View metadata, citation and similar papers at core.ac.uk brought to you by

provided by Siberian Federal University Digital Repository

Journal of Siberian Federal University. Engineering & Technologies 6 (2014 7) 641-647

VJIK 621.396.677

Directional Characteristics

of Circular Scanning Aperture

Vasily S. Panko?**,

Yury P. Salomatov® and Mikhail 1. Sugak®

aSiberian Federal University

79 Svobodny, Krasnoyarsk, 660041, Russia

bSaint Petersburg Electrotechnical University « LETI»

5 Professora Popova Str., St. Petersburg, 197376, Russia

Received 17.07.2013, received in revised form 23.08.2014, accepted 10.09.2014

Inthis paper explicit analytical expressions are derived which describe basic directional characteristics
of circular scanning aperture: radiation pattern for different kinds of amplitude distribution,
beamwidth, part of radiated power contained in the main lobe, directivity. Consideration is based on
the theory of continuous ring radiator within the scalar approximation.
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B oannoiti cmamve npusedenvl seHble aHATUMUYECKUE GbIPANCEHUS, ONUCHIBANOWUE OCHOBHbIE
XapaxkmepucmuKyu HanpasieHHOCMu Kpy2eaol CKaHupyoueli anepmypul.: OUaepamma HanpagieHHOCmu
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1. Introduction

Directional properties of the radiating circular aperture are studied in the literature in detail [1, 2].
However, all presented results usually describe a uniform-phase aperture, while characteristics of the
scanning aperture are determined numerically. In this paper we present explicit analytical expressions
describing the main directional characteristics of circularscanning aperture: radiation pattern for
different kinds of amplitude distribution, beamwidth, part of radiated power contained in the main
lobe, directivity. Also we analyze the directivity changing while scanning. All consideration is based

on the theory of continuous ring radiator within the scalar approximation.

2. Directional characteristics
Radiation pattern

Radiation pattern of circular aperture can be written in the form of Huygens-Green integral [3]:

R2r
f(8,0)= j 1(r,9) eikrsmems(@'_(p)rd(p'dr , o)
00
where (r, ¢") — field amplitude and phase distribution over the aperture, k = 2/ A, (0, ¢) — angles of
spherical coordinate system, r, ¢’ — integration point coordinates (Fig. 1).
Various kinds of amplitude and phase distribution are considered in [4]. For circular scanning

aperture examination we suppose axially symmetric amplitude distribution:

[1(r0)|=1(r).

and phase distribution which establishes maximum radiation in direction (8, @), i.¢.

¥ (7,00,90,9") = krsin 6y cos(py —¢').

Then
R 2n ) ‘
f(e’(p) _ J’I(r) ”J eikr[sm Bcos(¢'~¢)-sin B coS((Po—(P')]d(p,dr )
0 0

Internal integral here represents radiation pattern of a continuous ring radiator, and it can be writ-
ten as [5]:

F(r,0,9,60,90) = (kr\/sin2 0-+sin” 0, — 2sin Osin O, cos((p—(po)) ,

P(6,¢)

X

Fig. 1. Circular aperture
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where Jy(z) is the Bessel function of the first kind of order zero. Then radiation pattern of circular ap-

erture takes the form:

R

/(8,¢)= Il(r)r]o [kr~8(6,(p,90,(p0)]dr

where

8(6,9,00,9¢) = \/sin2 0+sin” 0, — 2sin Osin B, cos (@ — @y ) -

Now we can obtain the expression of radiation pattern for scanning circular aperture with uniform

amplitude distribution /(r) = I;:

2J; [kRS(O,(p, 09,90 )]
kR3(6,9,00,90)

where J(z) is the Bessel function of the first kind of first order.
For axially symmetric amplitude distributions which taper towards aperture edge:

I(”):(I—A)+A{l—(%)2}n, 3)

where 1 — A — excitation level at the aperture edge, n = 1,2..., we can obtain analogically

F(e,(P,eo,(Po): (2)

£(8:0) = (1= 8) Ay (1) + =2 A, (1) @

n
where A, (u)=J, (u)n'/(gj , u=kR3(0,9), J, — the Bessel function of the first kind of n-th or-
der.

Expressions (2), (4) represent radiation patterns of circular aperture for arbitrary direction of
radiation maximum (6, @,). Fig. 2 demonstrates cut section of radiation pattern in ¢ = 0 plane for ap-
erture with R = 4\ and amplitude distribution of (3), where A=1and n=1.

Using of presented expressions, we can determine other directional properties of circular aperture:
beamwidth for arbitrary direction of main lobe; directivity; fraction of radiated power concentrated

within the main lobe.

Beamwidth of scanning circular aperture

Beamwidth of circular aperture radiation pattern in different cut sections can be derived as [5]:

0.365An T
200=—F——""—"—, 0<0,<—, @=¢,=const. 5
R~0.5cos8, v P ©)

Here R — aperture radius. Fig. 3 represents change of beam width depending on the direction of

the radiation maximum 6, (¢, = 0).

Fraction of power, concentrated in main lobe

Fraction of radiated power, concentrated within main lobe of circular aperture radiation pattern

can be written as
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Fig. 2. Radiation pattern of circular aperture R = 4\ with taper amplitude distribution (3) for different direction
of radiation maximum 6,
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Fig. 3. Beamwidth of circular aperture radiation pattern for different R and radiation maximum direction

21 AD
;J j 9 , P sm@ded(p
00

In [3] it is stated that factor (1 + cos 0) / 2 is excluded from (1). This factor for small 6 can
be approximated as Jcos0 . It allows us to make a suggestion that circular aperture with uniform
amplitude distribution consists of “elementary” radiators with radiation patterns in the form of
Jcos0 . In this way we can obtain:

- J~J] (kRsin®)
fo= kZR2 kRsin©

d (kRsin®).

By changing of variable ¢ = kRsin 6:
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kRsinA® ;2
87'[: Jl (t)
= dt. 6
hE g { t ©)

For power allocated in the whole radiation pattern, supposing radiation in upper semi-sphere only

ANO=m/2,

- P
sz2 -[ t
These expressions can be transformed in the following manner. Since

xJ§ (x)dx = 22 [JO (x)+J7(x )} and

TH(x)an=L {HJO( )+J,f(x)—2i],§(x)},

k=1

([4], p- 38), we can get

ilﬁ( )dx=%[l+J§(x)—J12(x)].

X

By integrating of (6) and using the results from [5], we can write:

4 . .

JS (kR“)z [ 17 (kRsin A0) — J7 (kRsin A6) |, )
. 4 2

Pz:(kR) 5[ 1475 (kR) -7 (kR) | ®)

Fraction of power, concentrated within main lobe, will be equal to:

By 1+J§(kRsinA®) - Ji (kRsinAO) )
2o : :
1

R 1+J§ (kR) - J{ (kR)
Half beamwidth can be found from (5):

0.365)/2
2R

AB =

For large apertures R >> A half beamwidth has small values A << 1. Therefore in (9) we can sub-

stitute sinus by its argument. Considering that lim Jy(kR) — 0:
R—o 7

;’_oz 1473 (0.365m42) - J7 (0365742,

Py

b 0.869.
R

)
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Directivity

Taking into account definition of Py in (8) we can derive directivity of circular aperture with
uniform phase distribution:
2
_4n (kR)

. R
== 5 3 , while—>>1.
B 1+J5 (kR)-J{ (kR)

For apertures with large electrical radii gim Jo1(kR) — 0, then obtain well known formula [1]
—0

where S, — aperture physical area.
Let’s examine changing of circular aperture directivity while scanning. Without loss of generality

in (2) we always can assign @, = 0, then radiation pattern takes a form:

2J; [kRS(e,cp, 0, )]
F(0,0,0,)= )
(0.¢.09) kR3(0,9.0,)

Directivity can be found numerically for every certain 6,. Results are presented in Fig. 4.

3. Conclusion

In this paper we derived explicit analytical expressions, which can be used for defining of
directional properties of circular scanning aperture without numerical computing.
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Fig. 4. Directivity of scanning circular aperture
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