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Structure dimensions

aj = 10-mm 8= 14-mm p := 10.0-mm

Choose mesh size for FD calculations mesh := 0.25-mm

a
|
5 NP = —2

NA = NS =

mesh mesh mesh

NA =40 NS =56 NP =40

Nal := round(NA) Ns:= round(NS) Np := round(NP)

Nal =40 Ns =56 Np =40

Mesh point index on the surface of the dielectric. This is normally equal to Na2 but
can be increased to model the effect of a gap between the dielectric and the rings.

Right hand boundary condition Psym := 2
Voltages on left-hand and right-hand strips vV, =100
Maximum number of iterations Niter := 5000

w = 8-mm
w
NW =
mesh
NW =32

Nw := round(NW)

Nw2 =16

V2 =100

t:= 1-mm €.=25 ap=ap+t

NT =
mesh

NT =4 [These numbers should be as close to integers as possiblg
N N;
Nt := round(NT) Na2:= Nal + Nt Nw2:= TW Np2 = TP

Na2 = 44 NB: Np and Nw must be even numberg

Nd := Na2

The zero, /2 and T modes can be modelled as follows

Zero mode: V1 =100 V2 =100 Psym = 2
/2 mode V1 =100 V2=0 Psym =0
T mode V1 =100 V2 =-100 Psym =2

Calculation of voltages at the mesh points using a finite difference solution of Laplace's equation

The region below can be collapsed to allow the input data and the results to be on the screen simulatneously.
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VM =

for ie 0..Np
for je 0..Ns
V..«<0
L)
for ne 1..Niter
v 4'V0,1 + 2~V1’0
0,0 6
4'VNp,1 + Psym~VNp_l,0
V “—
Np,O 6
for ie 1.Np—-1
Viet,ot 4 Vi1t Vo
V.
1,0 6

for je 1..(Nal — 1)

for ie 1..Np—1

for j e Nal..Na2

for ie 0..Np

V..« V, if i <Nw2
1,j 1

s N
Vi,j<_V2 if i > Np — Nw2

1
V. . «<|V. . +|1+— |V
i,] i+1,] 2]

1 1
Vo. |2V .+ 1+— |V, . +|1-———1V,. [025
0] [ bl ( 2-j) 01+ ( 2-j) O’J—J

V. .« |PsymV |1+
Np.j [y Np-1.j (

1 1
— |V . |1l =-——1V_ . 025
2-jj Np.j+l ( 2-jj NP’J-J

1
.. .+V. o +|1-——1V.. 025
i,j+1 i-1,j 2] i,j—1

for ie (NW2+ 1)..(Np—Nw2 - 1)

1 1
V. . «|V. . +|1+— V.. +V. . +|1-——|V.. 025 if j#Nd
i,] i+1,] 24 1,j+1 i-1,j 24 i,j—1
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Array indices are i for z and j for r.
Initially set all the mesh voltages to zero

Voltages on the axis.

Voltages at mesh points inside the rings

Voltages at mesh points in the
thickness of the rings
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1
1 1
1+—€r-V,. +1-——1V.. +(
2] i,j+1 2] i,j—1

+ ar)

2'%M+%u)

otherwise

1
2 (e, + 1) + z—j-(er—

for je Na2 + 1..Ns—1

J

)

1 1
Voo« |12V, . +|1+—|V,. +|1-——|V . 025 if j#Nd
0.] [ 8 ( 2-1) 0.j+1 ( 2-1) O’J-J J

1 1
(1 + €r)-V1’j + (1 + ;)Er-vo’j_’_l + (1 - 2_J

qu

otherwise

1 1
V., .« ||PsymV | 1l+— |V, .+ |1 -——1V. . |-025 if j #Nd
Np,j [ y Np-1,j ( 2]) Np,j+1 ( 2]) Np,]—lj| J
U+@Hmv e Loy oLy
_ . — le. . -— .
2 Np-1,j 24 I "Np,j+l1 24 Np.j-1 .
) otherwise
2:le .+ 1)+ —-(e.— 1
(et 1)+ 3 )
for ie 1.Np—-1
1 1 e
V.. «|V. . +|[1+— V.. +V.  +|1-——1|V.. 025 if j # Nd
i,] i+1,] 2] i,j+1 i-1,j 2] i,j—1
1 1 (1 + Er)
T+ — e V.. +|[1-—|V. . +—-(V. .+ V. )
2- i,j+1 24 i,j—1 2 i+1,] i-1,j .
Vi i “— ) otherwise
’ 2(e + 1)+ —(e.— 1
(et 1)+ 3 1)
for ie 0..Np
Vi’NSeO
VM « V
return VM
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Voltages at mesh points between the
rings and the shield
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Working equations

On the axis Vi,o _(Vm,o + 4Vi,j+1 +Vi—l,0)
. . g e 1 1 1
In regions of uniform permittivity Vi, _Z Vi, + 1+2_]. Vit 1_2_j Vi
(H;jgr‘/i T 1_21j‘/’ "~ +(1+2€r j(vm i+,
On the surface of the dielectric V. ;= J / 1
| 2(e, +1)+—(e.-1)
2j

Calculation of the charge per unit length on the surfaces of the solution region

Np2
1
Ql = (2-VM. ) - VM - VM €| Ns — —
1, Ns—1 0, Ns—1 Np2,Ns-1 T 2
i=0
Nd-1
T .
QL= Z [(VMNp2—l,j =~ YMypoe,i F YMNpo-1 el T VMszJrl,jH)’(z’J + 1)]
j=0
TE, Ns—1
B=— Z [(VMNpZ—l,j = YM\p2t,i T YMNpo-1 el T VMNp2+1,j+1)'(2'J + 1)]
i=Nd

Ql=13% 10"
Q2=-0
Q3=-0
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NB Care should be taken that the routine has converged
completely.

Capacitance per unit length of the structure divided by ¢,

1+Q2+Q3
Capacitance := QU+rQ2+Q3 Capacitance = 63.09
V;-Np2

Capacitance per unit length divided by €, of a coaxial
line with inner and outer radii (a1 + t/2) and s.

2~‘rr-€r

Cop=—F—<
00 s Cop = 54.60
ap + 0.5t

__ Capacitance

Coo

oc = 1155
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The results of calculations with p = 10mm, a = 10mm, t = Tmm and ¢, = 1 were
computed and stored in the matrices below for a range of values of w/p and s/p.

0.1 0.679 0.823 0.876
0.2 0.785 0.889 0.924
03 0.877 0.939 0.959
0.4 0.957 14 0.979 20 0.986 28 The multiplying factors convert the
0.5 1027 IH(H) Lol1 IH(H) 1,007 IH(H) values of a from those computed at
wp = Q= = 0y = = yg = —_ 7 the mean radius of the helix to
0.6 1.086 ln(i) 1.036 ln(ﬂ) 1.024 ln(ﬁj those at the outer radius.
0.7 1.133 10.5 1.055 10.5 1.036 10.5
0.8 1.167 1.068 1.044
0.9 1.188 1.076 1.049
1.0 1.188 1.076 1.049 !
Q. % /
0.9 / ://'//A/"‘ g
S ’
0.7 /
0.6 // oo s/p=14|]
oo s/ p=20
Ak s/p=238
0% 0.2 0.4 0.6 0‘ 8 1
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