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CHAPIER IV LT
S

Tde ELSCTRIC DTPOLE AND THIN LINEAR ANTEIRTAS

A=1, The Short Eicetric BHpelo

Sinct any linoar antenna nay be ¢onsidered an consisting of a
largs numbor of wery short conductors ecnnosted in series, it is of dine
Terest to cxonine first ths rediabtlieon oroportlos of short conductors.
From a kvowledz: of the properties of short corducters, wo can then pro-
cozd to a study of long linear conduetors sueh ag arc counonly cuaployed
in proctico,

4 short linsar eonductor im ofton ealled oo short dipele, In tho
following discussicn, = ghort digele is always of finitc length cven
thourh it nay bs wvery shert, I the dipole is wvanishingly short, it is
zn infinitesitol Jdiaole,

Iet ug considoer o shert dipols suen os shown in Fig, 4-1. The
lengbh L is vory azort cemparcd Lo bthe wove=longth (D << }-}, Flotos

at the cnds of the dipole
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provide gapeeitance load- a
lag., The short lengtl — f
i ¢ sho enjrth - ] T L L | 1
and tho prosenes of o
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o undforn eurront I -long
Fig. A-1. A ghort dipele arntenna ([ = 3
the entire longiin L ool the
and its cquivalent ( b }.
dipole, Tae dipole ooy be

encrgizod by a brlancod tronswmission line, ag shown, It ig assuned
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that the tronsnmisslon line does not radlate and, therofore, its presence
will be disrcgarded. Radiation from the ond plates is alsc considerod
to be naplizible, The diameter & of tha dipole iz small commared to its
length { d ¢ L ). Thus, for purposes of analysis we may consider that
the short dipale appears as in Fig, 4-lb, Here it consists sinply of
a2 thin 2onductor of length L with a unifom current I and point chargs
-q ab the ends. The eurrant and charge are related oy
da. = 71 { 41 )
dt

15
b~2, The Ficld of a Short Dipole

The [helds cverywhers around o short dipolo of length L placed

coincident with the Z axis and with its conter at the arigin ae in
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Fig. 4-2. DRelation of dipole Figz. 4-3. Geowetry for
to ccordinates, short dipole,

Fig, 4-2 can be exprussed in torma of wvector and scalar potentials,
It is acsswuwed thaot the medium surrounding the dipole is air or vacuum,

According to Kraus, the rotarded vector potentinl of the elactrie
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curront has only onc compenent, nazely, Az. Its valuo is
| Ve LT of ”(t_r;j
i = )
B ATt

The retarded senlar notential V of a charge distribution is

i -
I lcos6 e']H{t ‘3}
Vo= O (2+8.1 )
FASN - r ju;r

( 4-2 )

( £-3 )

Equations { 4-2 ) and ( A-~3 ) cxpross the veetor and sealar poitcntials

eveTywhere duc to a short dinole. The only restrictions are that r>> L

ond A 37 L. These equation give the voctor and scalar potentials at a

paint P in Fig. 4 - 3 in terns of the distance r  to the peint From

Lhc center of the dipele, ths angle 8, the length of the dinols
current on the dipeleo, and seomz constanta.

-
Knowing the vector potenticl 4 and the scalar potential

L, the

V, the

olzctric and nagnetie fields way thon be obtained From the relations

E:-—jwf—??
—= —r
1l
= = X A
.

( 44 )

( 4-5 )

For the case of the fnr field, we have effectively only two fisld

carponents, EE! and H ® given by

Jult = X)
'E L JwI L sinBe ¢
2 e
4 Teo T
_ jult = E)
ard g - Ju I L sin ¢ Hf!_
& _

A fier

( 45 }

{ 4-7 )
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Taking the ratio of Bg to Hyas given by ( 4~5 ) end ( 4=7 ),

wo obtoin
e s L = D/E“ 377 ohm .
e F = ohmgz

This is the intrinsic impedance of free apace.

Comporing { 4-6 ) and { 4-7 ) we notc that Ee and H¢ cre in
time phase in the far field., We note also that tho field patterna of
both arc proportional to sin®, The pattern is Independent of @, so
that the space pattern is deughmmt—

"ghaped, being a figure of revolu. Dipole

- 3 ""'P'F.-
tion of the pattorn in Fig. 4=4 /_\ '\f
\_

At

AY
about the axis of the dipole. j
/

-

Fig, 4-4 Hear - and far - fisl4
potterns of Eg and qu components

for short dipcle,
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4~3. Radiction Resistence of Short Elwetric Dipole

The radiation resistance of the short dipole of Fig. 4-1.
can be found as follows. The Poyniing vector of the far fisld is
integrated over a large sphere to obtain the totel power radiated.
Thisg power iz then equated to IEH where I is the ms. current
on the dipole and R is the resistance, ealled the rndiation rosis-

tence of the dipola.



The average Poynting vector is given by
—— — it ,
P = YR (E X H ) { 4-9 )

The far - field componcnts are Eezuml H, 8¢ that the radisl com-

¢

penant of the Poymiing vector is
i
P, = 4 Re By Hy { 410
H
whare EE and ;I¢ oarc complex

The far - ficld couponente are related by the intrinsic im-

pedancoe of the medium, Hence,

By = Hyd = H¢/~E;-— ( 431
Thug, ( 4-10 ) bocemas
N I
@l I
Thz total power radiated W is then
¥ o= ”Pr ds = {,—_fféiqufqﬁl%f © sinBdedg ( 4~13
= a

where the angles arc na showm in Fig, h-2," and [H¢E iz the ahso-

lute veluc of the magnetic ficld, which from { 4-7 ) is

. w I, L £in9
§ H,“!;‘ = S ( FAY
| 4L Ier

Substituting this into ( ;;.-13 ) we have

fg 2% q ) -
W= f sLB a6 ag { 415
R

";FT"

Upon integrating, { 4-15 ) becaones

/‘ | C{ 4-16

N
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Thiz iz the average power or ratc at which energy ia strecaming oui
of o sphere surrcunding the dipele. Henee, it is oqual to the DOWET
radiated,  Assuming ne leosses, 1t is %15.:; oqual to the power deli-
vercd to the dipole. Thercfore, W must be aqual to the square of
the rms current I flowing on the dipole times a resistance R

called the radiation resistence of the dipole. Thus

Z 20 2
- T L { T
(s Plo - YR ( 4-17 )
[e ~im s
Solving for R,
' 22
E = .ﬁ .f'@_..............L ( 4-18 )
& 69
For slr or vacuum h"/t."._ = 377 = 1207 oshms -;:n that { 4-18 ) becomes
. L]
2 !
R = B0% (% }2 = SG‘%I?L'?L ( 4~19 )

The only rostriction is that A % L

17
dbwd,. The Thin Line:_::r _&ntnmm

In thls section, the far - field pattorns of thin 1inesr an-
termas is cxpreased, It is assumed that the antennes are symmstri-
cally fed at the center by a belanced two wire transoission line.
The antennas may be of any lenTth, but it is assumod that the cur-
rent distribution is sinuscidal. Current - distribution measuro-
ments indicate that this is a good assumption provided that the
antenna is thin, that is, when the conductor diameter is less than,
say, A / 100, Thus, the sinuscidal current distribution approxi-

matca the natural distribution en thin antennas. Examples of the
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Approximate natural - currunt distributionz on a mumber of thin,
linear center = fcd antennas of diffcrent lengbh are illusirated

in Fig. 4=5. The current are in phese over each 4+ - wavelentth
& B 2

B S '.I_'—'— i p L

5 SH)_.'
i @?(? W

" |
B N ki .

—— -

Fige 4-5. Approximatc natural current distribution for thin, lincar

center -« fed antennas of varicus lengths,
scetion and in oppesitc phase over the next.

The equations of the far - fisld for a symmetriea), thin,

linear, center - fed antemma of length L as rcferred to Fig., 4-6.

ar:

n, = A5 (02081 condfa)= coa(p 1/2 ) | Ce)

@ 29r ' sin &
Mutiplying qu by 2 = 120 9 gives EE! as

- 3
E _ 3 60{ I, )| cos((AL cos &/3) ~ cos(B1/2 }l ( z=21 )
o N T gin © 1
ju{t - =
where (I ) = I o c end ﬁ =29 /A
) o ,

The shape of the far-field pattern is given by the factor in the brockota.
Tho -fretors precf-ding the bracketa in { 4-20 ) and [ 4-~21 ) give the

inhtantanacus mapnitondo .of the Ticlds as functions of the antenna current
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and pha distance r, To obtain
the s wvalue of the fiold, wo
1zt (Ia) squal the rms currcnt
at the location of the current

mayimim, There iz no factor in-

I
H
]

volving phasc in { 4-20 ) or

( 4=21 }, since the conter of the | . i
antenna is taken as the phose cene b 1
ter, Honeco any phase chﬂinge of l';ié. 4L Helni';i-.ans fc-r. s.irmm.:atri-
the fields =28 a function of 8 e¢al, thin, linsar, center - fed e
will be a jump of 180 when the temma of length L.

pattern factor changes zipn,
b=4a, Half - wavelensth Antcnna, When Lo = ]LKE, the pattern Lactor be-
Concy

g = ool 7 /2 con B ) ( 4-22 )
sin 8

This pattern is ehown in Fig, 4-7.
It is anly slightly morc diroc-
ticnal than the pattern of an in-

finiteaimal of short dipale which

is given by sin B. The bcam ' . 1

width between half - power pointg

Fig. 4=7. Far - fiold pattern
of the 1/2 wavolength antonna is

- o of 1/2 - wavelength antenna, The

78 as comparcd to 90 for the

antenna is conter = fed, and the
shart dipolec.

eurrent distribution is assumed

to bc sinugcidal,
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18
{5, Radiation Hesistance of 1/2 - Wavelength Antenne,..

To find the rodiition resisbance, the Poynting voector is integrae
ted over a largs sphere yielding the power radiated, and this power is

then cquated to ( I, ,ﬂ",/_f }2 R whera R, ig the radiaticn reeistance

o ¥
at a currcnt maxdmum point and I, is the peak value in time of the cur—
rent at this point, The total power radiated W was given in ( 4-13 )
in terms of 44 for a short dipole. In { 4-13 ) H @ is the absclute

vhlue., Henee, the corresponding value of H¢ for a linear antenna is

obtained from ( 4-20 )} by putting 3 (Io) = I,
Substituting this into ( 2~13 ), wc obtain
b
L L
aicoa cos @) — cos
Vo= ;mlgf{ vz e a0 ( 423 )

L Ein e

Equating the radiatcd power as given by { 4-23 )} to Iﬁ R, /2 wo have

£
v = Rk ( 4-24 )
>
and for L = R/"E, Wi obtained
R, = 30Gin( 27 } = 30 X244 =73 ohms { 4=25 )

uhich. is the vwiluc at the center of the antenna or at the terninals of
the trensmission line. The. toerminal impedance alse ineludos some in-
ductive reactance in geries with R, ( ses Chept.5 ). To make the re-
zetance zero requires that the antenna be a fow percent less than 1/2
wavelenTth, This shortening alse rewsults in a reduction in the valuc

of the roadiotion rosistancca
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19
4~6, Radiation Rosistance at e Point Whiech Is Wot o Current Meximum,

If wo caleulate, For coxemple, the radiation resistance of a 3/4
wavelength antenna (- see Tig. 4-5 } by the above method, wo obtain its
value at a current maximum, This is not the point at whieh the trans-
mission line is conneeted, Neglecting antsnna lossog, the voluo of ra-
dintion resistance so obtained i= the resistance Rb which would appear
at the terminals of a transmission linc connected at a eurrent maximum
in the antenna, providcd that the curremt distribution on the zntemme
ia the.peme ns when 1t ip centoer - fad as in Fig, 4~5, Since a change
of the.féed polnt frem the centéer of the antconna moy change the curront
distribution, the radiation resistance Ho is not the walue whish would
bz measured on a 3/4 wavclength antenna or on eny symmetrilcal antenna
whope length is not an odd number of %+ wavelengthe. Howaver, R, can be
easily transformed to the value which would appear across the terminals
of the tranamission linc connected at the center of tho antenna.

This moy be donc by cqueting { 4-24 ) to the power supplied by
the transmissien line, giwven by Ei_ﬁl » where I iz tho current ampli-
tude at the torminala and Hl iz thczrudiation registance at this poid;.

Sce Fig. -7, Thus,

2 2
am - Lo R, { 4=26 )
2 2
Whera Hh is the radiation resistance zaleulnicd at the current moxizim,

Thus, the radiation resistance appearing at the termingis is
2
R = f_I_n) R, { 427 )
\ o
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of current Il at trans-
missgion = line torminels
to curront I * ourrcont

a
mnxd rmam,

1G4

The current Il at a distance x from the near=
cgt current maximmm, as shown in Fig., 4-8,
ig given by

"L.I. = I¢ vos AxX ( 428 )

Therclore, | 4=27 } can be cxprogsed

Ry = R, ( 4~29 )
cnsz/:‘, b 4
When x = 0, Ry =R, but vhen x = MM,

Ry == if R, # 0, However, the radiation

" ropistence moasurcod at a current minlmum

{ x = A/4 ) is not infinite as would b cel=
culated from ( 4=29 }, since an actual ane

tenna is nobt infinitosimadly thin and the cure

rant at a minimum polnt i= not zero, Nowesrtheless, the radiation resis-

tance at a current zinimun may in practice be wery large, that is, thou-

sands o chms,
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