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Avaokotrnon Baoikwyv NapapeTpwyv

Na 6Aeg TIG KEPAEG:

1. NMukvoTnTa 1I0XUOC w = Re{S}

3. Avtiotaon akTivoBoAiag R,
2.0OAIKR akTivoBoAouuevn 10x0G P,

4. Eptrednon kepaiag Z,

5. loodUVaNO KUKAWUA

6. [poocapuoyn gopTiou

=

7. Evepyo uyog /,

8. Evepyog emaveia A4,

9. ‘Evraon akTivoBohiag U(6,9) 13. ATT6d00N aKTIVOPBOAIAC e

10. HPBW / Bandwidth B 14. (Power in) AtroAaBn G

7 \N\A

11. KateuBuvTikn atroAafn g(6,¢) 15. T, Ogepuokpaacia

12. kateuBuvTiKOTNTA D, Q, OopuPou Kepaiag




ApxnN AvTiOTOIXIOC

Reciprocity Theorem with Consequences

Tx = Rx Antenna Friis Transmission
Formula
2
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KaTtnyopieg KeEpaAlwV

O  Ailaypappa AKTivooAiag

o Wire Antennas oewpnua o Aperture Antennas
looduvapiag
O 2TOIXEIWOEIC KEPAIEG O 2UVOEeTEG KEPAIEG

Dipole, Loop, Helix - Arrays (linear, planar, Yagi)

Slot, Horn, Frequ. Indep. - Reflectors (corner, parab.)



2. TOIXEIWOEIC KEPAIEC

— b) Bpoyxokepaiec (Circular Loop)

h.:’_‘ Equivalence to Dipole
(@)
f‘ﬁ Pattern as Dipole, just E and H interchanged
¥
0
O
)
< [
_»a) Dipole
o Dipole patterns (very short, half-wave, one wave, 1.5 wave)
X
§_ AvadITTAWEVO BITTOAO
3
e HOVOTTOAD
< W
= 1
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_» C) 2XIopoKepaieg (Slot)

Equivalence to Dipole

Pattern as Dipole, just E and H interchanged



[ pauuikeC Kepaiec -Wire
Structures

a) Dipole

b) Cross Dipole (any polarisation)
c) Loop Antenna

d) Helix Antenna (circular polarisation)

e) Frequency Independent Antenna (high bandwidth)

f) Uda-Yagi Antenna (parasitic elements)

g) Linear Antenna Array

h) Planar Antenna Array



Kepaiec Emipaveiac - Aperture
Structures

a) Slot Antenna

b) Horn Antenna (efficient at microwaves)
c) Reflector Antennas

d) Micro Strip Antenna (patch on substrate)



AITTOAQ

XpnoiponolouvTal yia f< 1GHz
XaunAO KOOTOC EUKOAN KATAOKEUN
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2TOIXEIWOEC OITTOAO
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AITTOAIKEC KEPAIEC TUXAIOU UNKOC

(r,0,0)

2€ OINOAIKN KEPAia, NENEPACHUEVOU MAKOUG f

2h, n peuparikn Katavoun Oev €ival oTabepn. l..,

yia AenTeg kepaieg (aywyoi pikpng diapetpou | (m |
n.x. A/100), n peUPATIKN KATAVOUN EXEI
NMITOVOEION HopPPpN :

I(z) = nuk(h - ‘z‘)] , ~h <z<+h

>uvenwc To diavuopa akTivoBoAiacg Oa sivai:

B R o +h .,
N©.9) = [10,0, 0NV av = 2 [ 16317 Y i ch ~|2dz
V' —h
, z'cuvl 0<z <+h
LE ‘z ‘GDV\II = {_ z'oov(m—0)=2z'ouvd -h <z' <0

ovv(khovvl)— ocvv(kh) p
knu’o

N khovvO) — cuvkh
N=N,2= N, =0, Ng = -N,nud = —24I ovv(khouvvO) — cuv
knuo

]{7(6’,¢) =41




[TapaueTpOI:

E,=nH, ]a),u] -jtr OVV(khovvO) —ovvkh _ jnl o ovv(khovvl) — cvvikh

2k7zr nuoé 2y o
2
nI ovv(khovvl) — ocvvkh
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Me Tn XpNon TWV NHITOVIK®V KAl GUVNHITOVIK®OV OAOKANPWHATWYV,
Si(x) ka1 Ci(x),

Si(x):’j‘nuy _y G D" x* Ci(x):—chvydy:C+lnx—Sl(x) Me C=0,577215 oTaBepd
0y n=0 2n+D!(2n+1) x Y Tou Euler
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S1(x) =
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[C+ln(2kh) Ci(2kh) +— 77,u(2kh)[S (4kh) - 28, (2kh)] +

1

‘- cmv(2kh)[C + In(kh) + C; (4kh) — 2C; (2kh)]




To Short Dipole

Mnkoc¢ A/50<L< A/10.
self impedance: xwpnTikn | l<c A

radiation resistance:

APKETA HIKPN KAl Ol WHIKEG
AnwAEIEC HEYAAEC

2P 2
R = “;d = 2071° (—gj
I A
| 0

SWR bandwidth :~ 2% TNnG
ouxvoTnTag oxediaong f,
D, ~1.8 dBi. (1,5)

\=r~J




AITTOANO A/2

Epunednon eic0dou:73+j42,5 Q

Do=1.643 W
H PBW=728 08o° Rt = Iﬁl =30S;(2n) =30 x2.436 = 73,09 Q

A
Aem =Z_p =0.1317
4 M2 50 60 70 100 200 400 1000 .. oo

R 56 58 59 60 61 62 63 . 73

r
Resistance . Reactance
SWR bandwidth :~ * ' :Zz ___________
5% TNG CUXVOTNTAG o o
oxediaong f, » T |
£ Eol
% 100 }5-2&& # -

Mrfko¢ ~0.48-0,49 )
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KAAn NpoocapHoyn HE PO S S— B
Py e =274 : : 800 : i
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Iy 113
Tpowodoacia: Me oproa&ovikn ypapLumn
Xpnon: Exmopm) Bpuyemv Kupdtmv amo TA0IO KUl GEPOOPOLIN.

Kotuokeun atoryelokepaiov yio VHE, UHFE.



The Extended Double Zepp

Mnkog ~1.28)\

self impedance: 150 -j800 [ 1-1240

ohms t

Antenna can be matched to . 5s" || F

50 ohm coax with a series 1 4
matching section o

D, ~ 5.0 dBi. maximum
broadside directivity for a
center-fed wire antenna




Harmonic Operation of A/2 Dipoles

A )/ 2 dipole is also resonant at integral
multiples of its resonant frequency.

The self impedance of a /2 dipole at odd
multiples of the resonant frequency is 100 -
150 ohms.

The self impedance at even multiples is >
1000 ohms

The directivity is never greater than the
extended double Zepp.

The pattern is very complex, with many side
lobes.
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KEPOOC O& OXEON ME TO MAKOGC TNG
KEPAIOG

YAl H kAion TnG KapTrUANG €ivail JIKPN, HE OTTOTEAEOHA, VIO HEYAAQ HAKN KEPAIWY
TETUXAiVOUE KPR avénon TnG ATToAaBng TG KEPAiag
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Ma peyaAa kEpON Kepalwv eTIAEYOUpE GAAOUG TUTTOUG KEPAIWY

>

N4 M2 MAkog Mpappikig Kepaiag (A)



AlaypauuaTa akTIVOoAiac

I=0504, D=215dB
[

I=10.754,

D=275dB

I= 1004, =382 dB

[:]
i5° [ 15°
T R
4 r""‘-; T f'rc\‘.
L s
P
LG g La L
’ L L
Y S
Loy ] /
|
o, .-..r}'x
1257 - - 125"
181° 1 T
I=1.2584, D=516dB I=1.50a, =347 dB
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I=2.00%, D=403dB
i

1= 2251,

L= 487 dB
o

eH au&non Tou NNKOUC TOU
6|no)\ou odnyei
o AoBOUGC HIKPOTEPOU
gUPOUG
e AnMIOUPYEiI BEUTEPEUOVTEG
AoBoug




AITTOAO U TPOPOOOTOUHUEVO OTO KEVTPO
Off-Center Fed Dipole (OCD)

Av n Tpo®odoaia Tou
dInoAou J&v yiveTal
OTO KEVTPO, Eival
duvartov va
EMITUXOUME OTO
ONHEIo TPOPOdooiaC
XapnAn epnednon o€
OUXVOTNTEG
OIAPOPETIKEC ANO Td
NEPITTA NOA/o1a TNG
resonant frequency

Zin > 100 ohms,
Xpnon HETAC/0TN OTO
OnNHEIo TpOoPodooiac

':—La —"1“ “b .I

Q

R 75

. 2 2z
S0 ( 1 )
‘["evika kaBwc¢ To onpeio
Tpowodooiac peratorileTai

TPOC TA AKpd N epmednon
avéavel




Image Theory

Antenna above perfectly -
conducting plane surface -)’}T

Tangential electrical field
component = 0

vertical components: the .
same direction _;_f
|

horizontal components: f
opposite directions

The field (above the
ground) is the same as if
the ground is replaced by
an mirror image of the
antenna



MovOTToAd

eTo €idwAo AOyw TNG Yeiwaong, dinAacialel To NAEKTPIKO PNKOC TNG KEpaiac.
Id1aiTEPA, 0 XANNAEC GUXVOTNTEG, OMOU TO WNKOC KUNATOC €ival HEYAAo, N
enNIAOyYN TNC YEIWPEVNC KATAKOPUPNG KEPAiAg €ival €vag Tponog va diatnpnbei 1o
(PUCIKO PEYEBOC TNC KEPAiag o€ anodekTeC OIAOTATEIC.

eH NOAwon HIAg KATakopuPNnG YPANHIKNG KEpaiag (kaTakopupn NoOAwon)
xapaktnpieTal anod PIkpoTepn €€aoBevnon yia d1adoon KovTa oTo £0agoc.
eXpnion: AM padiopwvia , otabuoi Baonc KivhTwv

eTa JdlaypapuaTa akTivoBoAiag kal Ta nedlaka PJeyedn Toug, Ba €ival TauToonua He
auTda, Nou NdN €xouv unoAoyioTei yia Ta dinoAa Tuxaiou pnkouc. Mpopavwc, n
lcoduvapia €xel vonua ylia To Xwpo navw ano 1o eningdo tng yng (0<6<90)

fl

—
Y
Y
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o
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L ///1

half power = half radiation resistance: L=A/4 : R, =36.5Q D =3.28

Tool of Analysis: Image Théory.

N ouvOeTn avTioTaon €100dou Oa €ival kal auTtr unodinAdoia TnG oUVOETNG
avTioTaong Tou avTioToixou dinoAou evw n D, dinAaaialerai.



MovoTtToAa oTnV TTPAEN
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A/2 above the ground




MovoTtToAa. Alaypaupua
QKTIVO[BOAIQC

— =3,f=1GHz
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XUPUKTPICTIKE KUTUKOPLQA YELIOUEVOY Kepulov (o) Katovopsg peopdtov Kuta
HIKOS 10 TUSEMV KEPULOV d1u@opeTikov vyove (b) dwwypappotae aktivoffoiiug



Aucnon PNKOUC Kepaiwyv A/4

Xwpnrikdmnma

KOPUPNG Xwpnnkornra

AvTnpidec KOPUQNC

T e - .

MovwTpec '

—

PSS

(v) (0)



AvaOITTAWPEVO AITTOAO

To avadinAmwpEvo JinoAo £XEl OpoIa KATEUOUVTIKA
XAPAKTNPIOTIKA HE TO KavVoVIKO OinoAo aAAa TeTpanAdoid

avrioTaon £10000u

\ 4

A

0.05A

double strength = double amplitude = four-fold power = four-fold resistance

L=A/2 : R, = 4*73Q = 292Q)




Eutrednon €10000U- [ pAUMIKEC KEPAIEC

Oswpnua auoifaioTnTac

Id10oeunednon Aentnc MpauuIknG [
KEpaiag

i
B

N‘Y

11
= —Zlezdz
0

ue E=-Vo- joA kai @:4;(? mng 2:4; m%dV

Z,, =30[Cin(2zv)+ jSi(2nv)] =
30[0.577 +In(2zv) - Ci(2zv)+ jSi(27zv)]

L=v A/2



Auol3aia EptTeédnon ouo [ pauuIKwy

KEPAIWV
V. V.
. TE . Z,y _%—_%:Zu
[ 1 2
%4 1
Z, =2 - ([ E d
21 I ]1]2J 2. 491,42

0

ZZI — le — R21 +jX21 — Rlz "'lez

Enopevwe n epnednon Hia Kepaiac
napouacia aAAnc 6a eivai:




ApxnN TTOA/oUOU TTapAyovTa
OlayPAMMATOC

Constant (similar to all structures)

e/
Hy=jo——sin0-Ry.)-flv,)  E,=nH,
Individual Pattern ARRAY FACTOR
<
(of 1 antenna element) (different for each Array)



Linear Antenna Array

W, =COS y = sth @ cos ¢ ------------ » mixed elevation & azimuth

/, = COS G » pure elevation



Uniform Array

N-1
eed ne -
f(l)yl):Z]n.eJ ny, ]n=1°€‘]an
n=
A N-1
rray ( jonu
)=y e
Factor f u=a+kdy,
- =a+kd-cosy
. . o
Maximum (Main Beam) foru=0: cosSy=——
kd
Broadside Array Endfire Array

y=90° a=0 o =—kd 7 =0°



Eykdapoiog ouvduaouog diroAwy (turnstile antenna)

]2 :jll




TTAVKOATEUBUVTIKN KEpAia

Small Cross-Dipole

BB+l with quadrature
Al B ] current feeding:
dL /]I/ y
X/ .
I,=1 =]l
kn e : i
EA(”):J T [ -dl-sm@-0
ar r

kn e co
EB(r):]4 [ -dl-| —cos@cosg-0+smg-@
T F




Radiation Pattern

3-D Pattern

Radiation in all

directions!
y

2-D x-z plane

Infinitesimal Finite Length



W

E@apuoyeg

Circular polarisation in Broadside direction:
-> Satellite Communication

-> Radar Application

Communication of unstabilised space-crafts

due to radiation property in all directions.

In v.v» nlana almae -I- e || Aar radiatinn
Il A=4 PidllC aillivst iouidil 1auiduiVi

- TV-broadcast transmit antenna



Apxn duadikoTnTac (Babinet)

IInyeg nAextpkon Pevpartog
(J70, M=0)

IInyeg payvnmikoo Pedpartog
(J=0, M=0)

Ea Hr

Ha -Er
] M
A F
€ B
B 3
k k
1) 1/1

1/1) 1

Auadika

OTOIXEIC
KUukAwpa
RC kal
KUKAWUA
RL
AINoAo
Kdl
BPOX0G



Loop Fundamentals

A large loop antenna
iIs composed of a
single loop of wire,
greater than a half
wavelength long.

The loop does not
have to be any

particular shape.

RF power can be fed

anywhere on the
loop.

il



Kepaieg Bpoxou (Loop antennas)

O1 kKepaiec BpOXOU €ival TO PAyvnTIKO 1000UVANO TOU NAEKTPIKOU dInOAou.
Xpnaoiponolouvtav oTo NapeABOV yia evTonioho oTadpwy

i

N5FC 1999:2000




Loop Antennas (rectangular, loop)

Circular Loop

Loop coefficients

B,, B, see graph.

T o I(¢)——]L(B +2ZB oS n¢)j
- ; 0

Small Circular Loop

. <N .
( T Cl) e—Jkr . The Loop pattern has exactly the
H(g (I”) = — y IO .sin @ same shape as that of a Hertzian

Dipole, where the electric and

E¢ (7‘) =-n- H@ (7‘) magnetic fields are interchanged.




Parameters of the Loop

4 2
Radiation intensity U U = n-k '(772"1 )2 12 -sin* 6
327
4 2
Radiation Power P p— -k (”'a )2 I’
127 ’

Radiation Resistance R, R = 20-(k27z-a2)2
Directive Gain g g=1.5. sin 2 @

R 10-(k27z-a2)2

Radiation Efficiency e e = r

R+R
P T 10-(k27z-a2)2+%‘/;)—ﬂ
0)



The Rectangular Loop

The total length is approximately
1.02 A

The self impedance is 100 - 130 Q
depending on height

The Aspect Ratio (A/B) should be
between 0.5 and 2 in order to
have Z_~ 120 Q

SWR bandwidth is ~ 4.5% of
design frequency

Directivity is ~2.7 dBi. Note that

the radiation pattern has no nulls.

Max radiation is broadside to loop

Antenna can be matched to 50 Q
coax with 75 Q A /4 matching
section.

ogpaeT




E@apuoyeg

Bad transmitter, but spatially very compact:
- Low Frequency AM receiver (HiFi)

Connection to high impedance to give high induced voltage.

Ferrite as kernel will give even better performance.
Multiple loop turns to increase radiation resistance

suitable for the frequency range 3MHz to 30MHz

Directional Finder (combined with dipple):
Dipole Resultant

/ \ Pattern




Loop Antenna: application

Used in radio direction finding (RDF)

tune the antenna until null in the signal is
obtained, the transmitting station is at

right angles to the plane of the loop (See
radiation pattern below)

Null LOOP



Kepaieg eupeiac (wvng

Eupoc (wvng Kepaiac:

BW = % OTEVO EVPOS 1 BW = ;—L EVPV EVPOS

Mia kepaia €ival eupeiac (wvng oTav ol
napaperpoi TNG dev aAAalouv TOUAQxIOTOV

uE€oa og pia oktaBa: f /f =2



AoyapiBuikEC Kepaiec (Log—periodic)

v'O1 \oyapiBUIKEC KepaieC €ival kepaiec ocuaToixiac dinoAwv. 'Exouv TO
NAEOVEKTNHA OTI AsiToupyouv €€ioou KaAd o0€ nNOAU €upu (PACHA

(IUXVOTﬁT(OV (independence of radiation resistance and radiation pattern to
frequency)

v'EXOUV YPAuMIKN NOAWGN
v'’Xpnon: kepaiec Anync UHF
v'2xediaon: d2/d1=d3/d2=d4/d3 ... = L2/L1=L3/L2=L4/L3 =ef
v Rr = 400-4509Q kai fu/fL=10




EAIKOEIONC KEpPAia

Diameter D
T Number of turns N
| vEival ocuvOuaouo6g YPAUMIKNAG
| Turn spacing S Kepaiag kol Bpoxou
| +The Helical Antenna was
;—r‘ | invented by John Kraus in

Circumference C

Operational Modes

Normal Mode Radiation Axial Mode Radiation



Normal Mode Radiation

Diameter D

/ Entire ;elix\

Length L

D<< A

Normal Mode Radiation (broadside) appears if:
entire L<< A

MOAWGON : KUKAIKN

>uvioTwoeC nediou: EB kal Ep pe Ap=n/2



Axial Mode Radiation (preferred )

Circumference C

xial Mode Radiation (endfire) appears if:

3/4 < C/L<4/3

Narrow Mainbeam with minor

sidelobes
HPBW o« 1/(Number of turns)

Circular Polarisation
(orientation ~ helix orientation)

Wide Bandwidth

No coupling between elements

Supergain Endfire Array




Parameter of Axial Mode Radiation

3
#d HPBW HPBW = @ A
) i C VN-§
ne e 2
Sl Gain G:5.N'S3'C
i C
g Input Impedance 7 =140-—
S " A

2N +1
2N

Axial Ratio (Polarisation) AR —




E@apuoyeg

1. High gain, large bandwidth, simplicity, circular
polarisation in AXIAL MODE:

-> Space Communication (200-300MHz)

2. Arrays of Helixes with higher gain (they hardly couple!)

Sround Plane

Radiating Element

helical antenna



Yagi Fundamentals

A Yagi-Uda array consists of 2 or
more simple antennas (elements)
arranged in a line.

The RF power is fed into only one of
the antennas (elements), called the
driver.

Other elements get their RF power
from the driver through mutual
impedance.

The largest element in the array is
called the reflector.

There may be one or more elements
located on the opposite side of the
driver from the refiector. These are
directors.

REFLECTOR

DRIVER

—_—

DIRECTOR

DIRECTOR

DIRECTION
OF RMAKXTMITM
RADIATION



Kepaie¢ Uda-Yagi

Endfire

Reflector
Driver reflector 5% longer

director 5% shorter
d=d1=d2: 0.15)\ - 0.25\

JIITULLVI



Alqypapupua akTivoBoAiag

120

150

e
&K

Reflector Driver Director




Application of Uda-Yagi

The Uda-Yagi is the most popular receiving

antenna in VHF-UHF due to:

1. Simple feeding system design
2. Low cost

3. Light weight

4. Relatively high gain




Application of Uda-Yagi

Higher frequencies cause higher propagation
losses. Thus higher gains with more directors are

required.

'FM-Radio (88MHZz-108MHz) 3 element UY
VHF { TV (low) (54MHz-88MHz) 3 element UY
| TV (high) (174MHz-216MHz) 5-6 element UY

UHF TV (470MHz-890MHz)  10-12 element UY



[TPAKTIKEC ApXEC oXEDIOONC

Closer spacing between elements ‘ a broader

main beam.
Wider spacing ‘ greater bandwidth.

Uda-Yagi has broader bandwidth if reflector is longer

than optimum and director shorter.

Folded dipole as driven element to gain more radiation

power and broader bandwidth.

To broaden bandwidth, reflector should be replaced by

flat sheet (or wire grid).
Tilted fan dipole for broader bandwidth.

G=2.5n 610U N 0 APIONOG TWV KaTEUOUVTAPWYV (N<8-10)



VHF TV kepaia (AnwNnc)

v Man-made noise was found to be preferably vertical

polarised!

-> TV broadcast is horizontally polarised!

Sheet Reflector

Folded Dipole

Driver \

AN

Feeding Mast
/ CTTOUIllYy Iviaot

5-6 Directors




2 UVETTWC JIa Kepaia yagi..........

Y UYVOTITEGS: VHEF, UHF
IToAmon: [Toupaiinin e Ta OIMOAD TNE KEPOLUS
Katevbovtikomrta: d = 2,51 (u=op18uog avaxkroctpov) - Tomkeg tipes: 7-20 dB
Avtictuon eicooov: Z,=232 Q (~40 Q yia anAo dinoAo)

(OTOV TO GTOTYELO TPOYOOOGIUS EIVUL UVUOUTAMIEVO OITOAO)
Tpopoodoacia: Me o1G0puaT YPULLLN
Xpnon: Anym misontikov extopnmy (50 - 1000 MHz)




2Xe0I100MOC Kepaiag Yagi

EoTw OTI N evaioOnoia evog AekTn TnAeopaonc sivar 200 pVolt kai
n Evraon Tou nediou oTo onpeio AnNWnNG €ivar 100 pV/m. ZnteiTai n
KAOTAOKEUN TNG KAartdAAnAnG kepaiac woTe va O1ac@palioOsEi
afiomoTn ANYn. H XapakTnpIioTIKN avTioTaon £10000U TOU OEKTN
gival 240 Ohms.

y: _@oour)y _

100 00V —
R

240

E100 00V

—4
_ 2x10~) —1.66 x10 " Watts
240




H kepaia Ba wpétrel va ouvdedei pe Tnv TnAedpaon He Eva ooOaSoVIKO
KaAwdio pnkoug 100 m. O1 atrwAegieg Tou ep@avilel To KaAwdio auTo, givai:
3 dB/100m.

Kepaia
AEKTHE, A
P, =3.32x107"W

Kepaiag

—1.66x107°W Ferss00

P
3dB =10xlog,, —2%% —

P

ELOVDOOD

=P =3.32x10" " Watts

Kepaiacs
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174 MHz — 181 MHZz

f 7w TN f relsvraia

f - \/fﬂpa')ﬂ? X frgxieuraz’a = \/1 74 %181 =
=177,5MHz

- A= - = 3X108%€C =1.7m

£ 177,5x10° Hz

A X 4% 7T

G _ gvgpydgm _ 543
- Hamohagi g kepaias 6a mpére va givr: 7

G(dB)=10xlog,, 5.43 = 7.3dB




SN G - 104B > 7.3dB

Armolafin
15

n}:n o@mao

B L =125xA=125x1.7~2.15m



AT TTEIPAMATIKES HETPAOEIS TTPOKUTITEI OTI YIO aTTOOTAON EVEpyou ArtréAou -
-1ou KateuBuvtipa, 0.2 A, n kepaia ep@avidel Tnv pEyiotn amwédoorn amo
AEUpag atroAafng.

[y« =02x A=
- =0.2x1.7=34cm

N1 L

orolysiov — ~ KareuBuvTnpeg:
[«  34cm
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L,=045xA=045x1.7m ="T6cm

ey ;
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Apa : W =90cm

Z>5=856m ?77/
/

W>£=850m \LAEA —

2

M

Apa :W = 90cm

RS

ek

L, o= % =42cm
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Kpaua AlMgSi

Z2YXNOTHTA AIAMETPOZz MAXOZ MONAAEZ

100 - 150 14 1.5 mm
MHz

150 - 250 12 1 mm
MHz

250 - 400 10 1 mm
MHz

400 - 550 8 1 mm

MH2z



Yagi Array of Loops (quad array)
This Yagi-Uda array uses rectangular loops as
elements.

The reflector’s perimeter is ~ 3% larger than the
driver’s.

The driver’s perimeter is ~ 1\

The first director’s perimeter is ~ 3% smaller than
the driver’s, and additional directors are
progressively smaller.

Interelement spacings are 0.1 to 0.2 A.

DIRECTOR
DIRECTOR



Advantages of a Quad Array

Fewer elements are needed - gain of a 2-el quad is
almost equal to a 3 el yagi in terms of FB and G

Quad loops can be nested to make a multiband
antenna.

The input Z of quads are much higher than yagis,
simplifying matching (50 - 90 Qvs 12 - 40 Q).

Quads can be constructed
from readily available materials
(bamboo poles, wire).




2. UA\ovyn kepaiwv UHF




Application of Corner Reflector

Tilted Dipole in the Corner
Reflector produces an

elliptically polarised wave.

Application

- Communication through ionosphere (Faraday Rotation)

- Minimises clutter echoes from raindrops



Kepaiec xoavne -Horn Antennas

TE /

Pe

E-Plane

sectoral horn

Excitation: TE,; mode

H-Plane

sectoral horn

Impedance Matching

through flare

7

Pyramidal

horn

e

Gradual Transmission with

minimised reflection
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ETIC HOUVOKEPUIES [IE O1UCTAUGELS YOUVIE a = b kot (puotkig) emodvelws S = a.b 1oyver ot

Ags=K.ab (cuvBoc Kk = 0,5 £m¢ 0.7)

Horn antennas are very popular at UHF (300 MHz-3 GHz) and
higher frequencies (horn antennas operating as high as 140 GHz)

Horn antennas often have a directional with a
high , which can range up to 25 dB in some cases,
with 10-20 dB being typical

Horn antennas have a wide impedance , implying that
the is slowly varying over a wide frequency
range (which also implies low values for or

The bandwidth for practical horn antennas can be on the order of
20:1 (for instance, operating from 1 GHz-20 GHz), with a 10:1
bandwidth not being uncommon.



Specifications

Directive Radiator

Primary feed for parabolic reflectors

High gain, wide bandwidth and simple
Particularly used in microwave region (>1GHz)
Fan radiation patterns

®, s(rad)=1.2Na

O,4g(rad)=1.2N/b




2 XIojokepaiec - Slot antennas

Slot antennas are used typically at frequencies between 300 MHz and 24 GHz

The slot antenna is popular because they can be cut out of whatever surface they are
to be mounted on, and have radiation pattern that are roughly omnidirectional

(similar to a linear wire antenna)

The polarization of the slot antenna is linear. The slot size, shape and what is behind
it (the cavity) offer design variables that can be used to tune performance

The polarization of the two antennas are reversed. That is, since the dipole antenna
on the right in Figure 2 is vertically polarized, the slot antenna on the left will be

horizontally polarized.

@

www.antenna-theory.com
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Slot Antennas
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Slot on Waveguide Walls

R/
7 e

14

Radiation is maximum at maximal interrupted current

cadiation  ///) 1]/
v
m \ \ |Il } No Radiation




Applications

Slot Antennas are used in fast-moving vehicles,

radar, sector antennas for cell phones .
The slot-length is usually A/2

Particularly usedln C

=

on (>1GHz)

o
S
ot o
Lt
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MikpoTtaiviakeC (microstrip) kepaiec |

>Tn Baoikn popgpn Kia MIKPOTAIVIAKN KEPAia anoTeAEiTal ano
OINAEKTPIKO UAIKO €r , mayxouc h, enigeTaAAwPEVOU Kal ano
TIC OUO NAEUPEC.

To kKaTw pEPOC anoTeAel To eninedo yeiwoncg (ground plane)
Kal To navw —anoTteAeopa NG diadikaaiac xnHu. AlaBpwaonc-
anoTeAEI TO EVEPYO OTOIXEIO TNC KEPAIAG

Kepaia tuyaiog

/ vemPETplog

| Yrootpouow z
OMAEKTPIKNG
otalepdc &,

Lnpeio
TPOPOO0GIag
(X0.Yo)

['eimon



Microstrip (Patch) Antennae

Feed Patch
S ++++ L
d
The size of the microstrip antenna is inversely proportional to its

frequency. That means the larger the antenna, the lower the
frequency it is able to detect. For this reason, microstripantennas are
generally used for ultra-high frequency signals.

A microstrip antenna capable of sensing frequencies lower than
microwave would be too large to use.



MikpoTtaiviakeC (microstrip) kepaiec

Tao yopouxtploTikd AE1TOVPYLNS KOl UKTIVOPOALUS TNG KEPULUS ECUPTOVIUL
amd TN YEOUETPLO TOL EVEPYOL OGTOL(ElOL KUOMC KUl amd 1o MAEKTPLK
YOPUKTNPLGTIKG TOL VALKOU TOL Y PNGLUOTOLEITUL.

To onuoavtikdtepo TPOPANUL OGTOV GYEOUGUO KUl TNV LAOTOINGT WG
UK POTULVIOKNG KEPUIUG €1VUL O1 UVOYEC TOL OIMAEKTPLKOV. ATOKAICELS oo
TNV OVOUOCTIKY TIW] TOGO NS OMAEKTPIKN G oTalepds 0G0 Kol TOU Tdy oG,
TPOKAAOVV OALGONMGTN TNG GLYVOTNTUC CLVIOVIGUOU KOl E£TIONG EXNPEACOLY
Vv ovuv0eTn CvTloTUon £10000V.

To KUPLOTEPH TAEOVEKTNUUTE CLTOV TOL TUTTOL KEPULUS VUL TO HIKPO TOLS
uéyebog katr Papog 0WwiTEPU GTNV UTAVTO UIKPOKLUUTIK®OV cuyvotitov. To
EMIMED0 GYNUO TOVG TIC KAVEL KATAAANAES Y10 (Lt LEYAAT TOIKIALYL EQUPULOYDOV
OTMC KIVNTN KOl TPOCOTIKN TNAEQOVIK, TNAEUETPLN, GUCTNUATO CLTONOTING
TAONYNONS, CLGTNUOTO radar Kot GTOUY ELOKEPULEC.

To pelOVEKTYUUTE TOVS E1VUL TO YUUNAO €VPOC LmOVNC, N WIKPY anoiafn,
OLEYEPON KLUUATOV EMLQAVELUC KUL 1] TOALUTAY TOAMOGN.



Patch Shapes

Rectangular

Elliptical

Triangular

Dipole

Circular Ring

e L1 [ .

Analysing Method

-Transmission Line
- Cavity

- Maxwell Equations



Application & Performance

1. Itis applied where small antennas are required:

- aircrafts, mobiles, etc

A microstrip antenna can also be printed directly onto a circuit board. Since
the microstripantenna requires few materials, it is low cost, easy to

manufacture and light weight. These characteristics make microstrip antennas

ideal for use in cell phones and other small electronic devices.

2. Due to shape variations they are versatile in polarisation, pattern,

Impedance, etc.

3. They have a low efficiency, spurious feed radiation and a narrow

bandwidth
4. They usually operate in broadside regime

5. M3 <L<A2and2<g <12



Kepaiec ueyaAnc ammoAang

1. Uda-Yagqi: 15dB | |
Complicated Feeding

2. Helical Antenna: 15dB

3. Antenna Arrays high gains

4. Horn: high gains -

Aperture increasing Reflector |« Artificially increase size

A 4

(re-) transmitted waves are in phase

(re-) transmitted waves are as parallel as possible




Kepaieg pe TTapafBoAIKO avakAaoThpa

2 € CIUTEC TIC Kspalsq TO pCI5IOKU|JCI nou
EKI'I€|JI'I€TCII NPOEPXETAl AMNO CIVCIK)\CIOT] O€
KArnolou €idouc avakAaoTnpa kail oxl ano
KaTeuBeiav eknounn

XapakTnpIoTIKA TOUC €ival N MEYAAN
KATEUBUVTIKOTNTA MNOU ENITUYXAVOUV Kdl TO
NOAU KaAoO dlaypappa akTivoBoAiag nou
EXOUV

Aev eNITPENOUPE OTO padiokupad va
d1a000¢€] npog OAEC TIC KATEUBUVOEIC, dAAd

TN ryl I\lI/C'\I'I'f\I\\IﬁIIIIC' - If‘l7ﬁIIIIC TN\/
1V VUYNRCVIPDWVUUNMC CUIIUL)UUHC v

akTIVOBOAIa Npoc Hia KAaTeubuvaon



ApxnN AciIToupyiacg

H pikpokupuaTtikn nnyn (oToixelo —
Kepaia) TONOBETEITAI OTO ONMEIO
goTiaong (focal point)

To KU|JCI nou I'IpOKCI)\EITCII EXEI TN
HopPpn EVOC ccpculeou KU|JCITOC;
'OTav ouvavTtnoel TNV €nipavela
TOU avaK)\achr]pa CIVCIK)\CITCII
a)\)\aCovmq (paon KCITCI 180
pmpsq H ywvia npoon'r(oonc;
eival idla pe NV ywvia
avakAaong, cuppwva PE ToV
vOHO TOU Snell

E€aiTiac Tn¢ 18AiTEPNG
YEWHETPIag Tou avakAaoTnpaq,
OAa Ta avakAwpeva kupaTa Ba
eival napaAAnAa kai n
anooTaon ano To onuEio

so-riaor]q F uexpl To €ninedo X,
gival n idia astaanTa NG
6|06pounq, Kal o)\sq ol
ouwo-rcoosq ™G dEONNG PEUYOUV




TuTtrol avcxK)\aGTnpcx

>Truncated Paraboloid

O avakAaoTnpag €ival
napapBoAo&gidouc HopPpnG OTO
opIfOVTIO €Ninedo

eH pIKpOKUMATIKA akTIVOBoAia
eoTialeTal og op1OVTIO €Ninedo
Ene1dn o avakAaoTtnpag €ivail
KOMHEVOG OTNV KAOETN
01eU0Ouvon, n akTivoBoAia oTo
kKaBeTo €ninedo okopnileTal avTi va
eoTialeral

oCylindrical Paraboloid

O avakAaoTtnpag sivai napaBoAo&idolc HOpPrc HOVO oTNV Hia
KATeUOuUvOoN. XTnv AAAn kateuBuvaon €ival nepinou oav
opBoywvio. 'ETol N eknepnopevn O€0UN €ival KATEUBUVTIKA OTO
€va eninedo PYovo

¢O TUNOC TOoU feeder Nnou XpnoIYJONOIEITAl €ival YIa YPAMMIKNA
ocipa dINOAWYV, €vag KUpPaTodnyog UE OXIOWEC N HIa KEpaia Tunou
KupaTodnyou He TN pia didoTaon apkeTd PeyaAuTepn ano Tnv
aAAn

eTa onueia eoTiaong oxnuatifouv uia eubeia ypappn. AAAalovTac
To NAGTOC TOoU napapoAoeidouc, n kKUpia deopn aAAadlel oxnua

e Eqpappoyéc unapyouv o< radar kal eniyela ouoTAPATa EAEyXoU
NPOOCEYYIoNG.



TuTtro!l TTAPABOAIKWYV KEPAIWV

Parabolic reflector

«—— Scattered radiatior
from subreflector

Primary

e
/ feed
/

Ground

///”//////////////////

acrt
- Ot O

Feimary fesd Prime focus (PF)

aOr

'OTav o TPoPodOTNC TONOBETEITAI OTOV
a&ova nou nNepva anod TO KEVTPO TOU
KaTOMTPOU

Offset fed (OF)

O Tpo@odOTNC dev TONOBETEITAI
oTov aova nou nepva anod To
KEVTPO TO KATOMTPOU

Na kKepaieg JIAUETPOU HEXPI EVA
HETPO O CUYKEKPIPEVOC TUMOG
NPooPEPEl HEYAAUTEPO KEPDOG
MNa peyaAuTtepn OIAUETPO Eival
OUOKOAO va Yivel gia otabepn,
XapunAoU KOOTOUC KATAOKEUN,
onoTeE XpNoIdonolgiTal o TUNog
PF

H d1eubuvon onou gugavileTal o
KUpI0oG AoBOG dev TauTileTal HE
Tov a&ova nou nspvc'l ano To

or KEVTpO TOU KCITOI'ITpOU
'Exel dUo kKaTONTPA £TCI WOTE VA

ENITUYXAVEl JEYaAUTEpPO kKepdocC. Ta

KATonTpa ME OUO avakAAoTNPEC

XpnoigonolouvTal NOAU Aiyo O€ HIKPNG
OIQUETPOU KEPAIEC



EtTiAoyn Tou TpO@OOOTN - feeder

H popen Tou feeder €xel kaBoploTIKA onpacia yia Thv £midoon TG Kepaiag. X av
XPNoIHOTIoINgoUE oav TThyn €éva diTToAo N HIKpOKUKATIKA akTivoPpoAia Ba diadideTal
Kdl TTPoC dAAEC KaATeUBUVOEIC Kal 6XI HOVO TTPOC Tov avakAaoThpad

AUTO Ba éxel oav amoTéAsapa:
MikpOTEPO KEPDOC Kal papdUTePO KUPIo AoPo, 2NHAVTIKA EKTTOUTIH TTPOC AAAEC

KATEUOUVOEIC EKTOC ThC KUpiag (TrAsupikoUg Aopouc)

Me xpnon aomidac WwaoTe va KATeUBUVEl TV TTEPIOOOTEPN AKTIVOPOAid TTpoC Thv
avakAdoTIKA emipdveld, n kKateuBeiav akTivoPpoAia améd Tov TpoYodoTn
ATTOTPETETAI, 0 KUP10C AoPOC YiveTdl OTEVOTEPOC Kdl TO KEPOOC TNC Kepaiag
HEYaAUTEPO

H emiAoyn Tou TpowoddTn emnpedler:
Th Oeppokpaaia TnE Kepaiag
Tnv Atédoon
Touc mAeupikoUc AoPpouc

To kKEPOOC Kal To eUpOC Tou Kupiwc Aopou



Kepaieg pe rapaoAiko avakAaoTrpa - Parabolic
Reflector. XapaktnploTiKA

Parabolic Dish Parallel and in-phase waves D = _472- - A4
\ > ﬂz e
Feed Ll
47
: = D~=(z-r)
v/ > . AXISOF
- Dish has to be 100% parabolic REVOLUTION
- Feeder shouldn’t block too much /\
Non-uniform fields due to aperture blocking etc «—HAR
A, = Ep -Aph

Eap .- Aperture Efficiency = 80%

0Ooo peyaAwvel To néyeBog Tou KATtoTITpou (>2,4) yiveTal aduvaro va —
MINOR L =

KATAOKEUAOTEI TO KATOTITPO ATTO £va €vIaio owua. ‘ETol yiveTal apkeTa

10 OUOKOAO va ETTITUXOUME HEYAAN aTTOd00N O€ MEYAAUTEPQ

7
WANTIATTT A\



AlaypauuaTa aKTlvoBo)\lag

-3dB |30 4
\ typical
8 value

RY

-a 9] a

1 1

93 dB
(Half power beamwidth}

MpwToC INOEVIOHOG KUpPIOU AoPou: Ory= 35/r

r : N akTiva Tou
KaTONTPOU

0545=K A/(2r), k=[58 -70]

KaTteuBuvTikOTNTA: D ~ £, Az (;z.rz) — (@j
> YA
>E€ YWVIEG paKpua cmo TOUG anvsq TOU Kuplwq AoBou, TO

HARR

5|uy|.)up|.1u UKIIVUPUI\iUL, EXEI III\CU[JIKUUL, /\UpUUL,

Ta xapakTnpIoTIKA TV NAEUPIKWV AoBwv ennpealovTal ano Tov
TUNO TOU TPOPOdOTN, TNV TONOBETNON TOU, TV NAPOUCia Tou
TPOPOodOOTN KAl TOU OTNPIYHATOC TOU



E@apuoyEg

1. Used where high gains are required: - Cosmic Radiation, etc.
2. Navigation

3. DAOPUPOPIKEG ETTIKOIVWVIEC

0 Deviation from perfect surface can be made <1mm

Q Diameters are usually 1m-300m

eH napaBoAosidnc kepaia €ival noAU

ANOTEAECHATIKN OTO VA AanoPPInTElI EVEMOUMNTA

TRIIATA el RAcTniva DanitRaA
UiIjMUiIiuU AUl IJNACRIT PINU OUpPuUpPY

6]

e>NMATA ano AAAEC KATEUBUVOEIC avakAwvTal oTNV
avakAAoTIKN ENIPAVEIQ O KATEUOUVOEIC TETOIEC
nou O&gv XTuNoUV TO ONMEIO €0TIACONC KAl £TOl OEV
yivovTal avtiAnnTa.



E@apuoyEC TNAETTIKOIVWVIWYV

2NV TPAEN, oTIC KEPALEC Pe TapaPoKO avaKAQGTPO, VITOAOYICETOL 1] ATALITOVEVT
OLAMETPOC Yo va emITEVYOEL CLYKEKPIUEVN KATELOLVVTIKOTNTA QPO GVYKEKPIHNEVO
YOVIOKO avoryda 0EGUNG (O , D).

2 uxvoTnTec: MikpokUpata (f > 300 MHZz)

Evepyé otoixeio: Aimoho (400 MHz - 2 GHZ2)
Xoavokepaia (> 2 GHz)

Karaokeun: f < 1 GHz: Emipdveia ouvexAic h didtpnTh

f > 1 GHz: Emydveia avakAaoThpa ouvexhic kai Asia (avoxf A/32)
AidpeTpoc D: ZuviBwe 1 -3 m

Evepydg emipdveia: A ¢ = k.(TD?/4) (k # 0,8)

Xphon: Emiveiec pikpokupaTikEC CeUEeIC
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Ac@aAcia |

e AKTIVOBOAWVTAC NAVw 0€ avBpwniva ogoiwpaTa Kal
HETPWVTAC TNV avodo TNG Bepuokpaaiac nou n akTivoBoAia
npokaAouoe BpeBnkav Ta akoAouBa voUuepa yia TNV Evraon
TOU Nediou:

1to 10 Shorter exposure of about a

mW/cm? few hours every 24 hours is
tolerated

Above 10 DANGEROUS RADIATION.

mW/cm? Personnel should not be

exposed to radiation of this

T 10 WOt Wl W i

e[1pakTIKG AQUTO onuaivel oTi av unepBoupe To 10MW/cm?2 n avodocg
TNG Beppokpaciac 6a pac NPOKAAECEl M AvTIOTPENTH HETABOAR OTa
KUTTApa pdac



Ac@aAcia ll

*H ¢évtaom tov mediov cuoyetiCetal pe TNV 1YV TOV
TOUTOV, TO KEPOOG TNG KEPALOC KL TNV OITOGTOCT

*EAOY16TN 0mOGTOOT ACPAAELNG :

N lo(G-L)/IO P
Rinin = 41S

where

G antenna gain

P power delivered to antenna

o[ total loss (dB) between transmitter — antenna
N number of transmitters combined to the antenna

S maximum allowed power density in air (W/m?)



AcpaAcia |l

e AVTIKABIOTWVTAC KAl JE TNV UuNoBeon OTI To KEPOOC KEPAIAC
eival 0dB €xoupE:

Power (W) Dangerous Safe
Distance (m) Distance (m)

1 0.2 0.3

4 0.2 0.6

10 0.3 0.95

40 0.6 2.0

400 1.9 6.0
1000 3.0 9.5

eTa VOUNEPA auTAa unoAoyioTnkav neipauaTika Je Baon Ta aueoa
anoTeAEOUATA TNG AaKTIVOBOAIAC

e[lelpapaTIKA ANOTEAECHATA YIA TNV JakKpoxpovia ekBeon dev
unapyouv (xpelaleral enidNUIOAOYIKN HEAETN META ano Xpovia
ekBeonc oe akTivoPBoAia), OHwC anoTeAOUV eva KAAO PETPO
OUVKDIONC



[Tapadeiyuata

o'Eva kivnTo GSM eknepnel 1 ye 2 watt (oTav €ival yakpia ano 1o
oTaBuo Baong Tou), Aapa n anootacn acpaAesiacg ivar 30cm

eMia kepaia KIvnNTNG TNAEPWVIAC OTN XEIPOTEPN MEPINTWAN EXEI
40watt 1oxU, pe kepdocg kepaiac 10db, apa EIRP=400watt, apa n
eAAXIOTN anooTaon €ival 6 pyerpa

o'Evac nounoc padiopwvou n TNAsopaonc pe 1oxu 30000watt xel
eAaxioTn anoortacn 30UETPa

e 'Eva WiFi TeppaTiko, onou n EIRP nepiopileTal ek TOUu VOUOU OTA
100mW, exel anooTaon acgpaAsiag Ta 10cm



Tehoc Evotntac

TUTIOL KEPALWV



Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTtaLOEVTIKOU €pyou Tou dtdbdokovta.

* To £pyo «Avoikta Akadnpaika Madnipata oto Naveniotipio ABnvwv»

EXEL XpNUaTodOTACEL LOVOo TNV avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

* To £pyo vAomoleital oto rAaiolo Tou Emyelpnotakol MpoypapaToq
«Ekmaiidevon kot Ata Blou Mabnon» kat cuyxpnuatodoteital amo tnv

Evpwnaikn Evwon (Evpwmaiko Kowvwviko Tapeio) kot oo eBVIKoug
TTOPOUC.

EMIXEIPHZIAKO MPOrPAMMA
EKI'IAIAEYZH KAI AIA BIOY MAGHZH & Ez rIA

YNOYPIFEIO MAIAEIAX KAl BPHIKEYMATAQON

E iiko6 K 6 Tapei
SRRSO SGRImNAaT Me tn ouyxpnpatrodoétnon tn¢ EAAGadag kat tn¢ Evpwnaikig Evwong

TUTOL KEPOLWV




2 NUELWLOTOL



>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amotelel tnv €kdoon 1.0.




>NUElwpo Avadopac

Copyright EBvikov kat Kamodiotplakov Mavernotiuov ABnvwy, Anuntpng
Bapoutac, Aploteibng Tolmoupac. «Kepaieg, TOToL kepatwv». Ekboon: 1.0.
ABnva 2015. AtaBgotpo amno tn diktuakn dtevBbuvon:
http://opencourses.uoa.gr/courses/DI123/.

¢ TUTtOL KEpaLWV




>NUElwpa Adetodotnong

To tapov LVALKO SlatiBetal pe toug opoug tng adeslac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopota Atavopn 4.0 [1] R petayevéotepn, AleBvng
‘Exkboon. E&atlpolvtal ta autoteAn €pya Tplitwy m.x. dwroypadiec, Staypappota
K.A.TT., TOL OTIOLOL EUTIEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall e Toug
OpPOUC XPNOoNC Toug oto «XZnueiwpa Xpriong Epywv Tpitwv».

©OE0)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopkn opiletal n xpnon:

* 1ou 6ev mePAOPPAVEL AUECO 1] EUECO OLKOVOLLKO OPEAOC Ao TNV Xprion Tou €pyou, yLa
TO SlovopEa Tou €pyou Kot adelodoyo

* 1ou 6ev meplAapPaveL olkovouLKr) ouvaAlayn we npolnoBeon yla tn xpnon n npooBaocn
OTO £pyO

* 1ou 6ev nmpoomopilel oto SLavopEa Tou £pyou Kal adelod0X0 ELUECO OLKOVOULKO OPEAOC
(rt.x. Stapnuioelc) amod tnv poPfoAr Tou €pyou o€ SLASIKTUAKO TOTO

O Swaovyog pmopel va rapexel otov adelodoyo Eexwplotr adeLa va XpnOLLLOTIOLEL TO €pYO yLa
EUTTOPLKNA Xpron, Eepooov auTo tou {ntnbeL.
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[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/
[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatnpnon ZNUELWHATWY

Ornoladnmnote avamapoywyn N SLookeun Tou UALKOU Ba TtpeETmeL
va cUUTTEPLAQLUBAvVEL:

" 10 2nueilwpa Avadopadc

" 10 2nueilwpo Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

" 10 2nueilwpa Xpriong Epywv Tpitwv (epooov umtdpyel)

noll pe touc cuvodEUOUEVOUC UTIEPOUVOECHOUC.

Y TUmoL KEpALWV




>NUelwpa Xpnonc Epywv Tpltwv

To Epyo auTO KAVEL Xprjon Twv aKOAoUBwv Epywv:

Ewkoveg/Zxnuata/Awaypappato/Dwrtoypadieg
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