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MODELING AND SIMULATION OF ELECTRIC AND MAGNETIC FIELD OF A SHORT 
DIPOLE ANTENNA WITH LOW FREQUENCIES AT FAR FIELD. 

 

 

ABSTRACT: 

In this study, the electric and magnetic fields that a short dipole antenna radiates will be modeled, 
simulated, and their properties in the far-field regionparticularly at low frequencieswill be examined. By 
investigating the often-overlooked feature of radiated field characteristics, the study aims to provide a 
deeper knowledge of field behavior in wireless networks, where dipole antennas are often used. The 
study simulates the electric and magnetic fields produced at far-field distances by a dipole antenna using 
Python software. The link between wavelength and field strength is investigated using mathematical 
models that characterize the far-field behavior, which includes equations for far-field distance.The 
simulation takes into consideration variables like operating frequency, antenna length, and the 
environment in which it operates, enabling a thorough examination of the fields. The changes in the field 
components with greater separation from the antenna and the impact of low-frequency operation on the 
propagation are examined by analyzing the data. According to the calculations, when one gets farther 
away from the dipole antenna, there is a predictable decline in both the magnetic and electric fields. At 
far-field distances, the field componentsespecially the angular and radial componentsdisplay unique 
behaviors that are consistent with theory. 
The findings demonstrate how frequency affects field distribution, with decreased frequencies resulting in 
longer far-field distances and a slower rate of field strength degradation. The study made clear how 
crucial precise modeling of the radiating fields from dipole antennas is to the efficiency of wireless 
communication networks. The results show that operating at low frequencies results in larger far-field 
zones, which may have implications for wireless system design and implementation. Engineers can 
guarantee higher-quality RF propagation and enhance antenna performance by comprehending these 
features.  
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1. INTRODUCTION  

Due to its simplicity and adaptability in telecommunication applications, dipole antennas—basic antennas 
made up of two identical metal conducting wiresare widely utilized in a variety of applications[1]. The 
performance of a dipole antenna depends on a number of factors, including feeding point, length, wire 
radius, surrounding medium, and metal conductivity. Two conducting pieces, usually rods, are fed with a 
sinusoidal voltage difference to form these antennas [2]. By altering the separation between the two 
elements, the duration of operation can be changed [3]. They are appropriate for many uses, such as RF 
energy harvesting, because of their flexibility [4].Dipole antennas can be improved by adding features, 
like p-i-n diodes for frequency reconfigurability, to this fundamental design [5].  
Furthermore, because of their small size and effective impedance matching, they are also commonly 
employed in wireless communication [6]. The goal of recent developments has been to reduce their 
dimensions without sacrificing performance [7]. 
Characterizing the near-field and far-field areas of a dipole antenna in wireless communication situations 
remains a substantial research gap, despite the well-established knowledge concerning dipole antenna 
radiation. Comprehending the near-field to far-field transition and its constituent properties is crucial for 
enhancing antenna efficiency in real-world scenarios. The development of wireless communication 
systems, where precise far-field characterisation is crucial, is hampered by this lack of thorough research. 
This study analyzes a dipole antenna's field components in the far-field region using modeling and 
simulation approaches. We created and simulated the far-field equations. To determine correlations with 
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distance and other characteristics of a dipole antenna at a distance, the model's electric and magnetic 
fields were examined. 
With the help of a thorough simulation of a dipole antenna's far-field area, the study sheds light on how 
the electric and magnetic fields behave in relation to the radiating source's distance. The study accurately 
predicts the near-field to far-field transition zone by using the far-field distance equations. In wireless 
communication networks, where a thorough understanding of the far-field is essential for dependable 
operation, this research aids in establishing ideal configurations for dipole antennas. In wireless 
communication, the characterisation of the near-field to far-field transition is crucial. 
In order to ensure that antenna designs are optimized for practical applications and result in improved 
system performance, accurate modeling and understanding of the relationships between electric field, 
magnetic field, radiating distance, and phase angle are essential. This research fills a vacuum in the 
literature by concentrating on dipole antennas and the characterization of dipole antennas at low 
frequencies. It is strictly restricted to the modeling and simulation of far-field behavior in dipole antennas, 
specifically focusing on the Electric and Magnetic at far-field. The study looks at the relationships between 
electric and magnetic fields at low frequencies and their dependence on proximity to the antenna in 
wireless communication systems. 

The dipole antenna is the subject of this discussion since it is a particularly significant type of RF antenna 
that is frequently used for radio sending and receiving applications. The dipole is a common stand-alone 
RF antenna, but it also serves as a key component of numerous other RF antenna designs. As a result, it 
may be the most significant type of RF antenna [8]. 
 

2. LITERATURE REVIEW 

A review of numerous experimental examinations of dipole antenna designs has been done, showing how 
useful these designs are for a range of applications. It displays the usefulness, efficiency, and 
performance of dipole antennas in actual situations. Additionally included are the printed dipole array 
antenna's design, simulation, and measurement. A microstrip balun with a log-periodic frequency feeds 
the dipole element. The unbalanced microstrip line is transformed into a balanced two-wire line feeding 
the dipole by the balun. In order to design dipole arrays with two or four elements, Wilkinson power 
divider parallel feeding networks are used. A cheap FR4 dielectric material is used in the array design. 
The dielectric substrate has a height of 1.6 mm and a dielectric constant of 4.5.The electromagnetic 
simulator CST MWS is used to simulate the suggested antennas. For the single component, two-element, 
and four-element designs, respectively, the realized gains are 4.2 dB, 7.2 dB, and 9.7 dB, while the 
simulation-generated impedance bandwidths are 27.5%, 29.5%, and 28.6%. The array consisting of two 
elements has been produced and examined. There is good agreement between the measured and 
simulated outcomes. From modeling and measurement, the derived bandwidths are 29.5% and 27.9%, 
respectively. The measurement result's center frequency has been somewhat moved upward, toward 
2.15GHz. The dielectric constant, which is ill-defined and can range from 4 to 5, is mostly to blame for this 
[9]. 
 

An investigation was carried out on a pair of dipole antennas featuring an RF beamforming circuit, 
intended to direct the primary beam in the azimuthal direction. A mixture of the induced EMF approach 
and a genetic algorithm has been successfully used to optimize the primary beam penetration from 100° 
to 140° with a step size of 10°. The optimization outcomes were contrasted with Empire XCCel's full-wave 
simulation method. The simulation and test outcomes are shown, and the design is realized practically at 
2.45 GHz. The phased array antenna's measured reflection coefficient at 2.56 GHz is -48 dB. With the 
main beam directed at 110°, the viability of the beam synthesis has been effectively verified. Wi-Fi, 
wireless local area networks (WLAN), and fifth-generation indoor positioning devices can all be used with 
the dipole antenna system with RF beamformer circuit [10]. 
 
A 28 GHz array antenna that may be used to evaluate polarimetric omni-directional pathloss has been 
proposed by a researcher. A printed microstrip dipole and loop that have an integrated tapering balun 
structure make up the array. Wideband matching and radiation performance are demonstrated by the low 
profile microstrip dipole and loop antenna design and experimental findings. The dipole has attained an 
impedance matching bandwidth of −10 dB over 6 GHz, while the loop displays a 0.2 GHz bandwidth 
extending from 27.9 to 28.1 GHz. Their modeling method is validated by a rather good match between 
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the recorded and simulated radiation pattern. Dipole and loop antennas' omnidirectional characteristics 
make them appropriate for use as reference antennas in over-the-air antenna testing at 28 GHz [11].  
 
 

Two tiny textile-based planar dipole and loop antennas were studied for use in 2.4 GHz industrial, 
scientific, and medical radio (ISM) bands wearable communication applications. The radiating structure of 
the antennas was created by sewing an embroidery technique onto cotton jean cloth, conducting copper 
threads, and a 0.44 mm thin military print. Simulations were used for the antennas' design and 
performance studies; additional testing in anechoic chambers and indoor environments was done to 
confirm the designs. 
The human subjects were used in the studies, which were conducted on their torso and limb joints, in a 
free-space environment. Based on the reflection coefficient in both bent and normal conditions—which 
correspond to the various radii of the various points of the human limbs—the performance of the 
antennas was examined. Due to antenna bending and body effects, the antennas function well in free 
space and on-body situations in flat and bend settings, with return loss below −10 dB in all cases and an 
acceptable resonance frequency close to 2.4 GHz. This paper also reports the radiation pattern 
estimations for on-body and free space scenarios.The antenna radiation pattern is found to be greatly 
influenced by the geometry of the human body, increasing the front-to-back ratio and making the antenna 
more directional. Overall, it was discovered that the constructed embroidered textile antennas' 
performance was appropriate for a range of wearable body-centric applications in indoor settings[12]. 

For antenna calibration, ideal dipole antennas are preferred. However, nonideal effects are unavoidable 
in real-world implementation and can have a substantial impact on calibration quality. An outstanding 
overall performance of a 2 GHz standard dipole (SD) antenna is shown in this communication. An 
embedded (shielded) balun and an inventive design with an improved element form allow for the 
achievement of this outcome.The feeding structure that is intended is a balanced configuration that 
switches from coaxial to parallel strip lines. The feeding strategy achieves the right balance without being 
affected by the asymmetry of the electromagnetic environment. The antenna gain is roughly 2 dBi, and 
the dipole's measured relative bandwidth is greater than 15%. In the horizontal plane, the horizontally 
gain variation is beneath 0.2 dB and the cross-polarization ratio is larger than 27 dB. The greatest gain 
point of the dipole does not stray from the horizontal plane, and it has a symmetric vertical plane pattern. 
This SD is appropriate for antenna calibration due to its excellent performance [13]. 

Newer wireless applications require adaptable antenna designs that perform well in a variety of host 
configurations. An analysis of the blood irradiation applications' performance with an inkjet printed dipole 
antenna is provided. Antenna performance can be strongly affected by a blood environment, according to 
simulations and tests. Placing the dipole antenna atop a host blood bag considerably reduces its radiation 
pattern, with a predicted highest possible gain of −18 dBi at 2.45 GHz. The dipole antenna is merged with 
an AMC structure that operates at 2.45 GHz in order to separate it from the host structure.Simulations 
and measurements reveal significant enhancements in the antenna gain despite the existence of the 
lossy host. By incorporating the AMC ground plane, gains of 6.4 dBi and 4.1 dBi are 
obtained,respectively, in simulations and measurements [14]. It was decided to operate a folded planar 
dipole antenna in close proximity to the human body. In order to extend the antenna's operational range 
and shield the human body from undesired electromagnetic (EM) emissions, backward radiation was 
decreased. The idea behind the antenna design was a folded planar dipole, which has advantageous 
impedance bandwidth (BW) properties. The antenna was fully encased in resin for integrability and 
resilience when used in real-world settings, considering the trade-off between the antenna's radiation 
effectiveness, protection, and isolation. The measurements showed that the 2.27–2.74 GHz band was 
covered by a 10-dB impedance BW of 470 MHz (18.76%). At 2.45 GHz, the greatest gain was 1.4 dB 
isotropic (dBi). The antenna is easy to integrate with clothing because of its virtually omnidirectional 
pattern, small size (77 × 35 × 11.15 mm), and lightweight (120 g). Resin packaging improved the design's 
insulation from outside interference and disturbances and strengthened its mechanical resilience, but it 
decreased the efficiency of radiation to 48.35%.The proposed antenna is a great option for a variety of 
wireless applications, especially those that call for the antenna to endure exposure to ambient mechanical 
strains and electromagnetic disturbances [15]. The investigation focused on the radiation performance of 
a dipole antenna mounted on a three-dimensional (3D) printed diamond-structured photonic crystal (PC) 
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substrate that had point imperfections. In the meantime, comparable dipole antennas were constructed 
and bundled with conventional coaxial lines based on the PCs' reflection characteristics. Based on the 
experimental results, the dipole antenna's strong radiation frequency at roughly 13 GHz was found to be 
in basic accord with the PCs' strongest reflection frequency that had point flaws.Additionally, the 
experimental results demonstrate that the primary lobe's angular range was 5–55° and its maximum gain 
in the dipole antenna was close to −67 dB. While the primary lobe's width range was 240–270°, its 
maximum gain climbed to −60 dB in the composite antenna, a 7 dB improvement over the dipole antenna. 
These findings demonstrate how the usage of such substrates, which are based on PCs with point 
defects in diamond structures, could greatly increase the antenna's gain and directivity and serve as a 
foundation for application in engineering [16].  
 

A researcher used Bootstrap Aggregation and Machine Learning-based Low-Scale Dipole Antenna 
Optimizing.With the aid of machine learning (ML) techniques, the characteristics of the dipole antenna 
were optimized. Experiments demonstrate how machine learning systems can explain subtle patterns in 
device profiles. Next, using the techniques for Linear Regression, Support Vector Regression, and 
Decision Tree Regression, the researcher presented a bootstrap aggregation model [17]. Characteristic 
Mode Assessment of Planar Dipole Antennas was studied. It involved using image theory and its dipole 
equivalents to analyze planar monopole antennas. the use of characteristic mode analysis to study the 
radiation pattern and bandwidth of planar dipoles. When the dipole width varied, a trade-off was seen 
between the impedance bandwidth and pattern stability. It demonstrates that modal and impedance 
bandwidth degradation is caused by feed point offset [18]. 
 

3.1 MATERIALS AND METHODS 
3.1.1 MATERIALS 
i. Laptop 
ii. Python Software 
iii. JupyterNoteBook 

 
3.2 METHOD 

3.2.1 SYSTEM MODEL 

To determine the fields around a short dipole, we must calculate them at all points in space. Let the 
dipole, with length L, be aligned along the Z-axis, centered at the origin, as depicted in Figure 1. The 
relationships between the electric field components, Er, Eϴ, and Eφ, are shown in the figure. It is assumed 
that the dipole is surrounded by air or vacuum. 

When analyzing antennas or radiating systems, the propagation time is a critical factor. If a current flows 
through the short dipole (as illustrated in Figure 1), the impact of the current at pointPnot immediate but 
occurs after a delay corresponding to the time required for the disturbance to travel the distance, r. This 
phenomenon is referred to as the retardation effect. 
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Fig.1: Relation of dipole to coordinates 
 
Which means instantaneous propagation of the effect of the current, introducing retardation time, where I 
is called the retarded current. Specifically, the retardation time r/c results in a phase retardation 

ݎ߱
ܿ = ݂ߨ2

ݎ
ܿ 	radians 

= 360ை݂	ݎ/ܿ		 = 	360ை ,ܶ/ݐ	 ݐ = 1/݂ = time of one period or cycle (seconds) and f = frequency (hertz, Hz = 
cycles per second).  

Electric and magnetic fields can be expressed in terms of vector and scalar potentials. Therefore, to 
model Electric and Magnetic field, it is necessary to introduce retarded potentials since we are dealing 
with near and far fields, that is, t – r/c. For a dipole located as in Figure 1 or Figure 2, the retarded vector 
potential of the electric current has only one component, Az. 

Equation (3.2) is a statement of the fact that the disturbance at a time t and at a distance from a current 
element is caused by a current [I] that occurred at an earlier time t – r/c. The time difference r/c is the 
interval required for the disturbance to travel the distance r, where c is the velocity of light (3*108 m s-1). 
 

 

Fig.2: Geometry for short dipole 
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௭ܣ = ఓ଴
ସగ
∫ [ூ]

௦
௅/ଶ
௅/ଶ  (3.1)         ݖ݀

Where [I] is the retarded current given by 

[ I] = ܫ଴݁௝ఠ[௧ି(௦	/	௖)]         (3.2) 

In (3.1) and (3.2), 

z= distance to a point on the conductor 

 ଴ = peak value in time of current (uniform along dipole)ܫ

ߨ଴ = permeability of free space = 4ߤ × 	10ି଻H	mିଵ 

If the distance from the dipole is large compared to its length (r ≫L) and if the wavelength is large 
compared to the length (ߣ ≫  we can put s = r and neglect the phase difference of the field ,(ܮ
contributions from different parts of the wire.  

The integrand in (1) can be regarded as a constant, so that (1) becomes  

 

௭ܣ = ఓబ௅ூబ೐ೕഘ(೟ష(ೝ	/	೎)]

ସగ௥
             (3.3) 

The retarded scalar potential V of a charge distribution is 

ܸ = 	 ଵ
ସగԑబ

∫௩
[ఘ]
௦
݀߬              (3.4) 

Where [ߩ] is the retarded charge density given by 

[ߩ] = 	               (3.5)	௖)]	/	௦	଴݁௝ఠ(௧ି(௧ି(ߩ

 

In obtaining (3.3) and (3.4), the relation was used that  µ଴ԑ଴ = 1	/Cଶ	, where C = velocity of light. 

and ݀ݐ = infinitesimal volume element. 

ԑ଴ = permittivity or dielectric constant of free space = 8.85 × 10ିଵଶF	mିଵ 

Since the region of charge in the case of the dipole being considered is confined to the points as in  

Figure 1, (3.4) becomes 

ܸ = 	 ଵ
ସగԑబ

ቄ[௤	]
௦୍
− [௤]

௦ଶ
ቅ            (3.6) 
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From (3.2), 

[q] = ∫[I]݀ݐ = ଴ܫ ∫ ݁௝ఠ[௧ି(௦	/	௖)]݀ݐ = 	 ூబ[௧]
௝ఠ

          (3.7) 

Substituting (3.7) into (3.6), 

 

ܸ = 	 ூబ
ସగఌబೕഘ

ቂ௘
ೕഘ[ೞష(ೞభ/೎	)	]

௦భ
− ௘ೕഘ[ೞష(ೞమ/೎	)	]

௦మ
ቃ          (3.8) 

 

 

 

 

 

 

 

 

 

 

 
Fig.3: Geometry of Dipole ends connecting point P 
 

Referring to Figure 3, when r ≫  the lines connecting the ends of the dipole and the point P may be ,ܮ

considered as parallel so that 

ଵݏ = ݎ − ௅
ଶ
 (3.9)               ߠ	ݏ݋ܿ

and 

ଶݏ = ݎ + 	௅
ଶ
  (3.10)             ߠ	ݏ݋ܿ

Substituting (3.9) and (3.10) into (3.8) gives Electric field of the short Dipole as 

 

௥ܧ = ூబ௅	௖௢௦	ఏ	௘ೕഘ(೟ష(ೝ	/	೎)]

ଶగఌబ
ቀ ଵ
௖௥మ

+ ଵ
௝ఠ௥య

ቁ          (3.11) 
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ఏܧ = ூబ௅	௦௜௡ఏ	௘ೕഘ(೟ష(ೝ	/	೎)]

ସగఌబ
ቀ ௝ఠ
௖మ௥

+ ଵ
௖௥మ

+ ଵ
௝ఠ௥య

ቁ      (3.12) 

 

For Magnetic field, it is calculated from curl of A such that  

 

ݒ × ܣ =
ݎ̂

ߠ	݊݅ݏ	ݎ
ቈ
߲	(sinߠ)ܣథ

ߠ߲ −
(ఏܣ)߲
߲߶

቉ +
෠ߠ

ߠ	݊݅ݏ	ݎ
ቈ
௥ܣ߲
߲߶ −

ݎ)߲ sinܣ(ߠథ
ݎ߲

቉+ 

థ෡

௥
ቂడ(௥	஺ഇ)

డ௥
− డ஺ೝ

డఏ
ቃ                                                                                               (3.13)  

 

Since ߮ܣ = 0, the first and fourth terms of (3.13) are zero, since ܣ௥and ܣఏare independent of ߮, so that 
the second and third terms of (3.13) are also zero. So that ∇ ×  ߮ and hence also H, have only a,࡭
component. Therefore, the magnetic field of short Dipole is given as; 
 

[ܪ] = థܪ = ூబ௅	௖௢௦	ఏ	௘ೕഘ[೟ష(ೝ	/	೎)]

ସగ
ቀ௝ఠ
௖௥

+ ଵ
௥మ
ቁ          (3.14) 

 

Thus, the fields from the dipole have only three components ܧ௥ ఝܪ	݀݊ܽ	ఏܧ, .	The components 
  ௾ are everywhere zero, when r is very large, the terms inܪ	݀݊ܽ	ݎܪ,߮ܧ
 
ଵ
௥మ

and  
ଵ
௥య

in (3.11), (3.12) and (3.14) can be  
 
neglected in favor of the terms in 1/r. 
Thus, in the far field, Eris negligible, and we have effectively only two field components, Electric (Eϴ) and 
Magnetic field (H߮), given by 
 

ఏܧ = ூబ௅	௖௢௦	ఏ	௘
ೕഘቂ೟షቀೝ೎ቁቃ

ସగԐబ௖మ௥
= ࢐ ࡸࢼ૙ࡵ

૝࣊ࢿ૙࢘ࢉ
 (3.15) [(ࢉ	/	࢘)ି࢚]࢐࣓ࢋࣂ	࢔࢏࢙

థܪ = 	 ௝ఠூబ௅ ୱ୧୬ఏ௘
ೕഘቂ೟షቀೝ೎ቁቃ

ସగ௖௥
= ࢐ ࡸࢼ૙ࡵ

૝࣊࢘
 (3.16)                                            [(ࢉ/࢘)ି࢚]࢐࣓ࢋࣂ࢔࢏࢙	

Also, the impedance of the space can be calculated as; 

ఏܧ
థܪ

= ඨ
µ଴
Ԑ଴

= 377Ω.			 

At low frequencies the Electric and Magnetic fields are derived, 

[I] = ܫ଴௘௝ఠ[௧ି(௥	/	௖)] =  (3.17)          [ݍ]݆߱
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Therefore, ܧ௥ and ܧఏ can be written as; 

࢘ࡱ = ࣂ	࢙࢕ࢉࡸ[ࢗ]
૛࣊Ԑ૙

ቀ ࢐࣓
૛࢘ࢉ

+ ૚
࢘૜
ቁ          (3.18) 

and 

ࣂࡱ = ࣂ	࢙࢕ࢉࡸ[ࢗ]
૝࣊Ԑ૙

ቀ࣓
૛

૛࢘࡯
+ ࢐࣓

૜࢘࡯
+ ૚

࢘૜
ቁ         (3.19) 

While the magnetic field (ܪఝ) is given as 

ࣘࡴ = ࣂ	࢙࢕࡯ࡸ[ࡵ]
૝࣊

ቀ࢐࣓
࢘࡯

+ ૚
࢘૛
ቁ           (3.20) 

At low frequencies, ߱	approaches zero so that the terms with ߱	݅݊	ݐℎ݁ numerator can be neglected. 
 As ߱ → 0. We also have 
 
[ݍ] = ଴݁௝ఠ[௧ି(௥/௖)]ݍ =  ଴          (3.21)ݍ

and 

[ܫ] =   ଴              (3.22)ܫ

Therefore, the field components would be given as; 

࢘ࡱ = ࣂ࢙࢕࡯	ࡸ૙ࢗ
૛࣊Ԑ૙࢘૜

             (3.23) 

ࣂࡱ = ࣂ࢔࢏ࡿ	ࡸ૙ࢗ
૝࣊Ԑ૙࢘૜

              (3.24) 

ࣘࡴ = ࣂ࢔࢏ࡿ	ࡸ૙ࡵ
૝࣊࢘૛

              (3.25)  

 

NB: ܧ௥ = Electric field in r-direction 
 direction-ߠ ఏ= Electric field inܧ
 థ = Magnetic field in ߶-directionܪ
      L = Length of dipole 
 ଴= chargeݍ
      r = distance from the radiating source 
     c = velocity of light = 3*108m/s 
  ଴ = permeability of free spaceߤ
ߨ4)     × 	10ି଻H	mିଵ) 
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4 RESULTS 

The results of simulating the relationship between magnetic and electric fields with distance using 
JupyterNoteBook are shown in Figures 4 and 5. It shows that as the field's distance from the radiating 
source increases, both the magnetic and electrical fields gradually decrease. 

 
 

 
Fig.4: Simulations of Electric field in ߠ -direction (ܧఏ) against far field distance 
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Fig.5: Simulation of Magnetic field in ߶- direction (ܪథ) against the field distance 
The figures 6 and 7 are results of electric and magnetic field obtained through simulations with phase 
angles. It shows a sinusoidal wave characteristic for both fields. It is observed that both Electric and 
Magnetic fields are maximum between 75 and 100 degree phase angle. 

 

 

Fig.6: Simulated result of Electric field in  ߠ- direction (ܧఏ) against Phase Angle 
 

 

Fig.7: Simulated result of Magnetic field in ߶-direction (ܪథ) against Phase Angle 
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Figures 8 and 9 shows simulated results of electric and magnetic fields at low frequencies.   

 
Fig.8: Simulated result of Electric field in ߠ- direction (ܧఏ) against frequency 

 

 
Fig.9: Simulated result of Magnetic field in ߶-direction (ܪథ) against frequency 
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Figure 10 is the result of the electric field characteristics with the length of the dipole antenna. It shows a 
straight-line relationship. 

 
Fig.10: Simulated result of Electric field in ߠ- direction (ܧఏ) against Dipole length 
 
Figures 11, 12, 13 and 14 are the radiation pattern of dipole antenna at low frequencies obtained after 
simulations. 
 

 
Fig. 11: Far field radiation pattern frequency = 1KHz, wavelength= 300,000m 
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Fig. 12: Far field radiation pattern frequency = 3KHz, wavelength= 100,000m 
 
 
 
 

 
Fig. 13: Far field radiation pattern frequency = 5KHz, wavelength= 60,000m 
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Fig. 14: Far field radiation pattern frequency = 7KHz, wavelength= 4285.14m 
 
 
 

5 DISCUSSION 
 
The simulated results of the electric (Eθ) and magnetic field (Hϕ) model from the dipole antenna's far field 
region are shown in Figures 4 and 5. The data indicate that the electric and magnetic fields have their 
maximum values at the closest distance from the source, but that they gradually drop as one moves 
farther away.  
The electric field (Eθ)) and magnetic field (Hϕ) components in Figures 6 and 7 exhibit a sinusoidal 
variation that aligns with the oscillation of the wave. The amplitudes of the magnetic and electric fields 
are, respectively, 60000 A/m and 680,000 V/m. This outcome demonstrates the electric and magnetic 
fields' sinusoidal character and how it relates to phase angle, and are maximum between 75 and 100 
degrees phase angle. 
The magnetic field and electric field components in the phi- and theta-directions (Eθ and Hϕ, 
respectively), against low frequencies in the far-field region are shown in Figures 8 and 9, which shed 
light on how electromagnetic waves behave at lower frequencies. The electromagnetic wave's 
wavelength lengthens at low frequencies, causing the far-field zone to begin farther away from the 
source. Er is still very small, but because of wider radiation patterns and reduced antenna efficiency, Eθ 
and Hϕ are trending downward.  
The simulated findings of the association between the dipole antenna's length and the theta-direction 
electric field (Eθ) are displayed in figure 10. The outcome demonstrates that the electric field's strength in 
the theta direction increases as the dipole's length does.The electric field (Eθ), which reflects variations in 
the radiation pattern and efficiency of the antenna, varies dramatically with dipole length. Plotting 0 for 
magnetic field means that, given a perfect dipole oriented along the z-axis, magnetic field (Hυ) stays zero.  
The dipole antenna's far field radiation is seen in Figures 11–14. When 1 kHz, 3 kHz, 5 kHz, and 7 kHz 
were taken into consideration, the wavelength grew significantly. The wavelength for a 1 KHz frequency 
was 300,000 meters. The dipole operates similarly throughout these low frequencies when the 
wavelength is significantly more than the antenna's physical dimensions. An almost equal current 
distribution follows the antenna elements, producing a radiation pattern that is comparable.  
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6 CONCLUSION 
The model, simulations of the magnetic, electric, and far-field radiation patterns of a dipole 
antenna at low frequencies have all been presented in this study. Understanding the relationships 
between the electric field (Er), magnetic field (Hυ), distance (r), frequency (f), and phase angle 
(υ) might help one better comprehend how a short dipole antenna propagates waves. It was also 
noted that the radial component of the electric field (Er) usually becomes minimal (nearly zero) 
in the far-field region in comparison to the transverse components (Eθ) and (Hϕ). This is due to 
the fact that the electric and magnetic fields are perpendicular to the direction of propagation in a 
far-field wave, which is primarily transverse.  
 
Thus, a deeper comprehension of the correlation between the electric or magnetic field and the 
dipole length, phase angle, distance, or frequency leads to a better grasp of the properties of 
microwave propagation. In order to maximize signal strength and reach, low-frequency 
communication systems—like AM radio and some military communication systems—benefit 
from an awareness of these electric field changes. Furthermore, this approach is essential to 
comprehending the design and performance optimization of dipole antennas. 
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