
4. Introduction antennas

4.1 Power Density- Poynting vector

4.1.1 Power Densi ty

The power radiated per uni t  area is F:Ënn. Let 's car l  p, , (0,g) the
power-densi ty in a direct ion as the powêr per uni t  space-angle,
then is the tot,a1Iy rad,iated pob/er

Wt= dQ with dQ = sin0ff idg (4.1)

v

^

Fiq.4-1:  Coordinates,

/eo to,  ó l
n_

The average radiated
becomes

powêr density

W-
.eav - j f ,

per unit space:angle

(4 .2)

4.1.2 Polmtingr vector

The antenna-radlation-diagram is the antenna-power-diagram which
indicates the power density f lowi-ng through a sphere with radius
T. This var iat ion can be shown in t ,he form of a polar plot  in
which the radial vector has the magniÈude of P", pohrer density
antenna, for  a f ixed dlstance from the source and Èhe direct ion is
that of the point at which P" is measured,.
To avoid specifying any part icular distance it  is usual to display
P,/P-, P. being the maximum radiated pobrer density in any directj-on.
Such a polar plot 1s reffered to as radiation pattern of Èhe
antenna. The locus of P^/P- descrlbes a surface, dD exampre is
shown in f iq.4-2(a) for  the short  e leetr ic d. ipole.  Several  var ia-
t ions are useful ,
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For example,

t r ical  about
protr  or  rag.
di-splayed in

the radiat ion pattern of  the short  d ipole is symme-

the axj-s,  so i t  is  only nêcessary to show the single
4-2(b) .  The radiat ion of  such an antenna nay al-so be
Cartesian form as in f ig.  a-2(c) .

\a)

Fig.4-2:  Radiat ion pattern of
plot .  (b)  Sect ion.  (c)  re lat ive
antenna.

Angle of f  axis in plane of  symmetry
( dug recs )

nAr
a short  d ipole.  (a)

radiat ion pattern
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This diag.rarn corresponds with

(t )  =

or in sinusoidal t,erns

P='a.v

Ee
I
I
I
I
\---- T

\

q

trhê (natching) condit ion for maximum energy-transfer is
Z^=Zn'

!{hen the above system works as recejver-antenna Íire have V.:0
. poluer delivered at the receiver

fn,rrn

the averaqe Poynting-vector

(  u A n) (4.3)

IJ+\  l^  / t \
Jr I  \=rE/ '

a

Fig.4-3 :  Foynt ing-vector.

4.2 rnpedance, Directivity, gain, effective surface and height
altenna factor

4.2.L Impedance

The equivalent circuit of an antenna and Èransnj-tter/receiver
given below

Fig.  4-42 Equivalent c i rcui t ,

With Z^:R tR.+jX^ and R"= Ioss resistance

J- it

f rz:21*.21

Zr:Rr+ jXn
R.= radiaÈion resistance
X^= antenna reactance
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wa = ïz .Rr = (h)r  .R, (4 .  5)-  lz t l

. po$rer re-radiaiea oy receiver-antenna

w" = 12.f t ,  = (h)r .R, (4.6)

- powêr dissipated in ohmic (Jou1e) losses of the antenna

wr.  = 12.RÀ --  (#\r ,R" (4.7)
l tu t l

When the system works as transmitter-antenna, h/e have VÀ=o

' power radiated by antenna

w, = ï2.R,.  = (+)r .R, (4.8)
l4 t l

.  power dissipated in ohnic (Jou1e) losses of the antenna

wr = ï2.Rr = Gi;_, , ' .R" (4.  e)

In practice the antenna is rnatched only in a smaLt frequency-
rangê, a range fof  which VSWR<2.

4.2.2 Directivity and Gain

We define the directivity-function as

P^ (0,ó) AnPn (0 * l
d(0,ó) = ' .o i  " '  -  

-  - r ' . ' - ' r í l  (4. i_O)
Pe,.n Wz

fhe maximum directivity is

n- 
Per"* 

-  
Af tPe^^* (^ í1\

u -  -=- -  - - : -  \=t f r , l
Pc.un Wr

We didn't tal<e infuconsideration the losses of the antennar so norrt
we def ine the gain-funct ion and the ef fect ive gain.  The gain-
function is the variat ion of the radiaÈed pohrer (transrnitter-power
Wr:lrI"+W") with respect to the angles e and rp.
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9(o'4) =4nPÍ)(9 '+) G'n)wr

and the gain becomes

o _ Arla^* 
(4 , j_3 )"--w- \É

I

The ef f ic iency of  an antenna becomes

W-Ê

' l  
= 

É 
= 

á 
(4 'L4)

I

with 50? < q

We can d.etermine the gain of an antenna in any di iection by rneasu-
ring the power density in the far f ield in that direction for a
given total Èransrnitted poÍder density. The power densiÈy can be
deternrined using a st.andard receiving antenna with known gain.
such as the s inple hal f -wave dipole.

4.2.3 Effective surface

Aert= = * ' l  
(4.1-5)

If a matched anËenna is used, wê have RL+R"+jXo=R*-jX' so consi-
dering

v,
W, = (1*) ' .Rr

l4ul
--2 -2Vv.! ía VA

fr, = --j-;a-1-' --;i- (Rr=Rr, no l-osses)'  4(Rr+f i r )"  4K,

th is means that A^, .  = v3 (4, l -6)
eta À n n

+._r, f ,E

One can proove for al l  antennas:

^?.Aerr = + G. i .7>
+lL

is  the ef fect ive receÍving area of  an antenna.
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Now we can examine a one-direct ion radio t ransmission formule.

\

t f ,  í ,G,A"14n,,

-'+- 
PrGrl4n'2

Fig.  4-52 A transmit ter-receiver system.

Consider a transmitter with galn G,, transmiÈting a total pobler Wr
watts,  ês shown in f ig-4-5.  Then the po! ' ter  densi ty P, at  d istance

r from the antenna, is

P'= 
w' 'G='  

f -Lf-  4nr4 m"

À receiving antenna of ef fect ive area À.rr  and pobrer gain G* at this

point,  directed towards the transmit ter,  produces an avai l -able

power PR.À.rf ,  given by

G^. W^. A^.-;;* = ---T;;Z:

Taking in consideration the losses of the medium L,, and with some
Iosses caused by polarisation-rotation L", Í / íe receive the fol lowing
DOWer

t . ,, ,  -  
wr. \2.GR,Gr.Ln.Lp

(ncr,)\

with G, and G, the t ransmit ter  and receiver gains.

Suppose that the transmitter is located on place a and the recei-
ver on place 2,  we get

t7 _ W,Aeff2.Ln,Lp.GL
"a-@

G..A^ = w* '4nr2
L 4 ff i r .  Ln. LD

Changing the posit ion of receiver and transmitÈer, we get
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W-, 4n12
e_ _a_ = ___a__

ÁLTtTfT
yYT'.  Lm' Lp

So when medium and antennae are reciprocal \^7e have for al l  anten-

na-types

e1

4

ï t  fo l lows that the rat io of  power gain to receiv ing area is the
same for any antenna.

4.2-4 Effective antenna height

The induced vol tage Vo as a resul t  of  incident $7aves with f ie ld

strength E is Vo:E.h. The corresponding pohrer density is

g.

A
-'2

*)
P- "  wi th 1-='7-o

"o i  
= = a2o'n (4 '18)

Further we have

E2h2z -  h2z^= 
4te '  

= 
nË \4 ' i "s)

l to

e^

Zo is the impedance of

Í tT

A -- = Salngl! =
cLL 

P

The corresponding 'h'
f  actor h... .

f ree space.

v3 = E,h,
4Rp App- - - Í -

is  caLled the ef fect ive height antenna

4 - 3 Effective isotr,opic radiated power

The radiation pattern defined in the previous chapter
descr ibes the direct ional  propert ies of  the radiated f ie ld.  The
absolute magnitude is described by comparing the actual f ield with
the f ie ld produced at  a s in i lar  point  by a standard reference
antenna transmitt ing the same total power. The reference antenna
is usually taken as the f ict ional isotropic radiator, for which
the input por^rer is radiated uni f  ormly in al l  d i rect ions.  For the
isotropic antenrta we have

Po (0,0) J rz lE A Hl = fsË (4.20)
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and power density

P,=#"=Ë (zo=12on,

4-4 Polarisation

This is the geometrical orientation of the top of the time-depen-
dent electr ical f ield-vector E. In practice the polarisation of
the radiated energy changes with respect to placer se many parts
of the radit ion-pattern can have a different polarisation. we can
discern l inear,  c i rcular and el l ipt ical  polar isat ion.

Fig.  4-62 Some examples.

Linear E-( far)  f ie ld
Horizontal and vertical

l l l
l l l
l r l

íí\J I rt ( r l  l ;
l l f
l r l
I  r  tE

-

6l_



:f r - AD{TEI\TI\{AS

1- Impedance matching networks

I f  an aer ia l  f  eeder is used to del iver po\^/er to the aer ia l
wi th minimum loss,  i t  is  necessary for  the load to behave as a
pure resistance equal  in val-ue with the character ist ic impe-
dance of  the Line. Under these condÍt ions no energy is ref lec-
ted from the point  where the feeder is jo ined to the aer ia l ,
and in consequence no standing waves appear on the l ine.  When
the correct  terminat ing resistance is connected to any feeder,
the vol tage and current distr ibut ion along the l ine wi l l  be
uni form.

1.1 Baluns (balanced 
- 

unbalanced)

Fig.1- l - :  Unbalanced (assyrn.  )  output --  balanced (sym. )  input.

In rnost cases an aer ia l -  requires a balanced feed with respect
to ground, and therefore i t  is  necessary to use a device which
converts the unbalanced output of a coaxial- cable to a balan-
ced output as required by the aer ia l .  This device also pre-
vents the r^rave which has been contained within the cab]e from
tending to 'spi1I over' the extreme end and travel- back over
the surface of  the cable.  Whenever th is occurs there are two
important undesired ef fects;  f i rst ly,  the re-radiated wave
rnodi f ies the polar diagram of the at tached aer ia l ,  and second-
Iy the outer surface of the cable is found to have a radio
frequency vol tage on i t .

To prevent th is,  a balance to unbalance transformer is connec-
ted between the feeder cable and the aer j -a l .  The simplest
balun consists of  a short  c i rcui ted quarter-wave sect j -on of
transmissj-on l ine attached to the outer braiding of the cable
as shown in f ig.4-2.

coÁ x raL 
1- .  à

Fig. l -2:  Quarter- Í^ lave open balun or Pawsey stub.

At the point À the quarter-r^rave section presents a very high
impedance which prevents the wave from travell ing over the
surface. The performance of  th is device is,  of  course, depen-
dent upon frequency, and its bandwidth may have to be conside-
red in the design. Several  modif icat ions of  the s imple balun
are possible.

__l-l

BALANCEO
OUTPUT

. SHORT. C IRC U IT EO
QUARTÉR.WÀVE SECTION

62



For example,  the s ingle quarter-wave element may be replaced
by a quarter-wave coaxial  s leeve, thus reducing radiat ion
l-oss,  see f  ig.1-3 .

To prevent the ingress of water and to improve the mechanical
arrangement,  the centre conductor may i tsel f  be connecLed to a
short-c i rcui ted quarter-wave l ine act ing as a ,metal l ic  insu-
lator '  as shown in f iq.1-4.

EALA NC ED
CUT PUT

Fig.  1-3 :  Coaxi-al  s leeve
f .d

balun.

l------r

COAXIAL
OUTPUT

BALANCÉO
OUTPUT

Fig.1-4:  Total ly enclosed coaxial-  balun. The r ight-hand sect i -
on acts as a metal  insulator.

À useful  var iat ion is that  shown in f ig. l - -S which gives a 4: I
step-up of  inpedance. The hal f -wave loop is usual ly made from
flexible coaxial  cab1e, and al lowance must therefore be made
for the veloci ty factor of  the cable when calculat ing a hal f -
wavelength. I t  may be inconvient at frequencies above about
2OOOMHz to mount the coaxial  s leeve balun c1ose to a dipole
radiator.

Fiq.1-5:  A coaxj-al  balun giv ing a 4:L impedance step-up. The
length L should be 

^/2 
according with the veloci ty factor of

the cable.  The outer braiding may be jo ined at  the indj-cated
-^- i  

*+^

^Jvrr l  

LJ .

We can also use a HF-transformer Lo convert asymrnetrical coax
to symmetr ical  feeders.

Fig. l - -6:  High-frequency transformer as balun.

BÁLA NC E O
OUTPUT

7_ coAX AL
-" OUTPUÍ
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The use of  broadband ferr i tes permit tes us to make a broad-
band-baLun.

/--:--__-._^. a+
- :--, <4;"< I t-1=- Sr-aÉ br?qr í  l - .--  l í  N\--y 

^**e*A' I /ut lLJl0- ()

\_'-' \ ,r \\ ,w. o-fe--<-
\=o+

Fig.1-7:  balun with ferr i te-r ing.

The ring is pushed on the end of the coax-cabl-e. Return-
currents which want to f l-ow on the outside (shield) of the
coax are prevented by the ferri te to f low back because they
see a high- i rnpedance. The ferr i te (high permeabi-11i ty desira-
ble) acts as an inductance ( impedance).  l r lhen the permeabi l l i ty
is high for a large range of  f requencies,  vre can construct
broad-band-bal-uns .

l-.2 Narrowband matching networks

The term matching is used to describe the procedure of suit-
ably rnodifying the effective load i-mpedance to make it  behave
as a resistance and to ensure that th is resistance has a value
equal  to the character ist ic impedance of  the feeder used. To
make a complete load ( ie a load posessing both resistance and
reactance) behave as a resistance, i t  is  necessary to introdu-
ce across the load a reactance of equal value and opposite
sign to that  of  the l -oad, So that the reactance is ef fect ively
' tuned out ' .  A very convenient device which can theoret ical ly
give reactance values from the minus inf in i ty to plus inf in i -
ty,  ( ie pure capaci tance to pure inducÈance) i -s a sect ion of
t ransmission l ine ei ther of  length var iable between zero and
one hal f -wavelength wi th an open-circui ted end or al ternat i -
vely of length somewhat larger than one half-wavelength with
an adjustable short-c i rcui t  capable of  being adjusted over a
fu11 hal f -wavelength.

L.2. I  Stub tuners

.  example:  matching with 1 stub

Fig.1-8:  Possible c i rcui t  to match.

With a paral le1 stub we can only change the reactance part
of  an admit tance.

z
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With a matched circui t  the (normal ised) i -mpedance and also
the (normal ised) adrni t tance must be 1!
So on the poSit ion where the stub wi l l  be placed, the real
part  of  the admit tance must be 1 !  As said a paral le l  stub
only changes the reactance part .  We can calculate the di f -
ferent parameters or use a Srnith-chart.

calcul-at ion:  suppose Y'"  :  real
at  the posi t ion 1,  measured from load in the
direct ion of  the source, where the stub wi l1 be
placed, is val id

Yt (1) =
Y,+i tqkl-

with Re[Yt ( f )  I  = (rnus t  be) 1r
1L:\ .a fd l / lLt  tL,svl \ !

* Yr( t+tgzkJ) = 1+Y?.tgzkL -  I  =r  j rntnf f"

Now the stub must compensate the reactance part  of  Y'" .
one can prove that

we can prove ïnlYl( l ) )  = + (1-Yr) 1

y-L

We can calculate th is again for  complex loads (as antenna-
impedances are in real i ty)  but  the formules wi l1 get more
complex. To avoid this one can use the Smith-chart!
For the example above we f ind with the calculations:
Y'r :0.5;  I :0.1520À; ImIY'(1) ] :*-0.707 i  1 ' :O -L52)";

Smith-chart :  Y'(x)  is  on the c i rc le I  Kl  :%. The stub must be
placed where Re I Y' ( x ) l :1 , so Írre move us along the K-circle
unt i l  Re' : l  (d i rect ion of  source).  We f ind X' :0.7O7.
See f ig.  l -9.
Linking the or ig in (of  the chart)  wiÈh this point  g ives,
seen from Y'r ,  a rotat ion over an electr ical  length of
O.I52L. We compensate wi th a stub with Y'" .*=-0.7O7, corres
ponding with a length l - ' :0.1-52L.
This is one possibi l i ty !  Víe could also use X' : -0.7O7 on
l=0.35À, and stub Y'" .* :*0.707 l^r i th 1 ' :0.35,L.
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- exampLe: matching with 2 stubs

4oo.lt

3xl  R 
^

Fiq.1-10:.  Matching with 2 stubs.

The two stubs are always placed on a distance 3L/8 from each
other.  One stub is always placed, on the load, or on a dis
tance of  some hal f -wavelengths f rom i t .  ( for  ex.  À).  Àt  point
2 Y' . -L;  so wi th stub 2 we can (only)  change the react ive
part .  Stub l -  must reaLize a certain admit tance giv ing real
part :1 over a distance 3)' /8 in the direction of the source.
See f ig.1-11. 3L/8 is a rotat ion over 27O",  so rotate the
circ le Re:1 over 270' to the load and take the intersect ions

with Re:o.5.  In our example there are 2 possibi l i t ies

Ytà = Yr,+Ystubt"=0.5 - j  0. ' .4,  so Ystubr"=- j0 'L4

Yrb = Yt+Ystrbta=0.5- j1.9,  so Yscubto=- i7,9

Transformation over

Yr.
Yrr

3ï/8 to the gienerator gives

= 1--  j  0.7 ,  so Yrtubr"=+j  0 .7
= a+j2.9,  so Yst*ry=- j2.9

The 2 (possible) solut ions are:

1) stub( 1) wi th length L:0 .  228L (  Y' , . . :0.  5-  j0 - l -4)  ,  at  (2)
hre get Y' .^:1-)o-7;  This admit tance gets rea] by
adding a stub of  )a.7 at  point  (2)  wi th length
o.347L.

2) stub(1) wi th length L:0.  o78\ (Y'1o:0-5- j1-9),  at  (2)
we getr  Y' . r :Lr)2.9;  Becomes real  at  (2)  by adding a
stub '12-9 wi th length 0.053.1.-
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L.2.2 Uatching wittr localized conponents

l, ihen one works- in the HF-band (z-3o MHz) hre can use dj-screte
components for the ATU (autornatic tuning unit),  because stub-
lengths would become to Iarge.

. example: matching network with discrete components.

5o JL 7L = 4aJL

Fig.L-L2: matching network with discreet components.

Normal ise to 5oO, so Z,  ,*(2,21Zr") :1.
Z,  and Z. are pure reactances, to match Re{Z'r lTrry-1.
Èhe i rnaginary component of  (z '  , l  z , , )  is  reduced Èo o
with Z'r .

Again there are 2 solut ions (see f ig.J--15):

L) Ct. :0.5/ai  1{ t^:A/6

Fig. l-- l-3 : f  irsË possible network.

2') 9'r:2/ai C'b=I/6

Fig. L-L4: second possible network.
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f lux on a sphere w

Fig. l - f :  Radiat ion-diagram of an isotropic antenna.

For such an antenna is val id

Po (0,  O) = * Í2t í  t r  Ut = cst  (2, .1)

The power density becomes

W- p2
Pr=-:- ! ;=+ (Zo=12On,- 4nr"  zo

The directivity

P_^_.
n_tr tdÁ_í _I

P

2-2 Electr ic f ield - Effective surface

The electr ic f ie l -d is

2. fsotrogic antennas

2.l- Radiation p;attern : power density

An isotropic antenna is a f ic t ive
with an isotrope radiat ion-diagram,

(non real isable) antenna
giv ing a constant power

al- l  other antennas are
isotropic radiator.

E = t[Pr.Zo =

Further the

4 =Ê=t

W*
7

4nr2 
' 'o

.lTd . w-=ï (L.2)

f ict ive antenna has no losses so:

, . . :  +L n- i -1
w ]  L-t l  |J-JJ- J-

The ef fect ive surface becomes
\ )a 

^2
-  

A"L;  L-
A 

--  
= 

-  = _
--eÍ Í  

Aa A+
= r9 = tL

The importancy of this antenna is that
def in ied (referred) wi th respect to the
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3- Wire antennas

3.1 Hertz-dipole,  short  d ipole,  long dipole

3.1.1 Hertz-dipole

The radiated poÍ^Iêr and the f ield distr ibutions fron an antenna
can be computed of a current distr ibution, assumed over the
surface of the antenna. The simprest example is that of an
ideal  short  l inear element wi th current considered uni form
over i ts length.  More complex antennas can be considered to be
composed with a large number of  such smal1 antennas.
The radiation pattern can be determined as a sum of individual
f ie lds.
The current el-ement is in the z direction with i ts location
the or ig in of  a set  of  spher ical  coordinates ( f iq.6- i l .  I ts
length is L,  wi th L very smal l  (L<L/6O) compared with wave-
length. By conti-nuity, equal and opposite t ime-varying charges
must exist on the two ends tL/2, so the elemnt is frequently
cal led a Hertz ian dipol-e.

,l_

Ví9.3-4:  Hertz ian dipole.

One r, ' /ay of f inding f ields once current
the rertaded potent ia l  ( -vector)  À.  For
r ,  À becomes

í (Vr,  t )  .  
" - :PG--zt t

l lZ_;, l l
A and VAa=itoql '

is  g iven requires only
any point a at radius

(s t)
(s z)

. ruA\r)  -  |  -+-
v +)v

with pF= V^

The current Í=e". I . .e j ' t  is  supposed to be uni form over L.  When
I is constant we have

A(r) = A".é" with u, = 
+# .  

"- iF '  
.1 (Sl)

A1
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Or, in the system of spher ical  coordlnates

A, = A,.  coso = +3 .  e- j \ r .  -Lcoso í : ' t+)
= ,g !

-++ . e-je'.. tsino '3'5)
4nr

By apPl icat ion of

r - -

H = !  (v A Á)
tr

we have

0l-- ls inO , .  1 .
Hr=O , Ho=O , nf= j  e-i l ' : ' : f t ;-  \a+ jW )

and with .the Maxwell-equations
r  - ,  -

E= :L (VAf i )
J Cde

we f ind

e -iF' r 
^L z ̂ cosa1 1 * --1- IE 

-= 
--;- á ocq;bv t t - 

-TR t- r  
2nÍ2 "  JP,

"u= 
is#? r o{-z osíno ( 1 + # - ffi,

a) In the v incini ty of  the antenna (r<) ' /6)  
'  

the near f ie ld is

val id:

(a {)

(3 ] )

e- j \ r1*='  nU (  s.s)
4nÍ2

e- iFr 7 -" t^cos0a- 'u"

- Í  j } rcr3B

j e-ilrB I^LZ osr.n9
t -

+nr ( iFr) ,
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b) Far f rom the antenna (r>) ' /6)  ,  the

i  e- iF 'g t"s inO
- -9 4nr

Er=o (2.10)

,  _ i  . - i9Í l  rLz os ino
"e- +nr

=K, s in20á (2.11)

From this formula we can derive the
pattern for K:1

is val id

(relat ive) radiat ion

tar Í ie7d

(s.g)

Because the far f ield is very important for telecommunication
purposes, we' I1 consider th is fur ther in th is course.

The power-density is

-  r , r^t  4z 'P2sin20zoD=-1 íF A ÉI\=-
' Í  

2\H" ' t t  (+nr)z
- Í

(  s. ' to1

Fig. l - l :  Relat ive radiat ion-pattern.

This is an omnidi-rectional pattern with

The total power becomes

^ v Q27272
hr-= f  p.49= zoP- t - ' t - -  

wi th B= 2,n
t  J----  L2

J\

bean-width 0=*:P9".

9=o
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3. L.2 Ttre short dipole

The- length of t-his dipole LxL/30 so theto be a Linear functioï

for  z)o:  z(à =]z^(t_z)

for  z<o: ï (z)=|rJ|+z)

Thg current wiJI b_e the half ofg1!laea- porenriar F .r,à-tn" fieldDecome also the hal f ,so

The radiat ion-resistor

w-
Rr= j ' ' ;=800 t*1,- rru" l" '

The directivity becomes

P= 
P"*' 

- 3
P", 2

.The effective
the effective

,  3L2áeff=l'?

1S

height h"rt=L, whi le
surface is

current is considered

z
(+)

CI

(-)

rig.3-3: The short dipole _ current disÈribution.

l
l

ït,
+

i ,h
L

13"_.Hertz-dipote, then the(r l rHJ on a large distance
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Í f -
"0-

!0-

je-jFrÊf,ZsinO

Btt r

j  e-jF'FtJ,zos:.n}
8nr

(s. e z)

And Poyntings

p=+tanr l=

theorem states:

t ln2sln2ïFzz"
L28n212

The total radiated power becomes
f  t ,n

W.= |  P.  dS=l p.2n12sín0ci0
'Jg Jo

thus

w, = lonzrSt*1,
'  

* ' ] t

The radiat ion-resistor,  determined from [=I" ,2.R=, is

-  2W- ^ T.2
Rr=--*  =2Ofi2 #

TOA

The radiation-diagram has the same patÈern as the Hertz-
dipole, so D and À.r, are the same

a iLzD=* Aorr=L
28n

The effective height L.rr=L/2

r ig.$-[ :  Ef fect ive height.
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3.L.3 Long dipole

The current-distributión is now sinusoidal and can be conside-
red as a superposition of a numbrous of elements of constant
current. Consider the current-element I.dz then the electrical
far f ield becomes

dEr=
ï ( z) e-i9' 'sin}t i F z o u _ ( s.as)

4nr l

Fí9.3-5: The 1on9 dipole.

with

for z)o r(  z)  =ï^sin611-à )z
for z(Q ï(z)=Ï^sin(9 ( t+à)

Approxirnations for the far field

r t=r-zcoso ;  o=ot ,  l+ l=l+l

The total electr ical f ield can be written as

- - izor^e-i9t
"e---T

cos (O j .o"el  -cosFf (s.au)
sinO

with F(e) the radiat ion-pattern.

The Poynting-vector results in

-  lo 12
P=!t !0 1
- r  2 zo
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The total radiated power becomes

wr= [ _p . 4g= [" er2nr2sin0d0-  Js Jo

White the radiation resistor is

o -2w,f l ' - - '4

Further

D= 
#'  

e"rr=#, h"rr= *  F rc)  
! ,1-

Special cases:

. length L=odd (1/Z) |

Because

o -  izor.e- iF '  - .^ .E =ah--F(o)

cos (p{cosO) -cosF4

F
and with

a=2n-1 
^ 

n=L,2,  . , .

_ cos (  2n-1 Ícoso)
-Fí0)=- S].NU

The last expression determines the radiation-paÈtern. wecan f ind the zerors with

+rcoso=+ (ry) or coso=* #
and the maximum of F(0) with

Ff cose= +kn or cosO=r 
#
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a) L/2-dipole n: l

F(0;=9 i f  cos0:+-1;  F(0) is
We get

j  6or^e- j \ t  r  cos (n/zcosO) 1
.^= \ - - - - - - - - - ; - - - - -  

= j

-u ï  SfnU

and

. -  (rz" - t+,:) {Eó

f ig. '3-72 Radi-at ion-Pattern

Iu cl À,

2

i f  cos0:0, '

3o"

?a
L{n

- +(,tdc -7o,r)

1, 12

' r=Z iou/

Wt'=36 ' 6 Ïl

Rt=7 3 ,3Q

D=L ,6 4 ;  A"rr=0 .  13 LLz ;  h"rr=O '  3 L9 )"  ;

nao
L- L"

y'6o

Fiq.  ó-6:  Radiat ion-pattern for  r r : l - '

b)  3. t r /2 diPole Í t=2

'zero's :  cos0:*-  (zk-f  )  /3
max. F(S )  :  cos0:+-(2F')  /3

- \arJ
a')

lÀ<\

-L(
-  r r tJ

-Sn

{,ttc-+c,r-)

+ ( 'ato-q+,1)
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3-2 Loop-antenna

Fig.  3-  8:  Loop-antenna.

To make the calculat ions easier we
as a rectangular structure, às shown

Fig.  3-9l .  Rectangular loop-antenna.

In.  the x-y-sect ion (0:90")  the f ie lds of  3sate each other,  whi le 1 and 2 give 
- l f r .

the far  f ietd th is becomes ( for  t i í l  
-

consider the 1oop bui l t
in f ig.3-2.

up

and 4 wil l  compen-
resul t ing f ie ld.  fn
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Fig.3-ír: x-y-section of rectangular 1oop-antenna.

Result ing in a phase-shift  r[ ,

,t _ 2TE . distance 2ndcosrlr=_---T-=-il-

j e-i9rF tJ,s:.n1
4rr

j e-iF'Ft;t z"sín1
Arcr

We consider the x-y-sect ion,
the point  p in the far  f ieId.

Further the currents in
can write the resulting

E^=Eo[1+g:({ .+rf2) ]  or

lF t -  
pIJZ\ 

^r*  ,  rdcos{r ,
' -d i - j f , l -  

Dr i i \ - l

The power is

"  ls  12p=*+=K2'coszt
44o

The radiation-paÈtern for
f igure on the n-ext p.g". 

--

(s.. ts)

conductors 1 and 2, together with

1 and 2 are opposiÈe (r[r=J_go.), so $ref ie ld as

(s.rc)

the x-y-section

ffd=

r-!0-

and with (rd| /),, very small this becomes

tn t_ 720ïJ-dn2cosrf i
r -^r------ - - : - cosrf

)u2 r

101
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o\: , ) .1

Fiq.  3- f l fu Radiat ion-pattern x-y-sect ion loop-antenna'

when we make the same analyses above lot  the x-z-sect ion and

with conductors 3,4 we get i t re total  radiat ion-pattern

Ioop-antenna.

IO2 + 2144

Fiq.  t -43:  Rad, iat ion-Pattern



3-4 Stat ic arrays

To increase the direct iv i ty,  thus
energy in a speci f ied direct ion,  h/e
elements near each other to become a
ference.
Consider a l inear array

more radi-ation, po$/er or
place several  antennas or
construct ive inter-

A*-,

anEennas.

distance L f rom each other.  The ( far)
(see previous chapter)

( s.zt)

Fig.3-31: l inear array of

wi th n radiators À, on a
f ie ld f rom one element is

^o 
_ j  " - iPrP 

rdLst-nïz o
" Anr

nu _ j  e-jprpzdzsino
v Á+r

The wave, coming from Àr, must travel Lcosr[ less than Ào.
A, has a posi t ive phase-shi f t  l= 27/) \ .Lcosr[  wi th respect to.Ao,
À2 2E to À. For n radiators hle have

dEror=dE, [1+e 
j í  +ezi |+ .  .  +e (n-1) i ( ]

when the n radiators have proper electr ical  phase shi f ts (v ia
the feeders) 0r,  and i f  each radiator is fed wi th an indiv idual
magnitude with respect to the f irst radiator then

d.Ebt=d.Eol1*Áre'16+01) *  .  .  +An-. .€ j  
(n-1) E+JOo-r]

=dEe. F. =ciEel,S je, '{ (  =.2+)

S:IF] : 'space-factor '  .  The radiat ion densi ty becomes

P r=52 .  pro wi th 52 =F .  F*

For 2 radiat ion-elements S2: l_*2Àcos (  Ë+0 )  +À' .

LT2



3.4.1 End-f i re couplet

2 ïdent ical  radiators are placed on a
the structure wi th a phase-shi f t  of  90".

Áo=Àr , E=+f cos't l A=-+

f  íg.3 '32:  2 . Ident ical  radiators on a

A,.r  the f ie lds are in phase (-r /2 +
Ao: the f íe1ds are in opposi te 1BO"
Mathematical this becomes

distance L/4
This means

. l{e f eed

F=I*e- i  ê [1-cos{t ]

32 =F . .F*=4cos2

This resul ts in a

(L-cost[ )  ]

cardiod-graph in

distance L/4.

2n/I  .  ) ,1+1:s

(s.z+)

the xy-sect ion

, i"

Piq.3 '3J:  cardiode-graph

The antenna-gain G:6riB

in the xy-sect ion.
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3 -4.2 Broadside couplet

Consider the same as above but
to 

^/2 
and the elements are fed

distance between antennas equal
in phase.

2 Elements fed in

o; E=+-Zcosrf  ;

-,F -
th

l (-
I
I

_Y_ _

'/. . f

Fis.3-f ï :

Thus

Ao=Ar; 0=

(j 2rÍ Lcos{r)
F=L+e ^

nl
,5+2cos ( f  costP)

with

l=+ ,  S=2cos (*cos{Í)
2z

V=0: ,9=0 -  radiaEion in z-direct ion=O
t=90"= S=2 -  radiat ion doubl-es w.r . t .  one dipol-e in y-direct ion

phase on a distance )L/2.

(t zs)

The power in y-direction increases with 4

r iq.355: Broadside couplet .
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3.4.3 Uni form broadside array

Consider the expression for F,

P=!agjEr,  .  .  .  +ezj  ( : r -1)  E

One can \^tr i te this as

using ident ical  structures

( s.ze1

of 3.4.2 to an array,  wi th length
obtain

( t .zt)

search the max and min
the pattern on the next

1-gjn(
'-=1;E

si t ' r  nF

S=l "r  |  * i th E=Brcosg
sin-!

6
z

When we extend the structure
W and element-distance L,  we

sin{6 s in (  nTLcosrf
e- l4I- l^ |

sin3 sin ( 
ff  cosrp )

3') í :Fag.- .  array of  e lements.

Suppose 0r:0, then is the radiated power maximum for t:90.
(perpendicular to connect ion- l ine) .

The pattern has main- and sidelobes,
and one can f ind some anqles to plot
page.
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Fiq3'3Vz Uniform broadside array'

3-4.4 Uni form end-f i re array

This is an extension of  the end-f i re couplet

-qTu'

Uniform end-f i re array'

z_

v

Fiq.3 '382
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sinf  (E-o)
ID=l

sinf ( E -o)

0=F1,; |  =Bl,cosg;

Result ing in

sin nïr  (L-coso)
hs=l (  s.2a)

sinff  (1-coso)

The radiation density

Pr=szProsír't2o ( )

After some maths

For L=

Pt=K'
s:-n2n/ 4 ( 1-ces0)

This expression has a
pattern, for n:g there

have

a

maximum for 0=0". We get
are 7 lobes

Pt=15n ,  t f  r '

L/4 and o:90" we

slnznn/ 4 (1-cos0)

sin2[+(1-coso)]
L

sin2 [  . I !  (1-cosg) ]
L

(  i -  -s inzOcoszr[) 3.zg)

the fol lowing

f ig.3-33: Uni form end-f i re couplet ,  D:8,  xz-sect ion.
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