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Abstract - The dipole antenna is one of the best suitable and 

commonly used types of Radio Frequency (RF). This antenna 

is also incorporated into many other Radio Frequency antenna 

designs where it acts as driven element for that particular 

antenna. In present work, the detailed explanation of design of 

dipole antenna at wavelength 4mm using FEM (Finite 
Element Method) i.e. COMSOL Multiphysics is presented. 

The RF module of COMSOL Multiphysics will be used for 

designing the Dipole antenna. The antenna will be designed 

using Copper with relative permeability of 1 and electrical 

conductivity 5.998e7 [S/m] and using Silicon having relative 

permeability of 1 and electrical conductivity 1000[S/m] 

respectively. This antenna has cylindrical gap between the 

arms of antenna and the cylindrical gap act as a voltage source 

of the antenna. This voltage source of feed structure induces 

electromagnetic fields and surface currents on the adjacent 

conductive faces. The design of dipole antenna will be 

analyzed by using COMSOL Multiphysics and the obtained 
simulation results present that dipole antenna provides better 

performance. 

Keywords - Radio frequency Antenna, Finite Element Method, 

Dipole Antenna, radiation and patterns etc. 

I. INTRODUCTION  

Antenna is any structure that can radiate electromagnetic 

energy typically for communications purposes. Some of the 

common antennas are Dipole Antenna with a Quaterwave 

Coaxial Balun, Circular polarization in a patch antenna, 

Vivaldi antenna far-field pattern, Mobile devices planar 

inverted-F antenna, antenna crosstalk in an airplane are some 
of the examples of antennas. The dipole was the oldest and 

primitive type of antenna; it was invented by German scientist 

Heinrich Hertz around 1886 in his advanced research of radio 

waves. When a radiation of energy is done with the help of a 

bent wire, then the end of transmission line is termed as 

Dipole or dipole antenna. In dipole antenna, we have two arms 

in its structure. These two are vertically oriented pieces of 

metal this antenna is being driven at a feed point. So there is a 

power supply that is bringing a signal via transmission line 

and that’s going to be a applying a sinusoidal time varying 

voltage difference across this feed gap between the two arms. 

The antenna itself is going to radiate into the surrounding free 

space and we roughly break down the surrounding free space 

into two regions; The Near field region and The Far Field 

region. In the Near field region the field have both innocent 

and propagating component but in the Far field region the 
electromagnetic field are rarely propagating. Inside of our 

model we cannot differentiate the near field and far field 

region; this all will model as a single domain. There will be an 

additional layer or additional region that is called as 

Absorbing Region (PML). This Perfectly Matched Layer 

(PML) region is going to act as an absorber of any outgoing 

radiation so it acts quite summarily to the walls of inequality 

chamber absorbing any outgoing radiation coming from this 

antenna. We will also compute Electromagnetic fields, the far 

field parent and the antenna impedance. There are different 

types of the dipole are also used, such as the folded dipole, 

short dipole, cage dipole, bow-tie, and batwing antenna. 
Dipoles can be used as standalone antennas themselves, but 

they are also used as feed antennas (driven elements) in many 

more advanced antenna types, such as the Yagi antenna, 

parabolic antenna, reflective array, turnstile antenna, log 

periodic antenna, and phased array. Many type of antenna are 

analyzed and used in many different applications but the most 

common type of dipole used is two straight rods or wires that 

are connected end to end on the same axis, with the feed line 

connected to the two adjacent ends. This is one the easiest 

type of antenna from a theoretical based view. Dipoles are 

also known as resonating antennas, because the elements serve 
as resonating elements, with standing waves of radio current 

which flows back and forth within both of their ends. 

II. COMSOL MULTIPHYSICS SOFTWARE 

Here the simulation tool used is COMSOL Multiphysics. It 
has a several problem-solving benefits. It is easy to understand 

your problem, while using COMSOL Multiphysics as a 

simulation tool for a project. Identifying or testing various 

Geometrical and physical characteristics of a project is easy in 

COMSOL. It has a flexible nature which facilitates further 

analysis by making different cases easy to set up and run in 

the tool and also allow users to model all physical aspects of 
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their design. By optimizing the project it is possible to take the 

simulation at production level. In the user interface, parameter 

sweeps and target functions can be executed. From start of the 

simulation to the end of the simulation, COMSOL is a 

complete problem-solving tool. The graphic user interface 

(GUI) of COMSOL offers an effective platform to get 
solutions of your problem. Script based modeling also can be 

done in COMSOL when it is combined with MATLAB. 

 
III. DIPOLE ANTENNA CONSIDERATION 

 

The geometry of proposed dipole antenna, having two arms 

termed as Antenna boundaries and a feed point is shown in 

fig. 1.1. Here the length and radius of antenna boundaries and 

feed point are 1m and 3cm. The gap between these two arms 

is 3cm: 

 

   
 

The proposed dipole antenna is enclosed in a spherical domain 

having radius 2m as shown in fig. 1.2 

 

 

 

Now mesh is applied to the model, meshing type is completely 

depending upon the number and size of the element. In this 

model the physics controlled mess is applied i.e. based on 

domain features, material properties and the operating 

frequency or the operating wavelength and second order 
element is used in this model i.e. second order polynomial that 

is used for the dispersion of fields. Finer mesh is applied on 

the antenna boundaries, (shown in fig. 1.4) to get good 

resolution and swept mesh is applied on the PML (Perfectly 

matched layer) region shown in fig. 1.3

 

Fig. 1.1 Geometry Visualization 

Fig. 1.2 Antenna enclosed in spherical domain 

 

Fig. 1.3 Meshing at PML region 
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IV. SIMULATION RESULTS 

Now the examination of model is to be done. Air domain has 

been selected for the representation of result. So, the result 

will be displayed within the air domain. This domain 

represents the direction of Electric field, Magnetic field and 

the direction of outgoing power. The type of study used for 

result is Frequency Domain with frequency f0 as modeling is 

done on a single frequency. The color range of electric field 

selected manually in the model i.e. Red and the arrow plot of 
the electric field is selected in the x-y plane. The plot for the 

magnetic field is selected in the same way and color range 

selected for Magnetic field is Green. Lastly, the color range 

for outgoing radiating energy or power flow in the model is 

selected as White. Now all the three arrows and direction of 

these arrows are easily visible in the model as shown in Fig. 

1.5 ( shows direction of electric field ) and Fig. 1.6 (shows 

direction of outgoing power and magnetic fields). The 2D far 

field plot and 3D far field plot achieved is also shown in Fig 

1.7 and Fig. 1.8.  

 

 

 

 

 

 

 

 

The couple of plots i.e. 2D plot and 3D plot has been 

achieved. 3D Far field plot shows the far field intensity pattern 

and achieved as typical donut type shape as shown in Figures. 

Both the plots are achieved at same frequency. 

Fig. 1.4 Meshing at Antenna Boundaries 

Fig. 1.7 2D far field plot 

Fig. 1.8 3D far field plot 

Fig. 1.5 Direction of electric field 

 

Fig. 1.6 Direction of magnetic field and outgoing power 
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V. CONCLUSION 

The proposed dipole antenna is designed at wavelength 4mm 

with radius of 3cm. The antenna is designed on the principle 

Electromagnetic waves to obtain the directions of electric 

field, magnetic field and outgoing radiation power and 

different polar plots at a single frequency domain. The RF 

module of finite element method that is COMSOL 

Multiphysics has been used to achieve the targets of proposed 

research work i.e. in designing of Dipole Antenna with 
different radiations and patterns. The antenna is designed 

using Copper with relative permeability of 1 and electrical 

conductivity 5.998e7 [S/m] and using electrical Silicon having 

relative permeability of 1 and conductivity 1000[S/m] 

respectively.  

Meshing has been applied to the selected model based on 

material properties, operating frequency or operating 

wavelength, which results finer mesh to the antenna 
boundaries and swept mesh to the perfectly matched layer 

region. The 2D far field plot and 3D polar plot at frequency 

7.4948e7 Hz has been obtained. 3D far field plot shows the far 

field intensity pattern and donut type shape has been obtained 

as presented in figures. The implementation of the proposed 

research work outperforms and provides better simulation 

results using finite element method. The proposed work is a 

particularly form of RF antenna which is widely used for radio 

transmitting and receiving applications. The Dipole is 

generally used at its own as an RF antenna, but it also forms 

the essential element in many other types of RF antenna. 
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