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Abstract – In this paper distributed parameter equiva-
lent circuits are developed for linear dipoles, dielectric
coated dipoles and lumped loaded dipoles. Theoretical
solutions for each distributed parameter and the reason-
able non-uniform segmentation of antennas serve as the
foundation for the derivation. The accomplished valida-
tions of the modeling procedures indicate that the given
equivalent circuits are capable of correctly describing
dipole antennas in frequency and time domains, with
the advantages of wideband, frequency independence
and unambiguous physical meaning. Relying on the pre-
sented equivalent circuits, broadband issues such as sim-
ulating input impedance, predicting equivalent lengths
and computing transient responses of dipole antennas
can be readily addressed. In addition, the circuit model
provides helpful insights into the analysis and design for
the loaded dipole antennas.

Index Terms – dipole antenna, distributed parameter,
equivalent circuit, non-uniform segmentation, receiving
antenna, transient response.

I. INTRODUCTION
Utilizing equivalent circuits to analyze an antenna

has the advantages of fast operation speed, high effi-
ciency and less consumption of computational resources.
Precise and effective equivalent circuits have emerged
as powerful methods for investigating antenna radi-
ation characteristics [1–5], coupling effects between
array elements [6–7], transient response problems [8–
10], loaded antennas [11–13], and antenna design
and optimization [14–20]. Equivalent circuit model-
ing is a significant area of interest within the field
of antennas. Recent studies have demonstrated that
the interests of equivalent circuit modeling are wide-
band, frequency-independent, simple circuit topology,
ease of parameter computation, clear physical mean-
ing, and the ability to explore transient issues. For
example, reference [21] sought to acquire circuit ele-
ment values with least amount of effort, references
[2, 22] placed emphasis on wideband, precision and

clear physical meaning, and equivalent circuits in [23–
24] are frequency independent realized by the proposed
empirical formulas.

Usual modeling procedures can be summarized
from past literature as follows: first acquire the input
impedance from antenna geometry, next deal with
numerical methods, intuitive approaches or comprehen-
sive methods, then circuit topologies are suggested and
the element parameters are solved, and finally verifi-
cation is undertaken. Relying on extensive optimiza-
tion, numerical methods can give high accuracy, but
at the expense of complicated circuit topologies and
absence of physical meaning. As an example, with sup-
port of a genetic algorithm, reference [25] proposed a
complex equivalent circuit for dipoles, but in which a
negative capacitance was introduced. The key idea of
intuitive approaches is to employ reasonable RLC cir-
cuits to match the resonance phenomenon of a dipole.
In this way, the circuit configurations are always sim-
ple, such as the four-element circuit in [26] and the
five-element circuit in [27], however, these circuits suf-
fered from lack of wideband precision, and the param-
eter solution relies on empirical formulas [23, 28] or a
large number of simulations [29]. Comprehensive meth-
ods employ flexible and suitable use of both intuitive
and numerical approaches. For instance, the calcula-
tion of parameter values for a plasma dipole is con-
ducted via a genetic algorithm [30]. A wideband cir-
cuit is modeled with eigenmode methods in [2], in
which the Moment Method is utilized to compute the
characteristic modes.

It is worth mentioning that the five-element equiv-
alent circuit proposed by Humaid in [27] has triggered
many studies due to its concise circuit topology and clear
physical meaning. For example, equivalent circuits of
a dipole in a lossy medium and dielectric coated wire
antenna are developed by Liao in [23, 31]. The five-
element circuit model is employed to explore the radi-
ation characteristics of the plasma dipole and monopole
in [1, 30] respectively. Moreover, transient responses of
dipoles excited by EMP were investigated and revealed
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in [8] on the basis of the five-element circuit. How-
ever, intuitive models only work with time-harmonic
occasions [2, 27], broadband or transient problems
remain poorly understood, despite being of wide con-
cern in electromagnetic vulnerability. In addition, intu-
itive models for analyzing lumped-loaded antennas are
still unclear.

Taken together, the methods mentioned above are
knowing the results in advance, namely the impedance
characteristics of the antenna, then exploring the model-
ing approaches from the “results”. By contrast, the dis-
tributed parameter equivalent circuit can be attained from
antenna geometry immediately, and theoretically there is
a wideband and frequency independent model [33]. To
investigate the radiation characteristics of a monopole
and the propagating properties of voltage and current on
a dipole, the distributed parameter equivalent circuits are
developed in [4] and [34], respectively, and these stud-
ies highlight the potential advantages of the distributed
parameter equivalent circuit in antenna transient anal-
ysis. However, previous studies have failed to address
the question of modeling procedure, critical factors and
parameter solutions, e.g. equivalent circuit with uniform
segmentation in [4] could not accurately describe the
details of the antenna, and only one radiation resistance
is involved in the circuit in [34], which is inconsistent
with reality.

This study systematically reviews the modeling
approaches for antenna equivalent circuits, aiming to
present a wideband circuit model with simple topology
and clear physical meaning. The subsequent structure
of this study takes the form of four sections. Section
II demonstrates the theoretical calculation of distributed
parameters of a dipole. Section III establishes the equiv-
alent circuits of radiating and receiving dipole antenna
and explores how the segmentation affects the model-
ing accuracy. In Section IV, the validation of the present
equivalent circuits is operated through experiments and
numerical simulations in frequency and time domains,
respectively. The final section sets out further research
on the distributed parameter equivalent circuits of the
dielectric coated dipole and lumped loaded dipole, with
some numerical results.

II. SOLUTION FOR DISTRIBUTED
PARAMETERS

It is a widely held view that the distributed param-
eters of dipole antenna include distributed capacitance,
inductance, resistance and negligible conductance, and
these values are determined by dipole geometry. In the
following discussions and calculations, it is assumed that
a linear dipole is placed in the cylindrical coordinate sys-
tem and along the z axis, with pole length l0 and pole
radius r0.

A. Distributed capacitance
The uniqueness theorem states that the electrical

potential ϕ around the dipole can be solved while
the pole potentials and the zero-potential boundary are
given. With the support of ϕ which meets the Laplace
equation in free space, the charge density on the pole
surface can be acquired. Therefore, the distributed capac-
itance of the dipole is obtained in terms of definition and
electromagnetic constitutive relations,

C (z) =−ε0
πr0

V0

∂ϕ (z)
∂n

, (1)

where ε0 is the permittivity of vacuum, ϕ(z) represents
the potential around the dipole, and V0 is the known pole
potential. The Laplace equation in the cylindrical coor-
dinate system is as follows, and only relating to r and z
direction,

∇
2
ϕ=

∂ 2ϕ

∂ r2 +
1
r

∂ϕ

∂ r
+

∂ 2ϕ

∂ z2 = 0. (2)

Next, the central difference is utilized to replace the
differential in equation (2),

ϕi, j =

(
ϕi−1, j +ϕi+1, j +ϕi, j−1 +ϕi, j+1

)
4

+

(
ϕi+1, j−ϕi−1, j

)
8i

. (3)

Finally, the distributed capacitance of the dipole
antenna can be calculated via equation (1) and (3).

Take a dipole antenna with pole length l0 = 0.1 m
and pole radius r0 = 0.001 m as an example. Figure 1
plots the distributed capacitance per unit length vary-
ing along pole length. It is observed that the distributed
capacitance at both ends grows sharply, while the middle
part remains steady. Approximately, the dipole antenna
can be divided into three sectors, the sector near the feed-
ing gap with length of 0.2l0, the terminal sector with
length of 0.1l0 and the medial sector with the remaining
length. This variation suggests further studies to evaluate
the impact of the two former sectors on the equivalent
circuit modeling.

B. Distributed inductance
The dipole antenna is considered as a short wire with

total length L0 = 2l0 to derivate the distributed induc-
tance, including external and internal inductance.

The radial current distribution within the wire is
concentrated on its axis to determine the external induc-
tance. It is assumed that the magnetic induction density
at point P outside the wire is dB, which is contributed
by current element Idz on the dipole antenna. Hence, the
total magnetic induction density Bp can be carried out
via integrating dB along the short wire,

Bp =
∫ L0

0
dB=

µ0I
4πrp

 L0− zp√
r2

p +
(
L0− zp

)2
+

zp√
r2

p + z2
p

 ,
(4)
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Fig. 1. Distributed capacitance per unit length of the
dipole varying along the pole length.

where µ0 is the permeability of vacuum, rp and zp are
the position depiction of point P in the cylindrical coor-
dinate system. Next, integrating Bp along the short wire
to gain the total magnetic linkage outside the wire, then,
the external inductance per unit length is derived as,

Le =
µ0

2π

ln
L0 +

√
L2

0 + r2
0

r0
−

√
L2

0 + r2
0

L0
+

r0

L0

 . (5)

Due to the dipole antenna operating at frequencies
in the order of MHz and above, the surface effect depth
is almost zero, which leads to little internal inductance.
Therefore, the distributed inductance of a dipole antenna
is principally its external inductance.

C. Distributed resistance
Resistance consumes power in the equivalent cir-

cuit to represent the thermal loss power and the radi-
ated power of an antenna. Compared with the latter, the
former can be omitted in circuit modeling, hence, only
the radiation resistance is taken into account, and this is
the major contributor that the dipole is deemed to be a
lossy transmission line. From the previous perspective,
the concerned resistance is also distributed, and can be
derived approximately based on current distribution and
other distributed parameters.

Ignoring the variation of current distribution caused
by radiative process, the current on the dipole is similarly
sinusoidal,

I (z) = I0 sin [β (l0−|z|)] , (6)
where I0 refers to current amplitude and β is the propa-
gation constant.

In an attempt to derivate the distributed resistance,
the dipole antenna is separated into several segments of
equal length, with each radiation resistance represented
by R f . Then, the total radiant power at the operating fre-
quency of the dipole antenna is demonstrated as follows,

Pf =
∫ l0

0

1
2

I2
0 sin2 [β (l0−|z|)]dzR f . (7)

The radiant power can also be described utilizing
lumped radiation resistance Rl , which is usually 73 Ω at
the first resonance frequency of the dipole antenna [35].
Thus, distributed radiation resistance is denoted as,

R f =
2Rl

l0
[
1− sin(2β l0)

/
2β l0

] . (8)

Equation (8) reveals that the key to carry out the dis-
tributed resistance is the propagation constant β , which
is related to the attenuation constant α ,

β =
2π

λ

√√√√1
2

[
1+

√
1+

α2λ 2

π2

]
, (9)

where λ is the operating wavelength of the dipole. The
lossy transmission line theory shows that α is associated
with antenna distributed resistance,

α =
R f

2Zc
=

R f

2
√

Le
/

C
, (10)

where Le and C are the distributed capacitance
and inductance respectively, Zc is the characteristic
impedance along the dipole, and which can be replaced
approximately by the average characteristic impedance
of the parallel two-wire transmission line,

Zc ≈ Zc = 120
(
ln
(
2l0
/

r0
)
−1
)
. (11)

Substituting equation (11) into (10) and combin-
ing with equation (8), the attenuation constant can be
derived as,

α =
Rl

120
(
ln
(
2l0
/

r0
)
−1
)

l0
[
1− sin(2β l0)

/
2β l0

] .
(12)

Next, by substituting equation (9) into (12) and
employing the numeric iteration, the attenuation constant
is obtained. Finally, the distributed radiation resistance of
dipole antenna can be attained from equation (10),

R f = 2α ·
√

Le
/

C. (13)

What stands out in these deduced results is that the
solution of each distributed parameter is frequency inde-
pendent. In particular, the complete calculation of the
distributed radiation resistance is suggested, which is a
significant result, this course not having previously been
described.

III. EQUIVALENT CIRCUITS
Referring to the transmission line equivalent circuit,

the distributed parameter equivalent circuit for a radiat-
ing dipole antenna is derived easily, as drawn in Fig. 2,
containing n segments, and the circuit elementary cell is
marked by a red dotted rectangular box.

The two branches up and down of the circuit in
Fig. 2 signify the two poles of the antenna, which
reveals a distinct physical meaning of geometry. V is the
drive voltage on the feeding point and Rk is the feed-
ing impedance, with the value of 50 Ω typically. C1,
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Fig. 2. Distributed parameter equivalent circuit model for
radiating dipole antenna.

C2. . . Cn connected in parallel are the actual capacitances
of each segment, determined by the corresponding seg-
ment length li and distributed capacitance:

Ci =
∫

li
C (l)dl. (14)

The same is true of Li and Ri in the distributed
parameter equivalent circuit.

Equation (14) illustrates that the segmentation of
the dipole antenna is the other decisive factor for accu-
rate circuit modeling, which will be discussed in depth
next, and then, the equivalent circuit for receiving dipole
antenna are demonstrated.

A. Segmentation of dipole antenna
Obviously, the circuit topology grows more compli-

cated as the segments increases, meanwhile cursory seg-
mentation sacrifices the modeling accuracy. Hence, dif-
ferent segmentation ways are considered.

First check uniform segmentation. Four dipole
antennas with different pole lengths ranging from 0.1 m
to 0.3 m and with the same pole radius of 0.005 m are
taken as examples, and uniform segmentations with dif-
ferent segment lengths are handled with these dipoles.
Then, corresponding distributed parameter equivalent
circuits are established to earn resonances. For easier
comparison, the four dipole antennas are simulated uti-
lizing the finite integration method. To measure the mod-
eling accuracy, the absolute difference values between
the first resonant frequencies of equivalent circuits and
simulations are carried out, represented by ∆f 1. Without
loss of generality, the ratio of the segment length li to the
minimum wavelength λ min is employed to describe the
level of uniform segmentation. The smaller the ratio, the
tinier the segmentation. Figure 3 displays the curves that
∆f 1 of the four dipoles vary with the ratio li/λ min.

What stands out in Fig. 3 is that ∆f 1 of different
dipoles exhibit the same variation, approaching to zero
as the ratio li/λ min decreases. Peculiarly, while the ratio
li/λ min is lower than or equal to 1/10, the difference
∆f 1 is less than 20 MHz, meaning that the first reso-
nance points obtained by equivalent circuits are in good
agreement with the simulated results. For most cases,
the circuit of uniform segmentation with li/λ min ≤ 1/10
is adequate to accomplish time-harmonic problems for
dipole antennas.

Fig. 3. ∆f 1 of four dipoles varying with li/λ min.

As inferred in Section II, distributed capacitance
near the feeding gap and the terminal capacitance grows
sharply, requiring fairly short segment length to handle
the details mentioned. Uniform segmentation with pretty
small li/λ min can cope with this problem, but what fol-
lows is more intricate circuit topology containing mas-
sive RLC cells. Consequently, non-uniform segmenta-
tion is indispensable.

Take the antenna with pole length l0 = 0.1 m in
Fig. 3 as an instance, on the basis of uniform segmenta-
tion with li/λ min less than 1/10, the sector near the feed-
ing gap and the end sector are segmented again. Then, the
circuit of non-uniform segmentation and the return loss
are derived, and compared with other results in Fig. 4.

Fig. 4. Comparisons of return loss and input admittance
obtained by simulation and equivalent circuits.

As can be seen from Fig. 4, consistency of the three
methods at the first resonance point of the dipole antenna
is achieved, which is a reasonable result and implies that
further segmentation brings few effects to the first res-
onance. However, there is a significant difference at the
second resonance, that is the circuit of non-uniform seg-
mentation agrees well with the simulation, but differs
from the circuit of uniform segmentation.

This phenomenon illustrates that simple uniform
segmentation with the ratio li/λ min less than 1/10 leads to
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an equivalent circuit lack of wideband accuracy, and fur-
ther segmentation to the sectors with distributed capac-
itance varying rapidly is of great significance in broad-
band equivalent circuit modeling. Meanwhile, the com-
parison of input admittance in Fig. 4 further proves that
the equivalent circuit with the presented segmentation
method exhibits wideband characteristics. Therefore, in
order to handle the transient and broadband problems for
a dipole antenna, the non-uniform segmentation is essen-
tial, and due to the middle sector of a dipole remaining
unchanged in further segmentation, the complexity of
circuit topology is reduced. However, previous reports
make no attempt to consider the important role played
by segmentation.

B. Equivalent circuit for receiving dipole
The principle of reciprocity in antenna theory states

that the receiving mode characteristics are identical to
those of transmitting mode. Thus, the distributed param-
eter equivalent circuit can also be employed to simulate
the receiving antenna, with consideration of the induced
electro motives generated by the incoming plane wave.
As shown in Fig. 5, to construct the receiving equivalent
circuit, the induced electro motives Vei are added to the
elementary cell marked in Fig. 2, with the element values
unchanged.

Fig. 5. Transformation of the elementary cell of equiva-
lent circuit.

In general circumstances, the segment lengths are
small enough, and each segment of the antenna can then
be regarded as short dipole, leading to corresponding
induced electro motives expressed approximately as fol-
lows:

Vei (t)≈ Ei(t)li cosϕ, (15)
where Ei is the incident electromagnetic pulse, ϕ is the
polarization angle, and li is the segment length. It is
believed that the two branches up and down of the receiv-
ing circuit form a current loop, with the equal values
and opposite signs of the induced electro motives of
each segment.

IV. VALIDATION
To validate the presented equivalent circuit, two lin-

ear dipole antennas are measured and simulated in this

Table 1: Component values of the equivalent circuits for
Dipole A and B

No. Dipole A Dipole B
C/pF L/nH R/Ω C/pF L/nH R/Ω

1 0.058 2.81 0.97 0.110 8.17 2.64
2 0.040 3.28 1.47 0.056 7.66 3.30
3 0.033 3.28 1.62 0.093 15.33 7.23
4 0.026 2.81 1.46 0.084 15.33 7.66
5 0.050 6.09 3.33 0.079 15.33 7.90
6 0.046 6.09 3.48 0.15 30.65 16.15
7 0.085 12.19 7.29 0.074 15.33 8.13
8 0.073 11.25 6.92 0.075 15.33 8.08
9 0.073 11.72 7.35 0.078 15.33 7.91

10 0.072 11.72 7.42 0.098 15.33 7.09
11 0.072 11.72 7.44 —
12 0.073 11.72 7.40 —
13 0.079 12.19 7.53 —
14 0.043 6.09 3.61 —
15 0.055 6.09 3.20 —

section. The two antennas are dipole A with pole length
la = 0.127 m and pole radius ra = 0.0017 m and dipole B
with pole length lb = 0.156 m and radius rb = 0.0013 m.
With the help of the theoretical solutions in the previ-
ous sections, the component values of the equivalent cir-
cuit for the two dipoles are displayed in Table 1, and the
numerical simulations are operated via finite integration
techniques.

A. Reflection coefficient
Reflection coefficients of dipole A and dipole B in

frequency range of 1 MHz to 2 GHz are swept utiliz-
ing a VNA in microwave anechoic chamber. Then, the
measurements are compared with the results carried out
by equivalent circuits and simulations in Fig. 6. It is
quite clear that, for the two dipoles, the results of equiv-
alent circuits are consistent with the measurements and
simulations.

Fig. 6. Comparison of reflection coefficients for the two
dipole antennas.
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B. Effective length
The effective length of the antenna is usually

employed to determine the induced voltage on the open-
circuit terminals and also it is related to the far-zone field
radiated by the antenna [35]. Both the equivalent cir-
cuit and numerical simulation can easily reveal effective
lengths of the two dipoles. Measurements are handled
based on the two-antenna method, and the measurements
scene is shown in Fig. 7.

Fig. 7. Measurements scene of effective length.

Firstly, two identical TEM horns are adopted as radi-
ating and receiving antennas respectively, and then the
effective length of the TEM horn antenna can be derived
via the two-antenna method as follows,

he (ω) =

√
2πrZtS21−t (ω)

− jωµ
e− jkr, (16)

where r is the distance between radiating and receiving
TEM horns, Zt = 50 Ω is terminal load of the receiving
horn, S21−t (ω) is the transmission coefficient between
the two horns which is measured by vector network ana-
lyzer, µ is the permeability of vacuum.

Keeping the measurement configuration unchanged,
replace the receiving horn by dipole A and B in
sequence. Then, the corresponding transmission coeffi-
cients are measured. On combining the measured results
with he(ω), we deduce the effective lengths of the
dipoles,

hd (ω) = S21−d (ω)
2πrZt

− jωµe− jkr
1

he (ω)
. (17)

Comparisons of the effective lengths for dipole A
and B are depicted in Fig. 8. It is indicated that the effec-
tive lengths derived by equivalent circuits are mainly
consistent with the simulated and measured results, only
a few discrepancies are observed between the measure-
ments and the other two methods, which may be caused
by measurement inaccuracies.

C. Transient response
To examine the suitability of handling with broad-

band problems via equivalent circuit, transient responses
of the two dipoles are demonstrated in this section. The
experiment configuration is the same as Fig. 7.

Fig. 8. Comparisons of the derived effective lengths for
dipole A and B.

Fig. 9. Incident E-field wave and the normalized spec-
trum.

Figure 9 shows the measured incident E-field, gen-
erated by an ultra-wideband pulser and a radiator. Tran-
sient responses are attained with polarization matching
and the arrival direction aiming at the maximum recep-
tion direction of dipoles, and compared with simulated
and circuital transient responses, as depicted in Fig. 10.

Fig. 10. Transient voltage responses of the two dipoles.

From the graph above, we can see that, for each
dipole, good coherence of the transient response varia-
tions obtained by three methods are observed, both the
pulse of duration and oscillating feature positions on
waves.

These validations highlight that the solutions of dis-
tributed parameters directly from antenna geometry and
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the modeling procedure are proper on the whole. Also,
it proves that the presented equivalent circuit exhibits
wideband accuracy, which is capable of being utilized to
predict effective length and to investigate transient prob-
lems for dipoles.

V. APPLICATION
In this section, the distributed parameter equiva-

lent circuits for a dielectric coated dipole and a lumped
loaded dipole are derived and discussed as an application
of the presented circuit model.

A. Circuit for dielectric coated dipole
Dielectric coating can protect antennas from corro-

sion, and is also widely applied to antenna miniaturiza-
tion. For dipole antennas, dielectric coating just brings
mutations to the distributed parameters, with the circuit
topology unchanged, for radiating and receiving roles.

First derive the distributed parameters. A dielectric
coating dipole can be transformed into a dipole with a
purely magnetic coating, as demonstrated in [36], using
a quasi-static approximation method. A purely magnetic
coating causes little impact on capacitance of the dipole,
so that a dielectric coated dipole can be further trans-
formed into a dipole without any coating to solve its dis-
tributed capacitances. Figure 11 draws the cross sections
of the three mentioned dipoles and the equivalence rela-
tionships among them. Notably, the materials considered
here are homogenous, isotropic and low-loss.

(a) (b) (c)

Fig. 11. Cross sections of dipoles. (a) dipole with coating
dielectric, (b) dipole with coating magnetic material, and
(c) dipole without any coating.

As shown in Fig. 11, the dipole with a coating of
magnetic material is the equivalent one to the dipole in
Fig. 11 (a), with the outer radius of coating b unchanged,
and the inner radius a1 is changed to a2,

a2=b
(
a1
/

b
)1/εrd , (18)

εrd becomes εrm =1, and µrd becomes µrm,
µrm=εrd µrd . (19)

Taking away the magnetic coating, the dipole in
Fig. 11 (b) is transformed to the third dipole antenna,
without changing the radius a2. Next, relying on the pre-
sented method in Section II.A, the distributed capaci-
tance of the dielectric coating dipole can be obtained by

calculating the distributed capacitance of the dipole with-
out any coating in Fig. 11 (c).

The distributed inductance of the dielectric coated
dipole comprises the inductance of the dipole in
Fig. 11 (c) and the additional inductance per unit length
brought by the magnetic coating in Fig. 11 (b). The for-
mer represented by Lm can be calculated via equation (5),
and the latter has been induced in [37],

La =
µ0

2π
[µrm−1] ln

(
b
a2

)
. (20)

In general, distributed resistance engenders little
effect to antenna resonances, so that the solution of dis-
tributed resistance for a dielectric coated dipole is the
same as the dipole without any coating.

Fig. 12. Input conductance (G) and susceptance (B) of
the dielectric coated dipole.

The considered sample geometry is a center-driven
wire antenna with pole length of 0.1 m and pole radius
of 0.001 m, covered with dielectric material of relative
permittivity εcd = 3 and outer radius is 0.002 m. Finite
integration techniques are employed to simulate the input
admittances of the antenna and then compared with the
results gained by the distributed parameter equivalent
circuit, as drawn in Fig. 12, in which reasonable agree-
ments are observed for the two methods.

To investigate the transient response of a receiving
role, a Gaussian pulse with the rise time of 0.3 ns and
amplitude of 1 kV/m is utilized as the incident E-field.
Figure 13 compares the output voltage responses attained
by full wave simulation and its equivalent circuit, agree-
ments are achieved, and only the amplitudes are slightly
discrepant.

B. Circuit for lumped loaded dipole
Loading lumped elements can significantly improve

radiation performances [38–41]. In most situations,
lumped loading position is not reflected by a lumped
parameter equivalent circuit precisely, but it can be
achieved by a distributed parameter equivalent circuit,
relying on clear geometric physical meaning. Thus, it is
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Fig. 13. Time domain responses of the dielectric coated
dipole excited by Gaussian pulse.

foreseeable that the distributed parameter equivalent cir-
cuit is a convenient and efficient way to investigate the
lumped loaded dipole antenna.

In this section, a dipole loaded with a parallel RLC
resonant circuit is demonstrated. The RLC resonant cir-
cuit is located at the symmetrical positions of the antenna
poles, as shown in Fig. 14, in which the loaded compo-
nent values are R0 = 1 kΩ, L0 = 20 nH, C0 = 5.5 pF.

Fig. 14. A dipole loaded with parallel RLC circuit.

The input admittances of the antenna gained by sim-
ulation and the equivalent circuit are plotted and com-
pared in Fig. 15, where the agreements and three reso-
nances are observed, two of them are the intrinsic reso-
nant points of the dipole antenna, and the other one is the
resonance caused by the loaded RLC resonant circuit.

Using the same Gaussian pulse in Section V.A as
the incident E-field, the output voltage responses and the
voltages in loaded resistance are carried out by numer-
ical simulation and equivalent circuit, and compared in
Fig. 16. It is indicated that the transient voltage responses
obtained by the two methods are grossly consistent, so
are the voltages on R0, while the amplitudes are slightly
different.

This section demonstrates two applications of the
distributed parameter equivalent circuit, for simulating
a dielectric coated dipole and a lumped loaded dipole
respectively. Final results indicate that the equivalent cir-
cuits can accurately describe the performances in fre-
quency and time domain of the two antennas. In par-

Fig. 15. Input conductance (G) and susceptance (B) of
the lumped loaded dipole antenna.

Fig. 16. Time domain responses of lumped loaded dipole
excited by Gaussian pulse.

ticular, the presented equivalent circuit provides use-
ful insights into the design of a lumped loaded dipole,
e.g. the loading component values and loading position
can be optimized by parameter sweeping utilizing cir-
cuit simulation software quickly and efficiently, with less
computational time and resources.

VI. CONCLUSION
The aim of this paper is to contribute to the sys-

tematic and complete understanding and modeling of
distributed parameter equivalent circuits for dipoles. All
distributed parameters have been theoretically derived as
the modeling foundation, and reasonable non-uniform
segmentation is employed to increase available band-
width and reduce the complexity of circuit topology.
The validations operated in frequency and time domains
proves that the presented equivalent circuits and mod-
eling approaches are accurate and have the advantages
of broadband, frequency independence and clear phys-
ical meaning, which meets modeling expectations. Uti-
lizing this equivalent circuit, broadband problems such
as simulating input impedance and investigating tran-
sient responses can be carried out. Finally, we extend
the distributed parameter equivalent circuit to dielectric
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coated dipoles and lumped loaded dipoles, which pro-
vides useful insights into the analysis and design for the
two dipoles.

Future work focuses on modeling distributed param-
eter equivalent circuits for wideband antennas, as well as
predicting the near-field radiation characteristics distri-
bution of radiating antenna and investigating the out-of-
band coupling characteristics of receiving antenna based
on distributed parameter equivalent circuits.
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