Reflector Antennos !

s The Reflector anternas aze used In ™) crowae
radiotion, applicabions . | | |
% T Retlector M«J:ehna% another artennod ié fa‘e;.gu'uzmei;
ko excite it. Antenno. Sdch as dipole horn or 8lok
12 used 4o 2xeike. the wvefleckor dﬁ-bmna,' hernce cadizol

as Primayy antenna , while rveflectsr antenno is

call ed Secon dcu;q antenro.

* Reflector ankenina Qom be wepzre,sze;nfré;d m any
geometrical confFiguration but the moskt commonly
used ave Plane reflector cormer. vefleckor and
cuvved o Pavabolic veflectors.

* Using veflectors +Hhe. vadiation Pd.!:f:@.wn of oo
?M(Eﬁ;ﬁﬁﬁ ortenna. cor be modifred . |

* Different types of wred iéé‘,'é."@a' ané:ennas.ouafe. shown
W, fig below.

* The .§5m'p!e§4: type of the vefleckoy antenna, ;is':
o longe flok sheet reflecinr g Sb@@ﬁ in Fig (a.j.
A lineax dipole énl:enna_'l ig placed Tnfront of a lorge
Liok veflector Such thak 'mwwm-d vodiabkions oue.

eliminoded . -
% Even |4 +the. Size of the Sheed i reduced, He |



mope%l:ies .D-f lovge &l @,«?ﬁ‘ vemeins Qs in Fs 3
% If the size of the sheet I8 further 'a"educ.zd/ e
burns t2 o thin lineas a«e;qﬁ!@al;m- ontenna. @as- ghoun in Fiaf
% The moun o %‘a«eﬂéﬁ, bedineen lovge Qhe@a:iﬁs and |
thin veflectors j2 +thot %e_ large sheets ove Mot
Sengibive, 1o ol Emall «i«zr@g V‘@..M_,a,%ﬁ;@mg while. thin
vefleckrrs are. highly sensibive. to freq. Changes.

% when 9. £lat she:::e,«;l;» axe ovranged such thak +h 2y
3&“)&:@.@' ceck each Othe: oF an m@/a @6458"’ 'zv'%em we. 3@;&
o eovoey weflectnr 02 shown In Fig (o( Y ard ).

¥ e yodiakinn Pattern sbtained Ao Covne

w@iﬁlﬁaaéfmf iz more Sharper compored to pattern
obtrined Wwith Lot cheek Mqﬂf@c—émw.

X% f covneor velflectnr wirth &Q;dma o e,seepé:mg

ontenre. 12 Called achive Qorner vétflector (’—f-fg ).

and Corner wetllecksy without any egacjé:ing cnkenna

iz cafled Passive Corner yellectoy Qﬁ? g (ﬁ_}) .

* Te Retive coveer wet! e,&!:‘»‘w +he. a.p@gér{:uw_; 18 Ia
o 2 in length ond in Possive covner reflector
the. aperlure. leng¥, (g2 muléiples of > ond the ongle.

| .
it:@simeﬁn 2. sheets Iz 0lways 9.

* Pazzive wwmém» g aleo codled ag relvoveliecdny



Re.flector Antennas

ﬂgPes of Re-f—lec{—ov F}n-kennas cmodl "'ﬁvn L‘nex‘éc
/ A Ld-(ge F(wh - J/F[a-l: She@
N mweﬂ
g//f;)"“’“' — glemen
L glement c) Thin lineax
vetlector
‘ 4 - L) small sheet refleckor
a) Loage Sheet Reflector
) y \
I4
™~
€ @ Feed

d) Active Z)b'mex veflector \
e)passive cowner -
veflector

£) Cuwved Reflect
with Front Feed

o -

W Elliptical reflector

D (‘.wrvo_d. veflector With QaSSQ:Q"mJn

VGYML " Feﬂd-
focus '/‘;\ Fe;e;d. -

v HyPe.vbol«‘c_. W!ec;l;ov o J ,chu.[qLY veflector



¥ when It (S vpossible_, B build antenno. with apexture
of many wavelengths +he cuvved wefﬁlec—l:oxs'as_
Shown in F?q (£) and (92 owe Suitable . These ave

alse called il:a.mbc)hc, fmﬁﬁea’—")x

* Parabolic weflectnys oxe highly o(.mc—&wna,?

* Parobolic weflectnrs ’&vah«@‘rmo cuwved
wavef[!mm%. Yt plane,. w@m,e@yoryek

* An ellipkical veflector as Shotwn in Fig h)
mrodices oo beam d;ve‘rgan_g out. POS3ing thre gecbina
focus of ellipse .

X The other Hypes of vefieckry ore hypewbolic
reflector (F—?g Li)) o Civewloy retflectoy <F33 Qj,f?) ,

Plane Reflectors ov Flat sheet Reflectors

% The. Plane Yeflector 12+4he Simplest form of
Hiw w@éf‘ec%ov antenna. | wBe,n the Plane Tarﬁ-!ec%:ov
is kept in Mw& o«F—%he, feed +he energy 18 vadead:em
i m the. desived Adivection.
* The Plone *xe«ﬂeci:ofy 18 Shown_ih Fig. below.
% To Increose the divectiviby of +he Cm’g:wﬁob/

laxge, Flost Sheet con be Ke«p{: as plone

veLlectnr Todvont. 0f o hald o’\apmfz Qs ghuwn Iy F3 Qzﬂ‘



Feed _
| N - |

b Halt wave dipole with
Plane vyeflector

¢) Half wove dipole array ) Half wave dipole with
with plane weflector | vefleckor clemerrt

SOV NN

@) plane ¥eflecter

N

% The main advantage of the Plane reflectny is thok
For the. dipeie. batkworr= wod;atHons a,%& veduced
ond +he. gain in the Forwarol divection is ')n_da'wed.

* To Increase dimcﬁvi{y t&xﬁhm’: we. eﬁr} e
cavoy of 2 half wave dipoles Indront of Hot plone
velfleetoy os shown in g ().

* The Flat Sheet is (ess sensibive 4o Frag +than the
thin eleme.,n-..ﬁ..- Henae_ only a refleckor element cCan be
used to Increase d:rec&vL@ as Shown in fig (d) |

¥ The 7J~mbie_m of an antenno. ot a dleE:O.hQ.Q,, g (Fzrom
o Pex—ﬁac«lrg, C—ondu(‘:i-mﬁ Plane Sheet q’e—}mm':or o«.ﬁ |



infinite. estent iz wveadily handled by the method
of Images.

<— Flot sheel Reflector

Image  <——r— > Antenna

thr):enna. with Flat sheet Reflettor

* In this meihod, +he veflector ?3 Yeplaced by an Image._
of the. ankenra. at ®.w$:®)£€_ 2.8 frorm 'hhé_-_ cmé—annm
os in Fig above . Assuming zero ve-flector losses Tthe
“gaun In Pfiéid flrrbens‘?@ of a. 2, oli_Pe!ez ontenno. ok o;&..
distance s From an infinike plane refleckor is given by

@Lf ‘:¢:> = 2. J =y -+ Ql@g_{‘

Ry + Rioss ~Kiz

oungt ,§x:: 2&9)_5 | ,,,___;

where, |
R, —> Self Resistance of one elemerk

R, —> rnutue| f/ Blw element (and e,(e,me,n'l::&_

Riose —» loss vesistance

* From egu. (D ) ik is cleax that the gain of
fa'erflec’l:ar velokive 4o holf wave olipole anktenna. is o
Function of the Spacing between Flat Sheet anol ha.!&

teaion, d,p@s@ anderna. .



> » .'.4_' —>| ee-
<—,4=—>0 e A | o )f/ie

* lhen The spacing between the half wave dipole

ord infinite Sheet clecvenses the gain Incveases.
¥ hen the. vefiectityg cheet i wedweed in ’.Sl._‘;.e,; the.
ana.{ga:i:;«: e Limple  Theve avye 2 ‘P'E";ﬂc.;pfé; aﬁ}ﬁﬁst“&%‘ regions
* Region | (above Or infenak of the Sheek) . Tn this
vegion -the vadiated -Feld ig givern by +he muk&m—k of
the divect Lielol of the. dipole. and the M@@.M %&Ld
From +he sheek | |
* Region 2. (above and below ok the sides of 4he sheek)
In this wegion theve is only the olivect +ietol i 'Hw—

dipole. . ;s Yeglon 2 In the Shadew of the vefleckerd fietd.



"f’f, Regign 1

Direct and -
reflected rays

JDipole antenng

Flat sheet

p r »
Vs rellscio -

=" Parnal
shaciw

: ; _
L /
& "," Full shadow /
Diffracted /
rays Region 3 -
..___,.-'-"'F

Dipole Antenna with 2.25) flat sheet reflector with 3 Regions of radiation
according to Geometric optics

Dipole and sheet rellecto
Wimite and infimntel

Reqgion 1

o= along

chieel rﬂfi&»m”

Inlinite sheet Driprole and
</ reflecior  sheat reflector
-n...‘. 'h—__-

Region 2

Geogmztric (heory Geomerric
of diffranon optics

Reqgion 3

Dipgle aton®

{no shieel rellactor)

Field pattern of Dipole and sheet Reflector according to Geometric optics
(Solid Line) and according to Geometry theory of Diffraction (Dotted Line)



* Reglon 3 ( Below o beiingd the. she:z:k) . In ~this ¥egion

the. Sheet acks as a Shield qrreolucing o el Shadow
(no dlivect ov weflected Helds only oliffra ched Fiews).

* Tf the sheek Is Ix or 9_7« in width and The clipole is

cloge +o n‘:_ Image. theovy acwu.n—ks adea_unenfl:l -Fovr the
vadiotion pattern In regun | |
* T wegion 2. the ob’s{:én-l-. fietd is dominated by +he

direcet Ty £xom -fh;@ dipole
* In wvegion 3 the geometrical theory of dﬁm@ﬁon

@,Tp)'mme!; be used -

Co'm er Reflector :-

%k The radiation fxmn a dlaﬁo!@: Porndlet 4o o Flot she_
can be veplaced by it imoge . o |

% Ascuming perfectly corducking veflecting sheets of
Infinite extent the metod of images con be applied +o
ancz,lyze, the. Cbrne,r mﬁlécf!:or antenno. Ao angles '061219%

where M—> any +ve Integex .

X In -+he. a.na,ly.s'(s oﬁqo Come;r re;-ﬁlec%mr 'fhe;m ocre.
3 image elements 2,3 and 4 [pcated as shown in .—Fvg .

below .



— =5 corneyr Reflector

4

Driven Element

- Ream

% The dyiven ontenna | ond the 3 Imoges have Current
of egual magni-iude. :

% The Phase of the. curvenks in | and 4 18 1he some.
ond the. jéhafwa of the. Ctuwver. s in 2 and 2 a:a'@_ lé@“ out of
phose rto cuvecents h land 4 .

» Al e;!e’.emen!}ﬁ ave assumed +o be ?‘fg_ !@)ﬂg-.

* At O- poink P ot a large distance .Dvﬁmm -#»a |
OJrf:erna, the. %e.e. intensiby (s |

E (#)

wheve, T, -> Currverdk in ecch element

N

ZKI ’Ecms( So Qm@) — Cos (3‘3' Sing, ‘E !
| — @
Sy > Spacing of each giem vk fﬂmm 'fhe, cornex

= ZFT(';S//\
K —» constort mqug the. distance D |



* The emf V, at +the terminals of the dwiven element s
V, = I,Z” -+ I| RIL + 3:’234 — 2.1",2.,2_ _,“}@

* If P is the Powex_d@!»‘&emd o the dwiven element

then I,:j R N

Ry R+ Rig —2R),

S&b@ mn @D |
’ ‘ y — /o N
E(P) = 2K) P - ! iyc.@s(:@,, Cos @) ~ c;f:;s(\s?san,%
I RutRy TR4~2Ry, T
—>
4 2
N\ -l- ® Q -
AN
N\
N\
N\
6 \\ & t ’ ‘
0 ) }60 o A 60 covner
e | reflector with Imogas
// i »
t+ o -
s |

* The Calculuted Patteyn ot <
&>

a 9o corney reflectoy (with 0S5

di ffevent aniexm@f-%a ~ Covoer

spacing te Shown in fig. .
k when 2=05x o_ém_gﬂe, lobed rer

Pattern with 12dB (2 chbained .

& twhen 8= 102 muld lobes

TE=FN

Pattern s oblained ond when
=1-5)>  maior lobe with Ssme minoy jabe. IS ebtained . -



Paroboloidatl Reflector ;

s The Surface genera,fed by +he revolution of o

Pavabola oxourd ks axis (s called o paxoboloid . .'

* i—f- on ismka—opic,'.sbwrlce ;S Placed azﬁ'fhe'_.n‘%cus' of a.
Pavaboloidol we-ﬁlec{:or, a Portion A of +he SDu@
vaoliodion thot ts Inteycepked by the Poaxaboloid s
reflected as o Plane wé;ve.. |

* If the distonce L between the focus and vertex
of the. povaboloid ;s a'h"'ever"p‘ numbey Of P, ,th= cif}a'gm&
vadialion 10 Hhe axiaf divection 4vom the Souwrce will be.
in opposibe phage. and will tend £o concel +he_ ce;m‘:m_

W!&’m of “the weflected wave .

! setonday Pattean

A |
1< @'\
- : L AXiS <>

D ,L__ PAimory 77a7':bu.n‘_




* whén n=135 ... #-»o@_,d;mc.:ll: vadiation inthe oxial |
irection From the Source will be in the same phaéa and.
will tend to veinforce the é:eofmj vegion of the |
yeflected wave . - ) |

* An expression Hor the field distribution acrvse
+he aperture of a parabolic 'xeﬁfe;a&or ts devived as belou.

% congidler a cg/indréc&,l pambo!/e mm@&m with line
Source as tn Fig below . The line sowrce g (sotropic in o
Ploune. perpend; culay to iks Ms

y T B
o

N

* For o wunit distance in the z~direction -the €7>O§A’,@;3‘ n
In o Sbp oOf wiolth dy s | |
P=dy.2 —
ales | T Power dersity at y (W)

’ P:‘-’-d@-ij’m——}@ o
T— power Per Nt length m&dimc&m

dy-g = de.u



S ode o L
voody (dyjge)

]

= — 3
v d (R S'W)Q) o R — Q .
& | ' .C-' S‘EQQ— ‘;‘,@)
# Aceovding o Fermots Principle
oh+ A0 = OB+Be

L+ L R+ Recoge

I

2L = R<l+CosQ-)

R = 2L —@
14+-CO8 &~
sub @ 0 ()

S = j-;—m)& '—9

i C——_x

U 21

¥ The wvalisn of p@u&)?@’ density sg at & L@-ﬁuo Powey

dens;ty 3, ak & =0 is g?vm .b:,j The. m{—u, ol O when

Sg .. |4+ COSE ©) L aen | 2C
A . — é AL @-_-(3’ , :
S 2 T 8p = Y

\ L

* The F<elol ?n'i:engé.i:y votio In the. apertuye Tone t=
equol to the. Sguare 100t of the power r0-tLo . |
Fe. :Jz+cos@ —_ @

5,

2-




Za.va.b.o/oid O«F Revo Iuﬁoh :

The 4olad Powex P thro

He. onnulay Section OF

vadius @ and width de 13
P=owede.s — @
where £ -> Power densidy oul:‘a. disimv& 8 from %e. OSeEg «
This pawe_f must. be équaJ to +he power vodiated by
+the ‘isoi:mpic. Svurce Over +he. .%/;d angle 2Tsinede .
Hus P= 2nginede v —s @ |

R 'L—R\a.dia:&ion }n{:ensi@
- gfede.s = pfsine-deu

S = gine S
T -
. e (de/ds)
From: Fig, P= Reine and R = 2+
' . ' 4208 O-
'S - sthe
Y Rere [0 Rsih@)‘ S & &
- o6 ‘ |
s - ) |
v R’"
' | ~2e o
- s = . U o [+Cose :
. < 2L 5 - < .,’)' v $@
2 -
) .

The yoktic of Power dencidy Sg ak an angle 8 4o —the

Powey densilby S, ot @ =0 is

So. o (J+ceced™ - |

Mo n———

So ' A




The Field intensity watio in the aperture plone is

egual to the Squave ¥oot of the power vatio.

E + cO0S6
> .

m

(&)

£/d ratio spiltl Ovex Rock Lobe :- '

* In Pa/«w.bo/oid Ye-F/echY' the ﬁvﬁio of focal {ew-fh
£ ko the diameter of apertuve is another }mpowfan’l‘-
| design constraint .

% TRe 3 possible cases ave,

B FécaL point Inside the aperture of payaboloid

2. Foeat point along the ?tane, of a_puéure of
pParabolotd

3. Focal point beyond the apertire of Poraboloid

-F<% -f—.::% £>2

% when the focal length is Very small the focal
Point lies inaide the aperture ((open mouth) of

Pavabolotel .



o T£ (S di-F-Fécul£ to obtain uniform illumination

over a wide angle.

% when the Focol length is one Hfourth of the apevture

d the focal point lies on the .p/ane,n of the oPen mowth

7’

of the Pazabolotd .
» This condition gives uniform vaoliation in
hovizental and ;/arbica,L Plane .
¥ when ffhe; focal length is oo lavge (af 7_2_) the

Local point lies beyond the open mowth of the

pavabolod .
. T4 ie difficult to divect all the vaodliations fwom

the Sowrce On the weflector.
o For pyoctical applications the f/d wotio lies
n between ©.25 and 05 . |

- spill Qver -

* The reflector focuses all the paratlel wnﬁs J:o

the focal point 0r dlevelops o pawaiel beam fsom
the vadiotions Orlgincuf:ed.' f?om the focal poirk .
But theve ave Some wods thot axe not +ful Ou( cazplzmred
by ¥eflector such non- captuved vy rForm Spill over.

Back L&be

* The wadliattons ,@n’davinatao( from The 'Pzr'cmazy



radtators and the O’)Oh-; coptured s ove Obgexved
in forwaxel divection sSuch 'raoLi‘ovfiDns get added with
desived poxallel beam. Thig I8 called back Lobe
vadiation as it Oxlginafes (From the back lobe of
Primary vaoliator . | |

/qpes of /mabolotd 722—:’—‘/ecrl:0r:~:: ‘-

Q) Tvunca—&ad‘pambolod orv cut Paraboloid :

* TRiS type of pPawabotoil (s
formed by cutting Some of
the portion of pasobolowl.

by Povabolic Right cylindex :

* TRig qf;yfpe, of pamboloiol Ls

obtained by Mmoving the parabola.

in gtde wc)ﬁg .
* TRis Ppavebolic structure has |
focal line instead of o focal poink TN

N\

and gimilarly o vertex line instead
DvF a vextex .
* Tn ‘H’)IQ pamboloao( the -enexgy S colhmal:ed ot a

line. which I8 povallel to the oxis ﬁmu@h the focal
point of the weflector. |



c) Pill box oy Cheese antennho '~

* Tt (s a short porvabolic ngh—l: ey Imder enc,losed.
by poxallel plabes as shewn in 4ig. |
% This antenna. is useful in

producing wide beam In one Of

the planhes while a Narrower

beam in othexy Plane .

| Foed cystems of pambotetd Reflector Anterbna -

% The paraboloid We«Heotmf antenna. consists ot
2 <Pcuui:s nwna<7 a sSouice and a_ weflector.

* The gource Placed ok the foeus is catced as
«anay vacdiator ov feed vacliator or Stmply feed.
while the veflector is Catled as .Qewndagl radiator.

* The Vaﬁ,t’,@-us iyy:es of feed used n "xe,;ﬂlec,%o%'
antenno. axe , |

I.' .fDlPD/e Feed

2. End Fire Feed
2. Horn antenha Feed
4 CaSse.g“'a.’afm Feed
5. Offset Feed



I DLpole Feed !-

* The Simplest fype of feed that can be used (8
a dipole antenna . | |
% Inetead of only dipole a feed N

consisting dipole with reflectors

can be used as o —Fe_eo(- System.
* The s'Pach<L7 between the dipole
and vweflector is ©I25~ . In some cases oL OL'LPOIQ 016?7

with oL plane weflectoy spaced 0-4» apart from the

dipole (s wusecl .

2. End Fiye Feed :-

% Tnotead Of usuz7 sivrﬁle, olipole,)
an an«:(.y of dipoles oxe useol as

feor wadiator. | =

* The dipoles awe Spaced. in guch
a w% that +he end. five pattern of
an anzaé}/ ttuminates veflector .

. Hovn Feed - _ :
" S

* The most widely weed Feed
System in the poabolic veflectoy

ahtennol 18 hovn andenna -



* TRe hovn antenno. is fed With o wavegutde .
% T case if Civeuloy polovtzation (s weguived then
/

in place of a m’ecéa%7ula~r hoxn a conical horn oy

h:eb'x antenna. (s used at the foeus.

4. cassegvain Feed Systee :-

% In cassegrain feed System the feed vadiator

ie placed ot the Vextex of the pawebolic veflector

Ingtead Of rplac,érz? it at the focus .

% ThRis stebem uges ot hypexbOtold veflector
placed such 'H’)af_ .H:s Ohe. of +he foer coincides with
the foews OF the Paxabolic veflector . This hyperbolotd
yedflector L8 caLLe?L casseamin Sec@ndag eflector

or Sub- veflector-

plocked OA A
obelhucted AQYS

nolony o4
Re-flectoa

Pasabolotd
Reflectps



* Hovn antenpa. 18 QSQd aS Prlmam:g"radiatorf Tt aims
at the sub -rveflector.
% when the feed vadiator C Horn antenna.) mc?h'o.i:es
towords the sub-veflector 2£ veradiates all the
radiatitons and due to these ‘b’o_oliaxéionsi the |
Parabolic veflector gets iitumtnated .

pdvantoges :-

I+ T+ wecdlices the Spill over and minor [Obe vodiakions

2. The system has ability to place a feed at
convenient Pplace . |

3. Incveases EvF'F—ecl:éve, opexture and direcl:ivc‘i:\q.‘

4. Beam can .be, bwadenad by addus/:mj one of the
veflector Sweraczs

Disadvontages :-

(. Some Of the Yadiation from the paxobolic
veflector ave blocked by the hypexboloid veflector

czreo.(:inﬁ 'region o+ blocked ’r%s.

5. 0ffget fFeed system -

By gw’kabl_é celecting primavy antenna. covwvect
divectional pattern for any curmrﬁe,meh{. can be
obtained .



% To over come +the opevtuwe blocking effect due to the
dependence of the secondary vefiector dimension on e

disJ:émce bedween feed and Sub- veflector +he o-F—Fseth feed

System 18 used.

_ Posocllel 72%
j ('moJ: Blocked )

Hovn Feed

* The feed vaoliator i8 Placed at the Ffocus as shown
In above F<qure .
* wWith this System all tThe voys awe rpwfperéy collimoated

wethout -/—’ormirlq Bloa@ed ’)’038-

APerture Blockage -

* TE 8 also ’c_atle,o( as Ffeed Btoc%e, .

* TL vefers o the part Of the feed energy that is
veflected bace into feeo antenno. ano coes not
contribute to form the Main beam . TAiS is olue to
Shadowing by feed and cub - vetlector .

* Aperture Btda@aﬁa veoluces powex wodiotedl and



Scatter gome of the Ppowex into the gide lobe region
of the main aperture . To achieve (ow Side lobe level

+hie hac to be avoided .

(mot Btocked )

} PML&L Roy

Hoxn Feed

*+ To ovoid apevture blockage , feed (s uScLa,Us,
ploced a,waa Lvom the axts of the Ppaxabola o focus

Point - Thie (s colled off et feed .

Bea,mwi,o(-fh‘ Diwectivity and Gain of Payabolic Reflectors

Reamwioth
:
Fox fa’ec«n‘:atgulax aq:av-éu%e,
BIUFN = SN Hogyee
— J

Fox Civalary aperture |

RIWFN = 140 » degm
Do
HPRILW = S8 XN o(egvee,

Dioc



whewe, Dl ~> Diameter of the aperture In metre .

Divectivity :
D= 4T A,
}\D_
/ 2
For civelay aperture, A, = T Dia
- 4
M. P = 9:.87 Dla
X2 |
Gain
- 2
g = 6 Dla

N2

Rad iotion Pattern :-

Applicotions of parabolic wef|ectors -

|- satellite Communication

2. Radio Telescopes 3 Radio F)stvonom(y
3. Pawabolic micyoPhones

4. Mievowave links

5. Divect RBwooodcast Television



