
DIELECTRIC-COATED SPHERICAT,LY-TIPPED 
CONDUCTING CONE ANTENNA EXCITED 1N THE 
UNSUMMETRIC HYBRID MODE AT MlCROWAVE 

FREQUENCIES 

In 1950, Schorr and Beck [I] studied the problem of electromagneiic 
radiation from a conducting conical h o n ~ .  Significant contributions haw 
been made by ljclsen [2-61 to the problem of scattering of electn)mnpnetic 
waves by conducting conical slructures and also to the problem of radi- 
tion from tapered surface wave antennas [7]. The radiation characteristics 
of a semi-infinite conducting cone antenna, as well as that of a. finite cone 
has been studied by Adachi [8, 91, as review of the radiation characteristics 
of the conical structures has been given by Wait [lo]. As far as the authors 
are aware of, there has been no work on dielectric-coated conducting cone- 
antennas till 1964. I n  1964, Yeh [ I l l  has inlroduced the use of Sommer- 
feld's complex-order wave functions in deriving theoretically the radiation 
characteristics of a dielectric-coated spherically-tipped semi-infinite con- 
ducting cone excited in the symmetric TM mode, but there is no experi- 
mental verification, chatterjee [I21 has made a rigorous theoretical ana- 
lysis of the electromagnetic boundary-value problem of the dielectric-coeted 
spherically-tipped semi-infinite conducting cone, and has shown that sym- 
metric TE, symmetric TM and symmetric and unsymmetric hybrid modes 
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Cdn bc s r~ppo~ ied by such a st> uctnre, but that un\ymmei~ic TE or TM 
modes cannot be suppol icd Subsequently the radiation character~st~cs 
of finlte length cheleciric-coated spher~cally-tlppd cond~lc t~ng  cone anten- 
nas have been studled theorelrcally by an approx~mate method by the 
authors and ter~fied experimentally [13, 141. 

111 this paper. an approximate theory for the radiated field and gain of 
the finite length dielectric-coated sphel-ically-tipped conducting antenna 
excitcd in ~ h c  t~aisynimetric hybrid mode has been derived, assuming a given 
distribution of surface currents on the antenna. The calculated radiation 
patterns and gaif: of a large number of anlennas of varying dimensions as 
well as thc nss~nned surface current distribution have been verified by experi- 
ment. The m~arured inpui  impedance of the antennas bas also been reported. 

Figure 1 shows the geometry of the struciurc. The antenna consists 
of a dielectric-coated spherically-tipped conducting cone A'AOBB '. 'This 

antenna is excited by a mode transformer which is a TE,, mode circular 
cylindrical waveguide. The TE,, mode in the circular metal waveguide is 
transformed into the first unsymmelric hybrid mode in the dielectric-coated 
spherically-tipped conducting cone. The spherical polar coordinates of 
any point on the structure are designated (r', O', $'), while those of a distant 
point are designated (r, 8, +). 



3. Esl'lMKi11 OF THE SURI.ACE CURRENTS ON TI-If ANTENNA 

The determination of the radiated field requires a knowledge the 
field components and hence the surface currents on thc surface of the 
antenna. The field distributions on the sulfate of the antellna are detenn&d 
by utilizing the field c o n q m m t s  of the T4, mode in thc circular cylbdri- 
cal conducling wavcg-uidc which acts as a launcher and also from a know- 
ledge.of ihe near field variations along the coordinate directions r', of, $' 
obtained by measurements with the help of appropriate field probes. 

The coniponcnt~ of the clectl-omagnet~ field rnsrde a hollow mela] 
circular w;~veguidc progpagatrng tho domnnant TF;, mode are: 

HZ = CJ, (hp) cos (6 exp j ( w t  - ,%) (1) 

where 

I7 = .84.  ' n ' being the radius of the cylinder, and 

The rneasule~nents of the near field of the antenna show that all the 
field components vary as cos (6 or sln (6 (Flg 2) Hence lhefield compo- 
nents ~ n s ~ d e  the cyhndr~cal wavegu~de as glven by equat~ons (1) to (6) may 
be approx~mately assumed to be transformed to H,,, H, ,  H,  , F ,  E, and 
E+ m the d~electnc coatcd spher~cally-tlpped conduct~ng cone according 
to Ihc Collow~ng transCo~m~zl~on 
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and similar equations for E,., E,., and E4, 

The tangential electric field components on the inner surface of the 
conducting cylindrical waveguide is zero. Hence it is assumed that the 
tangential electric field components on the outer surface (iii) of the die- 
electric coating (Fig. 1) are negl~gible compared to the tangential magnetic 
field components. The tangential electric field components on the spheri- 
cal metal tip (i) are zero. Hence it is assumed that only the surface electric 
currents due to the tangential magnetic fields on the surface of the antenna 
contribr~te to the radiated field a1 a distant point. The spherical tip (i) being 
very small compared to the cone, the contribution of surface electric currents 
on it to the radiated field are neglected in comparison with the contribution 
of the surface electric currents on surface (iii) of the dielectric-coated metal 
cone. Thus 

-t -* -+ 
only u# J+ = - 12 x u,. H,. 

+ + + 
and u,. J,. = - 12 x ugr jyc. 

are considered to be the predominant components of surface electric current 
on the surface (iii) which contribute to the radiated field. 

From equations (1) to (lo), H,, a cos 4' and H p  a sin $', and thus 
1 H,, I and hence ( Jg I hay  be taken as a Re exp (j$'), and 1 Hg. / and 
hence / J,. ( may be taken as al, exp (j4'). 

The following assumption for the variation of the field components 
H,. and H,, with the space coordinates and time and hence for the surface 
currents J$, and J, ,  respectively can be made; 

f R exp (- jk,rl)] Re exp ( j4 ')  

J , ,  = - , , - KZ exp W )  - - - - ---- [exp (jk,r') 
k2r 

+ R exp (- jkzr']] Im exp ( jp)  (12) 
where the constants K, and K, are determined from equations (8) and (91, 
knowing the field components H,, H?, Hz inside the cylindrical conducting 
waveguide wh~ch excites the dielectnc-~oated spherically-tipped c~ndllcting 
wnr  . 



The nature of variation of the field components as given by equations 
11)  and (12)  are justified by  experimental results (Figs. 3 and 4). 

k ,  = 2n/hg, where hg is the measured guide wavelength in the dielectric- 
:oaled spherically-tipped conducting cone and is twice the average distance 



r '  IN crr 
FIG. 3 .  S h n d n ~ g  wave pattern along the surface of the aerial. -- Calciilatcd, - 9  - $ -- Experirncqtal. 
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betweell maxima ni- minima of thc  standing-wavc patlcrn on the surface 
of tke \,ruture. R I S  thc 11?e:lsured rcflecimn coefficient in the structure 
and it is evaluated by using the fomula 

R - VSWR - 1 
VSWR t 1 

where VSWR is the average VSWK as oh:tincd from the curves shown in 
Figs. 3 and 4. Equations (I I) and (12) show that J,, and J,. both consist 
of two travelling spherical waves one in the positivc T' direction and Lhe 
othcr in the negative ," ciirection. 

In the derivation of the expressions fol- the components of the radiated 
ficld at a distant point P due lo J d s  and J,,. it will he convenient Lo assume 
that J+. and .I,. vary as esp ( p h ' )  and in the final expressions the real or imagi- 
(nary parts limy be taken as the case may bc. 

The distance r" (Fig. I) or thc distant point P ( r ,  8, Q) from a typical 
surface current clement clZ on thc conical surface (iii) situated at a point 
(r', B', 4') is given by 

r" - r - r'cos 0, cos 0 -- r' sin 8, sin H cos (4 - 4') 
- i - z cos 0 - p s ~ n  H cos ($ -- $') (1 3) 

where 

d.2 = r '  sin Hd+' dr'.  

Using Scl~elkunoff's Equivalence Princ~ple, the waglietic and electric vector 
i i 

potential A and F at the distant point P are given by 

-* -9 

where J and M are the surface currents on surface Z Flgure 5 shows the 
surface .Z whlch COnSlstS of surfaces (I), (111) and the outer surface of c y h -  

dncal conduct~ng waveguide together wlth a very lalge cphere Only the 
components J+ and J,, of the surface electrrc current on wrface (111) are 



Dielectric-Conted Sphericully-Eppecl Conducting COW Antenna 407 

OUTER SURFACE OF 
CYLlNDRlCAL GUIDE 

FIG. 5. Surface r: used in the application of Schelkvnoff's cquivalcnce pinviple. 
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predominant, while the magnetic currents are negligible. Since surface 
(i) is very sinall compared to surface (iii), the contribution of the surface 
cln-rents on (i) is negligible. The contribution of the surface currents on 
the rest of the surface 2 may be neglected. 

Due to the surface current JV on surface (iii) as glven by equation (]I), 
-f 

the x and y components of the magnetic vector potential A ,  at the distant 
point P are given by 

x exp (j+') (sin 4') r' sin 8, d4' c/r' 

+ R exp {(- jkorl) ($ - coi 8, cos 6')) 1 drr (16) 

X $ % [- exp (2j4) J2 (k0r1 s i n s Q i n  8) 
r'-a 

+ J. (k0r1 sin 0, sin O)] [exp { ( jk , r l )  (2 + ms 0,  cos 0 

4- R exp ((- jk0rf) (2 - cos a, cor a ) ) ]  drl 

1 I 
(17) 
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where 

k ,  - = w \/&so. A, being the free-space wavelength 

k, - 2 T ,  A, being the measured guide wavelength 
A, 

r,, - fin~te lengtlr of the dlelectr~c-coaled spher~cally-typed conduct- 
mg cone antenna 

a =- radrus of the spher~cal conduct~ng txp. 
-+ 

The 0 and 4 components of the electr~c field intensity El at the d~stant 
point are glven by 

E = (-- Ex, sin 4 + Ey, cos 4) (19) 
where 

Ex* =- - J ~ P A Z ,  
EUl = - jwpA%. (20) 

Because I Jg. 1 = I H,, I cc cos 4' - Re exp(&, takmg the real parts of 
the final expressrons, Eg, and E*, are given by 

K,' exp { j (ot  - k , ~ ) }  sin 8, E,* = -. - - - -- -- 
r 

x s coa 8 (1, (k( sin Bl sin 8) sin ( 
,'-'I 

- sin (3Q) J, (kg' sin 8, sin 6)]  

+ R exp I(-- jk.rr) (2 - M 8, cog e))] drl 

K,' exp { j ( w t  - k,r)} sin 8, E+, - . - -- 
r 
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Now, considering the component J,, of the surface electric current density 
on surface (iii), j J,. 1 = H+, j and / Hg, I cc sin 4' =-: Im exp (j4'). At 
diametrically opposite points A and A' on the circle which is a cross-section 
of the conical surface (iii) 0 - 0, (see Fig. I ) ,  J,. is equal in magnitude but 
opposite in direction. Because of tl~is fact, the components J,, at these 
diametrically opposite points subtract in the r direction but add in the p 

direction in the x-JJ plane. Flence it is necessary to consider only the contri- 
bution of the p component J,. sin 0, of J,. in calculating the far field. 

-, 
The components E,, and E+, of the electr~c field intensity 23, due to 

J,. at the d~stant point P are then given by 

K ' E& = --2 exp { j ( w r  - k,r]) sin2 el 7 cos.0 
P 

,'-G 

[- sin (34) J, (k,r' sin 8, sin 0) -- sin 4 J,, (k,rf sin 0, sin 0)] 

k .  [exp { (  jk,r') (2 i- cos 0, cos 8)) + R erp {(- jk0rc) 

x (*? - c o s  0, cos d ) ) ]  d f  
ko 

and 

- cos 0, cos R ) ] ]  dr' (25) 
where 

K$ = - jy2nK,. (26) 
The total electric field intensity E has B and 4 wmponents given by 

E, = Ed, + E,, (27) 
and 

E+ = E6,+E+,. 
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5. RADIATION PATTERNS IN THE PRWCLPAL 4 = o0 AND T = 90° P & ~ E s  

In 4 = 0" Plane. 

E,, - E,% -= 0 

Hence the normalized radiation power pattern is given by 

where 

k 4: R exp {(- jk0rr) ($ - cos 6, cos 8 
0 

(29) 

In 4 = 900 Plane, 

E ,  = E,$ = 0. 

Hence the normalized radiation power pattern is gven by 

where f, (8) is  given by 

f ,  (8) = sin 8, ./ [J, (korf sin 8, sin 6') + J,  (kg' sin el sin 8)] 
?-a 

6 .  TOTAL POWER RADIATED AND DIRECTIVE GAIN 

The total power radiated is 



and the directive gain of the antenna is &yen by 

4?r [rY(E2 f EL31 G = .. -- aU 
? w. 

where 

f. (8) = sin 8, [J ,  (k,rl sin 6, sin R)] 
,I=. 

and 

fi (@) = sin 8, 7 [Jo (k,rt sin 8, sin O)] 
r'" 

+ R exp {(- jkort) (2 - cos cos o)]] dr' (37) 

7. NUMERICAL COMPUTATIONS OF TWE %D~IATION PATTERNS AND 

DtRBC* GAIN 

The radiation patterns in the 6 = 0" and w = 90" planes and the gain 
have been numerically oomputed for several antennas of varying dimen- 
sions using equations (28), (30) and (35). The resuits are given in Figsi 
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Fro. 6. Calculated and measured H- piane radiation pattern of the dlelectru coated metal 
cane antollria. 

The following experimental investigations on the antennas have been 
carried out as a function of the length and taper angles: 

(a) Study of the near fieid components of the electric and magnetic 
field. 

(b) Study of the radiation patterns. . ,. .. 
(c) Measurement of the gain of the antennas by the (i) reflection [15,] 

and (ii) comparison methods. 



(d) Study of the impedance trransforming characteristics of the mode 
transducer used to launch the HE mode on the antenna by measurement 
of scattering coefficients [16]. 

(e) Study of the input impedance of the antennas. 

Some of the results of the experimental investigations are given in 
Figs. 6 to 15. 

e r~ DEGREES 

FIG. 7. 

. . . . EXPERIMENTAL 

- THEORETICAL 

(a) Near Field 

The near field measurements made on a number of antennas to study 
the variation of the field components verify 

(i) the assumption that the field components vary as cos 4' (Fig. 2) 

(ii) the assumptions given by equations (11) and (12) is approximately 
correct (Figs. 3 and 4). 
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Fro. 8. Calculated and observed bem widths of the major lobe 
Calculated, .... Experimental. 

(iii) The hybrid HE mode is'excited (as shown by the existence of all 
the field components E,., E,., E6, H,,, H,,, Hq. 

(b) Radiation Patterm 

Figures 6 to 12 show the theoretical and experimental results of the 
radiation patterns. It may be observed that: 
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(1) The positions of the major Iobe and the first two side lobes which 
could be experimentally observed agree fairly well with theory. 

8 ,  = 176.8~ 
eo= 178.8" 

. . e x  167 SIDE LOBE 

O Y X  
X x X x  

2No SIDE LOBE 

(ii) Them is ,fair agreement between the theoretical and experimefltal 
. ~ beam widths and positions of the nulls. 

0 I 2 3 4 5  6 7 8  
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FIG. 10. Calculated and observed positions and relative intensities of the side lobes. 
-- Calcuiated, . . . . Observed. 

(iii) The first side lobe is 14 to 20 dbs and the second side lobe is 20 to 
10 dbs below the major lobe, while the higher order side lobes are more 
han 25 db below the major lobe. It may therefore be said that this type 
)f agtenna yields .a  strong axial major lobe and well suppressed side lobes! 
. . , ,  ' ,  . , 
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ma. 11. Calculated and observed positions and relative intensities of the aids lob*. - Calculated, . . . . Obaerved 1st lobe, x x Obeerved 2nd lobol 



Dielectric- Coated Spherically- Tipped Conducting Cone Anrenna 4 19 

PIG. 12 

(c) Gain 

Figures 13 and 14 show the calculated and experimental values of the 
gains of the antennas. It may be observed that: 

(i) For longer antennas the theoretical gain agrees with the experi- 
mental values obtained by both methods. 

(ii) For shorter antennas the theoretical gain agrees better with the 
experimental value obtained by the comparison method than by the reflec- 
tion method. This lis possibly [due to the fact that due to high reflection 
coefficient the reflection method cannot be expected to give correct results. 

(d) Figures 15 and 16 show a plot of the impedance characteristics of 
the antenna as a function of length. The almost constant input impedance 
characteristics of the antenna having different taper angles and different 
lengths sbows that the a n t e m  possesses broad-band characteristics, 



' 0 1 ~ 0  

Fro. 13. Calculated and observed gain of 

- Theoretical 

. . . . Experimeata! (Reflection method) 

X X Experimental (Comparison method) 

the aerials. 

As a result of the theoretical and experimental investigations on the' 
dielectric-coated spherically-tipped conducting cone antennas it may be 
concluded that : 

(i) The antenna excited in the unsylnmetric hybrid mode behaves, like 
an end fire antenna having a narrow major lobe and a large number of 
minor lobes of very low intensities. 
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FIG. 14. Calculated and observed gain of the arials. 

-- Theoretical 

. . . . Experimental (Reflection method) 

X X Experin?entai (Comparison method) 

(ii) The beam width of the major lobe can be minimized m d  the gain 
of the antennas maximized by proper choice of the angles 6, and 8, of the 
cones for a given length r,  of the antenna. 

(iii) The antenna has broad-band characteristics as shown by the 
radiation and impedance characteristics. 

More details of the work are contained in [17]. 
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