—

¢

ELEMENTS  oFf A _FANG  TRARNS MISSION SystE

Sk LA ELEMENTS -
¥ SIGN A SOUL &£
< ReECEWER

gV ANTENN AR

¥ MEDIUM - USUALLA THE. EARTHS  ATMCS

Ko ENVRONWMENT —  TER8AN , VEGETATION,
SEA E£TcC.

v INTELEFERENCE € NoseE. — NATUWEAC AN
MARN MADE

NoOwQe. €@ (NTELELELENSCE



AN

THe ANTENNA AS A SUSTEM  FLE MERT

WHat & Al ARNTENNA €

— AMNM STRUCTURE o ey TIME —
UARY NG CUREENTS AN R EXCUTED
CWIRE  ANNVTENNASY o TTME — UARMY G
ELECTRAC AECDS AN BE  SWFOLRTED.
(AFPELTURE - T™MPE  ANTENNAR)

— T2ANS MRS ION |
t I ?‘ 6 M*“ MEDIAM = }‘;‘i“ % ‘3’“) KX\
TERR. AN \

— NOT EASY  TO  SEFALATE ANTENNA

FROM (NTELACTONS WITHIN  SURLOUNMING
ENVW.OR MENT.

nNole € (NTELFERENCE

HowEVER, FOL ARST oDEL  CALCULATONS
AT s AN ARQUE. WE. CAN MAKE
A Goos APPEOY UM ATO A .

~NOTE A ExXCEFTON T Tl &

UBFE  MORWLE EADO WUHERLE THE
HUMAS dEAD AT ASTE NNA

CANND T Rge CONSIDELED
INDNEFEND ENTLH



(ST -0RLER BrPPE N TLAN

(e[ eke]

NOISE. @ (N TELFEZLENCE

Gr A Qe PePleESENT —The. GAINS
oOF v ANTENNAR N THE o TiMUumM
(NANTEDY  DigecTon

—

(w, courd Re A TRANSMILSON MATRIX
OR. SR A LOSS.

TMPES  (OF MY TENNAS

TWO  QENERLC TMPES  OF  ANTENNAS
CPDRTUNG WAHEYS  RYU THEIL SiZ2Ee
CoOMPARED "0 THE WAVE LENGTHY

¥ OAPECTURE — TMFPE ANTENANAS:
AZE > A (oFTEN 3 N)

e WIZE. ANTENNAR ol wWaed:
Stze <N (0FTEN < %)



We o AN E£MELoH AL AMS of Ao\
WIRE A D APER TUE AN TEN N AR

THALAL WSIRE ANTENNAS
MONO POLE ) DLOLE | LONG - W E
NOTE. AT JLF o¥- Lf A C_ONICG,
Flece of WIRE S S TiLL  ELECTTRLC AL

SMALL COMPALED O THE. WAVEE NGTH

SoME- ExXAVAPLES

“TELE. COMMARNC TWORS SUSTEM AT EANA
X FE@(N/\L Mor( e ¢ MONOOLE
E¥SATELLTE  FNED x [A2a Gol
SERUICE (GED) DSY
¥ SATELLTE  MokiLe (GEQR) ¥ STEELARLE DSY
(NECLE MORLE) * ITEEL AR LE
€0, WMARS AT FLANE. ARR AN

K KU~ CoNLLAT

* SATECLTE  Moge. (LEO) £ MONDFOCE 7
£ 6. EdDwWnM

* SATE (LVTE BROANCART ¥ DI
€.0 ASTRA e FLARNAK.  AREAM



/en\

e TELKL ESTEIAL AIXED ¥ DS
(FidT - To - 7OINT

¥ TERRESTELIAL BPOADCAST +«  YALL- DA

CFM = TV ) (ENDFIRE  AREAY)
X LOG- FELIODC
¥ Loof
* SOV
¥ STRATORPHE £A\C H DA
BAU_OONS

(SKM - STATW Q)

KAl SYSTEM ANTEN A

¥ WENTHER ¥ STECLAR(CE NSHES

+ ML TRAFELWC AND ¥ SECTONS  of DISHES
MARINE 6. SLOTTED  ARCAAS

* WEAPONS GUID ANCE ¥ STEELABLE DISHES

g TLACUKING [INTELCEPTON X STEELARLE DSHES
o, ARIE AU



Q%U’f\ TLON £ oM ANTENAN AR

e ARTENNA & A DEVWE.  TuAT
1S THeE TEANSE TIoON RETWEERN A
GUIDED WAVE. (N A  TEAANIMIAQSoN  LNE
(E.6. CO-—ANAL CARLE , WAVE GUINE  ETC)
AN TWE TRA NS MRS o ME DLW
(LSUALLY EVTHER.  FREE-SPACE. (oK.
SOME  DECECTRLL)

GENE L A TOE
IZ T ANSMARSOON LN E \
== — =}
: l | |
{ 1‘ |
J i‘L \

Gub e (TEM) TEANSITION LEE SPACE
WAVE (D WAE KEQUN WHE N

o8 ANTEANA 3]

Al AR TERNNA cAN  RE. VIEWEDN AR

AN UNMPEDIANICE MA TCHING  DEVLWCE.

GE T WEEN THE. TEANS MISS N LNE
Aol FLET —sPact. (02 A B\EL.E_C:TIQ\Q\




WHAT  “THPE.  OF WAVES ARE LANATED
FLOM A ANTENNA © ARE THEY
FLANE.  WAVES 7

IN  FREE -SPACE, “THE SOURCE - FREE
WAVE.  EQUATON  For £

SZZE_ — __L ézﬁ_ = O
QZ atl-
Woge e
C = L
e
O, “TUME — HREMONILC FIELDS | TS
REDUNCE S o (CLOSSULESS CARE)
v 2
VE + KE =o0

e — FEEE SPACE. WNAVE NUMRE &

Qo = WJE = OO — 2T

——mes

- No

FE - ARC Anil)l, INTO CARTESIAN FORM
WE ol OB TAN  (FoR £

63 - 630 exp (¥= —:y\\t}



Hx

Al ﬂ%m/ﬁm R ;ﬁ
K IAZZANN
o (ZofACATION

T DMEECTION

LANE WANES m DIELECTAL. MEDNA
ATID FLEE — SPACE.

?f* feoPac AToN CONS TeNNT = o<+“>5

X — A TTENUMATIOA CO-EFECLLENT
(k=0 oL A DIELECTELC MEDIUAM =<
FlEe SPACE)

B - fitrse -SweET  WiTH D TANCE
B= 20
N
N FEE sPAacE XN = F, WE usunruy
NRATE —k  (FLEE -SPACE  FROP
ce:\\swmﬁ’}

NoTE -
b/ = :)/Zg Pe - COMFLEX WAVE NUMBEL

WE_ Wit DEAL. Wiy ComfFLEX WANE
NAMRE PSS WHEN  WE OO, AT
SVEEACE.  REFLECTIONS



FLANE. WAVES  HAWE  ~T&E

FoLLOWINQ
PeofER ThE S,

¥ WE HY N & A WPME FEoN T  ofF
INARN G TeE EXTENT
* Tde fIELD  STEAGTY

DOES NOT
DIMIR(SH WITH DISTANCE.

fLANE - WANES  ARE  THUS AN ARSTRACT
CONCERT, KEQURING A SOUBCE OF

NANITE AWEL.  AND|oL. EXTENT  FOE
THFELL. QENELATON,

THEY CANNOT ABE CGENECATED R4 A
PEAL  ANTENNA SUSTEM, WHELE WE
HAJE. O CONSIDE £ FINNTE — St 2en
SOURCES AND  SPHELICALC WAVE ERONTS

HOWEVEL , AT A JELY (ARGE DISTHNE

THE. PADIVNS  oFf CURVATURE OF
THE WAVE. FRORT M AY R A
GO0D  APPROYMATION T A FLANE

WANE FEONT SVEK A SM AT
AYER TULE



S \ o @

N\
N N\
~N

\
C o \ SfHEL AL \ \
fNTE Sieed WIVE ~FRONTS | \
Sowzce | | L
3 @\:Z ! | )' i | 1\( ~ LANE
I / L WAVE-
- / / [ ) FKOMT
Y / / ,r
7 / / |
/ / / |
o> ANGLE - TTHE. STECADIA N
2> CARE, THE  AADARN.
e ALC LenNo ™ | L= vB \F L=v

TotAL ANOGLE N CI2CLE & 2T LADS .
oL ALC  CLENOTH S 27V,



A OARE e STERATI AR

MEA | A on

SfHeee

LD ANGULE.  J2.
CENTRLRE. OFf SfHEWLE

Aeen A o THE  SUEAACE oF A SPHeElE
SWRTENDS A 0L ANKLE J2

- THE ACEA A, COVELS TuE  WHoOLE
SO FReE_ oF THE SPHERE | THE
SO ANGLE SURTEANDEDN S

4T STELCADUANS (0 SQWREE  ZADIAR)
COFTEN DENCTED  sv7)

ST FC  #rR
AREN OF

N

SWEFACE. OF A



fFol. THE ELEMENTAC ACEA oA
‘T CAN  REe SHow N THAT

dh = (v s dg) (v dg) = Zsn0dldg

ddL = sw8 d6 dg
= Sotad AN GLE

- (o

)

N TEGEATING THE. AY-EA OF “(HEe
STRW  ove¥d Al o8 ™ GwWe
ARCEA OF SPHE LE

I
ARC A oF SPHERE :S 2wy sw@ vl

W

= —2mv S cost \
0

= LTV

HeENCE | 4TSV \S oL ANGLE N A
SPaE e

AHE (SOTROAC.  ANTENNA

Al LSO TEOPIC. 2ADIATOL HAS RO
freFeer e DeecToN of  EANMATON

A WD TROFIC  ANTENKNA LA A TES
WNIFORMN LM N ALC DIRECTTWONS  oVEL
A SPHERE. CENTERED  ON Twe

AN TENN A



(2

THe. SO TROPAC AALTE RS 1A S ULE D
S A L EFELENCE Wi TH WHWCH OTWRERL
ANTENNAS ALE COMPALETD.

F e, fONEL SWPPLED  To AN
ISOTROPIC  LADIATLR 1S WATTS, “THE
fowee. DenNsiIT™ AT A DISTANCE K
FROM  THE 10TROFIL SpURCE (S,

fowEL DeENSITY = fr INEZ .
(FOWEL. FEL. unlT Ly RS
ALEA ;

Mehn oF SPHERE.

WE CANNOT  (ONSTRUCLT AN 10 TROAIC
v Ao, (N FPEACTIWCE . FOR. £ - M
WAVES o PRoPAOCATE , e E— FlEw |
H- ALELD AND PEOPACATION MUST
FOLM A MATUALCA O THOHGON AL ST,
C-THS AN StowlN  FROM  THE. WAVE QM)

WE  eANNET ACHHEVNE. TS fel EACH
foNT oM A SPrEeE |, TTHERE wWlLL
Re A SINGULAE T SOME W HEK &

— TS S TTHE e RALL
Pec e, m



@

NOTE © AN OMN I -DIREC TLonAC ANTENNA
1S NOT AN 1SOTEOAL  ANTENNA . The
TERM  OMN - ECTIONAT" & A MISAOMEZ

AN OMNL- IR ECTONAT  ANTENRA 1S
ONE. THAT RAD UATES  UNIFEOEA LA

N ELTHE & AZIMATY 0. ECEUATON,
R WNT NOC RO TH SIMUWULTAN Eons L .

AMTENNA feoPEC T ES

WE  NEED 0 DEANE SOME  PeofPeeTiES
OF ANTENNAS  To FPROCEEDN;

¥ LADIATON RES(STARICE

* REAM AND  FIECD  ATTELAS
* REAMN AREA

¥ RADATON (NTENSITY

< DIR. EC TN 17T

* OGN

¥ raviz= A ToN .

WE ALy NEED 0 MAKE  THE

DS TN CTOR RETWEERN NEAL. AND
FAE.  HECDS.




NEAK FIELD AND  FAL. FLELN LEGIONS

KADATOL

/r T 1\ w BleAL (nd

SUKEACE. CUREERST

\ e PACA L

WA E FEZONT
TRAN S MLISLON

austem (£ c
WANVE QUMD E)

PUWE O e AMPLITUADE AND
TS TLIRNTWON  OF

AFEL TURE

s e
THE FIELDS QUER

THE

of THe. RLKADATL | TTHE
FELD  COMPONENTS SEE A NNAFELENT
DR CON TR ALTY

= (ue £ — FIECS  LINES

ol A
SPHELACAL WARE. FEONT.

L\>




©

AS  THE AEWMS ARE fROPAGATED AWAY

FLOM THE KADIATOR , THEN MAKE A
TEANSATLON RETWEEN  “TTHE.  FUNDAMERNTAT

MODE O A HIGHEAL. MODE IN WHACH
THE £ - FIELDN fOAMS  CLOSED  LO0RS.

HE - AELD 18 TRANSVELSE AT THE
CENTRE. oF TUHE (OO, AND AT THE
ENDS AR A EADIAL. COMPDA EAST

K TH S 8 A (C(HAR ACTTERISTWC  oF RBeind
N TTHE. WNEAL. AELD (or FRESNECL)

CEOG\ON.

“THE. EADUAC COMPD N EN TS AL E
ATTENUVDATED VUEEM QUK 1o (EANVE

A PNECE(H TRANTSVELRIE COMPON ENYT
OWHEN THE  HAS OCLUEED WE. ARE
SA™S To Be IN THE A FLECD

(0B FRAUNHOFFEL)  REGOA)

FOR. ANTENNA FATTELN MEARUL E MENTS
THE  "TEANQ TN RETWEEN  NEAR

AND AR FlLECDS 1S ASSUMED
TO  TAKE. PLACE. WHEN ~Tue WAVE FEoNT

JARIES FEOM A Pur e fLANE WARE.
(2 :t:>\/uo WS GUWES R\SE. ~To A

DISTAN CE of AolGwY 2D/



SCHEMATC  WLANSTR2ATON  OF  THE
TREE . LEGIONS SUEBLOUNDING  "THE

Al TENNA
\ 7
i R
| — —
—t> T - _/7\
Atednd || —F—— \
s —a
R J
{ T $_/
| T
/ b
Kerenue Z A AT R C
NEAC - ClECD FLESNE (
C ARESNEL) A=TIN KAD A TInG
EEGION e — FLECN
(FeAUNHOEEE ©)
ZECIoON

¥ ANTENNA ME ARUKE ME NTS C PN
Re. MADE  IN THE. NEAC R
AL HECD.

S} FROM NEAR - ALECLD MEASKL £ ME NTS |

THE. e - FLELDS AN BE DEDUCED
VIA FOULLER. TECHNIRQUES

£.6. RAe DEFENCE SUSTEMS
AT ON ISCE oF WHGHT



£AD ATON  PESISTANCE.

“THeE A TENN A APPEALS FEOM THE
TEANS MIssioN UNE. AR A 2- TELMINAL
CAP AT ECEMENT.

“Toe  ANTENAN A RS AN (MPEDANCE.
Z_’ AV A KEI\STWE. COMPFO NE NT
CACLED THE RLADIATON KESSTANCE
zr : Z = K« ’VAX + (K

Tae  EAD I ATON  LEQWTANCE (S
AN EFFECTWE.  (NOT PRUSICALY
KESISTANCE.  COUFPLEDN RO THE.
A TENNA AND 1TSS ENUVRAON MENT,

CLOSE LM LKECANATEDN (O THE=
R A VATOR) RES\S TANCE. S THE
ANTENNA - TEMPELRA TURE. | Ta.

Twe. LEACTWE. COMPONERNT oFf Tuwe

ANTENN A 1 DSWALLA NUWLLIFLEDS
M A CONTUOATE  MATCHIN G
e AeT ANCE. .

IDEALLH K = 2o 0oF DRWING SCUECE,
AN X =0



Qe AN el TATTELRNS

WE QENEELALA  SPECIEY Ul ANTERNNA
FLELD FATTELNS N A SYSTEM  oF
SPHEAC AT folAk_ COOCDINATES,

T COMPLETELA KPECIEA THE

Lo arTon)  ATTELRN it RESPECT (o
AECDd  INTENSITH AND LA ZA TN
CEQURES  “THEEE  PATTERNS |

A< E& CQ) ¢> Um™
x Ed (&, %) U™
s fmses of THESE fEss  S6(0,0),S4(8,¢)

FElDd facteens  ARE USMALLA  NOEMALIZED
£ .G
Fo (8 ¢), = Eel&d)

6{9&9) ¢> lMArX

(ncter s ARE Aso  SPECIFIED USING  THE
oUnTing VECTol.  (fowER  DENSIT

ﬁ/\ C@)¢B = S<®)¢> SCQ)®> = LE&Z 'fE{ézJ
S(8,8) moe Z,

Z, T 120700 L2




Power pattern
Field pattern Main lobe axis

&

Main lobe axis Main lobe or main beam

Field
components

Field £t

pattern Main lobe

¢ . Half-power beam
Field in width (HPBW)

8, ¢ direction

Beam width between
first nulls (BWFN)

\

Minor lobes —*
Minor

lobe null

(a) (b)

dB pattern
Main iobe

0 dB

e
-3dB
Minor or side lobes First side lobe
\ Null Null /
- 10 dB !

I\ L
/ﬂ | N

__.-__._>
6

(0)

Figure 2-3 (a) Antenna field pattern with coordinate system. (b) Antenna power pattern in polar
coordinates (linear scale). (¢) Anténna pattern in rectangular coordinates and decibel (logarithmic)
scale. Patterns (b) and (c) are the same.

e




