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Abstract

An exhaustive study of the radiation and gain characteristics of a truncated dielectric-coated conducting
spherical antenna excited in the symmetric TM mode has been reported. The effect of the various
structure parameters on the radiation and the gain characteristics for a few even and odd order TM,,
modes for different structures is shown. The theorctical radiation patterns and gain have been compared
with experiment, It is found that there is good agreement between theory and experiment in the case
of TMy; and TM, modes, A theoretical and experimental study of the radiation and gain charac-
teristics in the frequency range 8-0 to 120 GHz has been reporied,
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1. Introduction

Significant comtributions in the fisld of diclectric-coated antennas have been made in
the recent years. Investigations on dicldctric-coated cylindrical antennas have been
raporied by Ting! and Chatterjed et al® > An cxtensive theoratical and experinental
study of dielactric-coated conduating conical antennas has been carried out by Chatierjee
et al%5 Yeh® has studied the dielectric-coated prolate spheroid as an antenna and
Neelakantaswamy? has reported work done on conducting corrugated spherical antennas.
An approximate tréatment of the dieleciric-coated conducting spherical antenna excited
in the hybrid mode and the symmetric TM mode has baen reported by Chatterjec er al® ®.

In the present paper, an exhaustive study of the radiation and gain charactesistics of
a truncated dielectric-coated conducting spherical antonna excited in the symietric TM
mode has been done. This is an extension of the work reported earlier’®. A number
of evan and odd order TM,, modes have been studied. The effect of vatious structure
parametess on the radiation characteristics has bccn rcportcd The thcorctwal results

ubtamcd have been verified exper uncutally
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176 PARVEEN WAHUD AND R. CHATTERJEE
2. Radiation field of the truncated dielectric-coated conducting spherical antenna

Figure 1 is a photograph of the truncated dielectvic-coated conducting spherical
antennas. The stouctura has boen gxeited in the symmetric transverse magnotic mode
by a coaxialline'. Such a structure
can be assumed fo be excited by a
dolta-function elsctric field sousce
Ewe applied normally ove: an
anpular ring of radius b sin 6
and width (b~—20) sind, ; ; baing
the angls of excitation. The ncar-
fisld componants E,, Ey and Hy are
“given by**

Rogion I: a<r<bh Fig. 1. Truncated dielectric-coated conducting spherical
antennas.
-1
5 == PN b 003 0) Lo Clar) + Mapu Gl ™ + B, ()
Ep =— F P (003 0) [Lon [t (k)] + Mo Tharys (kur)]'] e + Eg, @)
Hy = Jalu o (608 0) [Lonjn (k) + Moy, (Rur)]e™ [€)]

Region Il : r=b

Ef = —-Z n{n+1)P, (cos N, 2 B (k°r) it 4
< , 1 :

Ef =— z Py (cos ) %:r N Leor 5 (kor)] e®* . ®

Hy = z P} (608 0) Ny = hm (kar) et ®

where

kx——w,\/ﬂ1<€1+ '—\ kg—ca,\//tq e°+/—>

€, th, 01 884 e, iy, 7y a6 the charvacteristics of medium I and 1T raspectively; o is the
angular frequancy; P, (cos 8) is the Legendre funstion; j, (kyr), va (k) and A (kor) ate
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the spherical Bessel, Neumann and Hankel function of the first kind respectively ; L,
M,, and N,, are the amplitude coefficients. ¢ and » are the inner and outer radius
respestively of the dislectric-coated ‘conducting sphere.

2.1, Application of Love-Schelkunoff’s equivalence principle

Knowing the field components inside and outside the dielectric-coated conducting sphere
the radiation field can be determined by using Love-Schelkunofi’s equivalence principle.
This principle can be stated mathematically as
-> -> -3 > > .
J=nXH; M=—nXE @)

-> : e ->
whare # is the outward deawn normel to the surface S, E and H arg the elestric and mag-

netic field vectors on the suifase S; J—)and 11;[) are the surfase electric and magnetic cucrent
densities, respectively. The susface S is sclected as e closed surface consisting of the
surfase S; of the trunceted dielestric-coated conducting sphere, the outer surface S, of
the mode transducer and an infinitely large sphece S; to ¢losc it as shown in Fig. 2. The
only cutvents of importance on this surfase are the elestric and magnetic cursents on the
susface Sy, assuming the currents on the surfasces S, and S; are negligible.

Fig. 2. Surface S used in the application of Love-Schelkunoff’s equivalence principle $=S;~-Sy-" ..

I.I8¢c—2



178 PARVEEN WAHID AND R. CHATTERJEE
2.2. Radiation vectors

The radiation fields at a distant point (r, 8,¢) are given by

Ep=nHy=— 27]—0, [nelf + L3l ®
Ey = —nHy = — 57 el + Lil : o

where 1, is the free space wave-longth correspending to the frequency of excitatior, Mo
> >
is the characteristic impedance of free spacs, L° and L™ arg the electric radiaticn vester

> >
and magnstic radiation vector respectively. L° and L™ are expressed as

A if PR _)m et
Bo g e &
> -
Lr= [ effPagp’ el iy

space
. - -
where B, = ko == 2n1/Ae = @ V/lige, outside the sphere, dp® and dp™ are the moments of
the electric and magnetic current elements situated at the source point P (v’ §', ¢) and are
expressed as

- > >
dp® =@ x H)ds (12)
-— >

dp™ = —(n X E)ds 13

ds is an elementary area on the surface of the truncated dislectric-coated conducting sphere
=bsin@ df d. PQ is the distance between the source point P(r’, §', ¢") and the
distant point Q (r, &, ¢).

PQ =r-—r"cos § cos @' —r'sin & sin 8’ cos (¢ — ")
= r——bGos § cos ¢ —bsin @ sin g’ cos (g —¢’) 14)
since »’ =b on the surface of the truncated dielectric-coated conduating sphere.

The elactric and magnetic current densities (eqn. 7) are given by
-> > > >
J =X H=—0H, (15)
M= % E=—pE,. (19
Thereford eqns. (12) and (13) become

-
dp =—8Hy ds an
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= >
dp" = — Ly ds

179

(18)

E4 and Hy being the magnetic and electric field componens cn the surface of the dielestric-
coated conducting sphore, given by aqns. (5) and (6). Substituting eqns. (17) and (18)

in equs. (10) and (11), we get

— (2 .
L =— [ ] oxpljkofr—>bcos@cosg’
g0 Pi=o

. . ->
— bsin @ sin 0’ cos (¢ — )] d" Eg» axp (— jrt) b sin 6’ d9* dep’

- 4, e
L® e [ [ exp[jk[r—boos@cos i’
bi=0 gm0

' >
—bsin G sin 0’ cos (p — PN & Hy axp (— jeot) b* sin 07 9’ dp’.

A transformation to rectangular coordinates gives

Lf o= — Ly sin ¢/, LY== Lj. cosgp’, LI=0
Ly = L% cos 0’ cos ', L7 = ILj cos sing’, I» = — L3 sinf’".

Therefore on transformation, we got

0:
L = —2njb%sing exp [ F(kor —wi)] . Ty (b sin 0 sin 07)
Lo

% GXp (—jkob Gos 0 cos 07) Eg sin 0’ d0”

0
Li = 2mj b* cos ¢ exp [ j (kor — wi)] . J Jy(kobsin @ sin '),
T=0
X axp (— jkob cos 0 Gos () By sin 6" d6’
L =0

Lr = 2mb cospexp [ kor—on] [ Iy (kobsindsin )
% axp (kb cos 0 cos 0) Hy cos 6 sin §" di’

L = 2rj b sin ¢ exp [ j (ker — t)] ﬂi; Jy (kob sin 0 5in 0)
X exp (— jkob cos @ cos ¢') Hy sin 8’ Gos 0 g’

L — 2mb® exp [ (feor — )] Gio 7, (feoh sin 0 sin 07

3 6xp (jkob cos (0 6os ) Hy'sin® 0" d0

(19)

(20)

ey

(2
23

(24

(25)

26)
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At the distant point O we have

Ly ==cosO@cosd L -+ cos 0 sing L —sin§ L
Ly = cos?cos¢ L7 - cos B sind Ly —sin ¢ L7
Lg ==—sing L: -+ cos ¢ LY
L§ = ~—sing L¥ 1 cos ¢ L.
Tharefore, we have on simplification
Ly =0
0,
Ly =2mjbrexp [f ko ~—wt)] [ Jy(kebsindsing’)
f'=0
< exp (—jkob cos @ cos 8) Egr sind’ do’
8,
L% = 2mjb?cos 0 exp [j (keor — wi)] oI Jy (kb sin 8 s5in 67)
=g
¢ exp (— jk b 6os 0 cos °) Hye 6os ¢ sin @' df’
8,
— 2nb? sin @ exp [(F (ko — o1)] eI Ty (kobsin @ sin §7)
10
% exp (— jkob cos § cos ') Hgr sin® 0 di’
Ly =0.

@7

(28)

(29
(30

Substituting for Ey and Hy from eqns. (5) and (6) in eqns. (28) znd (29), we have

Ly =2mjb N,

X

b

2 (1) o
b B W e [ (hr — o]
o

[
gj Jy (kob sin @ sin () exp (— jk b cos 8 cos 67)
0
P;, (cos §)sin 6" di

ko

21BN,y =
Jouts

RE (ko) exp [ (kor — o1)]
s

[j cos@ gf Jy (kob sin 0 sin ') exp (— jk b cos 0 cos ")
P=0

i
P, {cos Y cos O sin ¢ d0' —sin @ . [ Jo(kobsin 8 sin 07)
=0

X exp (— jkb c0s 6 cos 07) P, (cos §") sin® 9’ d'].

Gy

(32
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2.3. Radiation field

Substituting in cqus. (8) and (9), we have the exprossion for the radiation field.

Ey = —nHy = 53— (1oL ~ 15) =0 33

By =nHs = — g (1015 + L)

I 2 ko [t
=g |2 o N 0 ()

4

% &xp [ j ko — @] [jcos o ﬂj Jy (kob sin 9 sin )
£

> axp (— fkob cos @ cos 0°) P2 (cos &) cos ¢ sin §' &'

61
~—sin® [ J,(kobsin @ sin ) exp (— jk,b cos § cos §")
Gr=0

(b (1 4
X Py (cos 0)sin® @' d0'] + 2mjb? N,, [k‘)b/—"—‘k——b(—lf-”—@l
0

6
> axp [ j(feer — 1)} a‘f Jy (kb sin 8 sin 9)
Feo

X exp (— jkob cos 8 cos ") P, (cos ') sin &' d0']. (34)

The radiation pattern in the plang ¢ == 0° is given by eqn. (34) itself since this equaticn
is independent of &.

In the above expression N,, is the external amplitnde coefficient ¢f the dicleciric-ceated
conducting sphere, @ and b are the inner and outer radii respectively, J, and J, are the
Bessel functions of order zaro and ong respectively.

3. Gain of the antenna

The expression for the gain is

72 | Ey lmaftfo
Wol4n

wheie | Eg | is the radiation field given by eqn. (34), 7, is the intrinsic impedance of free
space = 377Q and Wp is the total power radiated given by

Gain =

ks .
We=Zr [ |E Psnodm, (39
T a5
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Therefore the expression for the gain is

At | By fft -

Gain =
2 (B psmeds

n
’ f=0

4. Numerical computation

The radiation and gain charastesistics of the antenna have been computed wumerically
for diffesent structures for few TM,, modes using eqns. (34) and (36).

A theoretical study of the radiation characteristics has been made (i) for different values
of a varied from 1-0 to 40 om for fixed values of (b—a) and &, (i) as a function
of (b — a) vazied from 0-02 to 0-2¢m for fixed values of « and @y, (iii) as a function
of 8, for §, va-yiag from 100° to 160° for various truncated dielectric-coated conducting
spherical antennas. The computations have been carcied out for the excitation frequency
=9-375 GHz and for a value of ¢, the relative permittivity of the coating material =
2-56. In all cases the first six modes have been considered. Some cases of equatorial
excitation have been studied taking the odd order TMy;, TM,; and TM,; modes into
consideration. The frequency despendance of the radiation characteristics has been
studied for frequencies in the range 80 to 12-0 GHaz.

5. Analysis
5.1. Radiation patterns
The theoietical analysis leads to the following conclusions:

(1) The sadiation pattern of the truncated dielectric-coated conducting spherical
antenna excited in the symmetric TM mode is characterized by a null in the forward
direction (9 =0°) and two main lobes situated symmetrically with respect to the axis
of the antenna and a faw sidg lobas for the case of the odd and even order TM,, modas.
Th: theoretical radiation patterns at different frequencies are shown jn Fig, 11.

(2) Position of main lobe :

(i) For fixad values of a, & and &, for a particular frequency of excitation, the main
lobe shifts towards the axis as the order of the mode increases (Table I).

(i) As g increasss, the main lobe shifts towards the axis (Fig. 3).

(i) The main Iohe position shows ouly a slight vaviation with coating thickness
for any particular mods comsidered when all other parameters are held constant (Fig. 3)-

(iv) With all the other paramete:s remaining Gonstant the main lobe shifts towards
the axis with increising values of ¢ for the TM, mods. For the TM 5 mode it is seen
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Table 1

Radiation characteristics of the truncated dielectric-coated conducting spherical anterna
(Theoretical)

g=2-5cm, b=2-6cm, O =14, f==9-375GHz, ¢, =2-56,

Mode TM TMop TMos TMa4 TMos TMog

Position of the main

lobe (degress) 97 135 149 157 23 18
Bsam width (degrees) 61 39 29 24 27 20
No, of side lobes .. 1 2 3 3 4

that the main lobe shifts towards the axis up to a certain value of g and then moves away.
For the TM,y;, TMg,, TMy; and TM,, modes, the main lobe is further away from the
axis and shows a different variation with g for each mode (Fig. 5).

(v) The position of the main lobe is affected considerably by the angle of excitation
#,, the other patamet.rs being held constant (Fig. 7).

(vi) As the frequency of excitation is increased keeping the other paran.oters censtant,
the main lobe shifts towards the axis for a particular mode (Table II).

(3) Beam width of the main lobe :

(i) For fixed values of a, b and 6, for a particular frequency of exitation, the beam
width deareases as the order of the mode increases (Table I).

Table XX
Frequency dependence of the radiation characteristics (Theoretical)

a=3-0cm, b=3250m, O =156:9° € =256, Mode: TM.

Frequency (GHZ) 8:0 90 10+0 11-0 120
Position of the main lobe 18 17 17 16 15
(degrees)

Beam width (degrees) 18-5 18-0 17-0 16°5 15-5

No. of side lobes 4 .4 4 4 4
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(ii) The baam width desreasss as a inoreases (Fig. 3).

(iif) The half powa: beam width shows only a slight variation with coating thickness
for any particular mode when all the other parameters are kept constant (Fig. 4).

(iv) The half powe: boam width shows a vartiation with o which is different for each
mode whon all othe: parameters are maintaingd constant. For the TM, TMg, TMg
and TM,q modas the beam width is minimum for a certain value of a different in each
case. For the TMs and TM,, modes, it is minimum for the largest valug of a considered
(Fig. 6).

(v) The beam width shows a variation with the angle of excitation , for fixed values
of 4, (b—a) and the frequoncy of excitation (Fig. 8).

(v} The main Jobe beam width decreases with increase in the frequency of excitation
for any particulat mode (Table II).

The variation of the position of the main Iobe with coating thickness for the case of
equatorial excitation i shown in Fig. 9 for tha TMy, TM, and TM,; modes. For all
these modes only a slight variation with coating thickness is seen.
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For the TM 1, TMos and TM,; modes in ths case of equatorial excitation, the beam
width shows only a slight vaviation with coating thickness (Fig. 10).

(4) Side lobes :

A. theoretical study of the number, position and relative intensity of the side lobes
has been made for the antenna and the results are prosented in Table A (sée Appendix).

(i) The number of side lobes increasss with increasc in @ for the antenns for any
patticular mode (Table A—Appendix).

(i) The total numbe: of side lobes increases with increase in the ordsr of the moda
for any patticular antenng (Table I).

(iil) For any particular mode, the mumber of side lobes tends to remain constant
with increass in the frequeucy of excitation (Tabls II).

From the theoretical amalysis it cam bs comcluded that the radiation characteristics
ace affectad by the strmcture parameters to varying extents,
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5.2. Gain characteristics
The theoretical analysis of the gain characteristics leads to the following conclusions:

(i) The gain of the antenma shows a variation with coating thickaess for each mode
and has a maximum for differant valugs of the coating thickaess for each mode in all the
cases studied (Fig. 12).

(i) The angle of excitation ¢, affects the gain considerably and the variation is diffe-
rent for each mode for fixed values of a, b and the frequency of excitation (Fig. 13).

(iii) The gain varies with the value of the inner radius ¢ going through maximum and
minimum vaiues at different values of a for each mode, when (b — a) and &, arekept
constant (Fig. 14).

(iv) The value of the gain varigs considerably for each individual mode with «, the
relative parmittivity of the coating mate jal when the other parametsrs are kept constant
(Fig. 15).

(v) The gain is found to vary with the frequency of excitation for fixed values of a, b
and @,. The variation is different for each mode for all the cases studied (Fig. 16).
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The vacigtion of the gain with (b — o) and a for the case of equatorial excitation is
shown in Figs. 17 and 18 for the TMy, TMe; 2nd TM,s modes.

-
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Fic. 16, Variation of gain with angle of excitation ¢ The radiation patterns and gain

f==9-375 GHz, g =236 characteristics have been measured

at the frequency 9°375 GHz at the

out-door microwave laboratory, The experiments have also been conducted in the

range §°0 to 120 GHz at the auntenna test range at LRDE, Bangalore, and at the
microwave apechoic chamber at DLRL, Hyderabad.
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The observed radiation patierns are shown in Figs. 19 o, b, ¢ along with the theoretical
patteros.  The patieras have been normalized w.r.t. the maximum of the radiated power.

The theoretical radiation patterns have been shown only for the TM,; on TM,; mode.
It is seen that there is good agreement botween theory and experiment for these modes.
The comparison between theory and experiment shows that:

(1) the position of the main lobe for all the structures studied experimentally compares
well with theory.

(2) there is good agreement between the beam width of the main lobe for the experi-
mental and caloulated patterns.

(3) the pumbes of side lobes obtained experimentally differs in a few cases from that
obtained theoretically. The positions of the side lobes agree fairly well with experiment
and theory.

(4) the amplitudes of the side lobes obtained theoretically and experimentally show
fair agreement.

n =6 Theoreticnl
—— €rpil,

@ a0 26 60
in, degrees

Stiongest madetTMog
nx 6 Theoretical

] &
8 i degrres

G. 19 a. Theoretical and experimental normalized

diation patterns, = 9-375 GHz, ¢, = 2-56.

(i€l / Eeimar

(€4l £ 1Ealmac}?

-5}

1.0y
s 28 ems ¥ 2217 ens
512 cms 1 b 225 emy
By= 150.0° .1 8yu 145.84
Strongesh made:TM gg | Strongast mode: Tag,
i n 6 Theorerical
i

se- Expll.
£ +1700m,

w0 B0 20 0
8 In degress

3728 cma
b : 2.9 coms
By 150"
Strangeat made tThage
e % o5 Thenraticar
.- Expti
18 Gue

@ S aegrees

Fig. 19 h. Theoretical and experimental normalized
radiation patterns. &, == 2-56.
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2528 ems

h 229 ems

Byz 1540
Strongest mode *Thge,
e 26 Thearetlcal
.- Emll

£ 2100 GHy

[1E0 7 Entmarl

40

815 156:5°
Strongest fode: THos
—w- = 6 Thaoretleal
e EXPRL

" ¢ 9375 GHy

[reot 11E g1 max)*

& .0 qegreer

FiG. 19 e. Theoretical and experimental
normalized radiation patterns. g = 2-36.

(5) Tha positions of the minima and
their intensities in the experiments)
patterns compare well with the calon-
lated pattsros.

An attempt has besn made to detes-
ming the efféct of the other modes
combined with the TM,, and TM,,
modes on the radiation patiern. The
radiation patterns for the combined
modes, the TM,, mode and the ex-
perimental pattern at a fraquency
f=9'375GHz are shown in Fig. 20.
There is no agresment bsiween the
experimental and theorstical pattern
for the combignd modes. The position
of the main lobg and the main lobe
beam width for the combined mods
and the individual TM,s and TM,,
modes along with the experimental
results is given im Tables I and IV
for the frequency of excitation = 9375
GHz. In Table Y[ it is seen that
there is conmsiderable divergence bet-
ween theory and experiment inm each
of the cases, whereas there is close

agreement between theory and cxperiment for the individual TM,s and TM,, modes

as is evident from Table IV.

Table IIX

Comparison of the theoretical position of the main lobe and the main lobe heam width

for six modes combined with experiment
f==9375GHz

Position of the main lobe  Main lobe beam width in

in degrees degrees
acm 5 om 0; degs ——

Theory Expt Theory
16 1-8 135-1 30 23 40 20
175 225 145-6 26 20 27 20
2-8 29 154-0 20 14 19 18
30 3-25 156-9 20 14 20 13
3-5 36 159-3 18 12 19 12
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The results of the gainm obtained ex-
perimentally are¢ given in Table V along
with the theoretical sesults for vasious
structures.  Table VI gives the experi-
mental and theoretical values at different
frequencies of excitation. It is seen that
the experimental values agree with the
theoretical results for the TM,; and TMg,
modes. The values of the gain obtainsd
expe-imentally and those obtainad theore-
tically for the summation of the first six
modes at a4 frgquency of 9-375 GHz (not
given hece) diffar comsiderably.

7. Conclusions

The theoretical and experimental investi-
gations om the radiation chasacteristics
of the truncated dielectric-coated conduc-
ting spherical antenna lead to the follow-
ing conclusions:

(1) The structure excited in the sym-
metric TM modsg in the frequency range
8-0 to 12:0 GHz is c¢hatacterized by a
radiation paticrn having a aull on the

191

2.t cms
©oa29ems
8y 500"
— Strongest maoe: Mg
~ == 5um of stz modes
e Exberimentat

/

[reat /(e.vma,]z
o
&

W 80 720 60
d i degrees

v ea ems
5 a 325 ems
0= 1568°

- bicongest mode; Thgg

~mm Sum o1 sie mooes

- Expefrmenial

%

[N

>

[1Eet /180t max)?

3G 0
8 in aegees

K16, 20. The nommalized radiation pattern for the
strongest mode and the sum of first six modes with
the experimental pattern. { = 9-375 GHz, g,==2-56.

axis (¢ == 0°) and two major lobes situated symmetrically with respect to the axis, and a

few side lobes.

Table IV

Comparison of the theoretical position of the main fobe and the main lobe beam width for

the individual modes with experiment

£=9-375 GHz
Position of the main Main lobe width in
tobe in degrees degrees
acm b cm 0, degs Mode
Theory Expt Theory Expt
16 1-8 135-1 TM 5 26 23 44 20
1-75 2-25 145-6 TM s 18 20 25 20
2-8 2-9 154-0 TMas 16 14 19 18
30 3-25 156-9 TM6 12 14 14 13
35 3.6 159-3 TM s 12 12 13 12
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Table V

Comparison of the theoretical and experimental values of gain

Theoretical gain in db for mode Experimental
aem hom G degs value of
TMy TMe TMg TMy TMy TMye  gain in db

1-6 1-8 135-1 177 3-76 6-38 4-33 5-41 2-54 5-05
1-75 .25 145-6  2-26 3-74 4-44 6-38 4-67 3-28 475
2-8 2-9 154-0 2-26 3-09 477 706 6-82 T84 7-35
30 3-25 156-9 219 3-55 590 5-78 676 5-45 655
3.5 3-6 159-3  2-34 5-34 380 5-42 6-64 5-84 6-05
Table VI

Comparison of the theoretical and experimental values of gain at different frequencies

a=28cm, b==29%m, @ =154°, ¢ =2-56,

Theoretical gain in db for mode
Frequency

. Experimental
i GHz T™a  TMw  TMy My Mg TM,  gainindd

80 2-44 3-29 4:68 631 5-99 5-68 5-60
>0 2-21 3:30 460 6-59 7-10 576 6-80
150 220 3-39 428 3-06 1-76 2-84 6:30
iL-0 2-47 381 646 5-84 7-29 5-93 5-80

(2) The radiation characteristics of the antenna are sensitive to the various structure
parameters such as the innes radius, coating thickness, angle of excitation, etc., and henee
can be controlled by z suitable choice of the parameters.

(3) Thae is ageoement between the experimental and theorstical radiation charas-
tevistics for the TM,; and TM,, modes.

(4) The antenna has a low gain.
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Appendix
Table A

The number, position and relative intensity of the side lobes with respect to the main Iobe
for the dielectric-coated  conduciing spherical antenma

(b —a) =0-1lcm, (h = 140°, f=9:375 GHz, ¢, =2-56.

No. of side lobes for mode

acm bem ..
TMu TM,, TMg, TMos TM5 TM,s
10 -1 1 2 1
1-5 16 1 2 3 2 ..
2.0 2.1 1 2 3 3 3
25 26 1 2z 3 3 4
340 31 1 3 3 3 4
3-5 36 1 2 3 3 4 4
40 41 1 2 3 3 4 5
Position {in degs.) and relative intensity (in db) of the side lobes (in brackets)
for nmode
1.0 11 . 41(—1-08) 29(—1-87) 49(—1:05) ..
151 (-0-30)
1-5 16 .- 41(—1-77) 29(—2-85) 25(—1-48) 39(-~1-44)
87(—3-67) 57(—0-74) 137 (—1-81)
159 (—2-71)
20 21 37(=2:46) 27(~373) 25(—1-96) 87(—1-57) 23(— 1-11)
89(—5:36) 55(-4-01) 129 (--3-41) 73(— 1-01)
111 (—2-55) 161°(- 3+92) 157 (— 2-82)
2-5 26 33(—3-03) 25(—4:28) 23(—4-02) 85(—3:92) 7I(— 4-93)

93(—5'78) 55(~6-01) 125 (—2-64) 103 (~ 4:33)
111(~—5-12) 161 (—1-47) 135(~ 7-07)

240 3-1 . 29(—3+39)  23(—4-43) 19(—5-35) 23(—~1-61) T1(— 822
65(—9-69) 355(—6-72) 85(~—2-52) 103 (— 686}

95 (~4-80) 113 (—6-29) 123 (—3-64) 137 (— 5-88)

165 (— 3-52)

3-5 36 27 27(~7-33)  21(=3+87) 17(—5:97) 21 (~4:07) 43(—~11-18)
(~7-31)  63(—2-56) 67(—8:84) 55(—7-03) 47(—6-97) Tl(~ 94D

95 (—3-16) 115(—6-11) 87 (—7-65) 103 (— 8-13)

122 (—5-53) 133 (— 547

25(~4-49)  17(—=2+72) 13(-35:85) 25(—6-56) 41 (— 8-80)
—7-31)  57(—2-09) 49(—T7-43) 67(~6-67) 49(—6-17) 73(—10-6)
95(—1-76) 113 (-~-5-19) 89 (—8-13) 103 (— §-17)

123 (~6:72) 133(— 5-5%)

4-0 41

-~ o
2






