgy
in the proof of the main theorem.

Now we formulate the main problem: to find a To-
periodic solution of the neutral system (cf. equations (19)-
(22) in [2]) we define an operator with components B = (By,
Bz, Bs, Bs) by the formulas:

Bk(l)(llv 15, |4)(t):= AiO(t)+A11I3(t _T1)+A12|4(t—T2),
te[T +kTo, T +(k+1)T,]

Bk(z)(llv I, 15, |4)(t):= AQO(t)+ A21|3(t_'|'1)+ A22|4(t—T2),
te[T +KTy, T +(k+1)T,]

t
Bk(g)(llx I, 15, 14)():= _[ Us(ly, 15,15, 14)(s)ds -
T+kTy
T+(k+1)Ty
Us(ly, 15,15, 14)(s)ds,
T+kTy
te[T +KkTp, T +(k+DT,]

=T KT,
TO

B (13,15, 15,1,)(t):= _[ Uy (I, 15,15, 1,)(s)ds —
T+kTy

T+(k+1)Ty

U4(|1! |2| |31 |4)(S)dsl
T+kTy

te[T +KkTo, T +(k+1)T,]

=T KT,
TO

where the functions 1, (t=T,),l,(t-T)), I3t =Ty, 1,(t-T,)
are substituted by corresponding initial functions.

Lemma 1. The function

B " (15,15, 15, 1,)(t) (n=12,34)
for te[T +KkTy, T +(K+1T,] equals By, (I3, 15,15, 1,)(t)
for te[T +(k+D)Ty, T +(k+2)Ty], that is,

B ™ (1, 1, 15, 1)t =To) = Bt ™ (I3, 1, 15, 1,)(),
te[T+(k+DT,, T+Kk+2)T,]; (n=3,4)

The proof is analogous to the one from [3].

Lemma 2. The periodic problem (cf. equations (19)-(22)
in [2]) has a unique solution

(L) 1O 130), 14() e My x M, x Mg x My
iff the operator
B :[B(l)(h, 1 15, 1,),BO (1,15, 1, |4)1]
B(s)(lli |27 |31 |4)1 B(4)(|11 |27 |31 |4)
has a fixed point, that is,
BY (13,15, 15,14). BO Iy, 15, 1, u),]
B(a)(lli |27 |31 |4)7 B(4)(Ilv |21 |31 |4)

The proof of Lemma 2 is done following the approach in [3].

(I, 15,15, 14) =[

I11. EXISTENCE-UNIQUENESS OF PERIODIC SOLUTION
The main result is:

Theorem 1. Let the following conditions be fulfilled:

lio(:), 130() € C1. [Ty, 0],

120(), 14 () € C7 [-T,,0]
Us(.) € Cy [0,0),

Us =max {|Us (t)| :t [0, T}

(M

Assumptions (D) and (L) are valid;
T1=myTo, T2 =m2To 2
for some positive integers my, my .

|Q2 + RNE72|US _
A, |

) 2oLy +(Lop A + Ry ) x
= @ o 1- 222 (L11C11 +L,Cp )
222 (L12C11 + |—22C12) |

<min{ly, Iy}

Us < (3)

|Q1 + RNE71|US _
Az |
L AL, +(L2211 +Rye )X
= @ o 1—;112 (Lllcll + |—12C12)
/112 (LioCyy + L22C12) |

<min{l, Iy}

Ug < 4)

Then there exists a unique-periodic solution of eq. (4) in [2].

Proof: The set M; x M, xM3xM, is a uniform space
with the above saturated family of pseudo-metrics. In view
of 4, >A,=> A/ 1,>AlA,=T,>T, we show that B maps
M; x M, x M3 xM, into itself. It is easy to verify that all
components of the operator B are periodic functions.

For t € [KT,, (k +2)T,] and for sufficiently large x>0 we
obtain



‘Bk(l)(ll, I, 1, |4)(t)‘S
<| A ()] + | A |15t = T)|+ A |[1s(t —Ty) | <
< |A1° (t)| |A11| '309”“4“”0) + |A12| |4Oe#(t—Tz—kTo) <

<e i) [|q2 —i_ARN|E7/2|US + |A11| |3oefﬂTl + |A12| |4oef’uT2 J <
12

< KT

‘BIEZ)(Il' 2,13, 14)(t) ‘ <
|A20(t)| |A21|||3(t _T1)|+|A22|||4(t_T2) |<

|Q1 + RNE7’1|US
A

< pH(t=KTy) [|Q1 + RNE71|US
Ay |

n |A21| |30ell(t*T1*kTo) + |A22| |4Oe/4(t*T2*kTo) <

+|Ag| g ™ + | Ay, | |08 T2 ] <

< Utk

‘BIES)(II! I, 13, 14)(t) ‘ﬁ g MettKTo) 4

|p271 Q2| Iloe—,uﬂey(t—kTo)_'_

+
A3Co
+|P27’2 G| | g (=KTo) 1+
A34Co H
N |pory—Gpf, (KW -1,
A3 Co
|p272 - Q2| e (k) 1
+ 140 +
A34Co
p
U
|paf 108" + ¢

+ |q2| + 1,0 T
gp P2|120

J‘ e Pu(s—KTo) g o
A3 Gy

Pt +| Py 130 +| P2 lag | T*KTo
|oy| 1o ™™ + P :
LA 0T L B QT
A34CO Pt T+KT,

|Q1| I3 +|Q2| L4

—uT,

_ —4Ty
+|p271 AL 1+

A (t-KTo) H
< —uT, +
_ l..e Hip
AyuCo | 4 | P272 Q2| 20 +
7

+|p271 —Q2| I3 +|p2y2 —Q2| 40
)7 2

| py] o™ +
‘QH|Q2| +|pz||2oe_#T2 + +

m +|pl||30 +|p2||4o

ePHlo 4 41
+E AR LR N
Z - 4T, P pu
p=1 |og| 150874 +

+|p2|‘gf,‘ +[0z| 10747 +

+|Q1||30 +|Q2||4o

< 1 5ye-KT0)

B (131,15, 1)) | <
AgyColype ™ +

—uT,
. [Py + 0|18 ™ N

pH(t=KTy) H
< —uT,
AyuCo | 4 |pu7a + Gl g +
U
N [P + 150 . [Py + 1o
7 H
|Q1| '10‘3_/1Tl + i

‘QS“pﬂ +|Q?_||zoewT2 S

m +[0 | 1a +[2| 140 ePAo L 11
+z Tl
ool |p1| Iloe—,uT1 + p pu

+|Q1”glp‘ +|p2||20e—/th +

+|p1||30 +|p2||4o

< 1K)
It remains to show that B is a contractive operator.
We notice thatT, > T, = — uT, <—uT, = e = <e*",
Then
ax{l/’nle‘”l L T } <
|Bro|e ™ + B, e #T2;|Byy e 74 +|By,|e 4T
<e " max {|A11| +[Aali[ Aga | +[ Ao ?} ~ K ()
[Bua|+[Bia|i[Ba | +[Byo]
and for t € [KT,, (k +1DT,] we have



B (11, 12,13, 10O = B (1, T, T, T)(O) | <
S|A11|||3(t_-|_1)—|_3(t—-|_1)|+|A12|||4(t _Tz)—l_4(t—-|_2)|S
<Ay |l =Ty) - Tt = Ty) e+ ToWeut=ihom)
+ A [l (t—Ty) = Ty (t = T,) [ KT Ten kR Te) <
< |Ale Ty g (13.13) +
+| A e T oo (14,,T,) <
< gt(t7KTo) (|Am|e"‘T1 +| A, ™ )><
xmax {4y (13.Ta). 23,00 (1a:Ta)}
that implies
Pk(B(l)(l 12,13,15), B (1, T, T, |_4))S
<[Aale™™ o500 (13T ) +Anle ™ o 4o (14 Ta) <
(|A1 |7 +|A,le” ”Tz)maX{Ph(k)(' T3),Pi 0 (10T
< (|Aﬂ|e”‘T1 +|A, e )x
xmax{ph(k)(l )Py, (12 '_)}

Pio (13:13): P30 (14 14)

B (11, 1. 13, 10O - B (T T T T <

< |A21|| |3(t _Tl) _ |_3(t _Tl)|e*,u(t*kTo *T1)eﬂ(t*kTo -T) +
+|A22|||4('[ _TZ) _ |_4(t _TZ) |e*/l(t*kTo*Tz)e/l(t*kTo*Tz) <
< H(t=KTo) (|A21|e—ﬂT1 +|Agy |7 )X
xmax {pj, 4o (13:T3): 23,00 (14 T2}
which implies
pk(BIEZ)(I 151513, BE (1, T, T, |_4))5
<[Pl €% i gy (13, Ts) +[ Azl €7 o, 1y (11T ) <
< (| Auale ™+ Age e Jmax{ oy o (13 T3 ), £ 0 (1 Ta)} <
< (|A21|e”‘T1 +| Ay 672 )><
Pito (10 1) i (12:T2),
Pt (13:13), Py (1a:12)

X Max

Further on, in view of

df (u) Z Oyt 2() Z g@upt

=1

|df1(p1 L(E-T)+pl,(t-T,) - pls(t) - p2|4(t))| <

du

T p-1
Py o€ " +

<Zp‘gp +Palo0e ™™ +
-1
P= +Plgo + P2lgg

o PA(-KTy)

|df2 (0 (=T + a1, (t=T,) - ql5(1) —Q2|4(t))| <

| du |-
_ p-1
O lppe ™™ +
m
Z p‘gp +q2 208 —uT, + ep#(t—kTo)

-1
P +0l50 + G2 l40

we have

B (1,15, 10 - B (M L K )0 | <
t

< I |U3(|1’ 2,13, 14)(5) —U3(|_1!|_2’|_31|_4)(5)|d5+
T+KTy

T+(k+1)T,
+ (Us(ly 15015, 15)(8) = U5(1, T3, T3, T,) ) ds
T+KTy
- ~HT;
- +|F323’1 QZ|(1+e 1)+
W, < e#0-KT) 1A3,Cy y
+|p272 —Q2|(1+97HT2)
H#A3Co

Xmax{ph‘”(u,I‘l>,pl'z<k’<lz,I‘z),}+
p(k)(|3,l_3),p(k)(l4,|_4)
4eHt=KTo) o {Ph(k)(llv |_l)7pjz(k)(|27 I_2)}><
PU(3,T5), P (14, Ty)
a2 ( e Y pz)
A3 Co :

T,
Py lge™4" +
m p‘ ‘(e(p DuTe 11 ( 1710 ]
xz +Pylpe 2 + +
) pu
P= (+p1|30+ P24

X

p-1




L (1,1y), p2 8 (1,,15),

3a|_3)v,0(k)(|4a|_4)

PG e gy
A34C0

m p‘gf,‘(ew‘l)”o +...+1)

<2,

p=1

+eﬂ(t KTo) n aX{
k

}X

pu

<

- - p
X(Q1 1108 ™™ + Gl 208" + Gl +Q2|40)
< (M) maX{le(k)(H-rl),PjZ(k)Uz-rz)lp(k)(|3-|_3)-,0(k)(|4-

[P _(12|(1+e_m1 ) . P27 —QZ|(1+e_ﬂT2 ) .

x| e 4
#A34Co 1A3,Cy
R L . pz)zm: p|ap|(e" ¥ +..+1)
A3 Gy pU

p=1
p-1

—uT; —uT.
X(pl l108 " + Palygf 2 + Pylgg + p2|40) +

p‘gﬁ‘(e(p’”’”o +.. +1)

pu
W Ty A T
W <(euTo —1)max{ph( (1.1, 21, |2)}><
2S _ _
p(k)“s:'s):/?(k)('m 14)
o +|p271 _Q2|(1+ et ) +|p272 _QZ|(1+E_”T2 ) .
#A34Co #A34Co

P2 ((he_/ﬁl + qu_ﬂTz +0p + Q2) o
+

A3Co Z

p=1

—uT, —uT, p
X(Ch'loe 0ol 08 2+qu30+q2I40)

X

0 (P + Poe ™™ + P+ Po)
A34C10
m p‘gt‘(e(‘"””TO +...+1)

<2,

p=1

+

X

pu

p-1

—uT —uT.
><(p1 108 ™ + Palog€ 7 + Pylgg + pz|4o) +

R R S R $ plgg|(e®® +..+1)
X
A3y p=1 pu
- _ p-
><(Q1 1108 ™™ + Gpl 208" + 5o +QZ|40)
Therefore
‘Bk(s)(lll |21 |31 |4)(t) - Bk(3)(|_11 |_27 |_31 |_4)(t) ‘ <
W, +W, <

< et maX{le(k)Ulv 1), 25, 0 (12, 12), 2 (13, 1), o (14, |_4)}

)}

|p271 Q2|(1+e HT1)+

HA34Cy

|p2}/2 _QZ|(1+9_#T2)
+ +
1A3,Co
T, G2 ( pie ™" + P 4+ py+ pz)
A3 Cy "

m p‘gt‘(e("‘””TO +...+1)

<2,

p=1

-1
—uT, —uT, p
><(p1 I8 " + Palyee 2 +p1|30+p2|40) +

e 4l 4 gt

X

pu

P2 ((he_/ﬂl +0pe T gy + Q2)
A3 Co
m p‘gﬁ‘(e(p’””TO +...+1)

L

p=1

+e#To

X

X

—uT. —uT. p-1
X(Ql l108 “" + 0yl 0e 2 +Q1|30+CI2|40)

that implies

Pk (Bk(s)(lla |2: |31 I4)l Bk(S)(I_lil_Zrl_Si |_4)) <
< max {le(k)(h:|_1):Pj2(k)(|2!|_2):/?k(|3v|_3):,0k(|4: |_4)}><

P27 - q2|(1+ e ) +[Pa72 - q2|(1+ et ) +
1A3,Cy

x| e 4T 4 e#To

a ( e T+ pe T+ py + pz) 5
Az Co

o, plgt](e94 1. +1)

0 D

p=1

4T,
X(pl e

+e#To

p
—uT,
+Poloo€ T+ Prlgy + p2|4o) +

d; ( ple_#T1 + pze_ﬂT2 + P+ pz)
A3 Cy

+e#To

X

gy
p=1
X( i€ ™ + Pyl ™ + pylag + p2|40)p—1 +



e M ge T g+ 1 (4, 1), pi g (15, 1),
ek P2 ((h 4z o] Q2)X 5, S(e”T" —1)max{ph(k)(_l 1) sz(kl( 2:12) y
Az Co Acls13), o1y, 14)
2| a(pP-2) 4T - -
Xi p‘gp‘(e ° +---+1) |p1;/l+ql|(1+e ;1T1)+|p17/2 +ql|(1+e mz)+
X
p=1 pu HA3,C
_ _ p-
X(ql lig8 ™™ + Gyl ™™ + tlag +q2|40) pl(qle_ﬂTl +0,e7" g +QZ)
+ X
J A3 Co
m p‘g‘;‘(e(p’”’”" +...+1)
Finally, we have XZ D
p=1

—4T, —HT, Pt
@ P X(Ql T s PY PV +Q1|30+Q2|4o) +
‘Bk (11,12, 13, 15)(t) - By (I1,|2,I3,|4)(t)‘£ o T
o (e ™ + P + py+ )
X

t +
< J’ U1y, 1515, 1,)(8) ~Uy (1, T, T, T ()| s + A3 Co
T+kTo m p‘gt‘(e(p_l)/ﬂo +...+1)
T+(k+1)T, XZ X
A (Va1 16 ~Ua (1 T Ty T) ) ds | = b P
_ _ p-1
JT+k;° ><(p1 11087 + Palyge ™™ + pylgg + p2|4o)
=J1+Jy;
(0.7 (1.T) Therefore
_ Pi )\ 1) P2 12)s
] Se#(t kTo) max h 2 o
' P13, 13), o (14, T4) i ‘Bk@)(ll’lz’|3'|4)(t)_Bk(4)(|1’|2’|3’|4)(t)‘§
- _ <J+J,<
e |p171+Q1|(1+e #Tl) |9172+Q1|(1+e #Tz) L _ _
e+ + + KT Pi0 (1) o, o (20 12),
1A3,Co HA3,Cy < e#(tKTo) gy RO R 2 x
Ac(l3.13), o (14, 14)
. pl(%e_ml + e 4 +Q2) y AT, LT |y + ql|(1+ e_”T1)+|p1y2 +q1|(1+ e_”Tz)
x| ez +ent +
A34Co HA3,Cy

m p‘gﬁ‘(e(p‘l)‘”f’ +...+1)

2

] (Che_ﬂTl + qu_#TZ +0 + Q2>
X

- p +e4To
p=l # A34Co
4T, -, p-t
X(Ql lg ™ + 0yl 0872 +Q1|30+Q2|40) + Zm:p‘gf,‘(e(p‘l)ﬂo+...+l)
_ X
(11(ple_#T1 + pze_#T2 + P+ pz) p=1 P&
+ X p-1
A3y X(Ch g8 ™™ + 108 ™4™ + 0yl + Q2|4o) +
m p‘gt‘(e(p—l)ﬂ-ro + +1)
x x G (P ™ + pe ™+ p +p
; o el 1( i\ 2 i 2)X
) ] o1 A34Co
><(p1 108" + Palye ™% + Prlg + p2|4o) i p‘glp‘(e(p‘l)’m’ +...+1)
X
] e pu

—uT, —uT. p-1
><<p1 o€ + Palage™ 2 + Prly + p2|40) }

and then



Px (Bk(4)(|1' 15,13,15), B (|_1'|_2’|_3'|_4)) < ur, P2 (%e_m—l +0,e7 " 4 +C12) 4 ‘g;‘(e(pfl)ﬂo +---+1)
+e#To

Smax{pjl(k)(lllI_l):pjz(k)(IZ:I_Z)ypk(lsxl_3)apk(|4x|_4)}>< A3Co p=1 H

=

—uT. —uT —uT, —uT. p=L,
T . |p17’1+Q1|(1+e ”1)+|p1}/2 +Q1|(1+e g 2) X(ql lio€ " +Qplp0e " +Q1|30+QZ|40) ;
x| e#2 et +

A, C 4Ty —uTy
HA34Co " |p1yl+ql|(1+e )+|p1;/2 +q1|(1+e )+
a1, P (011‘9#”1 + 087+ + Q2) HhsiCo
" A3 Cy g kT pl(QleiﬂTl + quiﬂTz +0q +QQ) n ‘gﬁ‘(e(p‘””‘) +...+1)
i p‘gg‘(e(p’l)‘”l) +...+l) A3Co p-1 H
X _ _ p—l
p-1 Pu X(Ch 1108 ™™ + Gpl 208" + 5o +Q2|40) +
_ i p-1 _ L 1T,
X(Ql 1108 ™™ + O 1 208" + 5o +Q2|4o) + +eﬂTOQ1(ple g pe T py pz) = ‘gjb‘(e(p o +"'+1)
iy iy A34Co Z H
4T (h(ple Tt e 'LTZ"'pl"'pz) P
+ere X —HTy —HT, p-1
A3,Cy ><( Prliof " + Palagf 7 + Pyl + pz|40) <1
i p‘ ‘(e(p DuTy | +1)
X
- So, the operator B is contractive in the sense of definition
o1 from Chapter 1 in [3] and consequently has a unique fixed
(0 e Lo le 2 0l + Dol ) } point. This fixed point is a periodic solution of (cf. equations
(pl 10 P2l20 Pulso + P2 40) (19)-(22) in [2]).
Define the map Theorem 1 is thus proved.
J(P1. P2, P3 Ps) i Ng x Ngx Ny x Ny = Ny x Ny x Ng x Ng Finally, we note that the solution can be approximated by
a sequence of successive approximations with advanced
in the following way: prescribed accuracy.
(k). Jo (k). k. k), IV. VERIFICATION
if 500 (13 13) < p (13, 13) Since our goal was to find
(ko ko k) = and sz(k)(|4!|_4)§/0k(|4’|_4) Upne =Uy(0,t); U =Uy(ALt)
(1K), 12 (k). 1K), 12 (K)), we have (cf. (3.3/11), (3.4/12))
T il I3)_2 Al IS)_ Up(0,t) = ¢ 1;(0,t) + 0,15 (0,t) — y 13(0,t) — G, 1,(0,) =
and pj, 4o (la: 1) 2 pc (14, 14) =0 I (1) + Gl (1) — g (t —Ty) =l (t = T5)
Therefore U (A1) = G 13 (AL ) + G 5 (A1) — G5 (A1) — G 4 (A1) =
Pk (B2 B2 BO, BE®), (B, B, B BY)) < = 0 1y (E=T1) + Gyl (t=T5) — Gy (1) — Gy (1)
- - 1,(1), 1, (D), 15(0), 1,(1)) . S
< Kpj(k'k’kyk)((ll, Iy, g, 1), (15, 15, 15, |4)) where (120, 120,150, 1a( ))IS the solution obtained in the

main theorem.

where We have to check the conditions of our Theorem 1 using

K = max {|Aﬂ|e‘/’T1 A€ s Ay | €T+ | gy | e data from [5].
If the IV characteristic of the nonlinear resistive element

1+e M)y 1+e AT is f1(u) = fo(u) = —0.12u+0.8u?, the length of the line is [ =
|p271 % |( ) |p27/2 q2|( ) + 1 m. The specific parameters are
1A3,Co

oSl
A34Co H

+e7 4N 4 gHTo

L11=Le = Lr = Ly =0.8529 [TH/m;
Lm =0.3725 uH/m; Li2 = Ly = L
C11=Cg+ Cy=Cr+ Cn=Cyp=46.762 pF/m
X( Py lig8 ™ + Pylage ™ + pylag + p2|40)p—1 + Ci12=Cxn =-Cy=-18.036 pF/m
Then T = A,/LsCq = A/LgCg = 4.95x10°°

Let us check the propagation of the waves with length |,
= (1/4)103 and I, = (1/2)1073. We have

+eTo




f; =1/ (bTeCq ) =1/((1/4)10% x 4.95x10°° ) = 0.8x10'2 = 1N View of

T, =1/(0.8x10%) =1.2x10 " sec;
f =1/ (luy/LeCs ) =1.6x10 =T, = 0.625x 10 sec;

We choose Co = 8x102F, z=10%, then u To = uo=1
and Ty = 2x1078x10'2 Ty = 20000xT, . We also have u Co =
10?x8x1012 =8,

L12C11 +LpoCrp = Ly (C +Cpy )~ LeCrpy =
=0.3725%46.762 —-0.8529x18.036 = 2.036 = 0
Li5Co2 + L1Crp = Ly (Cr +Cy )~ LeCpp =
=0.3725%46.762 —0.8529x18.036 = 2.036 = 0
Ac =Cp;Cyp -Chy = (Cs +Cn)(Cx +Cm)—C§1 =
= 46.762% —(~18.036)" ~1861.3874 > 0

AL = LGLR _L?n = L11|-22 - L%z =
=0.85292-0.3725 2~ 0.5887 > 0

A =4/0,0321157 = 00,1792, 4, ~ 4/0,0284 ~ 0,1686 ,
Coph, + LA Ae  ~55,7546;
Ay, = 0.427 +24.051x RgRyg +3.5014x Rye +19.6x Rg,

Agy = —(0.427 +24.051x R, Reg +3.5014x Ry +19.6x R, )
_ 1- /112 (LiaCus + LipCop)
312 (LioCu + L5oCro)
_ 1- 322 (L1iCiy + LioCo)
322 (LioCyy + L22C12)
The inequalities from the main theorem are:
|/11|-12 +(LooAy + Rye )7’1|Lj _
s =
| A
~ |0.0667 —0.98798x (0.1528 + Rye | g
©0.427+(24.051x Rg +3.5014) x Rye +19.6x Rg
<min{ly, Iy}
|/12|—12 +(La22 +Rug )72| g
|Agy|
|0.0628+1.038x (0.1437 + Rye )| -
©0.427 +(24.051x Ry +3.5014) x Ry +19.6% Rg
<min{l, Iy}

We choose third order polynomial

~ —0.987979,

N

~1.038.

V2

s =

s =

s =

f,(u) = f,(u) =-0.12u+0.8u®

It remains to show that the contractive conditions are
satisfied. But this can be achieved by sufficiently large u .

p1 = 0.1792x(0.8529 — 0.3725x0.987979)=0,0869,
P2 = 0.1686x(0.8529 + 0.3725x1.038)=0,20898,
g1 = 0.1792x(0.3725 — 0.8529x0.987979)= -0,08425
g2 = 0.1686x(0.3725 + 0.8529x1.038)= 0,2120

Wwe can compute

|p271_Q2|+|p272—qZ| Q2(p1+ pz) Q2(p1+ pz)

A3y L AuG T AuG

[Pua+ G+ P2+ G| Pu(th+T2) G(PutP2)

1A34Co L ARG AyuG

V. CONCLUSION

The 3-conductor transmission line models an EMC
problem. This problem leads to the mathematical formulation
of a mixed problem for hyperbolic system of partial
differential equations. We succeeded to reduce the mixed
problem for the 3-conductor transmission line to an initial
value problem on the boundary in part 1 of our study [2]. In
this paper, we solve the system obtained consisting of two
functional equations and two neutral equations with two
different delays for the unknown functions Iy, I2, Is, la. In
result, using our approach, we may find the currents and
voltages of the 3-conductor transmission line.
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