J. Thi-Qar Sci. Vol.2 (1 Jan./2010

ISSN 1991-8690 YAANATA L Jal) ad i)
website: http://jsci.utq.edu.iq Email: utjsci@utq.edu.iq

The Effect Of Curvature Rate On The Received Power in the
Parabolic Reflector

Amean S. Ghazi Ahmed A. Fadhel

College of Engineering - Thi-Qar university

Abstract
In this paper we study the effect of curvature rate on the generated electric field at the
focus point if the frequency and diameter are constants .We assume that the incident
electromagnetic waves distributed uniformly on each point of the reflector surface ;hence
we can imagine that this reflector has uniform surface charge ,and this body will generate
an electric field on all points in front of it (including the focus point) . This field can be
obtained by using coulomb’s law .The derived expression for electric field show that X
and Y components will vanish and the electric field has a Z-component only (axis of
symmetry) .We draw the resultant electric field as a function of (F/D) ratio at constant
antenna diameter .The obtained result showed that the electric field will increase as (F/D)
ratio decrease, and decrease as (F/D) ratio increase if antenna diameter is constant . There
is some fluctuations in the values of electric field when antenna diameter is small ,and this

fluctuations will decrease as antenna diameter increase at constant (F/D) ratio.
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Introduction:-

Reflector antenna, in one or another form, have been in use since the discovery of
electromagnetic wave propagation in 1888 by Hertz[1]. However the fine art of analyzing
and designing reflectors of many various geometrical shapes did not forge ahead until the
days of 11 World War when numerous radar applications evolved. Subsequent demand of
reflectors for use in radio astronomy, microwave communication and satellite tracking
resulted in spectacular progress in the development of sophisticated analytical and
experimental techniques in shaping the reflector surfaces and optimizing illumination
over their apertures so as to maximize the gain. The use of reflector antennas for deep-
space communication, such as in the space program and especially their deployment on
the surface of the moon, resulted in establishing the reflector antenna almost as a
household word during the 1960s. Although reflector antennas take many geometrical
configurations, some of the most popular shapes are the plane, corner, and curved
reflectors (especially the paraboloid), as shown in Figure (1). Parabolic reflector is one of
the famous form of reflector antenna. It has been shown by geometrical optics that if a
beam of parallel rays is incident upon a reflector whose geometrical shape is a parabola ,
the radiation will converge (focus) at a spot which is known as the focal point .In the
same manner if a point source is placed at a focal point the rays reflected by a parabolic
reflector will emerge as parallel beam. This is one form of the principle of the reciprocity.
The symmetrical point on the parabolic surface is known as the vertex the point in which
the incident waves will emerge on it [1]-[3].There are different parameters which will
effect on performance of parabolic reflector ,one of these parameters is the curvature
rates[4]. In this paper we study the effect of curvature rate on the received power in a
parabolic reflector .

Theory:-

The simplest reflector antenna consist of two components :a reflector surface that is large
relative to a wavelength and a much smaller feed antenna .The most popular form is the
parabolic reflector shown in figure(2).The reflector or dish is a paraboloid of revolution.
The intersection of the reflector with any plane containing the reflector axis(Z-axis)
forms a curve of the parabolic type shown in fig(2).The equation describing the parabolic
surface shape in the rectangular form using (p’,Zs) is[5]

(p)? =4F(F-2,) D KA e, (1)

The apex of the dish corresponds to p =0and Z, = Fand the edge of the dish is
2
p =aand Z, =F —% . For a given displacement p from the reflector axis ,the point

R on the reflector surface isr, distant away from the focal point .The parabolic curve
can also be expressed in polar coordinate as [5]

I, =2—F=Fsec29—f ................................................. 2)
1+ COS6, 2
Then the projection of this distance r, onto the aperture plane is
. _ 2F sin g,
p =Tr,sing, :W:ZFtané?f ................................................. (3)
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_2F
1+ cos 6,

and p =a.The axisymmetric parabolic reflector is completely specified with two

parameters: the diameter D and the focal distance F. Equivalently, the reflector is often
stated in terms of D and F/D ratio ,which give the size and shape(curvature rate)
respectively[5] .If we increase the diameter D then the gain of the parabolic reflector
increase as shown in figure (3).1f we want to study the effect of curvature rate on the
received power we can imagine the parabolic reflector as a surface charge with a surface

charge density p,.This charge will generate an electric field at all points in front off the
reflector .To find the electric field at the focus point we use (coulomb’s low)[7] :

2 Q
E :%—RzaR .................................................... (4)
0

Where Q is the total charge &, is the relative permittivity, R is a vector from the radiating
point to the focus point. Then

>
dE = 4;;5QR2 By ()
0

Any point on the paraboloid can be represent as (X,Y,Z), while the focus point which is
on the Z-axis is (0,0,F), this make the vector R as follows:

At the apex (@, =0),r, =F,and p' =0, at the reflector edge (8, =6,), r, =

R=oXay —Ya, +(F=2)8,  oeeososeossssseesssssssssssesees s ©6)
RI=XZHYZ 4 (F=2)7 e @)
and
RZ = X2 Y 24 (F =) (8)
By = o= Xy ¥ay H(F =28, )

Rl XP+YZ4(F-2)
The equation of a paraboloid is [8]
X% Y? Z
?+b—2:€ ................................................. (103.)
or

2 2

Z = sz + ng ................................................ (10b)

Where a,b,c are constants.
dQ = psds, where pq is the surface charge density, and ds =dXdY is a unit area on the

paraboloid surface, substitute these relations on the electric field equation (5) gives
dE - psaxdy <~ Xay, —Ya, +(F-2)a,
Amso(X*+Y? +(F=2)"  [X24Y?+(F-2)?
If we assume that the pg is constant [uniform surface charge i.e. the incident waves
distribute uniformly] then the components of electric field on X and Y directions will
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vanish and the Z component will remains only, hence the electric field equation become
as follows:

dE = PsOXdY (F=2)a, e, (12a)

Mo (X244 (F-2)7)2

or

g, = POV, (F-2)

4re,

T
(X2 +Y2+(F-2)%)2
If we go back to the equation of the paraboloid
cX? cY?
a> b’
For a paraboloid condition ,a and b must be equal

7 =

a=>b :% where D is the parabolic diameter

the constant c is
D2
" 16F
hence the paraboloid equation becomes :
c 2 2 1 2 2
Z=—(X"4+Y)=——(X"+Y") 13
" ( ) AF ( ) (13)

Then

(F -1 (X2 +Y?)) dxdy
dE, = 5 = 4F U (14)

M0 (X7 4Y 4 (F -41F(x2 £Y2))?)?

To find the electric field at the focus point, which is on the Z-axis, we must integrate

equation(14),the variables X and Y will vary from ? to %

(F—L (X2 +Y?)) dxdy
«. aF

3 e
2

’\"U'—DN‘U

b

.T
-0

2

Ps
4re,

In this paper we study the effect of (F/D) on electric field and the received power, which
is proportional to electric field at the focal point [9]

SocEX (16)

2 2 l 2 2\\2
(X +Y +(F_E(X +Y“))?)

where K, =
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Simulation and Results:-

Matlab 6.5 code is used to find the numerical integration of electric field equation for
different values of antenna diameter and the resultant electric field will be a function of
curvature rate (F/D). The same program is used to draw the electric field equation as a
function of (F/D).At the simulation we assume the frequency is constant at 12 GHz. The
electric field shape is shown in figs (4)-(10) for antenna diameters 0.5m,1,1.2,1.5,1.8,2,
and 3m.From the figures we see that the electric field is decrease as (F/D) ratio increases
and the electric field increases as (F/D) ratio decreases when the antenna diameter is
constant. The electric field is very sensitive to variation in (F/D) ratio at low level of it,
for example when D=0.5 and (F/D)=0.1, the electric field 0.5(volt per meter), while
(F/D)=0.2 the electric field will decrease by 3dB. At high level of (F/D) ratio, this
sensitivity will reduce, for example when D=0.5, and (F/D)= 0.25 the electric field same
as (F/D)=0.3.If we increase the antenna diameter, the electric field shape will become
more stable (no fluctuation) for various values of (F/D) ratio .
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Fig.(1):Geometrical configuration for reflector systems
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Fig.(2): Three-dimensional geometry of a paraboloidal reflector system
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Fig.(3): The antenna gain as a function of diameter
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Fig(4): The electric field as a function of (F/D) when D=0.5m
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Fig.(5): The electric field as a function of (F/D) when D=1m
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Fig.(6): The electric field as a function of (F/D) when D=1.2m.
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Fig.(7):The electric field as a function of (F/D) when D=1.5m.
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Fig.(8): The electric field as a function of (F/D) when D=1.8m.
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Fig.(9): The electric field as a function of (F/D) when D=2m.
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Fig.(10):The electric field as a function of (F/D) when D=3m.

126



J. Thi-Qar Sci. Vol.2 (1 Jan./2010

References:-

[1].C.,A. ,Balanis, Antenna Theory and Design ,John Wily &Sons, Inc, 2005,pp883 .

[2].A.,W., Love-(ed),”'Reflector Antennas”, IEEE Press ,New York 1978.

[3].zZhixin Chen, and R.,C., Maher, ”Parabolic Dish Microphone System”, Montana Stat
University,August 12,2005,
www.coe.montana.edu/ee/rmaher/publications/maher_aac 0805.pdf .

[4].D., Dobricic ,” Inverted Amos Antenna as Linear feed for Cylindrical Parabolic
Reflector “, AntennaX ,No. 133,May 2008.

[5].W.,L., Stutzman and G.,A., Thiele, Antenna Theory and Design, John Wily &Sons,
Inc,1998 pp 322-323.

[6]. “Antenna introduction /basics” from www.tsc.com/antennas.pdf

[7]1.W.,H., Hayt, Engineering Electromagnetic, Sixth Edition, Mc Grow Hill,2005, pp31.

[8].R.,L., Finney and G.,B., Thomas ,Calculus, Addison-Wesley,1978, pp758.

[9].W.,L., Stutzman and G.,A. ,Thiele ,Antenna Theory and Design, John Wily &Sons ,Inc,
1998, pp 326.

(Al (uSlal) A Aabiceal) 3380 Jo pliady) dud il

Juald éd\.@i\ A daal ‘éjl.é A O:\A‘

D8 ) daals - daig A€

G

s die bysall Aadi 8 algiall SleSl) Jlaall J<5 e oLtV A 58l Al Gl e 4
Llas e ddats IS e dy5luiia ) aay Jad Apinlaling g jSl) calagall o) Layidl, Alsell jlad g aa il
Osndie mua e Bl b Jlsed) 13 o Jadis o pSaal) uad Ml aliiie J<o5 GuSlall el
) A Agalsal) il ppen 8 AlyeS Jlae g o LGN 4l siall 1385 4 5luie Apadans Dia iy
Jlaall o BEEY) PUA (e (i s aslsS sl aladinly Jlaall 138 Claa (S (851 Adai giana
38 ) o3 (Y ALY S pe ol el 5S5 Ys sell JELal) paa olails ()sSia 25l
Sl Jladll o il coyelal a8y lsell sl an8 Cabisaly o Liad¥) A ANy Al Jladd)
O bl cpelal LS, lsed) Hhad hgd die ¢ LV Lo cila) LS Jiyy o L) s culi LS ol
i ol LS il e Js D Jlsed) el (05S) Ladie Ldie 5%y SleSl Jlaall JS5

celiad¥) A gl die | Algeldl

127


http://www.coe.montana.edu/ee/rmaher/publications/maher_aac_0805.pdf
http://www.coe.montana.edu/ee/rmaher/publications/maher_aac_0805.pdf
http://www.tsc.com/antennas.pdf

