ANTENNAS. A GENERAL FORMULATION IN FAR-FIELD

THE FORMULATION:
In general, the fields radiated by an antenna can be obtained by evaluating the previously
discussed genera formulafor the (magnetic) vector field -- viz.

m aaxJ(Fow) exp|- j k|F - 7'd]

ATw)=% IF- ¢

dvd [1-1]

Differentiation of the vector potential thus obtained yields complete expressions for the
fieldsin the near, intermediate and far-field regions. However, in most instances, thisis
mor e information than is needed in most applications of the theory. If oneis
interested only in the far-field characteristics of the antenna, there is a simpler, more
direct approach. This approach is ordinarily more than adequate. From previous
discussion, we know that the far-fields of an elemental Hertzian dipole are given by

AfFw)=- |5 |(ngdz eXp('rj k)4 [1-24]
E(f,w):jhk'é(l‘s’)d“"p Jkr{ [ 2] [1-2b]

Since Maxwell's equations are linear, we may obtain the far -fields of a general antenna
by summing the elemental far-field contributions of each current element of the antenna
treated as an elemental Hertzian dipole--i.e.

Afw)=- < @‘M[R J(Few)] ave [1-34]
4p antenna
E(r.w) = 1K cpnexp(-] kR) {FE’ R’ j(r¢w)]} v ¢ [1-30]
’ 4p , R
where R=F- ¢ [1-4a]
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. — 2T
and R=[F- F¢=\r*+r¢- 2r>¢¢:r\/1+rr—qj-%¢. [1-4b]
To obtain a suitable approximation at distances far from the antenna (i.e. for r¢r <<1),

we usethebinomial expansion -- viz.

R=[F- r¢»r ?.-

S O
rrzrdﬁgg: r- rx¢r=r-rc¢cosy . [1-5]

where cosY ° txd. In approximating the the "phase sensitive" exponential factor we
must insure that changesin k R over the antenna volume are much less than p so both

terms are included in that exponential factor, otherwise we may take R» r. Thus, the far

fields are given by
Alrw) = o SELK o ) (-6l
£(row) = 3 SLLK G [ e ) 164

where

N, w) = iy (Few) expl j k Fox] dve= gy (Féw)explj krecosyJdve  [1-7]

antenna antenna

isakind of Fourier transform of the current distribution on the antenna and is the key
element in various applications of this formulation. The most valuable application is the
resulting expression for the Poynting vector inthefar-field, to wit
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QF’W):_;E(F,W) H*(F’W)
:}},_Hexp(-jkr){F, [F, N(F W)]}"J, :LM[r N (F W)]u [1-8]
211 2p r B R T b
hik b 2 F o h oo
"3l O =gl NE)

[I. IMPORTANT APPLICATION -- A linear, filamentary antenna with

standing wave excitation:
Consider a current distribution on a center-excited, straight filamentary (very, very thin)

wire which may be approximated asastanding wave -- viz. suppose that

J(Few) dve=2 1, sin%b h |zt€j§dz¢ for  Of£|z¢£L/2 . [11-1]

I{z)

L#a=0.50 Léa =075

I'\. I:. ":l I.'I-""‘-\-\.\_
i ; ! ¢ Lfa=2.00

EXAMPLES OF STANDING WAVE CURRENT DISTRIBUTIONS
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Given thisassumed current distribution, we have the following current transform:

0

N(q, w):il | Ogsmg—+b z@exp (j k z¢cosq) dz¢H

- L/2

\ —

[11-2]

+ (‘)(é 87 b 28 exp(j kz¢cosq)dz¢l%

Using the standard form

Cpp(A x) sin(B x) dx = exp(A x) ? Si”(B/i‘z ;;fi n(B X)E [1-3]

we obtain

[11-4]

Substituting this transform into Equation [1-8], we obtain

2 T

8I2 |r (r wj =

. . [11-3]
1 | 1 2bsing goaekLcosqg_ Coaeb

8I2 o 1 b7- K02 q » K2

|\>| -

For TEM excitation--i.e. b ° k
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PAGES
.« h ¢ 2 o OKogf
S(r,w)—8 AN , 0. [11-6]
p é snq ar
e U
Let us examine the angular variation (radiation pattern) of this rather complicated
expression as afunction of antenna length.
0.4r Léa =025 L2 =0.01
Lén=0.25
L/ = 0.50
Léan=0.75
.27 L/2=1.00
0.z 0.4 0.6 0.8
-n.zt
-n.4k
Normalized radiation pattern for length =wavelength/4 Normalized radiation pattern for various lengths

(1 /100, 1 /4,1 /2, 31 /4, and | )
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n.4r
Léa=1.40

Lén=1.35

LS =120 n.2r

013t
n.1¢f

.05

-0. 05
-0.1¢
-0.15F

Léan=1.25
Léa =130

Normalized radiation pattern for length =1.30 wavelength Normalized radiation pattern for various lengths
(1.251,1.301 , 1.35I , and 1.401 )

[Il. IMPORTANT APPLICATION -- A linear, filamentary antenna with
traveling wave excitation:
Consider a current distribution on an end-excited, straight filamentary (very, very thin)
wire which may be approximated asatraveling wave -- viz. suppose that

J(Few)dve=Z I exp(- jb zd dz¢  for  OF z¢E L . [11-1]

Given this assumed current distribution we now have the following current transform:
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L

N(gw) =21, dexp( j b 2§ exp(j k z¢cosq) dzg

0
L

=z, er{; (kcosq- b)z¢|dz¢
0

[11-2]

Carrying out the e ementary integral, we obtain
N(a,w)=2 Lexpgj (kcosq- b)= sncé(k cosq - b) TR [111-3]

Substituting this transform into Equation [1-8], we obtain

hK

- 2 T
qr,w) = e N(r,w)| =

) [111-4]
_ 2] ) 6 Lo’ f
_?pz|lo| %kLsmqsmcgk cosq - b) —2% =

For TEM excitation--i.e. b ° k

qF,w)= 2|I0| {kLsmqsmc[kLsm (q/2)]}2; [111-5]

L et us examine the angular variation (radiation pattern) of this expression as a function
of antenna length.
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LAh = 0.0

N

Radiation pattern for antennalength = 0.01 times wavelength
Z LA = 001

-
K

Radiation pattern for antenna length = 0.1 times wavelength

ol
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L/ = 0.5

Wk

Radiation pattern for antenna length = 0.5 times wavelength
LAA = 2.0

Ml ¥

LA = 1.0

Pl

=

Radiation patterns for antennalengths = 1.0 and 2.0 times wavelength
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~ Li=50
z

LA = 100 5 LAh = 2000

Pl

Radiation patterns for antenna lengths = 5, 10 and 20 times wavelength

The critical point isthat the power flow peaks at lobes defined by

?—;- cosq,, = ° ;p [111-6]

and fallsto zero at nulls defines by
kL 0,
> cosqné np [11-7]

=8
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wherem and n areintegers. The magjor peak or lobe isgiven by m= 0 so that
ab po & pbo & | 0
=aco - —+»acosgl- —+=acosgl- —= [1-8
A séhk KLg Sgl kLo Sg 2Lp [11-8]

Two exceeding useful radiating structures-- viz. " V" and "rhombic" antennas -- may

be obtained by arraying single filament traveling wave antennas as illustrated in the
following figure:

A V-ANTENNA A RHOMBIC-ANTENNA

Quite generaly we may write
Z,=sing, X + cosq, Z
r =sinqsinf X +sing cosf y +cosq z
cosg, =sing, sing sinf + cosg, cosq
cosq, = - sing, sinqgsinf + cosg, cosq
r 2, = (cosqsing, - singsinf cosq,) - sing cosf sing, Z +sinqg cosf cosq, X

f~ 2, =(- cosqsing, - sing sinf cosq,) ¥ +sing cosf sing, z +sing cosf cosg, X

Inthe"V-plane" --i.e. for f =p/2 -- these expressions simplify to
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,=sing, X + cosq, z

== N

=sing X +cosq Z
cosg, = cogq- q,)
cosq, = cof(q +q,)

and Equation [111-5] becomes

§F,w) = 32p2 o[ %lk L sin(q +qv)sincé< Lgnzge%%g

[11-9]

-
qu)

, o2
- kLsing - qv)sinc%k L sinzg%%gg

Relative
Intensity

LA = 2.0

-1 -0.5 n.5 1

Radiation pattern of a single filamentary
traveling wave antenna (L/I =2.0)
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Relative
Intensity

-3 -2 -1 1 2 <
linear representation polar representation
Radiation pattern of corresponding V-antenna
(g, = 0.60rads =34°)

Relative

Intensity
Li = 5.0

YA AV

Radiation pattern of a longer single filamentary
traveling wave antenna (L/I =5.0)

-0.5
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Relative
Intensity
Lid = 2.0
W .39 d_—ffj
- o ey - E
-3 - -1 1 2 c
linear representation polar representation

Radiation pattern of corresponding V-antenna
(g, = 0.39rads =22°)
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