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A New Perspective on the Cylindrical Antenna
Theory

Behailu Kibret,Member, |IEEE, Assefa K. Teshomdylember, |IEEE, and Daniel T. H. LaiMember, |IEEE

Abstract—This paper presents a new perspective on the anal- current and a constant, for both the finite and infinitely-long
ysis of the cylindrical antenna theory. It applies the cylindri-  dipole antennas. The definition of the magnetic vector potential
cal surface waves on an infinitely-long cylindrical conductor, gjnpjifies the solution of the Pocklington equation to derive
which are similar to the Sommerfeld axial cylindrical surface . | . for th t The simpl .
waves, to describe the conventional postulate of applying as'm_pe expr_essmns or the Currgn. € simple ex_pressmns
sinusoidal current distribution on a cylindrical dipole antenna.  derived are in good agreement with the current obtained from
This treatment leads to the derivation of simple expression for the three-term approximation and from the Fourier transform
the current on a cylindrical dipole antenna of finite conductivity, technique for the case of infinitely-long dipole antennas.
which is in good agreement with the current obtained from The technique used in this paper also shows that the

the three-term approximations. Also, it proposes an expression | . d in the th hod
for the current on an infinitely-long cylindrical dipole antenna  COMPIEX propagation constant used In the three-term metho

of finite conductivity, which is also in good agreement to the IS similar to the complex propagation constant of the principal
current found from applying the Fourier transform technique. wave of the Sommerfeld axial cylindrical surface waves [6].
Moreover, the paper shows that the complex propagation constant Moreover, it is known that the analytic approximation methods
used in the three-term approximation is similar to the complex available today, such as the three-term approximation [4],

propagation constant of the principal Sommerfeld wave on the _ .
surface of an infinitely-long cylindrical conductor. Therefore, a &/€ NOt accurate at describing the current near the feeding

more accurate representation of the current near the feeding gap. As reported in [11], for conducting cylinders the higher
point is proposed based on the complex propagation constants order of the Sommerfeld surface waves attenuates rapidly. This

of multiple Sommerfeld waves. suggests that the current near the feeding point can be more
Index Terms—cylindrical dipole antenna, three-term approxi- accurately described if multiple Sommerfeld waves are used.
mation, cylindrical surface wave. Consequently, we propose a more accurate form of the current
near the feeding point.
I. INTRODUCTION The paper is organized as follows. Firstly, the fields on the

HE expression of the current on cviindrical antenn surface of an infinitely-long cylindrical conductor, which is
P ) : y ; xcited by an incident rotationally symmetric axial electric
has a long history with notable early contributors, su

as, Pocklington [1], Hallen [2] and R. W. P. King [3]. Theleld, are expressed. Also, from the expression of the surface

K led £ th t th ¢ implifies th (1Iectric and magnetic fields, the surface impedance per unit
howledge of the current on the antenna simplilies the Cq 'npgth of the cylinder is defined. Applying the boundary con-
|

culéalt:(on qulgntenna para:me_f_irs, SUIChl af' theflrt1rp])ut 'mpedtaal ns of the magnetic fields, the general form of the induced
and 1ar-ield components. The cacuiation of the CUrent ;. o rrent is defined as a traveling wave and a standing
usually carried out solving the Pocklington equation describin ve. In the following section, the standing wave general
tkhe surface Ve?.t(?; mqgnshc sotennal,dyt\./mch ;;5 relafjgd 8rm of the current is applied in the standard Pocklington
nown source TIelds via boundary condrions. For a dipo guation of a finite size, imperfectly conducting, and delta-

cylmdncql antennas of f|n|t_e conductivity, King approximate ap excited cylindrical dipole antenna. From this equation,
the solution of this equation to express the current as tfje

) . : e complex propagation and coefficients of the current are
sum of three sinusoidal functions [.4]' O_n the other hand, f%réfined. Following this, the traveling wave general form of the
infinitely-long and perfectly conducting dipole antenna, Hallé

Current is applied to the Pocklingt tion of a delta-
[5] transformed a similar equation to the Fourier domai |rrent IS appied to the Fockington equation of a deta-gap

d solved for th i th f id d xcited and infinitely-long cylindrical dipole antenna of finite
and solved for the current as the sum ol residues an c&‘nductivity, which is also used to define the complex propa-

convergent integral equation, which has a form of OUtgo”%tion constant and the coefficient of the exponential function

]tcravellr;gihwave. Af an aIFe;_nitl\I/e,l n thlsl_p(?peri the dger;e ed to express the current. Lastly, from the comparison of
orm ot the current on an infinitely-long cylindrical conductory, . complex propagation constants to Sommerfeld poles, an
which is excited by a rotationally symmetric external electri

' : . ; X 8xpression of the current near the feeding point of a dipole
f|§ld, IS determln.ed as a standing wave and travelling WaVihtenna is proposed based on multiple Sommerfeld poles, for
Since the glectnc field on the _surface of a d_elta-gap ady types of dipole antennas.

center-fed dipole antenna is rotationally symmetric, the general
form of the current derived for the cylindrical conductor is
used in the Pocklington equation. This approach leads to the |l. FIELDS ON AN INFINITELY-LONG CYLINDRICAL

expression of the vector magnetic potential as a product of the CONDUCTOR

The authors are with the College of Engineering and Science, Victoria This SeCtK_)n expresses the ?‘X'al electric field, _current den-
University, Footscray Campus, VIC 3011, Australia. sity, surface impedance per unit length and the axial current on
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an infinitely-long cylindrical conductor of finite conductivity which is a Bessel equation with known solutions. One of
when it is excited by a rotationally symmetric electric fieldhe solution for the expression in (7) (8(p) = CyJo(v1p),

on its surface. These expressions are used to describe wiere J, is the zeroth-order Bessel function add is an
axial current in a finite and infinitely-long cylindrical dipolearbitrary constant. The Bessel function was chosen so that
antennas that are excited by delta-gap electric field sourcethie vector potential is non-zero at the center of the cylinder.

the following sections. Consequently, the magnetic vector potential can be written as
Assuming a rotationally symmetric and time harmonic
(e7~') external electric field is maintained on the surface of Az (p2) = G (p) g (2) = Cado (v1p) g (2). 8)

an infinitely-long and circular conducting cylinder of radius Assuming the induced total axial current i§z), from

a, conductivityo, relative permittivitye and permeability.o, Ampere’s law, the magnetic flux densiti.4(a, z) on the
which extends along the-axis of a system of cylindrical surface of the cylinder can be written as

coordinates 4, ¢, z), the magnetic vector potential inside

Ay = Ai.(p,2)z + A1, (p,z) p can be written, from the Bag (a,2) = M, 9)
Maxwell’s equations in Lorenz gauge, as 2ma
From the expression of the magnetic vector potential, the
VAL + kA =0 (1) magnetic flux density inside the cylinder can be expressed

wherek; = \/—jwpuo(o + jweoe). Since all the magnetic or as
ic fi i i 9412 (p, 2)

electric field components can be obtained from either of the Biy(p,2) = — = CyuiJy (Uip)g(2)  (10)

two components ofA . (p, z), we assumed,, (p,z) = 0. dp

Therefore, expanding the vector identf?A; = VV - A; — where J; is the first-order Bessel function. Defining the

V x V x Ay in cylindrical coordinates and substituting it intoarbitrary constan€, as

(1) gives the following equation:

P (pz) 10 A (p2)
022 p Bpp Op

The solution for (2) can be obtained by the method
separation of variables, such thdt . (p,z) can be written

_ Ho
) C1 = 2avy J1 (v1a) (11)
+ kA1 (p,2) =0. (2) . - .
and applying the magnetic field boundary conditions at the
aurface of the cylinder; the magnetic flux density at the surface

of the cylinder can be written as

as B _ hog(2) _ pol (2)
A1- (p,2) = 9(2)C (). @  DeldsBeled =m0 = 09
Substituting (3) in (2) yields the equation which implies that [(2) = g(2) (13)
RO 1 19 9G(p)

— 1=- -——p (4) Equation (13) expresses the induced total axial current when
g(z) 0z Glp)pdp™ p the cylinder is excited by a rotationally symmetric electric
It can be seen that the left side of the above equation idfield on the surface of the cylinder. Furthermore, if we are
function of z and the right side is a function ¢f;, thus, the interested in a traveling wave current, it is expressed as

two sides can be equal if both of them are equal to a constant.

_ +jvz
Denoting the constant by? and expressing it as? = k% —~2 I(z) = Cre™. (14)
so that ) On the other hand, if we are interested in a standing wave
0 9(22) +4%g(2) = 0 (5) form of the current, it can be expressed as
0z
and I(z) = Cy (sin(yz) + C3cos(vz)) . (15)
19 0G(p) +02G(p) = 0. (6) The electric field inside the cylinder can be found from the
pOop~ 9p vector magnetic potential using the relationship
The expression in (5) is the well known one dimensional —jw 9
wave equation that has a solution of a traveling wave in a E, = 2 (VV A+ klAl)- (16)

lossy medium given ag(z) = C1e*7/7* or the standing wave . o

representation ag(z) = O (sin(yz) + Cj cos(v2)), where From (16), _the axial component of the electric fidlg, (p, 2)

1, C, andC are arbitrary constants. From the wave equatidia! Pe derived as

of g(z), v is the complex propagation constant that can gﬁ (p,2) = Jwl & <6A1z (p,z)) o ,w’U_%A (p.2)

described as; = § — ja, wherej is the phase constant and™'*\** %/ = 2, 5," dp T Il

a is the attenuation constant. _ I(2)v; Jo (v1p)
Equation (6) can be written in terms of a new independent

variablex = vyp as

G (£) L 196 (2) e (3)

- 2ma(o + jwege) Jq (v1a) A7)

And the volume current density . (p, z) can be derived as

I (z)v1 Jo (vip)
2ra  Ji (via)

=0, (7)  Jiz(p,2) = (c+jwepe)Er, (p, 2) = . (18)

02 r Oz vy
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Thus, the surface impedance per unit length of the cylinfler From the above expressions, the standard Pocklington equation

can be defined as can be written as
i Ey, (a,2) E. (a,2) ) h
T oraHis(az) 1 9 k2 NK(z—2')dz'
14 (a, 2) (2) 5.2 + k35 I(Z")K(z—2")dz
z
_ U1 Jo (vla) (19) —h
2 +3 J ; _
| na(o ._]w-EOE). 1 (v1.a) _ jarks (1(:)2 — Vo (2)) (26)
whereH, (a, z) is the magnetic field intensity on the surface "o
of the cylinder. wheren, = 1207 is the free space impedance.

For |z| > 0, from the boundary conditions of the electric
I1l. DELTA-GAP EXCITED FINITE CYLINDRICAL DipoLE  field and the magnetic field on the surface of the cylinder, and
ANTENNA from the expression of the vector magnetic potential in (8),

When we consider a finite length cylindrical dipole antenrife boundary conditions for the vector magnetic potential can

of height2#, radiusa, conductivityo, relative permittivitye, °€ Written as
permeabilityyq, with axis aligned along the-axis, and center-

fed by a delta-gap electric field source located: at 0, the
current at the ends of the cylinder has to be zero. Consequently, ) 9 ) ) )
we expect the current to be even symmetric with respect {€révz = 7° — k3. From the expressions in (24) and (27),
2 = 0 and form a standing wave with a general expressi¢f€ following relation can be obtained

2,2
k3 vi

1k,
Az, (a,2) = _v_gk_fAlz (a,2) = j—wv—%z I(z) (27)

similar to (15). Therefore, since the current vanishes-atth h
and evenly symmetric with respect to= 0, for 0 < |z| < h, /I(z’) Kaup(z—2)d =UI(z), 0<|z|<h (28)
it can be expressed as ; N
I'(z) = Cy [sin(y]2]) — sin(yh) +C3(cos(yz) —cos(vh))].  whereW is a constant, which is defined as
(20) , Z.

The axial surface electric field at = 0 is the delta-gap U — Jamks z (29)

electric field source that is defined as k3 — 2 no
Br.(a, 2) = —Vod(2) (21) The relationship in (28), implies that the thin-wire kernel can

be approximated as
where V; is the electromotive force (emf) applied on the
infinitesimal gap at: = 0. Since the electric field source at Kap (2) ~ V6 (2), (30)

z = 0 is rotationally symmetric, we expect the surface axiglpich also implies tha? can be approximately computed as
electric field on the rest of the cylinder is also rotationally

symmetric. Therefore, from the expression in (19), the surface h
axial electric field can be expressed as U~ /Ka,, (2)dz. (32)
Ei.(a,2) = 2'1(z), 0<|z|<h. (22) —h

Therefore, the left-hand side expression in (26) can be simpli-

As a result, the axial magnetic vector potential on the surfaﬁgd replacing the expression of the current in (20), as
of the cylinderA,, (z) due to the surface axial electric field '

can be related as 2y WCh3 (2) + (K — 4°) I (2)
ZlI(Z) — V()(S(z) = —Jw (8_2 + k%) Ay, (Z) (23) - 72\1102 (sin ('Yh) +Cs5 cos ('Yh)) . (32)

2 2
ky \0z Equating the terms in the above expression with that of the

where ks = w,/éopo is the free space wave number. Alsoright-hand side of (26), the complex propagation constant
the vector magnetic potentialy. (a, z) can be related to the can be obtained as

volume axial current density; . (p, z) expressed in (18) as _
J4mzt
h a Y= k? 1- y (33)
Ho ’or NS ko Wno
Az (a,2) = — 2nJi.(p', 2 ) K(z — 2")p'dp'dz
4”7}1 5 which can also be determined from (29). The complex prop-
h agation constanty (33) can be calculated by applying the
Mo , N iteration procedure. First, the iteration is initialized by setting
= i /I(z VK (2 = 2)dz (24) "}, and calculating=', which is used to calculate
—h iteratively until it converges. We have seen that such iteration
where K (z — 2') is the thin-wire approximate kernel definedconverges after a few cycles.
as Similarly, the constant§’, andC5 can be calculated as
e—jkgy/(z—z/)2+a2 .
Kap (2= 2) = (25) o, = —927k Vo (34)

N CETIEETE ST
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and )
C3 = —tan(vh). (35)
Therefore, the axial currerdiz) can be written as
=15 h=0.3
J2nky Vo = Z--<3 h=0.4
I(2) = —"F"—— h — 36 7 S
(Z) ’V\IJCOS (’Yh) o sin (7( |Z|)) ( ) E/ . N Y //)\—-\\\\
. . = [ AR=01 7 N N
The accuracy of the expression for the current in (36) is = ’ \ i A\ AN
validated by comparison with the current obtained from the = \ AN \
three-term approximation, which is obtained by approximately ~ = 0.5} k) k N\
solving the expression in (26) and involves an approximation \ A
of the thin-wire kernel integral shown in (28). Kirg al [4] \\/ ‘
derived the three-term expression of the axial current as 00 01 0.2 0.3 0.4
i2mhs Voo 2 (m)
I =—J7 = - h—
12 (2) ~Uar cos(vh) 1o [siny( |2]) @)
+Ty(cosvyz — cosvh)+Tp(cos %kzZ — cos %kgh)} 2
(37)
and = 15N =0.3
A2t = I\ A S h=0.4
y = ko [1— (38) ERRRY
koW armo = A Y
= |/ =01/
where the factol sz and the coefficient¥; andTp involve ; \\ Vi
the numerical computations of eight integrals. The calculation § \/
of ~ also applies the iteration procedure; the iteration is = 0.51 y
initialized by settingy = k» to calculate the initial values af \
and V,. For very thin-wire dipole antennas, the expression 0 N/ ‘
in (36) is a good approximation to the three-term expression 0 0.1 0.2 0.3 0.4
given in (37), as shown in Fig. 1. The three-term expression z (m)
is valid for 0 < koh < 57/4; thus, the values oh within )

this range are used for comparison. As shown in Fig. 1(a),
the two expressions are in gOOd agreement with differenddg 1. Comparison of the proposed current expression with that of the three-

h . term expression for a cylindrical dipole of radiws= 0.001 cm and skin-depth
start to appear as the height decreases. Fig. 1(b) Shqgvéadius ratio of 0.1 at 400 MHz. (a) Compares the current in (36) (broken

that the contributions of the two cosine terms in the threéne) to the three-term expression (37) (solid line) for the half-lerigtsf 0.4,

term equation is insignificant, which supports the agreemeht a?d oL m (b) Compatas the ﬁrg;Si”USOida' term (broken line) and the
T te three-t .

between the proposed expression in (36) and the three-tefmP ¢ eererms (solid fine) in (37)

expression (37).

where the kerneK (z — 2’) can either take the exact form,
IV. DELTA-GAP EXCITED INFINITELY-LONG which is given as
CYLINDRICAL DIPOLE ANTENNA

o —jk z—2')2+4a? sin? (¢’ /2
When we consider an infinitely-long cylindrical dipole Kep(z—2') = i/ ¢ IVl @ d¢’,
antenna of radiug, with similar dielectric properties as the 2 \/(Z — 2)2 + 4a? sin® (¢//2)
finite one, that is excited with a delta-gap electric field source o (41)

atz = 0, the general form of the current is expected 0 be gfhich has a solution given in [7], [8] or the approximate form
outgoing travelling wave similar to the one given in (14), bWiven in (25).

with a little modification to take into account the presence of Replacing the expression of the current into the integral in
infinitesimal gap at = 0. Thus, the current can be defined a§40), for z > 0, the vector magnetic potential can be obtained

I(2) = Loe L |2] >0, (39) S
wherel,, is the current near the infinitesimal gap. Similar to _ Ho T e .. Ho .
the finite case, the vector magnetic potentlal (a, z) on the A2z (a,2) = 47TI () | K(z)e™do = 47TI (2) K (7)
surface of the cylinder can be described as - (42)
o0 where z is a dummy variable used for the integration and

As, (a,2) = Ho / I(Z)K (z—2')d2 (40) K () is the Fourier transform of the kernel evaluated at the
m complex propagation constant For |y| > ko, the Fourier-

— 00
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transform of the exact kernel is given in [9] as In order to validate the accuracy of the axial current
= - expression in (51), we compared it to the current obtained
Kea (v) = 210 (v20) Ko (v20) (43) " from the Fourier transform method. The Pocklington equation
and for the approximate kernel as for the infinite case can be written as
Kap (7) = 2Ko (v20) (44) T
? - . d( k2> / I(Z"K (z—2")d’
where K, and I, are the modified Bessel functions; and\ 9>

— 00

vy = /72 — k3 is defined previously in (27). Moreover, for
z < 0, Az, (a, z) has the same expression as (42) siicey)
is an even function. Consequently, foi > 0, applying the "o (52)
boundary condition of the vector magnetic potential on the
surface of the cylinder given in (27), the complex propagatickaking the Fourier transform of both sides, the above equation
constant can be expressed as can be written as

j47Tk2

jdmzi (45) (k3 =€) 1)K (€)= -

kK (Mm’
where] () is the Fourier transform of the current. Taking the

which can be computed applying a similar iteration procedur erse-Fourier transform of the above expression, the current
as the finite case. The iteration can be initialized by settu&n be obtained as

= ko + ¢ to computez® and K (vy), wheree is a very small

- j4ﬂ'k2

(I(z)z" = Voé (2)).

v = ks (I(¢)z"=V)  (83)

number. Then, the value of and K (v) is used to calculate jamks Vy by e3¢zl
~. This continues until the value of converges. As shown in 1(z) = o 10 / mdé (54)
an example below, this iteration is highly convergent. —00
In order to express the axial current completely, we negghere
to determinel,,. The differential equation relating the vector 9 o\ o , 2"
magnetic potential and the axial electric field on the surface of Z(§) = (& —k3) K (&) + J47Tk2%- (55)

the cylinder, which is given in (23), can be solved by applyin

Green's function(z) satisfying the relation ﬁollowmg the technique proposed by Hall[10, p. 451], the

integral in (54) is simplified to a form suitable for computation

0? as the sum of a convergent branch cut integral and a sum of
(6 5+ k2> (2) = 2ka0 (2) . (46) residues

Thus, the vector magnetic potential can be expressed as Z In (2) + Ibe () (56)

k
As, (a,2) = — jﬁ [04 cos (koz) + Vpsin (kz2|z|) where -

—jenlz
7 I (2) = drhy 0 T (57)
— 2 / I(q) F(z—q) dq} (47) o en

where Z' = 07/0¢ and¢,, is then'® root of Z when 2 in
(19) is defined withv, = \/k? — £2. Also, the branch cut
integral, taking the exact kernel, can be written as

— 00
where(C}y is an arbitrary constant angis a dummy variable
used for integration. By choosing the Green'’s functiof) =

2sin(k2z)u(z) with the unit step functiom(z), the Az, (a, 2) 2V T "
can be expressed far > 0. Also, taking the limit of (47) as I, (z) = 270 { Z
z approaches zero from the right sid&; can obtained as J7 Mo s te—1
ko1, ko212
Oy = % (48) « ¢ _
7T TR —k3t2Jy (akat) Hé ) (akat) + dwepz?
Replacing the expression ofs. (a, z) in (42) in (47), taking o~ k2 V12|
the Laplace transform on both sides, and evaluating it at the  — ™ ©) ] } (58)
Laplace domain variable = 0, it can be simplified as k3t Jo (akat) Hy™ (akat) + dwepz!
W 2210 . oK (7) Lo (49) WhereHél) andHéQ) are the Hankel functions.
ks jyks 2ry The integrand in (54) has poles&i, which are sometimes
which can be used to obtaih, as called Sommerfeld poles. Note that the surface field compo-
ok Vi nents described in section I, which are directly proportional
Lo=—2"2 (50) to the axial current, are similar to the axial cylindrical surface
7K (7) 10 waves discussed by Sommerfeld. According to Stratton [11,
Then, the current on an infinitely-long cylindrical dipoley. 530], the function (55) has multiple roots that represent the
antenna can be expressed as propagation constants of multiple Sommerfeld waves. Also,
2rka Vo sl for conducting cylinders, the higher order waves attenuates
1(2) = K (7) o (51) rapidly; therefore, it is sufficient to keep the principal wave,
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TABLE |
COMPARISON THE PROPAGATION CONSTANTy TO 1 GIVEN IN [12] FOR
THE FREQUENCY OF300 MHz AND RADIUS a = 0.01 e¢m. s /a 1S THE
SKIN-DEPTH TO RADIUS RATIO.

63/“ il &1 [12]

1 6.3564 — j0.3762  6.3580 — j0.3765
0.5 6.3556 — j0.1122  6.3572 — 50.1122
0.25  6.3247 — j0.0488  6.3262 — 50.0488

[1(2)/ Vol (mA/V)

which is represented by the first pale From solving the first
root&; of (55), it can be seen that is equal to the propagation
constanty we derived in (45). Therefore, the current can be
written as

I(2) = Ires (2) + Inc (2) (59)
where

Vo el Vo e~ 9712l
QT = = 471' 2 =
no Z' (&1) no Z' ()

Table | shows a comparison of the propagation constant
we calculated using (45) to the first ro6t of (55) that is
given in [12], which describes the admittance of infinitely-
long cylindrical dipole antenna with magnetic frill excitation.
The iteration used to calculateconverged at the fourth cycle.
Figure 2 shows the comparison of the current calculated
using (51) to the one obtained by applying the Fourier trans-
form technique in (59), for an infinitely-long cylindrical dipole
of radiusa = 0.01 cm at 400 MHz. Different conductivities
of the dipole are compared by taking different skin-depth to
radius ratiob = d5/a; the conductivity can be obtained as
o = 2/(wued?). As shown in Fig. 2(a), the two expressions
tends to be different near the gap er= 0 due to the Fig. 2. The current calculated on infinitely long dipole of radius= 0.01
contribution of the branch cut integral for small But they ST, 2460 Uz () Comparion of e curen cacuated fom (51 e
are in good agreement for larger values:ofMoreover, it also  radius ratios represented Iby(b) Comparison of the current,;, from (51)
shows that the two expressions are in excellent agreementtfothe currents in (59)
lower conductivities. From looking at the expressioniof,
in (60) and the current in (51), it might look like our derived

Ies (2) = 4Tk (60)

current approximates the residual currépt,. But, from the L4  Infinite
comparison of these expressions in Fig. 2(b), it can be seen that 1.2 — 3.term
(51) is more closer to the total current (59) than the residual - — — - Proposed finite
current. =
The three-term expression in (37) is derived based on the E 0.8/ \
condition that0 < koh < 57/4. This implies that, for large l; N
h, the three-term expression is not accurate. The accuracy of = 0.6f \ A
the expression proposed for finite cylindrical dipole in (36) is § 0.4} N
assessed by comparing the current in long cylindrical dipole —
antennas to the current on a lossy infinite cylindrical dipole 0.2} A
antenna. Fig. 3 compares the current on a dipole antenna 0 ‘ ‘ : \
of half-lengthh = 10 m computed with (36) and (37) to 0 2 4 6 s 10
the current computed using (59), for = §;/a = 1 and z (m)

radius of 0.01 cm. As expected the current from the three-
term approximation has ripples due to the numerical integralig. 3. Comparison of the proposed current for finite dipolé)(3he three-
involved. But, the current from (36) and (59) are in excellefgm applfoximation (37) anq the infinitely-long dipole (59). The finite dipole
. . : . . Fas a heighth = 10 m, radiusa = 0.01 cm andb = ds/a = 1; and the

agreement suggesting that the expression in (36) is valid {Qfsite dipole has the same radius and conductivity.
electrically long lossy cylindrical dipole antennas.

From the comparison of the complex propagation constant
for the case of the proposed current on finite cylindrical dipole
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antenna (33), the three-term (38), and the infinitely-long dipole

TABLE Il
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antenna (45) shown in Table II, it can be seen that the compleXCOMPARISON OFy/k2 FOR THE CASE OF PROPOSED CURRENT ON A
FINITE CYLINDRICAL DIPOLE ANTENNA, THE THREETERM, AND FOR THE

propagation constants used for the finite cylindrical dipolg,

antennas are similar to the complex propagation constant of the anp RADIUS a = 0.01 ¢m. FOR THE FINITE ANTENNAS, THE
HALF-LENGTHA = 0.4m IS TAKEN.

principal Sommerfeld surface wave. It is known that one of the

FINITELY-LONG DIPOLE ANTENNA, FOR THE FREQUENCY OF300 MHz

limitations of the analytical expressions of the current, such as

the three-term approximations, is they are not accurate near tQSe/a

v/k2 (45)

v/k2 (33)

v/k2 (38)

feeding point of the dipole antenna. One of the factors of these
limitations is the use of a single propagation constant of theg. 1

principal wave in the expression of the current. But, very close0-25

to the feeding point (the gap), the higher-order waves alsool'5
contribute. Therefore, a better approximation of the currenti s

1.0024 — 50.0027
1.0062 — j0.0075
1.0111 — j0.0179
1.0112 — j0.0599
1.0114 — 50.1376

1.0038 — 50.0025
1.0095 — 50.0069
1.0177 — 50.0160
1.0306 — 50.0570
1.0536 — 50.1277

1.0034 — 50.0036
1.0083 — 50.0096
1.0148 — 50.0212
1.0182 — 50.0682
1.0242 — 50.1498

near the feeding point should include all the propagation
constants of the multiple Sommerfeld surface waves. Thus,

the current near the feeding poirif, for the finite dipole conductors, the value of the higher order rogisare very
antenna can be expressed as large so that their contributions in (61) and (62) are negligible.
Vo j2mks tan (€,h) But, as conductivity of the cylinder decreases, the higher order
= % T Z ¢ (61) roots start to take over and with contribution of the principal
n wave vanishes for the case of dielectrics. For example, for an
and for the infinitely-long dipole antenna infinitely-long cylinder of radiug = 0.01 cm and conductivity
of 100 S/m, at 300 MHz&; = 52.6365 — j62.4109, which is
(62) much larger than obtained for metallic conductors.

Io=1lmI(2)
z—0

_
&K (&)

whereg,, is thent® Sommerfeld pole calculated as thé root V. REMARKS ON THE COMPUTATIONAL COMPLEXITY

of the expressiol¥ (§) = 0in (55). The above expressions can The main objective of the paper is to present a new
be applied to calculate the antenna admittance. Alternativehgrspective of the cylindrical antenna theory by defining the
the expression of (£) = 0 can be rewritten as general form of the current from an infinitely-long cylindrical

. W
Lo = lim I(2) = %%kz;

1 conductor that is exposed to a rotationally symmetric wave. We
& — k3 (1 — 2P (5)) =0 (63) also showed that such analysis leads to the derivation of simple
! and reasonably accurate expressions for the current in finite
where I and infinitely-long cylindrical dipole antennas that have finite
P(¢) = vilo (v1a) (64) conductivities. In addition to accuracy, the derived expression

11 (v1a) o (vza) Ko (v2a)” reduces the computational effort to compute the current. For
which was derived based on the identity of the Bessel functioasample, implementing the computations on Matlab, the CPU
that I, (z) = (j)~"Jn (jz). In this case, the variables and time required to compute the current on the finite dipole
vy are defined as antenna using the three-term approximation method at 400

MHz, radius=0.001 cm, and skin-depth to radius ratio of 0.1,
’U1:\/§2—k% and ’UQZ\/€2—I€§.

(65) is 3.66 times more than that of our proposed expression.
A method to find the multiple Sommerfeld poles is discuss

&]so, for the case of the infinitely-long antenna and similar
in [11, p. 527]. The fields of a transverse magnetic (TM) moq%onditions, the C_PU ti_me requir_ed to implement the Fourier
discussed in [11] are similar to those discussed in section lrlansforcrjn techmqu:e is 13.02 times more than that of our
of this paper. According to the discussion in [11], from th@roPosed approach.
boundary conditions of the TM mode, the following relation
can be obtained
k% Il (vla)
via Iy (v1a)

VI. CONCLUSION

The fields on the surface of an infinitely-long cylindrical
conductor, when it is excited by a rotationally symmetric
incident electric, were used to analyse imperfectly conducting
cylindrical dipole antennas of finite and infinite lengths. Gen-
eral forms of the induced current derived from the infinitely-
long conductor were used to simplify the solutions of the Pock-
whereu = vqpa IS @ complex argument. The roots obtainetington equations involved. Consequently, simple expression
&, must satisfy (67). For example, for highly conductivef the current for both finite and infinite cylindrical dipole
cylinders, the principal roaf; is close tok,; this implies that antennas were proposed. The proposed expressions for the
the first rootwu is very small. Therefore, taking the asympeurrent were validated by comparison with the current obtained
totic expressiondy(u) ~ 1 and K;(u) ~ 1/u, the above from the three-term approximation method, for the case of the
equation can be satisfied. Moreover, the propagation constdirtge dipole antenna, and the current obtained from applying
calculated from (33), (38) and (45) satisfy (67). For metallithe Fourier method, for the case of the infinite one. The results

k% Kl (UQCL)
_ e (g 66
voa Ko (vea)’ (66)

which can be used to rewrite the expression in (63) as

Iy () Ki (w)u—1=0 (67)
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showed that the currents are in good agreement. Moreo
from the comparison of the complex propagation constants,
expression for the current near the feeding gap was propo
based on multiple Sommerfeld poles.
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