EAAHNIKH AHMOKPATIA

Edvikov kot KamodictpLakov
r ’
[Tavemotnuiov Adnvov

Kepalec
Evotnta 3: Ot BAOLKEC TIAPAUETPOL TWV KEPOLLWV
Anuntpncg Bapoutag, Aploteidng Tolmoupag

YXOAN OeTikwv Emotnuwy
Tunuo NMAnpodoptkng Kot TNAETLKOLVWVLWV



Ol BaolKeEC MOPAUETPOL TWV
KEPOLLWV



KEPAIEX
MAOHMA 30 -40 - 50

Ol BaoIKEG TTAPAPETPOI TWV
KEPAIWV

AE P/H 2014 -2015
BapouTdg
Toitroupag




[Meplexopeva evoTnTOGg

AvaoKOTTNoN TTPONYOUMEVWV...
Apxn d1aTpnong TNG IoxUoc. Oswpnua Poynting
O1 O€iKTEC pIaC KEPAiag

— T16Awon

— 'Evraon akTivoBoAiag

—  KateuBuvTikn atroAaBn

- KateuBuvTtikOTnTa — atToAaBN

—~ Amodoon

— AvrioTaon akTivoBoAiag - ei06dou

Apxn g ApoIBaidTnTac
Aigypapuara AKTIVOBoAiag



ETriAUuon TG KUMATIKAG £€iI0WONG

. andg
napartnpnong
r-r’|
Irl ]k|r r'|
HI - 4V’
4725 | r—r'|

JHrrl

L

dV

47[5 ”
r)= 4ol

jr—r'|

p(r, t—Ir—r'I/c),dV.J B(r,f) =V xA
E=-Vb- "

OA

@ir-rle)

jr—r'|

.

Ot

p(r'.t)=Reip(r')-e™
J(r't)= Re{J(r')-ej‘”’}



Vi To 10aviKO OiTToAO

Karavour peudaTtog KaTa

MNKOG aywyou urnkoug AL
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- current constant?

- coordinate system?
4 - distancer=r?



P(r, 0, ¢)




HAekTpopayvnTiko lMedio «Tuxaiag» Kepaiag

Epdoov r>>A kal r>>3100TA0EWV KEPAIAG O DIAPOPES OTIG AKTIVIKEG ATTOOTACEIC R KA r
MTTOPOUV va BewpnBouv apeAnTEéEG o€ OTI aPOopPa TO TTAATOG TOU UTTOAOYI(OUEVOU
MEyEBoug dnA. 1/R=1/r

O1 eubeieg TTOU evwvouv TIG BETEIG (I',0',0') TwV OTOIXEIWOWYV PEUMATIKWY KATAVOUWY KAl
TO MAKPIVO oneio uttoAoyiopou P(r,0,¢) utropouv va BewpnBouv TTapAdAANAEC peTagU
Toug Kai emopévwg B = 0

O1 ouVvIOTWOEC TTEdiou o1 oTToiEg £€aaBevoUv TaxUTepa Tou 1/r (TTX. 1/12.1/1° K.0.K)
BewpouvTal APNEANTEEC OUYKPITIKA JE QUTEG TTOU £¢a0BevoUV avaAoya Tou 1/r. ZUVETTWG,
OTOUG UTTOAOYIOHOUG TTOU a®OopouV OTO JaKPIVO TTEdIO, TTOPOUV va apeAnBouv

O1 d1a@OPEG HETACU TWV AKTIVIKWY aTTOOTACEWV R Kai ', av Kal aueANTEEC WG TTPOG TO
TTAQTOG, utToAOYifovTal e PEYaAUTEPN akpiBela o€ 0TI a@opd TN TIPA TG GACNG

O1oTE via TN eaon: e_JkR

Kdl

R =zr—-r'ouvy
cvvy=cvv0 ocvvl +nud nué cuvv(e-¢")



[MpooEyyion HOKPIVOU TTESIOU
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2 Alav. Auvauiko A Kal JaKpuvda TTedia
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Mn aQUEANTEEC OUVIOTWOEC TWV TTEQIWV OTO

Hq (1,0 )—"’——1 —(rA )——J e jkIN (0,0) (r>>N)
o\LL,Y,Q A P | oY, P

1 0 ko
Hy(r,0,0) = ——(tAg) = ~—e¢ Ny (0,0) (r>> 1)
ur or 4nr

atTeuBeiac aTro TIG TTAVW £CICWOEIC €AV AVTIKATOOTABOUV Ta U, A JE Ta jwe Kal H
avTioToIXa N= [p :

€

Eyrn0.9)=———2 () =~ L N (O, gy =nH, (5> D)
Jjwer Or r
1 a .]a)/u — jkr
E(r,0,0)=— (rH,)=- e "N, (0,9)=—nH, (r>>})
jwer Or r

k = o\ ue

—

Kot I'evika: E~ jouA kot H =

1. =
—rx E
10 L




Apxn d1aTnPnNong TnNG 10XU0G

e ‘Eotw xwpocg V tmou trepiopileTal atrd KAEIOTA emipavela S. H
MIYadIKr I0XUG TTOU EKTTEUTTETAI ATTO TIC TTNYEG EVTOC TOU V gival:

P.=P+P, +2jo(W,-W.)

-dS| Ioxug akTivoBoAiac

S

P, = %iG‘Esz IoxUG anwAeiwv

11 S AnoBnKEUOPEVN EVEPYEIQ
Wi _E.V[E”‘H }‘W MayvnTikoU nediou

AnoBnNKeUONEVN eVveEpPYEIQ

HAekTpikou nediou

W, = %l%g‘Ez‘dV
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Eyyucg Kal HakKpIvO TTEDIO OTO OTOIXEIWOEG DITTOAO

Near Field Approximation 5 Far Field Approximation

. 2 ¢ .
Fresnel Region R = 7 raunhofer Region
k-r<<l R k-r>>1
-1 -AL- . i
E, = 7 C?See_]kr |E. =0
Jo 2rmkr N
E9:77°]°N’°Singe—fkr EEQZU.H(P
j-Ankr
E H :j]°AL°k°SiIl96_jk,,
NN 4y
E & H éxouv diagopd @dong /2, . n=377Q=1207C
(aTroBrkevon avépi(alag) 1 E & H o€ @aon, (akTivoBoAia) \/; I
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P :ERG[EXH ]ZERe[arE9H¢_a0ErH¢] & we
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) ZUMTTEPAOMATA:
o
e To pakpuvo tredio oTrolaodNTTOTE KEPAiag eival TEM
e To POKPIVO TTEdIO = €TTITTEDO KUMA
e [Ix yia TO OTOIXEIWOEC DITTOAO:

—j(kr—owt
o J( )

H =H

()] (p,max(
E,=n-H,
w,-Ww.=P =0

I,AL,A)-sin@-

4r

H,

8=90 y TR X A
/I |




TEM
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XapakTnpIoTIKEC TAPANETPO!
KEPAIWY
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Polarization ellipse

e The superposition of two
plane-wave components
results in an elliptically
polarized wave

e The polarization ellipse is
defined by its axial ratio N/M
(ellipticity), tilt angle v and
sense of rotation

17



Ex = cos (ot)
Ey = cos (ot)

Ex = cos (ot)
Ey = cos (ot+m/4)
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Ex = cos (mt)
Ey = -sin (ot)

[MoAwon - Polarization

ON

Ex = cos (mt)
Ey = cos (ot+371/4)

Ex = cos (ot)
Ey = -cos (ot+n/4)

Ex = cos (mt)
Ey = sin (ot)




OTAV TO OIAVUO A TOU NAEKTPIKOU TTEQIOU TOAQVTEUETAI KATA NAKOG MIAG
iO10G YPAUMAG TOTE Ta KUPATA AEyovTal ETTITTEQA 1] YPAUMIKWG TTOAWMPEVA






2.UVOUAONOC dUO YPOAMUMIKWG TTOAWMEVWY KUPNATWY KABETWY PETAEU TOUG
TTou BpiokovTal otV 1010 (pé(crr]

i®10 KOG KUNATOC

TA TTOPATTAVW KUPATA EXOUV

id10 TTAQTOG
idla @aon

YPOUMIKWG TTOAWPEVO KUPA JE ETTITTEQ0 TTOAWONG VA JIPEPEI
KATQ 45 Poipeg atro 1a TITTEdA TTOAWAONG TwWV dUO APXIKWY KUUATWY



2UVvOUOOOG OUO Yp. TTOAWHEVWY KUNATWY KABETWY HETAEU TOUG ME
(= @aon +90 poipeg

1010 TTAGTOC, id10 HAKOC KUUATOG , dlagopd paoncs kata 90 poipeg

: KUKAIKWC TTOAWMPEVO KUPA: OEEIOOTPOYPO



2.UVOUAO NGOG OUO YPOAUMIKA TTOAWMEVWYV KUPATWY KABETA METAEU TOUC

ue O10popa paong -90 poipeg

KUKAIKWG TTOAWMPEVO KUPA: aploTEPOCTPOPO



SuvdUaopog evog OESIOOTPOPOU kai evos APICTEPOCTPOPOU

iy KUKAIKG TTOAWPEVOU KUUATOC
<&

O1 duo cuvioTwoeg Tou HAM T11EdIoU £X0UV id10 TTAATOC KAl id10 UNKOC KUMATOC:

EVA YPAMMIKWG TTOAWMEVO HAM T1TEdiO

. OTTOIOONTIOTE YPAUMIKWGS TTOAWMPEVO KUMO UTTOPEI va TTPOKUWYEI OTTO TO
OuvOUAO O EVOC APIOTEPOOTPOPOU KAl EVOC OECIOOTPOPOU KUKAIKA
TTOAWMEVOU KUMATOG, TWV OTTOIWV Ta TTAATN €ival ioa



[MoAwoN Kepaiag

e H TOAWON TNGC KEPAIAC WC TTPOC MIA CUYKEKPIWEVN diEUBuvaon
kaBopiletal atrd TNV TTOAWGON TOU TTAPAYOUEVOU ATTO TNV KEPAia
KUPOTOG o€ auTtn TN d1EUBuvon Kal o€ JeyaAn atmootaon

Wall of thin parallel wires (conductors)

E,[>0 E,|=0 E,[>0

N [Eyl ~ [E2

J\
T Vector E || wires I:l/ Vector E L wires

Wire distance ~ 0.1\
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Kepaieg KUKAIKAS TTOAWONG

e KuUKAIKA MNoAwaon emmTuyxaveral ye U0 KUpiwg uebddouc:

a) ye EAIkoeIdeic Kepaieg
B) ue "oTaupwTéc Kepaiec" (crossed-Yagis antennas).

26



IkavoTnTa TTOAWONG

e H I1oXUC TTOU AauPBAvel yia KEpaAia O€ PIO CUYKEKPIMEVN KATEUBUVON
gival JEYIOTN av N TTOAWGON TOU TTPOCTTITITOVTOG KUMOTOG KOl QUTH
TNG KEPAiag €xouv: a) Tnv idia acovikn avaloyia, B) Tnv idla yopen
(KUKAIKN,  €AAEITITIKA),  YPAMMIKA), y) TOV  idl0  XWPIKO
TTPOOAVATONOUO (0€I00TPOPN-APIOTELOOTPOYPN, KABETN-
opIfovTIO)

e Av n TTOAWON TOU TTPOCTIITITOVTOG KUMATOG €ival dIAPOPETIKA ATTO
QuT TNG Kepaiag ARWNG TOTE UTTAPXOUV OTTWAEIEC AOYW [N
TTPOCAPHOYNG TWV TTOAWCEWV.

e Ikavétnra woAwong=(loxuc Ttou AauPaveral)/(loxuc Tou Oa
AauBavoTav av UTTAPXE TAipIaoua OTIC TTOAWOCEIC)

27



g Aiavuopa NMNoAwong Kepaiag

e To pakpuvo 1Tedio oTTolIaCONTTOTE KEPAiag gival TEM
e [0 PakpIvo 1TedIo = £TTiTTed0 KUUA

E(0.9)=E,(0.9)e“ i, +E,,(8,4)e " d,

e To dlavuopa TTOAwWONG Tou, Ic0dUVa TO dIAVUC A
TTOAWONG TNG KEPAIAG TTOU TO TTAPAYEI Eival:

A l¢/\
Eoa, tE e"a

X

y A

Y

w

JEL+E2

e @ N OlIAPOPA PACNG TWV CUVIOCTWOWYV TOU NA. TTeEdioU
o +(-) CCW (CW) moAwon kai diadoaon oTov +z agova
e [1a 010d0OCON OTOV —Z I0XUOUV avTioTpoPa

28
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e O TTapakATW TTivaKag OEiXVEl TNV OXEON TTOU UTTAPXEI METALU OpIlOvTIag
(Hotizontal), KaBetnc (Vertical), AsciéoTpopns( RHCP - Right Hand Circular

Polarization) ka1 ApiotepdoTpo®ns NoAwaong ( LHCP - Left Hand Circular
Polarization) kai Tnv amrwAeia yeTagu Toug o€ dB

e H Acciéotpopn (RHCP) avagéperal etriong ota didgopa BiBAia kar cav CW

(ClockWise) INoAwon kai avtioTtoixa n Apiotepdéotpoen (LHCP) cav CCW
(Counter ClockWise) moAwon

AIIQAEIEY. o¢ dB
Horizontal Vertical RHCP LHCP
Horizontal 0 30 3 3
Vertical 30 0 3 3
RHCP 3 3 0 30
LHCP 3 3 30 0




Polarization Loss Factor PLF

PLF=|p,, -,bw‘z = ‘cosgy‘z

MAPAAEIIMA

E = & Eilx v)e i ].- (8, ‘;i.,lf;'i:". i, rI.'H
i e 1 s, B d

For the incident wave

n ] ~ ~ F) -~ A ~ 3
f. = 4 : PLF = |j, " = |&." = (8, + ) =3
and for the antenna . .
mrMmssm LR e SRFETTa |

ﬁ“. B (a, + a,)
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Alaypapupa akTIVOBOAIQG

31

e To diaypaupa akTIvoBoAiag pia Kepaiag gival n avatrapaotaon (Me
EIKOVA N ECI0WOEIC) TNG EKTTEPTTIOMEVNC AKTIVOBOAOUNEVNG I0XUOC
(transmitting antenna), | TNG el10€pxoOuEVNG (receiving antenna) cav
ouvapTNon TWV YwViwy ©,¢ (Yywviec kaTteubuvong)

e Antenna radiation pattern (antenna pattern).

- OpiceTal o€ PEYAAEG ATTOOTACEIG ATTO TNV KEPAIA, OTTOU N XWPEIKA KATAVOUA TNG
OKTIVOBOAOUUEVNG I0XUOG ival aveEapTnTn atro TNV atréoTacn armd tnv Tnyn
aKTIVOBOAiIag

— Eivar avegaptnTto até tnv kateubBuvon porng tng 1I0XUog: gival To idlo avegapTnta
QTTO TO AV HIA KEPAIO XPNOILOTTOIEITAI VIO EKTTOUTT i ANWn

- €CaPTATAI ATTO TN XPNOIUOTTIOIOUMEVN OUXVOTNTA KAl TV TTOAWOT Tou radio wave
radiated/ received



Aldypoupa
mediou

e The power pattern is the measured
Antenna Auxiliary (calculated) and plotted received
under test antenna power |P(0,0)| at a constant (large)

Q | ;i Q distance from the antenna

e The amplitude field pattern is the
Power or Generator measured (calculated) and plotted
field-strength meter electric (magnetic) field intensity,

|E(O, @)| or [H(B, ¢)| at a constant
(large) distance from the antenna

Turntable

KavovikoTroinuEvo dIaypapua we

e The power pattern and the field patterns are TTPOG TIG MaxX TIHEG

inter-related: e The power pattern and the amplitude
Sy = ) field pattern are the same when
P(®, @) = (1/m)*|E(®, @)I* = n"|H(B, ¢)| computed and when plotted in dB
P = power

E = electrical field component vector
H = magnetic field component vector
n = 377 ohm (free-space, plane wave impedance)

32



3-D diaypapupa akTivooAiag

e To diaypauua akTivoBoAiag yiag
- Kepaiag eival TpiodiacTtaro 3-D

e 270 3-D plot Tou diaypdaupatog
aKTIvoBoAiag ol ywvieg 6 and @
- MeTaBAAAovTal, OTTOTE €ival DUOKOAO
Kal VO TO @TIAEOUPE aAAQ Kal va TO
EPMNVEUOOUNE

A\ 3-D Apattern‘: |
Top view Side vidw 7




2-D d1aypaupua

e 2UvNRBwg TO dIAypauUa
akTIvoBoAiag TTapioTaveTal wg 2-D
plot, éTrou peTaaAAeTal yovo uia
aT1TO TIC YWVIEC KATELBUVONC B 1 ¢

e Topn Tou 3-D diaypAuuaTtog e
OeOOpEVO ETTITTEDO

— usually it is a 8 = const plane or a
¢= const plane that contains the
pattern’s maximum

Two 2-D pétterns;

Source: NK Nikolova
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NMNpwTtevovTta (Principal) diaypappara

° Principal patterns are the 2-D patterns of linearly polarized antennas,
measured in 2 planes

1. the E-plane: a plane parallel to the E vector and containing the direction
of maximum radiation, and

2. the H-plane: a plane parallel to the H vector, orthogonal to the E-plane,
and containing the direction of maximum radiation

= .ﬁ"\
$ >
FSHr—Field
Aapoerture distributiosr

\\\r‘<
e

——] -

F—Field ‘i
A —Field i
II.I
| FF—FPlane
- o —Flame L —Field

aperture distribw tiom
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looTpoTTiKA (Isotropic) kepaia

Isotropic antenna or isotropic radiator
is a hypothetical (not physically realizable)
concept, used as a useful reference to
describe real antennas.

Isotropic antenna radiates equally in all
directions.

— lIts radiation pattern is represented by a
sphere whose center coincides with the
location of the isotropic radiator.



KoTteuBuvTiK

Directional) kepaia

e Directional antenna is an antenna, which
radiates (or receives) much more power in (or
from) some directions than in (or from) others.

- Note: Usually, this term is applied to antennas
whose directivity is much higher than that of a half-
wavelength dipole.

Source: NK Nikolova
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e Kepaia pe un
KOTEUBUVTIKO
OlIQypAUPa O€ Eva
ETTITTEDO

- Eivar ouvnbwcg
KOaTEUBUVTIKA oTa GAAQ
ETTITTEdA



AVIOOTPOTTIKEG TTNYES

e Every real antenna radiates more energy in some
directions than in others (i.e. has directional properties)

Isotropic sphere .~
e KareuBuvtikoTnTa

e |dealized example of directional antenna: the radiated
--------------------------- - et @REIQY 1S CONCENtrated in the yellow region (cone).

e Directive antenna gain: the power flux density is
increased by (roughly) the inverse ratio of the yellow
area and the total surface of the isotropic sphere

- Gain in the field intensity may also be considered - it is equal
to the square root of the power gain.

— Gain generally has to do with the
radiation pattern of the antenna, that is,
the narrower the main beam, and the
smaller the back beam and side beam,

Power radiation pattern of an Power radiation pattern
omnidirectional average antenfia of the actual antenna . .
\ z / the higher the gain.
\ . '.‘ ! x
..\‘\‘ f’ﬂ'y ) ‘
T |[(P(e,0))

3o



2TEPEA Ywvia Q

Or NNKoG
TOEoU

>TepEQ Ywvia opaipac: 4n sr (rad?)

ywvia dQ

dA=/l’r2 dQ

dA=r*dQ xar dQ=si

~
~
~ o
e ——’
‘-—___—

Mooeg TeT. Moipeg €ival eva sr;
40 = 3282,8 TeT. MOipEG



[MuKvOTNTA OKTIVOBOAOUMEVNS IGYXUOG

2TIYMIQia TTUKVOTNTA 1I0XUOG:

1 .
w=ExH :lRe{ExH }+—Re{ExHe | [Wim]
2 2
| Pointing
Averaged Power Density | W =Re{S}=Re {—E X H}
2 Vector S

10aVIKO OiTToAo Az

] S 12 (ALY sin2@
Re{S}=Re{=[E, E, 0| Re{Sl="p jsmz
2 . S y) 7
0 0 H
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OAIKR akTIVOBOAOUMEVN 10XUG

MéEon akTivoBoAouuevn 1I0XUG atrd mmigaveia dA: dP = Re {S} -dA4

dP =Re{S}-d4 =Re{S}-(+*sin6-d6-dg)

H oAiky yéon iy NG akTivoBoAoUphevVNGS 10XUOC Eival:
2rr

P. = [[RefS}-(rsin 0)-d6-dg

loorporrikn TNYN

R= T]{ Re{S}o(r2 Sin «9)-d«9-d¢ =4’ W,

r
00

1daviko OittoAo

2w

I (ALY . 7 AL)Z
P = smn-6-df-d > p =117 —
42 M 8 77( /1) ? ./ B A
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AKTIVOBOAOUHEVN 1I0XUG KOl TTAATOG

TreANIAll
1HecOIOU

2
p-LL - Pz,
0
= \E; + B,
-2
ZO

Z, =377 Q [free space-far field]



‘Evraon aktivooAiag U(0,o)

OpileTal wg:
... H akTivoBoAoupevn 1o0xUg P, ava ateped ywvia Q. Eivai
avecapTnNTn TOU r

Re{S}-d4
U =
dQ
=95 Refs}r-do
= _ N
dQ dQ
() U=Re{S} 7’
dS=r’dQ ko1 dQ=sin6 db do
looTpoTTIKA TTNYNA |daviko OiTToAo
b ALY
F = [Jud@=anu, :>U0:4 U:le(_j "
Q T Q y)
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\ﬁ« ‘Evraon akTivoBoAiag Kail oAIKR) akTivoBoAoUpevn
i 10X0¢
<

e H oAk} akTivoBoAoupevn 1I0XUC MIOC KEPAIAC TTPOKUTITEI WG:

2T T 2T

P = jjU(@,@-sz HU(e,qﬁ)-sme-de-dqﬁ
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‘Evraon akTivoBoAiag

A@ou n Radiation Intensity U gival ave¢apTtnTn TOU r KQI
£CAPTATAI JOVO ATTO EVOOYEVEIC TTAPAPETPOUC TNG KEPAIAG
XPNOIYOTTOIEITAI VIO VO TTEPIYPAWEI TO

Aldypapua akTivofoAiag

YAVIKO OITTOAO

cmmcc==bocc====k==3 E==t===g===F===u==<
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[MoAika diaypaupata (Polar Plots)

v’ shows how field strength is shaped
* generally 0° aligned with major physical axis of antenna

» most plots are relative scale (dB)
- maximum signal strength location is 0 dB reference
- closer to center represents weaker signals

forward gain = 10dB
backward gain = 7dB

90°

180° _ ) Qo

270°
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Beamwidth, Lobes & Nulls

Lobe: area of high signal strength

- main lobe

- secondary lobes
Nulls: area of very low signal strength

Beamwidth: total angle where relative signal power is 3dB
below peak value of main lobe

- can range from 1° to 360°

Beamwidth & Lobes indicate sharpness of pattern focus
90°

180°

null

48

270°



Aofoi (lobes)

First null beam widih
{FMNEBW)

Half-power beamwidith
(HPFREW)

49

-
-

Pattern lobe is a
portion of the radiation
pattern with a local

maximum
Lobes are classified

as: major, minor,
side lobes, back
lobes.

Source: NK Nikolova



aTd OKTIVO

Rolled out generic Radiation Pattern

Intensity 1
Main Lobe

HP

Back % =

T /2 /2 T

v

HPBW = Half Power Beamwidth
FNBW = First Null Beamwidth

50



Aofoi Kal avolyya 0EouNg

'
Radiation
intensity
Half-power beamwidth{ HPEW)
First null beamwidth{ FNBW)
Major lobe
Minor lobes HPEW
] Side lobe I‘-‘ii‘fr lobe e Main lobe maximum direction
FNBW j /
[ / Main lobe
|
. /2 0 72 x 3
(b)
Half-power point (left) Half-power point (right)

0.5 Half-power beamwidth (HP)

Beamwidth between first nulls (BWFN)

7 Minor{
B - lobes

HPBW: describes the antenna resolution properties

»lmportant in radar technology, radioastronomy, etc.

51 »Often FNBW = 2*HPBW
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o

Aoyocg eputrpooBev/otricBev Aofou

F/B ratio: yia GAAn onuavTIKA TTAOPAPETPOC TTOU
xapakTtnpilel yia kepaia o Adyocg F/B (Front to back ratio)
Otav euBuypauuiocoupe TNV KEpAia Pag JE TNV TTNYN
(avapeTadoTn), Ba AdBoupue Eva TTooO00TO OrpaToC. Av
OTPEWOUE TNV Kepaia avTiBeTa (katd 180 poipec), Ba
AaBoupe kal TTAAI Eva JIKPOTEPO oNnua atrd Tnv idla TTnyn.
O AOyocG Twv dUO auTwyv onuaTwy gival 1o F/B

[TpOKEITAI VIO Mia ONUAVTIKN TTOPAUETPO, TTOU KaBopilel To
TTOCOOTO ATTOPPIYNGS AVETTIOUUNTWY CrUATWY TTOU
TTPOEPYXOVTAI ATTO TNV AVTIOETN KaTeuBuvon atrd TNV
Kepaia (BewpnTikG Ba ETTPETTE va NTAV UNOEV)
Exppaletal og dB [F/B <20dB typical]



Méon évraon akTivof3oAiag U, .

e Opiletal WG n €vraan akTivoBoAiag U, ICOTPOTIIKAG TTNYAG TTOU EXEI
TNV id1a 10XV akTivoBoAiag P, pe Tnv Kepaia

I0OTPONIKA NNyYN
‘... KEpaia TTou akTIVOPBOAEI TNV idla 10XV TTPOC OAEC TIC KATEUBUVOEIC.”
It is a purely hypothetical radiator!!!!

Radiation Intensity U,

v

7 e 2
[©davikO OITToAO 7 . (AL)
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KateuBuvTiki atroAaBn g(0,op)

e OpileTal WG o Adyoc: Ul ,p)
g0 .9 )= 7
e Eival ouvaptnon tng dieuBuvong 0
U U
g=—=4r—
U, 5
Power radiation pattern of an Power radiation pattern
omnidirectionai average antenna of the actuai antenna

[daviko OITTOAO

g(0)=1.5-sin’ @

B “paey)



KateuBuvTtikotnTta D

e OpileTal WG N MEYIOTN TIUN TOU g: D = Vo _ A7 U b
U, L,
D = 2w 4;5
:||> I I U.9) 4
) 3 U (0.0
2 7w
Q= j j U9 dQ =6, ¢, STEPEd ywvia déoung Q, kepaiag
00 Umax (09¢) v

Do 4 47 _ 47(180/7)°  41.253
d D

QA ®HPBW(DHPBW ®HPBW

HPBW @ HPBW = HPBW

N
&)



2TEPEA YwVia OEoUNG Q, KEPAIAG

etval 1 oteped yovia evioc ¢ omoiog Oa exmepumdTay OAN N
160G av N Kepoio eC€meune pue otabepn Eviaon
aktvoPoAiiog n omoia gtval ion ue U(0,¢)/max ocdoouevov
o011 Pr=U(0,¢p)/max x Qa

(a) Nonsynmumnetrical pattern (b) Synunetrical pattern
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e O opIouOC TNC KATEUBUVTIKOTNTOC BaagileTal uOvVo OTNV HOPEPr TOU
OlayPAPMATOS OKTIVOBOAOUMEVNG I0XUOC Kal OEV TTEPIYPAPEI TNV
IKQVOTNTA TNG KEPAIAC VA OKTIVOPOAEI TNV 1I0XU TTOU TNG TTPOCPEPETAI

® ec : 0 AOYog TnNG IoXUOG TToU aKTIVOBOAEI N kKepaia P, TTpdG TNV I0XU OTNV
£i0000 NG P,

e The radiation efficiency ec indicates how efficiently the antenna uses
the RF power

TR LOGE
C
Bnput })r + })Loss
|daviKO OITTOAO » /CU,U
ATIWAEIEC ETTIOEPUIKOU PAIVOUEVOU Ohm 2ma \ 20
- -1
a)//
e
R +R,, 15787 \a \ L
57 3 i




e [loCOTIKOTTIOIEI TNV IKAVOTNTA TNG KEPAIAG VA PETATPETTEI TNV ATTOOIOOUEVN OE
auTh 1I0XU, o€ akTIVOBOAia

U(@o, U
o U( P _ i )
0, input inpu _ max
2 2 G . =4r
input
ut P
0,0)-+
U(0, g(0, p
G(O.9)=4x 200 4z AT _ 00,4
])input Pinput ])m
e - G — Gmax
BoOnég anédoong: Opiletor mg o Adyog © g D
TNG EKTEUTOUEVNC 1GYVOC TTPOG TNV 1GYV
€16000V K0l KATAANYEL VO, EKQPALEL TO eradiation efficiency

7\%3(80 KEPOOVG TPOG KATELOLVTIKOTNTA ec = (0.8 - 0.9) TUTTIKEC TINEC
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2UVETTWCG.....

e AtroAafn N Kepdoc¢ piag kepaiag: opideTal we o
AOYOC TNG £vTAONG AKTIVOBOAIQC TTPOC KATTOIX
OedouEvN KETELBUvVON (B, @), TTPOC TNV £vTaon
OKTIVOBOAIQC TTOU Ba TTPOEKUTITE AV N KEPAId
NTav 100TPOTTIKN PE atrodoon 100% kal dexoTav
TNV idIa I0XU €10000U

e Opiletal, dONAAdN, M€ TTAPOPOIO TPOTTO UE TNV

KATEUBUVTIKOTNTA, JOVO TTOU aVTi TNC 1I0XU0C
EKTTOUTTNG EXOUUE TNV IOXU €I0000U TNG KEPAIAC
(1o0XUC EKTTOUTING Wrad + 10XUG ATTWAEIWV Wioss )
yI' QUTO KalI gival Eva AMECO METPNOINO MEYEDBOC



METpnon Tou gain TNG KEPAIAG

Reference Measuring Actual Measuring
antenna equipment antenna equipment

P = Power S, = Power P = Power S = Power
delivered to received delivered to received
the reference (the same 1n the actual (the same 1n
antenna both steps) antenna both steps)
Step 1: reference Step 2: substitution

Antenna Gain = (P/P,) ¢_q
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Képdog - atroAafn kepaiag G;, G,

e Unless otherwise specified, the gain refers to the
direction of maximum radiation.

e (Gain is a dimension-less factor related to power and
usually expressed in decibels

e G, “Isotropic Power Gain” — theoretical concept, the
reference antenna is isotropic

e G, - the reference antenna is a half-wave dipole

[
-

dBi=dBd+2.15dB

61



EVEPYOG ETTIPAVEIA Ae

® 2 UVAQNC ME TV EVVOIA TOU KEPOOUC €ival N Evvola
TNG evepyou emmipavelac Ae (effective area) piag
KEPAIAG, TTOU KATA BAon xapakTtnpiel TN
AEITOUPYIa TNC WG Kepaia ANYnS

e Opiletal WG 0 AOYOG TNG I0XUOC TTOU AapBavel pia
KEPAIA TTPOC TNV TTUKVOTNTA 1I0XUOC TOU
NAEKTPOMAYVNTIKOU KUPATOG TTOU TTPOCTTITITEI O€
QUTN. 2UVOEETAI UE TO KEPOOC MECW TNG YEVIKNC

EK(PpGOT]Q

@ G——A

LG VEL Y10 OAES TIC KEPULES
62 aveCopTNTOS TOTOV



Evepyocg emipavela Kepaiag - effective area

e Measure of the effective absorption area presented by an antenna
to an incident plane wave.

e 2UVOEEI TNV 10XU TTOU ATTOQIOETAI OTO (POPTIO TTOU CUVOEETAI UE TNV
KEPAIa KAl TNV TTUKVOTNTA I0XUOC TTOU TTPOCTTITITEI OTNV KEPAIA :

P =w-4,
e Depends on the antenna gain and wavelength

eGia culuyn npocapuoyn opTiou — Kepaiag
(A=A 12y ), GNOOEIKVUETAl OTI :

A, =e PLF~—g(0,p) =PLF -~—G(0,p) [m’]
47 4

e=e (1-T7)

Aperture efficiency: n,=A./ A
A: physical area of antenna’s aperture, square meters
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AvticTaon akTivofoAiag R

o H AvTtioTaon akTivooAiag opileTal wg ..

o H 11ur) uTroBeTIKAG avTioTaong mou KGTGVG)\UOVEII IoXU ion pe TV
aKTlvoBo)\oupavn Pr otav diappEeTal atro 10 id1o peUUA PE AUTO TTOU TPOPODOTEI
TNV Kepaia, | = Irms

[0avikO OiTToAO

2 2 2
R =2”’7(M) :8(»%%) :789(%j

A
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Eptrédnon eicodou Z,

e LEpTTEONON €10000U €lval N AVTIOTAGCH TTOU TTAPOUCIAlEl N KEPAIA OTA onEia
TPOPOOOUTiac TNG

e ECaptdaTal atmrd TN YEWMETPIA TNG, TO XPNOIMOTIOIOUMEVO A aAAd Kal aTTo
TUXOV QYWYIUG CWHATA TTOU BpioKovTal KOVTA TNG

V(0)

ZA=[

Antenna

If |antenna = lmax then Z, impedance referred to the loop current

If |sntenna = 1(0) then Z, impedance referred to the base current
Resistance
V()
i =R, +jX
FE (0) 8 === Reactance
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lcoOUVANO KUKAWHO KEPAIAS EKTTOMTTHG

Antenn

Transmitter |\ Transm. line Radio wave

The transmitter with the transmission line is represented by an
(Thevenin) equivalent generator

<&

jXG JX The antenna is represented by its input impedance
(which is frequency-dependent and is influenced by objects
nearby) as seem from the generator

jX, represents energy stored in electric (E.) and magnetic (E,,)
near-field components; if |Ee| = |E,,| then X, = 0 (antenna
resonance)

R, represents energy radiated into space (far-field components)

Generator
=~

R, represents energy lost, i.e. transformed into heat in the
antenna structure




¥ Power transfer: Tx antenna

generator : V.,R., X . = const.
Eivoi: R, =R, +R,; R, X,k #const.

H 10y0¢ (otryuaia) mov anodioetal otny Kepaio ival

: _ 72
iXe iXa P, =I°R,
- 2
R.[] S 115 &
+~ 2 2
G g R, _\/(RG+RA) +(X;+X,) |
= >
O 2 Iy
O PA:VG
(Ry+R,) +(Xy+X,)
VG RL &
A > VG2 RG
P, = R 2 2
3 1+& + XG+XA
RG RG RG
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i lNpooappoyn Kepaiag

Power P, (average) delivered to antenna

1, p
for radiation is given by: b= 5\1\ R,

2UM@WVA JE TO Oewpnua HEYIOTNG METAPOPAC I0XUOC:
2
1
S8R +R

is delivered to the antenna for

Maximum Power PA

Loss

conjugate matching:

2

Anodid V V ri

. ee \8;1 P - lg; (- p,) < bepmonmra
A

Kepaia otnv Rg

R R
Pr:PA(R ! Pl:PA l

r

68



Receiving antenna equivalent circuit

Antenna
Radio wave Transm.line Receiver
X L] The antenna with the transmission line is represented by an
| ] (Thevenin) equivalent generator

jXA The receiver is represented by its input impedance as seen
from the antenna terminals (i.e. transformed by the
transmission line)

qe] ) . .,
Rr b V, is the (induced by the incident wave) voltage at the
(o antenna terminals determined when the antenna is open
O circuited
+~
<
Rl Q: R Note: The antenna impedance is the same when the antenna is used to radiate and
L when it is used to receive energy

<&

Thevenin equivalent
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Power transfer

e The maximum power is delivered to (or from) the antenna when
the antenna impedance and the impedance of the equivalent
generator (or load) are matched

e \When the impedances are matched

- Half of the source power is delivered to the load and half is dissipated
within the (equivalent) generator as heat

- In the case of receiving antenna, a part (P,) of the power captured is
lost as heat in the antenna elements, , the other part being reradiated
(scattered) back into space

e Even when the antenna losses tend to zero, still only half of the power
captured is delivered to the load (in the case of conjugate matching), the
other half being scattered back into space
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Power transfer: Rx antenna

2
Rr + RLoss - RL p = ] ‘VA‘ Ioxug nou
A 7, “ualevel” n kepaia

XA:_XL 4Rr+RL05S

Enayopevn Taon
oTn KEpaia

@ [iveTal 6epuoTnTa
P

P:PA Rr P = A RZ
IoxUcC nou " 2(R+R) ' 2(R+R)

enavakTivoBoAsiTal p
: : 4
ano TNV N Kepaid P :7
1 ) Po=w A,
Ioxuc nou
anodideTal oTo
(POpPTIO
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AauBavopevn loxug Kail nA. Taon 0TO OEKTN

model receive antenna as matched resistive load
e receiver antenna induces rms voltage into receiver
* induced voltage V = 72 open circuit voltage at antenna: V=72V,

open circuit ?é t | Rms
. to matched TIHEG

’\" .
Vant 4 receilver

I

I, = receive antenna voltage
* R, = antenna resistance

» £ =1nduced electric field
» J/=1nduced receiver input voltage

PL: VArms/2 2:I/Arms2 i ‘E‘z A
R, 4R, 1207 ¢

* |E' | = magnitude of radiating portion of electric field in far-field
72
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e O unNXaviouOg ETTAVEKTTOUTIAG, AV KAl OTIC
TTEPICOOTEPEC TTEPITITWOEIC Eival AVETTIOUPNTOC ApouU
o0nyei o€ peiwaon TNG I0XU0G PL, XpnoIdeUEl yia N
ONUIoUPYiIa OTOIXEIOKEPAIWYV

e H apxn 1nG apoiBaioTnTac TTPOLRAETTEI OTI O
KATEUBUVTIKEG I0IOTNTEC UiOC KEPAIAG OTAV
XPNOIMJOTTOIEITAI VIO EKTTOMTTN) TAUTICOVTAI ME TIC
I010TNTEC TNG OTAV XPNOIMOTTOIEITAl VIO ANyn. 'ETo1 KAOE
KEpaia epgavilel TNV idla cuvapTNOoN KETEUBUVTIKOTNTOC
€iTE XPNOIMOTTOIEITAI VIO EKTTOMTTN EITE XPNOIMJOTTOIEITAI
via Ayn, utré TNV TTPOUTTO08E0N OTI TO TTPOCTTITITOV £XE
TNV id1a TTOAWON
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MapdyovTag KEPAiag

2UXVva, oTn Bewpia KEpAIWY Kal EIDIKOTEPA OTIC JETPAOEIC KEPAIWV
XPNOIYOTTOIEITAI O OPOC TTapayovrac Kepaiag (antenna factor) yia tnv
ITpoTutTorToinon uiag kepaiag. O mapayovrag kepaiag opileral w¢ 0 AOyo¢
TNG EvIaang Tou nAeKTpikoU 1ediou E (V/m n uV/m) tou nAekrpouayvnrtikou
KUUQTOC TTOU TTPOCTTITTITEI OTNV KEpaia mpo¢ tnv racn V (V i uV) mou
avarmTuoeTal oTa AKpa aUvOED TNS LE TH YPAUUN LUETAPOPACS, OTTWC
paiveral aTnV TAPAKATW OXEON:
AF= E/V

Exppaletal o€ 1/m 1 o€ dBm-1 amd tn oxéon

AF(dBm-1)=20log(AF)

AmoocikvoeTol OTL; AF =



Evepyocg emipavela Kepaiag - effective area

e Measure of the effective absorption area presented by an antenna
to an incident plane wave.

e 2UVOEEI TNV 10XU TTOU ATTOQIOETAI OTO (POPTIO TTOU CUVOEETAI UE TNV
KEPAIa KAl TNV TTUKVOTNTA I0XUOC TTOU TTPOCTTITITEI OTNV KEPAIA :

P =w-4,
e Depends on the antenna gain and wavelength

eGia culuyn npocapuoyn opTiou — Kepaiag
(A.=A.;,), anodeikvueTal OTI :

A, =e PLF—g(6,9) =PLF ~—G(0,¢) [m"]
47 47

e=e (1-T7)

Aperture efficiency: n,=A./ A
A: physical area of antenna’s aperture, square meters
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Apxn AvTioTolXiag

Reciprocity Theorem with Consequences

Tx = Rx Antenna HU > Friis Transmission
Formula
A
])received - G . G . 2’
P A AT
transmitted nr
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Power Transfer in Free Space
-
e L. wavelength [m]
PR = Wy AeR e Py power available at the
] receiving antenna (load)
[ &g (0, ¢)PrT A €,2 (6, ¢) e P, power delivered to the
— 5 transmitting antenna
Ay 47 e P, power radiated by the
transmitting antenna
((9 ¢)€ P /126 (9 ¢) e Gg: gain of the transmitting
_ Er\Y, T~ inT rRER\U, antenna in the direction of
o 2 the receiving antenna
4rr 4r e G gain of the receiving
antenna in the direction of
A 2 the transmitting antenna
— eTeRBnT EN e N e Matched polarizations
drr
2

B Gr(0,9)Gp(0,9)| ——

dr
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‘*{ Aiadoaon eAeuBepou xwpou kal Free-Space “loss”
N
<&
eH anwAe&la kevoU Xwpou oTNV NpaypaTikoTnTa Ogv €ival anwAeia,
O(PEIAETAI OTO OKOPNICHA TNG AKTIVOBOAOUMEVNCG NAEKTPOMAYVNTIKNG
EVEPYEIAC OTO XWPO
eEival n eAaxioTn anwA&lad Nou UNopei va ocudBei avaueoa o NMouno Kail
O0ekTN (Ta PUOIKA Palvoueva au&avouyv auTn TNV anwAe&ia)
eOpileTal oav n unoBaduion TNG I0XUOG TOU ONMaToc META&U TNG
EKNEPNNOPEVNC I0XUOC Kal TNG AauBavopevng anod I00TPoNIKN Kepaia

Free Space (Basic Transmission) Loss
Grx GRx

D—E——%—")-D P = TX Power

i G = Antenna Gain

1
Power )
Level :

A, = Free Space Loss

M = Fading Margin

Prx

Receiver Threshold

» Distance
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OepUOKPATIA KEPAIAG

79

H kepaia utropei va BewpnBei oav Evag 0EKTNC
Bopuou, apou KABE AVTIKEIPEVO TTOU £XEI KATTOIO
Oepuokpaaia TTavw atro To ATTOAUTO PNOEV
OKTIVOBOAEI.

H TToooTtnTa TNG aKTIVOBOAOUMEVNC 1I0XUOC
TTAPICTAVETAI ATTO Hia Icoduvaun Bepuokpaaia.

H Bepuokpacia TNG Kepaiag N Beppokpaaia TNG
QVTIOTOONG AKTIVOPBOAIaC TNC KEpaiag TTpoadlopileTal
aT1To TN BEPUOKPATIa TOU XWPEOU N AVTIKEIMEVOU TTPOC
TO OTTOIO N KEPAIQ Eival TTPOCAVATOAIONEVN



Oopufog cuAAeyopevog atro Jia Kepaia AQyng

e nyéc Oopufou

e Sky Noise

ATHOOQAIPIKOG 1 ZTaTIKOG OOPUROG  yia f<30MHz

[[aAaciakog @opuBog(Galactic Noise) psiwveral avdroya 1/f24
@06pupoc udpatuwy - Water Vapor) Max ota 23GHz

©@06pupoc Mopiakou Ocuyovou (Oxygen Molecules) Max sta 60GHz

e Sun Noise
e The level of the sun's contribution depends on the solar flux. It is given by

T,= 3.468 F A2 10610

where F is the solar flux , A is the wavelength, and G is the gain of the antenna [dB]

e Man Made Noise < 600 MHz

e EBagpogTNgyng
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AEAOMENO 2. H koopmkn aktivoBoAia umoBaOpou sival aktivoBoAia péiavog ow-
patoc pe Bgppokpacia T = 2,73 K.

A 2 g
J(Wm™ / mm) — BeapyTiKg

KapmoAn
a FEPAUETIKG
dedopiva

A (mm)

... KAl TO CUPTIEpACpa:

Agv unapxer kavévag tpomog va exer dnpoupynBei km va mAnpoi to cupnav pa aktivoBoAia peAa-
vo¢ owpatog —onAadn ma Bepukn akuvoBoAia- nmapa povov gav exel eknepgbesi ano tnv ida tnv
UAN TOU CUPMAVTOS O€ P1a umepBepun apxikn KATACTACON K1 £XE1 EKTOTE YuxBel Aoyw TNC KOOHIKNG
daotoAng.

H aktivoBoAia umoBaBpou sivar n avapgiBoAn amobeifn —o abiayweuotog paptupag— tng MeyaAng
Exkpnénc.
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e Eav T(0,p) n Beppokpacia Bopuou atrod To
EYyYUC TNG Kepaiag TepIBAAAovV oTn dieubuvon
(0,9) kai U(B,P) n Evraon akTivooAiag t1ng
KEPAIAC, TOTE N OUVOAIKN Bepuokpaaia
BopuBou T, TNG Kepaiag Ba TTPOKUTITEI ATTO TNV
OAOKANPWON OAWV TWV CUVEICPOPWYV TOU
ECWTEPIKOU BopuURou wg £ENG:



OAIKN Ogppokpacia kepaiag T,

V@D 4

max

T, = j ["T.0.9)

o Maxpwvi quasar
T >10°K o
“Aderog Eii _:_]l
ovpavig,
3K

® Apnc, 164 K

Kepaia \ i
xoavng | \ Losabous anieenn
; B Kepain
! EKTIOMTNC,
= 0 1
i 7 100 K

I| - C 4 : L

S~
Afxtng - ff V, ﬂ Avbpomog, 310 K 1] - ' e
{ S | " i =
e mflle g a0 T
‘Edagog, 290 K £ L5 |1 [ I ||'1 |

T = &eeed e rad il e
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OepUNOKPATIA CUOTAMATOG

1 1
physical (Cl_l o 1) + TL physical (a_2 o 1) + TRx

T =T, +T,

Sys

a,,0,: Bepuikeg anodOOEIG KEPAIAG KAl YU avTioToixa
0<a,,a,<1

_______________________ - To
detector

l l l l

T, = T, + T,0G, + T,/(G,G,) + .. +T./(G,G,...G,)
AT, EAG '
ST . = SYS X10TnN aviXVveuolidn ATA > o1 .
tmin /Aft BepuoKpPaACia CUOTAPATOC i
N =kT,, Af, Zyéon Nyquist loxug Bopupou

OTO OEKTN



e Oeppokpacia kepaioc T

e Power received from antenna as from a black body or the radiation
resistance at temperature Ta

inals
Antenna \
. pattern
; /

p=kT [wHz'],k=13810" [JK']

S: nukvoTnNTa Io0XUO0C ava
P = SAAf ) A8 povada elpoug LHvVNg |
A.: Evepyog gnipaveia Kepaiag
AT ,: enau&nvTikn Beppokpaaia

= AT,
P =kAT Af

O KEpaiac
L =ag Q, ywvia deoun¢ Kepaiag
AT, = Q, £ 0 Qs Ywvia deoung nnyng
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IoxUc OopuBou OoTO OEKTN

Received noise power from an antenna / receiver system:
Noise power  Ng, = W,+ W, =k Ty, Af=k(T,+T,)Af

Tsys T TA ¥ Trx

T receiver noise temperature

antenna temperature (signal, atmosphere,
antenna losses)
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MepIKEC EPWTNOEIG.....

e What is the lowest brightness temperature of the sky and what is
its origin? 3 K, comes from Bing Bang.

e There are some strong point sources for noise on the sky. Which
is the strongest? The sun.

e Mention some strong radio stars and what can they be used for!
Cassiopeia A is used to measure gain of antennas.
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Eupoc¢ (wvne¢ B

The Bandwidth B is defined as ...

“... the range of frequencies within the performance of the
antenna, with respect to some characteristics, conforms to a
specified standard.”

[1x [Na 10 eUPOC cuxVvoTATWY Yia TO OoTToio N |Xa(f)| ival oXeTIKA
UIKPN, N KEPAia TTPAKTIKA Bewpeital ouvToviouévn. To eupog Af
KaAgital ouvnBwce eUpog (wvng TNG KEPAiacg.

Pattern Bandwidth: beamwidth, gain, etc.

Impedance Bandwidth : input impedance, radiation efficiency

Broadband Antennas: B, .=f fiower (B=10:1)

upper

Narrowband Antennas: B, .., = (fuoper = fiower) / foentre  (B=5%)

Frequency Independent Antennas: Bsing. =40 : 1



| Tomol kepaiwv
<&

a) AVaAuTIKN MEAETN

MrpaUUIKES KEPAiES |- Ei::::r:e . Kepaigg 2D & 3D

B) Texvikn arroywn

TTOIXEIWSEIC KEPAIES ZUVOETEG KEPAIEG

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

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

Ol BaOLKEC TTOPAUETPOL TWV KEPOLLWV



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

Ot BaoLKEG TTOPAUETPOL TWV KEPALWV




2 NUELWLOTOL



>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amotelel tnv €kdoon 1.0.




>NUElwpo Avadopac

Copyright EBvikov kat Kamodiotplakov Mavernotiuov ABnvwy, Anuntpng
Bapoutag, Apltoteidng Tolmoupac. «Kepaieg, Ot Baolkeg mapApETPOL TWV

kepawwv». Ekboon: 1.0. ABrva 2015. AtaB£otpo amno tn diktvakn dtevBuvon:
http://opencourses.uoa.gr/courses/DI123/.

¢ OL BOOIKEG TTAPAUETPOL TWV 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.

Ot BaoLKEG TTOPAUETPOL TWV KEPALWV 8


[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.

¢ OL BOOIKEG TTAPAUETPOL TWV KEPALWV




>NUelwpa Xpnonc Epywv Tpltwv

To Epyo auTO KAVEL Xprjon Twv aKOAoUBwv Epywv:

Ewkoveg/Zxnuata/Awaypappato/Dwrtoypadieg
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