APPENDIX A

The parameters used in the characteristic equation determined in Chapter 4 are

summarized as

Ni= U Z'0(U,) , U =uo (A1)
%1(Uy)
N2= W Z'0x(Uy) , b= o (A.2)
42(Uy)
Ns= W Z 0a(Uz) (A.3)
~Zoy(Uy)
Na= Uz Z'0( Uz) , U= e, (A.4)
2 U,)
Ns= Uy Z'oo( Uy) (A.5)
~Zoo( Uy)
Ne = U Z' 53(Us) , b= o (A.6)
43(Us)
nz= W Z'0(Us) (A.7)
 Zo3(Us)
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Ne= UsZ'03( Us) , Us=eas (A.8)
43 Us)

Ne= UsZ'o3( Us) (A.9)
~Zoy( Us)

No= U Z'0(Uy,) , U= was (A.10)

~Zog(Us)

§1= ZoAU2) Zoo Uz2) , &= Zoy(Us) Zoo( Us) (A.11)
2 Uz) ZoyU2) g Us) Zoy(Us)

The field coefficients are AB;.1, G, and Q.1; where i = 1, 2, and 3.
Ai and B,; are determined in terms of, And shown in Chapter 4. The rest of the

amplitude coefficients, @&nd D.,, are also determined in terms of #nd are summarized

as

Ci= (ToT1z- TaTip) D2 -ToS; (A.12a)
TT2- ToTu

Co= (TsT1a- TiTim) D2 + 1S (A.12b)
1T12-ToTna

Cs= (ToT20- T1oT10) Ds -ToSs (A.12¢)
BT19- ToT1s

121



D= (S T4- S To)

T T4-Ty Ts
D3 = (TioT1s- TgT20) Dy + TsSs

-ErlQ - T9T18

Di= (S T1- St Ta)

T T T,
where
T1 = Zy(Uy) , Tu= Ui Z"54(Uy)
T, =-Z(U,) , T2 = -UaZ' 5(Uy)
Ts =- Zy(Uy) , Ta=-U, Z755(Uy)
Ts = Zo( Uy) , Ta= UaZ' 2o U2)
Ts = Zoy( Up) , Ts= Uy Z' 0 Uy)
Te = - Z3(Us) , To = -UsZ' 23(U5)
T, =- Zy3Uy) , Tr=-Us Z7 23(Us)
Ts = Zg( Us) , Te = UsZ'2( Us)
To = Zos( Us) , To= Uz Z"3( Us)
Ti0 = - Zo4(Uy) , Jo=-Us Z'24(U,),

TTi=Ts+ T T
TTo=TeTs+ T, Ts
TTa=Tis+ T Ts
TTa=Tiels+ Tir Ts,
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T1=(TaTar- TaTag) /( TaTiz - ToTay)
To= T/(TiT1z2- ToTa))

3 ( T9T20 - TlOTlQ) /( T8T19 - T9T18)
T4=-Tol( TsT1s- ToT1g)

5= ( TioT 18 - TeTzo) / ( TgT 1o - T9T18)
-re = Ta/( TgT19- T9T18),

—

—

S = 'Alulzz"m(Ul) + Azuzzz"oz(Uz) + Bzuzzz"oz(Uz)
S=-A Uzzz"oz(_ Uz) - By Uzzz"oz(_ Up) + A3U322"03(U3) + BsU3ZZ"03(U3)
Ss = -As Us’Z"05( Us) - Bs Us*Z"0x(" Us) + BUs*Z" 04(Ua),

and

TS = [TaT, S+ (TeTa+ T To)Sy
S =- [T14-r2 S+ (T16f4 + Tz -re)ss] + S,
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APPENDIX B

Some parameters used in the field expressions are summarized as
fa(r) = (ko U?)[AL( BU)Tu(ur) + By(vZor)d(un)],

fo(r) = (kW) [A (" BW)K'y(Wr) +B, (VZ/r) Ky(wr)],

fa(r) = (ko U?)[AL( BUV/NI(ur) + By(uZo)Tu(ur)],

fa(r) = (kWA (" BY/NK(wr) +By (WZo) K'y(wr)],

01(r) = (kU ALNAV/IZaN)d(ur) + Bi” Bu)Io(un)],

02(r) = (kW) [A 2ANVIZor)K, (wr) +B; (Bw) K’y (wr)],

0a(r) = (R U*)[AL(M*WIZ) T o(ur) + Bu(” BY/n)d(un)],

0a(r) = (kod/W)[A An2WIZo)K'(wr) +B, (C BV/r) Ky(wr)],

where 7 = (UJ/g0)™>

The transverse field components are summarized as
E = fi(r)cos@d + do), r<a

E: = fa(r)cos@d + ¢,), r>a

E, = - () sinvo + ¢5), r<a

E, = - () sinvo + ¢5), r>a

H; = -qi(r)sin(vp + ¢,), r<a
H; = -g(r)sin(vd + ), r>a

Hy = gs(cospd + ¢o),  r<a
Hy = gi()cosd + ¢o),  r>a
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(B.7)
(B.8)

(B.9a)
(B.9b)

(B.10a)

(B.10b)

(B.11a)

(B.11b)

(B.12a)

(B.12b)



The following coefficients are defined as

Q1 =7 B kA(LP)( ZB1* + Mm7As*IZ,) (B.13)
Q: = (L)[( 2k’ /1)A:B: (B> n*) -2Q] (B.14)
Qs =" B kA(LW)( ZoB + B°A71Z,) (B.15)
Q= (LW)[( ks W )AsB, (" B+ no?) -2Qy. (B.16)

The field coefficients are AB;, A, and B. Here, we choose;Bs the independent
coefficient and use the boundary conditions atirte express B A; and A in terms of
B:. From (5.2),

B1 J(U) = B: Ky(W)
then B = B.J,(U)/K,(W) (B.17)

From (5.1),
A1 J,(VU) = A, Ky (W)

then A = A (U)K (W) (B.18)

using boundary conditions foEnd H, and substituting (B.17) and (B.18) in these

expressions, we can obtain the following,

A1 = ~(ZJV)(L B) (UWN)*(N1+N2)By (B.19)

and A = ~(ZV)(AT B) [X(U)K(W)I(N1+N2)B1. (B.20)

Calculation of Power Flow, P:

To calculate the power flow, P, we write
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(ExH*).& = E Hy* - Ey H*

The expression for power flow is obtained by substituting the field components in the

expression above, which yields

P=0d8){ QioPua(V) - 1(U) J2(U)] +vQ, Fu(U) +

Q a?[-K2, 4(W) + Ky(W) Ky2(W)] - VQIKZ,(W) }. (B.21)

Calculation of Power Loss, P

To calculate the power loss, ,Rve start with

Js=a, xH
Js=Js = ay xH = -Ha, + Ha,, =0
Js=Js, = -ay xH = Ha; - Hza, b =¢o

Q44 = M3 + H,E.

After simplification, the expression for conductor power loss is obtained as

a

Pe=Rs{ | (B AU +mMB)dr+] (B2 KA(WN) + (3 }dr. (B.22)
0 a
The expression for dielectric power losg,,Fs obtained as

P = (1/2) 04 J: cos(vo)dp J: [A% Fo(un)rdr + Oy(n@ + Oy(r)] rdr. (B.23)
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