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In this paper explicit analytical expressions are derived which describe radiation pattern of multi ring
antenna array and multi ring continuous radiator allocated on an arbitrary surface of revolution.
Radiation patterns of semi-spherical, conical and hyperbolical antenna arrays are shown.
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AHTEHHbIE pelleTKH Ha MOBEPXHOCTAX BpallleHU s

A.A. Epoxun?, B.C. ITanbko?, FO.II. Casomartos?, M.!. Cyraxk®
“Cubupckutl pedepanvbHblil yHUBepcumem

Poccus, 660041, Kpacnospck, np. Ce60600HbitL, 79
*Canxm-Ilemepbypeckuii snekmpomexnudeckuil ynueepcumem ‘JIDTH”
Poccus, 197376, Canxkm-Ilemepoype, ya. Ilpogheccopa Ilonosa, 5

B oannoii cmamve npugedenvi AGHble AHATUMUYECKUE GbIPAICEHUS, ORUCLIGAIOWUE OUASPAMMbL
HAanpasieHHOCmuy  MHO2OKOIbYeBOl AHMEHHOU peuwlemKu U MHO20KOIbYEB020 HEenpepulgHO20
U3Lyuamens, pacnoioNCeHHbIX HA NPOU3BObHOU nosepxHocmu epaujenus. Ilokasanvl ouazpammol
HAanpasienHoCmu noyc@epuieckoll, KOHU4ecKou u 2unepooIuieckoll aHmMeHHbIX peuemox.

Kniouesvie cnosa: CKaHnupoeaHue, Kojavyeeas dAHMEHHA, dAHMEHHas peutemxKa, noepxHocmsb
epaujeHusl.

1. Introduction
Directional properties of antenna arrays of various kinds are studied in the literature in detail [1-
3]. In [4] and [5] main characteristics for certain class of arrays — ring and multi ring having a planar
shape are described. These results can be generalized to the case of antenna arrays which are located

not in the plane but on an arbitrary rotational surface (sphere, cone and similar). In this paper we will
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derive an expression for radiation pattern of such arrays and will present results for base surfaces of
different kind.

2. Radiation pattern of antenna array allocated
on a surface of revolution

Letus consider antenna array consisting of N identical elements allocated in z = z, plane. Radiation

pattern of such array is [1]:

- - . N . . . . .
f(e, (P): F; (9’ (p)ezkzO cosez Inezk(x” sinBcos g+, sinOsin ) , (1)

n=1

where F, (8,¢) —radiation pattern of array element; /, —amplitude and phase of n-th element excitation;
X,, ¥, — coordinates of n-th element, k£ — free space wave number.
From this expression it can be seen that location of array plane z, makes an impact on phase

characteristics of array only. Considering a ring array we obtain:

: o . 2n(n—1)
x,sinBcos@+ y, sinOsin@ = RsinOcos (p—T—oc )

where R — array radius; a — angular location of “first” element.

As arule, for ring array it is reasonable to assign:

1.=|I,

& =1,e"

where I, — equal amplitude of array elements excitation, ¢, — excitation phase.

Phase distribution in ring array with maximum radiation in direction (6,, ¢,) can be expressed as

M_a]

¢, =—kRsin6, cos {(p0 N

To avoid an influence of ring plane location on phase radiation pattern while consideration of

multi rings antennas, it is necessary to set a phase distribution as following:

. 2n(n—1)
¢, =—1 kz,cos0, + kRsin 0, cos @O—T_a .

Now the expression for radiation pattern of ring array allocated in z = z, plane can be

written as

2 —1 2 —1
ikR{sin 9co{¢—$—a}sin 0, co{(po —%—a}}

. . . N
f (9, (P): F; (e’ (p)e:kzg(cose—cos@n)loz e
n=1

Radiation pattern of ring array element can be expressed as

F, (0,0)=p(6,9)F (O,Q)eim(e’(”),
i.e., as the product of three factors. Let is suppose that array elements have identical polarization and

phase characteristics p(0,9), ®(8,¢) but different amplitude patterns — F, (6,¢). Therefore, we can

write:
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2n(n-1 2n(n-1
ikR{sin Gcos{wfwfa}fsin 0, cos[(po 7$ﬂl}}

N

- i N
7(8,0)= p(6,0)e 00 3 b (g e
n=1

If array element possesses phase center, then we can assign (I)(e’(p)zconst in expression for
F, (6,9) and will not pay attention to the influence of element phase characteristic. The same can be

said about polarization characteristic. Finally, we obtain

. . 2n(n-1) . 2n(n-1)
ikR< sin O cos| (prfa —sin O, cos xpufooc

y i| kz, 0 0, il
F(0.9)= S F (0,9)e
n=l1

Then we will examine antenna array consisting of M rings whose centers is situated on 0Z axis.

For radiation pattern of such multi ring array we can write:

m m

2 —1 2 -1
ikR,, {sin ecos[qy—%—am ]—sin 0, co{mq —%—am ]}

M Ny
f(e, (P): zlmeikzm(cosefcoseo)z E;n (9,([))6 , (2)

m=1 n=l1
where the following variables describe an every m-th ring array: /,, — amplitude of elements excitation
(within every ring amplitude is supposed to be uniform); z,, — location of array center along 0Z axis;
E" (9,(p) — amplitude radiation pattern of n-th element; R, — radius; N,, — number of elements; a,, —
angular position of “first” element.
This expression allows us to explore the effect of the amplitude distribution for individual ring
array I,,, rings location along 0Z axis z,, various orientations of elements F," (6,¢) and ring radii (R,,)

on radiation pattern of multi ring array allocated on surface of revolution. The simplest case is /,, = I,
2, =0, ;" (6,0)=F, (6,9).

3. Continuous circular radiators on a surface of revolution

Expression for normalized radiation pattern of a continuous ring radiator with an arbitrary

direction of radiation maximum (8,, @,) can be obtained from (1) in the limit when N — oo:

1 ) 2n ; . . . B
F(e’(P):Ee,kzocose '[ Rl sin®cos(9-y )-sin B cos(g-v) dy
0

where R, — ring radius; ¢, 6, — maximum radiation direction; k — free space wave number.

Then after transformation described in [4] we will derive:

F(6,0)=1J, QCRO\/sin2 0 +sin” 0, —2sin Hsin O, cos ((p—(po))-

where J, — Bessel function of first kind of zero order.
Phase distribution ®@(¢) in continuous ring radiator with radius R,, situated in z = 0 plane and

having radiation maximum in 6,, ¢, direction:

@ (9)=—kR,sin B, cos (¢, —@)-
If the ring is located in plane z = z,, then phase distribution becomes:
D (¢)=—k[ z,c0s0, + R, sin 6, cos (¢, —¢) |-
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Let us suppose that radiating system consists of a number of continuous ring with different radius,

and radiation maximums coincide with each other:

® =—kzcosH,.

Here we assume that the centers of the rings are located on the axis 0Z. Radiation pattern of such

a system can be written as:

fz (99 (p) = 27[2 lemelkzm COSGJO [kRm6 (e’ (P’ e() s (PO ):| ’
m=1

where §(0,¢,0,,,)= \/sinz 0+sin’ 6, —2sin Bsin O, cos (¢ — ¢, ) » Rn — ring antennas radii; M — number
of rings.

To get all the rings radiating in the same direction (8,, @), it is necessary to set

1’ .y e—ik[zmcosO‘,+Rmsin0(,cos((p‘,—gu)]

m m

Now it is possible to write the expression for normalized radiation pattern in that case:

1 < i cos0—cos
@(GsQ)ZM—ZRmImekzm( ’ e”)JO[kRmS(B,(p,GO,(po)]'

m=1
z ImRm
m=1

If we assume all rings are located on certain surface of revolution:

Ry
f (9, (P) _ J‘ )i [z (r )] eikz(r)(cose—coseo)rjo |:k7’6 (e’ ©,0,,0, ):I drs
0

where I(z) — amplitude distribution; R, — antenna radius; z(») — function describing the antenna
surface.
For direction of radiation maximum (6 = 6,, ¢ = @,), this expression can be written in the following

form:
. RU
1 (65,9,)= ‘[I(r)rJO [ £r8(0,.9,.0,.¢, ) |dr-
0

This integral does not depend on 6,, @, and is fully determined by antenna radius and amplitude

distribution. Its maximum equals to:

Ry

fo = jr](r)dr .

0
This expression determines maximum field of antenna allocated on a surface of revolution.
As can be seen in this case, field amplitude is fully determined by antenna aperture R,(not taking
into account shape of amplitude distribution). This fact that antenna can be lengthy does not
affect to field amplitude in direction of radiation maximum, because integral does not depend
on z(r).
Antenna can have arbitrary shape of surface of revolution. Maximum power is radiated in the

direction of surface axis of revolution, and does not depend on surface shape.
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4. Examples of antenna arrays on surfaces of revolution

Let us consider various kinds of antenna arrays allocated on surfaces of revolution. Fig. 1-3
demonstrates semi-spherical, conical, hyperbolical array and radiation patterns of such arrays for three

scan angles and N — oo,

5. Conclusion

In this paper we derived analytical expression which can be used for calculation of radiation
patterns of multi ring antenna arrays and multi ring continuous radiators allocated on an arbitrary
surface of revolution.
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Fig. 1. Semi-spherical array (top), radiation pattern of semi-spherical array (bottom)
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Fig. 2. Conical array (top), radiation pattern of conical array (bottom)
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Fig. 3. Hyperbolical array (top), radiation pattern of hyperbolical array (bottom)
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