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CHAPTER 7

CONCLUSIONS AND

FUTURE WORK

7.1 Summary and Conclusions

The thesis focuses on the design of singly-fed DRAs with a wideband
circular polarization. Two new single-point excitation schemes have been
introduced that can be easily used to excite an arbitrarily shaped DRA. The
proposed feeding methods are based on employing conformal conducting metal
strips on the DRA surface. The generated broad CP bands have been achieved in
conjunction with sufficient impedance matching bandwidths. The studied
geometries have been modeled using a self developed MoM code, and the
computed results have been validated against those obtained from measurements

or CST simulations.
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In chapter one, the theory of circular polarization has been discussed
together with a concise literature review of dual and singly-fed CP DRAs.
Additionally, the basic characteristics of several CEM modelling methods have
been described. The second chapter provides details of the employed modelling
method, where the steps involved in MoM computations, in conjunction with
specialized basis and testing functions, have been described comprehensively.

In the third chapter, a new feeding scheme based on using a conformal
square spiral has been employed to excite a rectangular DRA. The feeding spiral
parameters have been optimized using an iterative design procedure to establish
a travelling wave current distribution. This approach has produced a CP bandwidth
of ~7%, which is considerably wider than the typical bandwidth of < 3% reported in
earlier studies for singly-fed rectangular DRAs. Additionally, the frequency tuning
ability of the wideband CP rectangular DRA has been demonstrated, where
shifting the spiral from the centre to the right of the DRA surface has reduced the
antenna operating frequency from 4.10 GHz to 2.93 GHz. This shift in the
resonant frequency corresponds to a change in the excited mode from TEY111 to
TE*111. However, the achieved CP bandwidth is comparable to those obtained
using a centrally located feeding spiral.

In Chapter 4, the versatility of the spiral excitation has been assessed by
employing the feed to a cylindrical DRA to generate a wideband circular
polarization radiation. Once more, using optimized parameters to achieve a
travelling current distribution has generated a CP bandwidth of ~4% compared to
~2% reported in literature for singly-fed CP cylindrical DRAs. Additionally, the CP
bandwidth of the cylindrical antenna has been enhanced further by employing a

multilayer DRA configuration, where a smaller dielectric cylinder of different
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permittivity has been embedded within the cylindrical DRA. This has provided an
increase of more than 66% in the AR bandwidth compared with that using a single
layer cylindrical DRA.

Despite the advantages of utilizing a square spiral excitation, it has been
observed that the achieved CP radiation is very sensitive to the spiral dimensions.
Furthermore, the required precise dimensions are particularly difficult to achieve
when the spiral needs to be placed on a conformal surface. Therefore, a simpler
feeding method that is capable of generating wideband CP radiation, without the
aforementioned limitations, has been proposed in chapter 5. The new feed is
based on exciting the DRA using a rectangular half-loop that consists of three
metallic strips. The flexibility of this feeding method has been demonstrated by
employing the half-loop to excite regular shaped DRAs such as rectangular,
cylindrical and hemispherical geometries. Again, the achieved CP bandwidths are
considerably higher than those reported in the literature for singly-fed DRAs of the
same shapes and dimensions.

A further CP bandwidth enhancement has been achieved by incorporating
a parasitic half-loop inside the driven element. Employing the optimized
dimensions of the two concentric half-loops have produced two AR minima
frequency points that are close to each other. Consequently, merging these two
AR bands leads to a significant enhancement in the overall circular polarization
bandwidth. The inclusion of a concentric parasitic element has approximately
doubled the CP bandwidths compared to those obtained using only the driven
half-loop for rectangular and cylindrical DRA configurations.

Tables 7.1-7.3 summarize the achieved CP bandwidths and the

corresponding resonance frequencies for the studied DRAs configurations. The
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results from published literature are included in the reference column for
comparison purposes. From the tables, it is evident that the DRAs fed using
introduced excitation schemes have produced considerably wider CP bandwidths
compared to those reported in the literature for identical singly-fed DRAs.
Furthermore, the bandwidth can be significantly enhanced by placing a parasitic
element, with appropriate dimensions, inside the driven half-loop or by adding

another dielectric layer.

Reference | Square Shifted Rectangular Rectangular half-
[1] spiral square spiral half-loop loop with parasitic
Effective AR
Bandwidth (%) 2.7 6.6 6.4 6.5 12.71
Resonance
Frequency (GHz) 3.55 41 2.93 3.5 3.53

Table 7.1: Effective AR bandwidth and the corresponding resonance frequency for

various rectangular DRA configurations

Reference | Square -Sq:Jare i Rectangular IRectaqﬁular h?tl.f'
[2] spiral | SP'ré. mull half-loop oop with parasitic,
layer multilayer
Effective AR
Bandwidth (%) 22 3.48 5.63 3.63 7.35
Resonance
Frequency (GHz) 6.38 5.89 6.25 5.76 6.74

Table 7.2: Effective AR bandwidth and the corresponding resonance frequency for

various cylindrical DRA configurations

Reference | Rectangular | Rectangular half-
[3] half-loop loop, multilayer
Effective AR
Bandwidth (%) o s €L
Resonance
Frequency (GHz) 3.98 5.66 4.09

Table 7.3: Effective AR bandwidth and the corresponding resonance frequency for

various hemispherical DRA configurations
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7.2 Future Work

This research has demonstrated the ability of the proposed new excitation
schemes to obtain wideband circular polarizations in conjunction with sufficient
impedance matching bandwidths for each of the considered DRA configurations.
For the future work, the following topics are worthy of further investigations;

Due to limited cost and time constraint, each of the excitation schemes
have been employed for the excitation of regular shaped DRAs. Thus, it would be
interesting to see how the feeding methods fare in comparison with other
published excitation schemes when used to excite irregular shaped DRAs such as
staircase and trapezoidal geometries. Furthermore, it is possible to investigate the
design of CP DRA using a square spiral slot excitation. From extensive review of
earlier studies, this DRA configuration has never been done in contrast to the
open loop slot excitation schemes. Although this requires additional development
of the existing complex MoM code, there is a very good potential of such feeding
method to generate a wideband CP.

The proposed excitation methods can also be used to feed DRAs with
higher permittivities to investigate the possibility of achieving a CP radiation from a
reduced size DRA. It is expected that such DRAs will offer narrower CP
bandwidths in conjunction with a lower profile. Additionally, a further measure to
reduce the CP DRA profile is to employ an artificial magnetic conducting (AMC)
surface in conjunction with the proposed excitation approaches.

Additionally, a better representation of curved geometries can be obtained
using higher order RWG and SWG basis functions. The application of a more

refined triangle and tetrahedron elements, as opposed to the flat elements used in
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the first order basis function, leads to higher accuracy and less memory

requirements for the solution of problem in 3-D.
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2. Code segments of core modules

2.1 Calculation of Surface Integrals

CALCULATICH OF INTEGERALS
DO p=1,n total M tri

DO g=1l,n_total M tri
dl=c_x(p)-c_xig)

d2=c yi(p)-c_¥I(d)
d3=c_z(p)-c_z(q)
dist=sgrt (dl~*2+d2**2+d3**2)
IF(dist.LT.0.001) THEN
i _counter=l

CLLL AMALYTICAL

CALL SUER_SING QUAD
ELSE

i _counter=4

CALL SUR_NUM QUAD
ENDIF

ENDDC

ENDDC

'c_=(p)=centroid of triangle p in x-axis

'Distance between sourcescbservation points
'Tf distance less than 0.0001

"Calculation u=sing analvtical formula

1Else distance bigger than 0.0001

"Calculation using Gaussian gquadrature

i) Calculation using analytical formula

Variables required for calculation of self integrals using analytical formula are

shown in eq. (2-100) to (2-111) in chapter 2. For ease of understanding, the code

is shown for each equation separately.

A

li

_ 5;"5;

_‘ﬁ;'"ﬁf‘

(2-100)

gide xl=xl-=x3
side yl=yl-y2
gide zl=zl-z2

gide x2=rI-XH3
side y2=y2-y3
gide z2=z2-z3

gide x3=r3-=xl
side y3=y3-yl
side z3=z3-zl

'#xl=rho x(1), x2=rho x(2)

mag=sgrt (side x1*~2+side yl**2+side zl**2) "magnitude of 1(1)
unit 11=(/ =ide xl/mag,=side yl/mag,side zl/mag /) Tunit 1(1)

'z2=rho x(2), x3=rho x(3)

mag=sgrt (side x2**2+side y2**2+side z2**2) "magnitude of 1(2)
unit 12=(/ =ide x2/mag,=side y2/mag,side z3/mag /) Tanit 1(2)

'#3=rho x(3), xl=rho x(1)

mag=sgrt (side x3*~2+side y3**2+side z3%*2) "magnitude of 1(3)
unit 13=|(,/ side x3/mag,side v3/mag,=zide z3/mag /) Tanit 1(3)
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17 =(p: - p)el (2-101)

11 p=(/ rhol p(1)-rho(l),rhol p(2)-tho(2),rthol_pi(3)-rho(3) /) !rhol p(l)=rho(l) positive
11_n=(/ rhol n(l)-rho{l),rhol_n(2)-rho(2),rhol_n(3)-rho(3) Ia 'rhol n(l)=rho(l) negative
12 p=(/ rho2 p(l)-rho(l),rho2 p(2)-rho(2),rho2 pi3)-rho(3) /)
12 n=(/ rho2 n(l)-rho(l),rho2 n(2)-rho(2),rho2 ni3)-rho(3) /)
13 p=(/ rhe3_p(l)-rho(l),rhe3_p(2)-rho(2),rho3_p(3)-tho(3) /)
13_n=(/ rho3 n(l)-rho(l),rho3 n(2)-rho(2),rho3 n(3)-rho(3) Ia

ell p=dot product(ll p,unit 11) !ell p=1(l) positive
ell n=dot_product (1l _mn,unit_11) 'ell n=1(1) negative
el? p=dot_product (12 p,unit_12)
el2 n=dot_ product(lZ n,unit 12)
el3 p=dot_product (13 p,unit 13)
el3_n=dot_product (13_n,unit_13)

where 4, =/ x#. (2-102)

sidel=(/ =ide _x1,side yl,s=side_zl /)
side2=|(/ side x2,side y2,side zZ /)

CALL CROS55_PRO(=2idel, sidel,vec n) 'mormal wector=cross product of side 1&2
mag=sgrt(vec n(l)**2+vec n(2)**2+vec ni(3)**2) 'magnitude of normal vector
unit n=(/ vec_n(l)/mag,vec_n(2)/mag,vec_n(3)/mag /) !unit normal wvector

CALL CROS5 PRO(unit 1l,unit n,unit ul) 'unit w=cross product unit liunit n
CALL CROS5 PRO(unit 12,unit n,unit ul)
CALL CROS5 PRO(unit 13,unit n,unit u3)

Pol=abks (dot_product (11 p,unit ul))
Po2=abs (dot_product (12 p,unit ul))
Po3=abs (dot_product (13 _p,unit_u3))

P =|p; =l =R ) + () (2-103)

Pol p=sgrt (Pol+*2+ell p**2)
Pol n=sgrt (Pol**2+ell n**2)
Po2 p=sgrt (Pol*=*2+ell p**32)
Po2 n=sgrt (Pol=*2+eld n**2)
Po3 p=sgrt (Po3**2+el3 p=*2)
Po3 n=sgrt (Po3**2+el3 n=*2)
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(2-104)

ulx=(11 p(1)-ell p*unit 11(1))/Pol
uly=(11_p[2]—ell_p*unit_ll[Z]]anl
ulz=({11 p(3)-ell pfunit 11(3)) JPBPol
uZr=(12 p(l)-el2 p*unit 12(1))/Po2
u2y=(12 p(2)-el2 p*unit 12(2))/Po2
u22=(12_p[3]—elE_p*unit_lE[E]JKPGE
u3x=(13 p(l)-el3 p*unit 13(1))/Po3
udy=(13_p(2)-el3 p*unit 13(2))/Po3
u3z=(13 p(3)-el3 p*unit 13(3))/Po3

unit Pol={/ ulx,uly,ulz /)
unit_ Po2=(/ ulx,u2y,uZz /)
unit Po3=(/ ul3x,udv,u3z /)

(2-105)

R1_o==3qrt (Pol**2+d+**2)
R2_o=sgrt (Po2=+=2+d=*2)
R3 o=sgrt (Pa3#*#2+d##*2)

(2-106)

Rl p=sgrt (Pol p**2+d*=2)
Rl m=sgrt (Pol_n**2+d*=2)
B2 p=sgrt (Po2_ p**2+d*=2)
E2 n=sgrt (Po2_ n**2+d*=2)
B3 p==sgrt (Po3 p**2+d*=2)
B3 n=sgrt (Po3_n**2+d*=2)

(2-107)

r ri={/ r(l)-rl{l),r(2)-rl(2),r(3)-rl(3)
d=dot_product junit n,r rl)

£
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The calculations of eq. (2-108) and (2-109) are not required since the eq. have
already been determined in terms of g, p, and p. Finally, using the variables

derived previously, the self-integrals can be calculated by eq. (2-110) and (2-111)

ds’ C PIT Pl

|d| tan” —————— —tan™" !

P0 P°1 L —
Z nRi l, (RO +|d|R; (R +|a|r; || (2-110)

IF(i_counter.EQ.1.0R.1i counter.EQ.33.0R.1_counter.EQ.11) THEN
Suml=dot product (unit Pol,unit wul)*

7 (Pol*log( (R1_p+ell p)/ (Rl _n+ell nj)

Fi -abs (d) = (atan( (Pol*ell p)/ (R1_o**2+abs(d) *R1_p])

¥ —atan( (Pol*ell n)/(R1_o**Z+abs(d)*El mn)]})
Suml=dot product (unit PoZ, unit uld)*

7 (Pod*log((R2_p+ell p)/ (B2 n+el2 n))

7 —abs(d) = (atan( (Po2*el2 p)/ (R2 o**2+abs(d)*R2 p])

7 —atan( (Po2*el2 n)/(R2_o**2+abs(d)*R2 mn)]})
Sum3=dot_ product (unit Po3,unit u3)*

7 (Po3*log( (R3_p+el3 p)/ (R3_n+el3 nj)

7 —abs(d) * (atan( (Po3*el3 p)/ (R3_o**2+abs(d) *R3_p))

7 —atan|( (Po3*el3 n)/ (R3_o**2+abs(d)*R3 n)]))
Sum 1 (g)={Suml+Sum?+5am3)

ﬁ’_/_j ’ 1 ~ 0)? R +1] +p+ -p-
PPas = N ROV m %y rrr R
! r 2§i ul[(Rl) IR R,} 2-111)

i i

Sumlv=unit ul* (R1 o*R1l o*log( (Rl p+ell p)/ (Rl n+ell n})
7 +ell p*R1 p-ell n*Rl n)

Sumdv=unit wd* (K2 o~*R2 o*log( (R2_p+eld p)/ (RZ n+ell n))
7 +el2 p*R2 p-el2 n*RZ n)

Sum3v=unit u3* (R3_o*R3_o*log( (R3_p+el3 p)/ (R3_n+el3 n))
7 +el3 p*R3 p-el3 n*R3 n)

Sum w(:,qg)=0.5% (Sumlv+Sum2v+3um3v)




Appendix A

206

ii) Calculation using Gaussian quadrature

The Gaussian quadrature formula for surface integrals is shown in Table 2.1. As

calculation of surface integrals does not significantly affect the computational time

compared to volume integrals, maximum number of source points (i.e. np=7), has

been used to maintain computational accuracy. The following code shows the

calculation of surface integrals, based on the formula given in the table.

¥1=rx(1l,dq) 'rx(l,g)=the x-axis coordinate
vi=ry(l,d)

zl=rz(l,q)

®x2=rx(2,q) 'rx(2,g)=the x-axis coordinate
v2=ry (2, q)

z2=rz (2,q)

X3=rx (3, 4q) 'rx(3,g)=the x-axis coordinate
vI=ryi3,q)

z3=rz (3,dq)

a=0.

b=1./3.

c=1./2.

d=1.

Exl=a* (xl-x3)+a* [x2-x3)=x3-Hcp 1¥cp=centroid
Ryl=a=* (yv1l-v3)+a* (yv2-v3) +y3-Yecp "Yep=centroid
Bzl=a* (zl-z3)+a=(z2-z23)+z3-2Zcp 1Zcp=centroid
R_1=sgrt (Rx1*Rxl1+Ry1*Ryl+Rz1*Rzl) !magnitude of

ExZ2=c* [xl-x3)+a* [X2-x3) =x3-Hcp
RyZ=c=* (yl-v3)+a* (yv2-v3)+y3-Yecp
Bz2=c* (zl-z3)+a* (z22-23)-z23-Zcp
B Z2=sgrt (Rx2*Rx2+Ry2*Ry2+Rz2*Rz2)

Ex3=d* (x1l-x3)+a* [x2-x3) =x3-Hcp
Ry3=d=~ (y1l-v3)+a* (yv2-v3)+y3-Ycp
Rz3=d* (zl-z3)+a* (z2-z3)+=z3-Zcp
R_3=sgrt (RR3*REx3+Ry3*Ry3+Rz3*Rz3)

Exd4=c* (xl-x3)+c* [R2-x3) =x3-Hcp
Ryd=c=* (y1l-v3)+c* (yv2-v3) +yv3-Yecp
Rzd4=c* (zl-z3)+c* (22-23) +23-Zcp
R_4=sgrt (Rx4*Ex4+Ry4*Ry4+Rz4*Rz4)

RxS=a* (x1-x3) +d* [X2-X3) +x3-Xcp
RyS=a* (yvl1-y3) +d* (yv2-v3) +v3-Ycp
RzS5=a* (z1-z3) +d* (22-23) +23-Zcp
R 5=sgrt (Rx5*Rx5+Ry5*Ry5+RzZ5*RZ5)

Rxg=a* (xl-x3)+c~ (X2-x3) +x3-Xcp
Rye=a* (vl-y3) +c* (yv2-v3) +v3-Ycp
REze=a* (zl-z3)+c* (z2-23) =z3-Zcp
R_f=szgrt (Ex6*Rx6+Ry6~Ry6+Rz6*Rz&)

of node=s 1 in source

of nodes 2 in source

triangle

triangle

of nodes 3 in source triangle

of
of
of
R1

ocbservation triangl
observation triangl
cbservation triangl

m m

m

in X-axis
in y—axis
in Z—-aX1ls
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Ex7=b* [x1-X3) +b~ [X2-X3) +x3-Xcp
EyT=b* (y1-y3)+b* (y2-v3)+yv3-Ycp
Rz7=b* (zl-z3) +b~ (z2-z3) +z3-Zcp
R 7=sgrt (RERT*RxT+RyT~*RyT7+RzT~Rz7)

Gl =cexp(-j*k*R_1)/R 1 IG=ejikR/R
G2 =cexp(-J*k*R_2)/R 2

G3 =cexp(-j*k*R_3)/R_3

G4 =cexp(-J*k*R_4)/R 4

G5 =cexp(-J*k*R_5)/R_5

G& =cexp(-J*k*R_6)/R_6&

G7 =cexp(-J*k*R_T)/R 7

e=1./40

f=1./15

h=9./40

BANS1 (p, g)=Gl*e+G2*f+G3*e+G4*f+G5*e+G6*£4+G5GT7*h 'Tntegr
ANS2 (p, q)=Gl*e*a+G2*f*c+G3*e*d+G4*f*c+G5*e*a+G6*f*a+GT7*b*h !Integral I =zeta (p,d)
!Inteqgr

ANS3 (p,q)=Gl*e*a+E2*f*a+G3*era+G4~f*c+Go*e*d+Ge~f*c+ET7*b*h al I eta(p,dq)

2.2 Calculation of Volume Integrals

CALCULATICH OF INTEGRALS
DO p=1l,n D in tet
DO g=1l,n D in tet
dl=c =® Vvipl-c X VI(d] 'e x v(p)=Centroid of tetrahedron p in x-axis
d2=c_y vip)-c_v_v(g]
di=c_z vip)l-c_z_v(g)]

dist=sgrt (dl**2+d2**2+d3=*2) 'Distance between source&iobservation points
IF(di=c.LT.0.001) THEHW 1Tf di=stance less than 0.001
DO i _counter=41, 44
CRLL ANALYTICAL "Calculation using analyvtical formula
ENDDO
CALL VOL S5ING QUAD
ELSE
i _counter=25
CALL VOL NUM QUAD Calculation using Gaussian gquadrature
END IF
ENDDO
ENDDO

i) Calculation using analytical formula

Variables required for calculation of self integrals (for volume integration) using
analytical formula are shown in eq. (2-100) to (2-109) and (2-112) to (2113). The

codes to calculate variables in eq. (2-100) to (2-109) have been shown previously.



Appendix A 208

av’ A0 A
[% ~Xa X
J i

14

Pt Pl R +1"
x||d| tan " - —tan |- Pl In L (2-112)
(Rij) +‘d1‘Rv (Ru) +‘dj‘RiJ' Ry +1;

Suml=dot product (unit Pol,unit ul)~

7 (abs (d) * (atan( (Pol*ell p)/ (Rl _o**2+abs(d)*Rl_p)]

T —atan( (Pol*ell n)/ (Rl o"*2+abs(d)*RE1l n)])

7 - ({Pol*log((R1 p+ell p)/ (Rl n+ell mn)))]

Sumd=dot product (unit Pol unit ul)*

T [abs(d) * (atan( (Po2*ell p)/ (R2_o**2+abs(d)*R2_p))

T -atan|( (Po2*eld n)/ (RZ2_o**2+abs(d)*R2 n)})

7 —(PDE*ng((RE_p—elE_p];(Rz_n—elz_h]]ﬂ

Sum3=dot_product (unit Po3,unit u3)~

T (abs (d) * (atan( (Po3*el3_p)/ (R3_o**2+abs(d) *R3_p) )

7 -atan( (Po3*el3 n)/ (R3_o**2+abs(d)*R3 _n)})

7 - (Po3*log((R3_p+el3 p)/(R3 n+el3 n))))

Sum 11=(Suml+3Sum?+5um3)

P F . PQ[R92+2d?] R +1
Ir rdV’leﬁ» ZPI'Q”%' ij ( y) R P i
s R 35| 2 R, +1;

(2-113)

Pl

-1 /]

——————tan ————
WF e, (& lafr;

+%’0(IU+R; —ZUTRi;)—‘d.r tan”' P.;)l;

J

Sumlv=dot product (unit Pol,unit wl)* ([ (Pol® (Rl _o**2+2*d*d) /2) )~

7 log( (Rl p+ell p)/ (Bl n+ell n)}+Pol/2*{ell p*Rl p-ell n*Rl n)
7 - labs(d))**3* (atan( (Pol*ell p)/ (Rl_o**2+abs(d)*El _p)]

7 -atan|( (Pol*ell n)/ (R1_o**2+abs(d)*RE1l_n))))
SumZv=dot_product (unit Pol2,unit uwd)*|(((Po2* (R2_o**2+2*d=d) /2] )*

7 log(iR2_p+el2 p)/(R2_n+el2 n))+Po2/2*%(ell p*R2 p-el2 n*R2 n)
7 - lakb=(d) ) **3* (atan|( (FPo2*el2 p)/ (R2_o**2+abs(d) *R2_p) )
7 —atan|( (Po2*el2 n)/ (R2 o**2+abs(d)*E2 n))])

Sum3v=dot_product (unit Po3,unit u3)*(((Po3* (R3_o**2+2*d*d)/2))*

7 log( (E3_p+el3 p)/ (E3_n+el3 n))+Po3/2* (el3 p*R3_p-el3 n*R3 n)
7 -labs(d))**3* (atan( (Po3*el3 p)/ (R3_o**Z+abs(d) *E3_p)]

7 —atan( (Po3*el3 n)/ (R3_o**2+abs(d)*R3 n))))

Sum vl=(Sumlv+Sum2v+Ium3v)
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ii) Calculation using Gaussian quadrature

The Gaussian quadrature formula for volume integrals is shown in Table
2.2. In order to ensure efficient calculation of the integrals, the formula is applied

based on the separation distance between the source point,7',and the
observation point, 7, i.e. R:|17—77’|. In order to maintain the required accuracy,

more number of points, np, is needed for smaller R. In this case, the number of
points, np used in the calculation is 11. For the integrals calculation involving
points separated by larger R, it is more efficient to use a smaller n, since the
solution yields results just as accurate as that obtained using a higher np. The np

used for such cases are 1 and 5.

xl=rx v(l,q) 'rx v(l,g)=the x-axis coordinate of nodes 1 in source tetrahedron
vl=ry v(1,q)

zl=rz vI(l,q)

x2=rx v(2,q) 'rx v(l,g)=the x-axis coordinate of nodes
y2=ry_v(2,q)

z2=rz vI(2,d)

X3=rx vi3,q) 'rx v(l,g)=the x-axis coordinate of nodes
¥3=ry vi3,q)

z3=rz_vI(3,d)

X4=rx v(4,q) 'rx v(l,qg)=the x-axis coordinate of nodes 4 in source tetrahedron
vé4=ry vi4,dq)

z4=rz vi4,q)

in source tetrahedron

%]
[}
i

in =source tetrahedron

[}
[}

» IfR>0.2 A, then np=1is used

IF({disc.GT.0.2*wv_lgth) THENW
a=1l.,/4.
r=1./6.

Exl=a* (xl-x4) +a* (x2-x4) +a* (x3-x4) +x4-Xcp
Ryl=a* (yvl-y4) +a* (vZ2-y4) +a* (vi-y4) +v4-Ycp
Ezl=a~* (zl-z4)+a~ (zZ2-z4)+a~ (z3-z4) +z4-Zcp
R _l1=sgrt (Rx1*Ex1+Ryl1*Ryl+Rz1*Rzl)

Gl =(cexp(-J*k*R_1))/E_1

ANE1l (p,g)=G1*r

ANS5Z (p,g)=Gl*r*a
ANS53 (p,g)=Gl*r*a
ANS4 (p, g)=Gl*r*a
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> If0.1 A <R < 0.2 A, then np=5 is used

ELSE IF(dist.GT.0.1*wv_lgth.AND.dist.LE.0.2*wv_lgth)

a=1l./4.
b=1./6.
c=1./2.

Exl=a® [x1-x49)+a® (X2-X4)+a~ (x3-x49)+x49-Xcp
Ryl=a* (v1-w4) +a* (v2-v4) +a* (¥v3-y4) +v4-Ycp
Rzl=a*(zl-z4) +a* (z2-z4)+a* (23-z4)+z4-Zcp
R_1=szqgrt (Rx1*Rx1+Ryl*Ryl+Rz1*Rzl)

ExZ=c* [X1-xX49) +b* (X2-X4) +b~ [x3-xX49) +x49-Xcp
RyZ2=c* (y1l-y4)+b* (y2-y4) +b* (v3-v4) +y4-Ycp
Rz2=c* (zl-z4) +b* (22-z24) +b* (23-z4) +z4-Zcp
R _Z=sqrt (Rx2*Rx2+Ry2*Ry2+Rz2*Rz2)

Ex3=b* [x1-X4) +c* (x2-X4) +b* (x3-x4) +x49-Xcp
Ry3=b* (y1l-wy4)+c* (yv2-y4) +b* (v3-v4) +y4-Ycp
Rz3=b* (zl-z4) +c* (22-z4) +b* (23-z4) +z4-Zcp
R _3==sqrt (RX3*Rx3+Ry3*Ry3+Rz3*Rz3)

Ex4=b* (x1-x4) +b* (x2-X4) +c* [x3-x4) +x494-Xcp
Ry4=b* (vl-wy4) +b* (y2-y4] +c* (¥y3-v4) +¥4-Ycp
Rzd4=b* (z1l-z4) +b* (22-z4) +c* (23-z4)+z4-Zcp
R 4=sqgrt (Rx4*Rx4+Ry4~Ry4+Rz4*Rz4)

Ex5=b* [x1-x4) +b* (x2-xX4) +b* (x3-x4) +x4-Xcp
RyS=b* (v1-v4) +b* (v2-v4) +b* (v3-y4) +v4-Ycp
Rz5=b* (z1l-z4) +b* (22-z4) +b* (23-z4) +z4-Zcp

Gl =(cexp|-j*k*R_1))/R_1
G2 (cexp(-j*k~R_2))/R_2
G3 =(cexp(-J*k*E_3))/BR_3
4
5

G4 =(cexp(-j*k*R _4))/R
G5 =(cexp(-J*k*E_5) ) /R

r=—-4./30.
f=9./120.

AN51 (p,d)=Gl*r+GZ*f+G3*f+G4*£+G5+fL

LNSZ (p, q) =Gl*r*a+G2*f*c+G3*f*b+G4*E*b+G5*E*b
ANS3 (p, q) =Gl*r*a+G2*f+b+G3*f*c+G4*E£+b+G5*E*b
LNS4 (p, g) =Gl*r*a+G2*f+b+G3+f+b+G4* £+ c+GE+E%b

» IfR<0.1A, then np=11 is used

ELSE

a=l1l./4.

b=1./14.

c=11./14.
d=0.3994035761667992
e=0._.1005264238332008
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Exl=a* (Xx1-x4)+a~* (xZ2-x4)+a* (x3—-x4) +x4-Xcp
Ryl=a* (y1l-w4) +a* (¥2-y4)+a* (¥v3-v4) +ve-Ycp
Ezl=a* (zl-z4)+a~ (zZ2-z4)+a* (23-z4)+z4-Zcp
R _l=sgrt (Rxl1*REx1+Ryl1*Ryl+Rzl1*Rzl)

ExZ=c* [xl-x4) +b* (x2-x4) +b* (XK3-x4) +x4-Xcp
Ry2=c* (yl-y4)+b* (y2-y4)+b~ (yv3-v4) +v4-Ycp
Rz2=c* (zl-z4)+b* (z2-z4)+b* (23-z4) +z4-Zcp
R Z2=sgrt (Rx2*Rx2+Ry2*Ry2+RzZ2*Rz2)

Ex3=b* (®l-x4) +c* (x2-x4) +b* (x3-x4) +x4-Xcp
Ry3=b* (yl-y4)+c* (y2-y4)+b* (yv3-v4) +v4-Ycp
Rz3=b* (zl-z4) +c* (z2-24) +b* (23-=z4) +z4-Zcp
R _3=sqgrt (Ex3*Rx3+Ry3*Ry3+Rz3*Rz3)

Exd=b* (xl-x4) +b* (x2-x4) +c* (x3-x4) +x4-Xcp
Ry4=b* (yl-v4) +b* (v2-v4) +c* (v3-v4) +v4-Ycp
Rzd4=b* (zl-z4) +b* (z2-z4) +c* (23-z4) +z4-Zcp
R_4=sqrt (Rx4*Rx4+Ry4*Ry4+Rz4~Rz4d)

Rx5=b* (xl-x4) +b* (x2-x4) +b* (x3-x4) +x4-Xcp
Ry5=b* (yv1-w4)+b* (¥2-y4) +b* (¥3-v4) +v4-Ycp
Ez5=b* (zl-z4)+b~* (z2-2z4)+b* (23—-z4) +z4-Zcp
B_S5=sgrt (Rx53*REx5+Ry5*Ry5+Rz5*Rz5)

Exe=d* (xl-x4) +d* (x2-x4) +e* (XK3-x4) +x4-Xcp
Ryé=d* (yl-v4) +d* (v2-y4) +e* (v3-v3) +¥v4-Ycp
Rze=d* (zl-z4) +d* (z2-z4) +e* (23-z4) +z4-Zcp
R_e=zqgrt (Ax6~Rxé&+Ry6*Rye+Rz&6~RzE)

Ex7=d* (X1-x4)+e~ (xZ2-x4)+d* (x3—-x49) +x4-Xcp
Ry7=d* (y1-w4)+e* (y2-y4)+d* (¥v3-v4) +¥v4-Ycp
Rz7=d* (zl-z4) +e* (z2-24)+d* (23-z4) +z4-Zcp
R_T7=sqgrt (Ex7*RxT+Ry7T*Ry7+RzT7*RzT)

Rx8=d* (xl-x4) +e* (x2-x4) +e* (xF-x4) +x4-Xcp
Ry8=d* (yl-w4)+e* (y2-y4)+e* (v3-vi) +v4-Yop
Ez8=d~* (zl-z4)+e~ (z2-Z4)+e* (23-24) +z4-Zcp
R_8=sgrt (Rx8*RxB8+RyE8~Ry8+Rz8*Rzg)

Ex9=e* (xl-x4) +d* (x2-=x4) +d* (x3-x4) +x4-Xcp
Ryf9=e* (yl-y4)+d* (y2-y4) +d* (v3-v4) +v4-Ycp
Rz9=e* (zl-z4) +d* (z2-z4) +d* (23-=24) +z4-Zcp
R_S9=s=grt (Rx9*REx9+Ry9*Ry3+Rz9*Rz9)

Exl0=e* (x1-x4)+d* (x2-X4) +e* (X3-x4) +x4-Xcp
REylO=e* (yl-y4) +d~ (y2-wy4) +e* (v3-y4) +y4-Yop
Rzl10=e* (2l-z4) +d* (z2-z4) +e* (z3-z4) +z4-Zcp
R_10==sgrt (Rxl0~Rx10+Ryl0*Ryl0+Rz10*Rz10)

Exll=e* (xl-x4)+e* (xZ2-x4)+d* (x3-x4) +x4-XcCp
Eyll=e* (yl-vy4)+e* (y2-y4)+d* (yv3-y4) +v4-Ycp
Rzll=e* (zl-z4)+e* (z2-z4)+d* (z3-z4) +z4-Zcp
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Gl =(cexp(-j*k~R_1))/R_1
G2 =(cexp(-j*k*R_2))/R_2
G3 =(cexp(-j*k*R_3))/B_3
G4 =(cexp(-J*k*E_4))/R_4
G5 =(cexp(-j*k~R_5))/R_5
G& =(cexp(-j*k*R_6€)|/B_6&
G7 =(cexp(-j*k*R_T7))/B_7
G&8 =(cexp(-jJ*k*E_B))/R_8
G9 =(cexp(-j*k*R_9))/R_%

G10=(cexp(-j*k*R_10))/R_10
G1l=(cexp(-J*k*R_11))/R 11

r=-74./5625.
f=343./45000.
h=56./2250.

BNS1(p, q)=Gl*r+G2+f+G3*f+G4+f+65*f+G6*h+GT*h
+ +GE*N+G9*N+G1l0*h+G1l1*h

LNSZ (p, ) =Gl+r#*.25+G2+f+c+G3+E+b+G4+*E+b+B5+E+b+G6*h*d+GT*h*d
+ +GE*h*d+G9*h*e+Gl0*h*e+G1l1l*h%e

LNS3 (p,q) =Gl+r*,.25+G2*f+b+G3*f+c+G4+*f*b+BE5+E*b+G6*h*d+GT*h*e
+ +GE*n*e+G9rh*d+Gl0*h*d+G1l1l*h*e

LNS4 (p, q) =Gl+r*.25+G2*f+h+G3+E+b+Ga+*f+c+B5+f+b+G6*h*e+5T*h+*d
+ +GE*h*e+G9*h*d+G1l0*h*e+GE11*h+*d
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3. Instructions on running the programs

Mesh antenna structure using GiD

Run a FORTRAN program called ‘RWG SWG.for’ to obtain

the antenna’s input impedance and current distribution

Run a FORTRAN program called ‘Far Field.for’ to obtain

the far-field antenna parameters

i) Mesh antenna structure using GiD

o Mesh dielectric volume into small tetrahedrons and surface metal into small
triangles.
o Collect information about the mesh. Record the data describing
» nodes and coordinates as ‘| — <DRA shape> <Number of tetrahedrons>

Nodes.dat’

Node number Coordinate in x Coordinate in 'y Coordinate in z

2| I - Hemispherical 2520 Nodes - Notepad

\File Edit Formgt View Help I/ ¥
1 -1.25  -7.65379e—017 -1.53076e-016
2 -1.24214 -0.139956 -1.52113e-016
3 -1.24199 0.141326 -1.52094e-016
4 -1.24164 -4.46274e-011 0.14433

5 -1.06426 -0.0597677 5.62816e-018
6 -1.04878 0.179981 5.89493e-018
7 -1.21895 0.226216 0.159625

8 -1.21866 -0.278151 -1.49238e-016
9 -1.21804 0.28084 -1.49162e-016
10 -1.21667 -1.77913e-010 0.28673
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» metal triangles and nodes as ‘| — <DRA shape> <Number of

tetrahedrons> Metal.dat’

Triangle Number Node Numbers

| ]
”_"T‘ﬁ I- Hemispherwféﬁ Natiéad

File Edit Format WYiew Help

1 623 626 627
2 623 626 625
3 621 623 625
4 621 625 620
5 618 621 620
6 618 620 616
7 613 618 616
B 613 616 609
9 608 613 609
10 608 609 605

» boundary triangles and nodes as ‘| — <DRA shape> <Number of

tetrahedrons> Boundary.dat’

Triangle Number Node Numbers

':|/H.emisphericaf 2 ry - Notepad

Fle Edit Fmat® vied Help

2521 528 483 489
2522 528 489 525
2523 528 549 509
2524 483 528 509
2525 558 540 528
2526 525 558 528
2527 610 570 574
2528 610 604 570
2529 4584 574 570
2530 494 570 541
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» tetrahedrons and nodes as ‘| — <DRA shape> <Number of tetrahedrons>

Dielectric.dat’

Tetrahedron Number Node Numbers

/ %

File: Edit Format Wiew Help

588 594 501 553
603 597 600 564
393 592 597 564
368 555 5365 518
625 626 624 579
593 586 592 544
623 621 617 574
368 565 572 518
373 583 581 553
0 603 600 G608 564

B =R R W W QPR

i) Run a Fortran program called ‘RWG SWG.for’

o Ensure the mesh input files are located in the same folder as this Fortran
program.

o Run the program. Enter inputs as requested by the program such as the
operating frequency range, permittivity of dielectric and antenna mode of
operation.

o The important outputs from this program are the antenna’s

» Input impedance, saved as ‘O — Zin.dat’

Real part of Zin Imaginary part of Zin

| 0 -Xin - Notepad /

|F|Ie Edlt\4Furmat View Help /
| (1.98551696222,-47. 3200608264)
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> Current Distribution, saved as ‘O — Current.dat’

Real part of current Imaginary part of current

-

j O - Current - Notepad

File Edit Format View Help

({0.16749954009,2.45891521811)
(8.491784205770E-02,1.16040121192)

(0.16148060138,2.11726040751) Current
7.990072730448E-02,1. 01712021117) _
(0.14705702887,1. 81530933126) associated
(6.976452232453E-02,0. 84055529410) with each
(0.12327596730,1.45132069891) _ '
(5.615086866781E-02,0. 65065514 578) basis function

({9.211560321584E-02,1. 04768179881
(3.706320104830E-02,0.41565282651)
({5.144816964368E-02,0. 56769762341
(1.472583206496E-02,0.16080012373)

ii) Run a Fortran program called ‘Far field.for’

o Ensure the output files from the previous program, i.e. ‘O — Zin.dat’ and ‘O —
Current.dat’ are located in the same folder as this Fortran program.
o Run the program. Enter inputs as requested by the program such as the
operating frequency, permittivity of dielectric and far-field plane orientation.
o The outputs from this program are the far-field parameters of
» Ee¢ and Eo, saved as ‘O — Eth(polar).dat’ and ‘O — Eph(polar).dat’
» Erand EL, saved as ‘O — ER(polar).dat’ and ‘O — EL(polar).dat’
> Axial Ratio, saved as ‘O — AR.dat’

» Gain, saved as ‘O — Gain.dat’



