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ABSTRACT 
Dipole with one element and two-elements arrays antenna have been built in order to detect 20.1 MHZ radio emission from 
Jupiter and Io (Jupiter's satellite). The Jupiter elevation angle at Baghdad location (44.45, 33.35) for a period of fifteen year 
(2005-2020) has achieved from Radio Jove pro..The radiation pattern for dipole antenna (with one and two elements) at 
different height above ground (5ft to 30ft) are calculate from EZNEC+ 5.0 package with its maximum gain. A comparison 
between the results for Jupiter elevation angle curve and pattern angle which gives maximum gain at different height can be  
conclude suitable result for best antenna height to ensure height probability for detection Jupiter radio emission and Io . 
Keywords: Dipole antenna, Radio signal, Linear wire antenna, Ground plane. 

1. INTRODUCTION 
An antenna dipole is a device that provides means for radiating or emitting radio waves. It is considered to provide 
transmission of guided waves on transmission line to free space [1]. In other words the antenna dipole is the 
transmission unit between free-space and guiding device. The guiding device or transmission line may take the form of 
coaxial line or hollow pipe (waveguide), and it is used to transport electromagnetic energy from the transmitting source 
to the antenna or from the antenna to the receiver [2]. The antenna is considered as a detector used for collecting the 
radiation [3]. 

2. DIPOLE ANTENNA TYPE 
There are many type of dipole antenna which is the simplest and important type of linear wire antenna: 
2.1. Half –wavelength dipole  
Avery widely used antenna is the half-wave dipole antenna .It is a linear current whose amplitude varies as one-half of 
sine wave with maximum at the center. Also it could be imagined to flow on an infinitely thin, perfectly conducting, 
half-wavelength long wire [4]. 
2.2. Short-wave dipole 
The current on a straight wire antenna must smoothly go to zero at the wire ends. The current distribution on a center –
fed wire dipole of length ∆Z   called a short dipole is approximately triangular in shape because the current 
distribution on thin wire antenna diameter  ) is approximately sinusoidal and also must be zero at the wire ends [2].  
2.3. Ideal dipole 
The ideal dipole has a uniform current in reality along all wire, that is no drop down in the end of wire [2]. 

3. FUNDAMENTAL ANTENNA PARAMETERS 
3.1 Radiation Pattern 
Radiation pattern (or antenna pattern) is graphical representation of the radiation properties of an antenna [5]. It is 
define as mathematical function or graphical representation of the radiation properties as functions of space 
coordinates. In most cases the radiation pattern is determined in the far-field region (space coordinates) and is 
represented as a function of the directional coordinates [2].  Radiation pattern provides a description of the angular 
variation of radiation level around an antenna, which is provides a one of the most important characteristic of an 
antenna [5]        
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Figure 1: Three-dimensional pattern of a λ/2 [2] 

 as illustrate in figure (1).   

4. DIRECTIVITY 
The directivity of an antenna is defined as “the ratio of the radiation intensity in a given direction from the antenna to 
the radiation intensity averaged over all directions [6]. The average radiation intensity is equal to the total power 
radiated by the antenna divided by 4π. As given by the equation: 
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Where U = radiation intensity (W/unit solid angle), oU = radiation intensity of isotropic source, radP  the total radiated 
power [2]. 

5. EFFICIENCY 
The antenna efficiency takes into consideration the ohmic losses of the antenna through the dielectric material and the 
reflective losses at the input terminals [7]. 

6. GAIN 
The antenna gain measurement is linearly related to the directivity measurement through the antenna radiation 
efficiency. The antenna absolute gain is “the ratio of the intensity, in a given direction, to the radiation intensity that 
would be obtained if the power accepted by the antenna were radiated isotropically” [8] [9]. Antenna gain is: 
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  where rade is the radiation efficiency, inP  power input. 

7. WIRE ANTENNA ABOVE AN IMPERFECT GROUND PLANE 
The operation of low –frequency (roughly VHF and below) antenna is affected significantly by the presence of typical 
environmental surroundings, Such as the earth buildings, and so forth. A perfect ground plane in its ideal form is an 
infinite plane, perfect conductor it is well approximated in practice by a planar good conductor that is large relative to 
the antenna extent. If the ground planes that are not well approximated by a perfect ground plane. Since low-frequency 
antenna is most affected by their surroundings and low-frequency antenna are usually wire antenna, the illustrations 
will be for wire antennas above ground plane .the general principles can however be applied to many antenna type [2]. 

8. WORKS AND RESULTS   
Our work is based on get the elevation angle of Jupiter and it's satellite Io for a fifteen years (2005-2020) at Baghdad 
location form Radio Jove pro.. Dipole with one and two elements are designed at different heights (5 to 30) feet so as to 
receives the same signal from Jupiter and its satellite. Then a comparison have been made between the elevation angle 
of Jupiter and it's Io satellite with the radiation pattern of dipole (one and two elements) so as to get suitable height and 
time for dipole to detect the radio signal from Jupiter and it's satellite Io as shown in figure 2. 
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Figure 2: Flowchart of the work. 

8.1 Single Dipole Antenna near the Ground 
This type of antenna was designed using EZNEC+ 5.0 package. The height of this type of dipole has been token from 
(5 to 30) feet. The maximum gain at different heights (5 to 30) feet for this dipole type is achieved. The figure (3a) 
represents antenna maximum gain with different antenna heights, where the value of maximum gain has been 
increasing with increase the height of dipole. In figure (3b) the value of pattern angle of Jupiter has been plotted with 
the heights. The value of pattern angle is decreasing with the heights (from 90 deg. to reach 23 deg.). 

              

(a)                                                                                      (b)               

Figure 3: (a) Antenna height and maximum gain for dipole with one element near the ground. (b) Antenna height 
and pattern angle for dipole with one element near ground. 

8.2   Dipole with two Elements 

To achieves twice the gain (signal amplification) of single dipole and also allows steering the antenna beam to desired 
region of the sky towards Jupiter location for maximum gain and to increase the efficiency of dipole. Dipole with two 
elements has been designed using EZNEC+ 5.0 package. Dual dipole array is the same wavelength (20.1MHz) as 
dipole with one element so here consider two dipoles placed at distance 20ft apart from each other both at height (h) 
from the ground and with phase difference angle between them equal )225( o .  In figure (4a) the value of maximum 
gain is increasing noticeably with heights. While in figure (4b) explain that the decreasing of pattern angle of this type 
of dipole is smoothly starting by angles (54 deg. to reach 23 deg.) with the heights. 

Evaluate elevation angle of Jupiter and it's Io 
satellite using Radio Jove pro. 

Design dipole using EZNEC+ 5.0 
package 

Dipole with one element 
for height (5-30) 

Dipole with two elements 
for height (5-30) 

Comparison of elevation angle of Jupiter and it's 
satellite Io with the pattern angle from dipole with 

one and two elements 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 03, Issue 09, September 2014              ISSN 2319 - 4847 
 

Volume 3, Issue 9, September 2014                                                                                  Page 293 

       
(a)                                                                              (b) 

Figure 4: (a) Antenna height and maximum gain for dipole with two elements. (b) Antenna height and pattern angle 
for dipole with two elements. 

9. COMPARISON BETWEEN TWO DIPOLES NEAR THE GROUND 
Figure (5a) shows the comparison between value of maximum gain for dipole with one element and two elements near 
the ground with heights which show the increase of maximum gain for dipole with two elements. Figure (5b) explains 
comparison between pattern angles of dipole with one element and dipole with two elements near the ground with 
heights. They notice that pattern angle decreasing smoothly with heights when compared with the pattern angle for 
dipole with one element.  

             
(a)                                                                                                 (b) 

Figure 5: (a) Comparison between maximum gain and heights for dipole with one and two elements near the 
ground. (b) Comparison between pattern angle and heights for dipole with one and two elements near the ground. 

10. A COMPARISON BETWEEN THE JUPITER ELEVATION ANGLE AND ANTENNA PATTERN ANGLE 
The result of pattern angle obtained from EZNEC+ 5.0 package for dipole with one element has been compare with the 
elevation angle of Jupiter and it's satellite Io results from Radio Jove pro.. When compare the elevation angle of Jupiter 
and it's satellite Io, we found that some of the elevation angle is missing for the period (2005 to 2020) years.  The 
missing elevation angles are in years (2012, 2013, 2014, and 2015), where we can't found the exact pattern angle that 
match the elevation angle. Suitable height and year that can be used to observe Jupiter and it's satellite Io using dipole 
antenna with one element for the period (2005-2020) explain in table (1). 
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Table 1: Suitable height and year for dipole with one element 
 

 

 

 

 

 

 

 

 

 

 

Table 1: (continued) 

Jupiter 
elevation 

angle [deg] 

Year Height of 
antenna [ft] 

31 2018 22 
29 2019, 2020 23 

In dipole with two elements we found the same problem as in the previous dipole. The missing elevation angle in years 
( 2012, 2013, 2014, and 2015) are not found in this type of dipole because Jupiter some years spent more time above the 
horizon (approximately 13 hours ) compare with the other time. Practically found this type of dipole is more efficiency 
than the dipole with one element.  Suitable height and year that can be used to observe Jupiter and it's satellite Io using 
dipole antenna with one element for the period (2005-2020) explain in table (2). 

Table 2: Suitable height and year for dipole with two elements 
Jupiter 

elevation angle 
[deg] 

Hight of 
antenna [ft] 

Year 

54 5,6 2005, 2010, 2011 
53 7 2010, 2016 
52 8 2005, 2010 
51 9 2005 
50 10 2005 
48 11 2005, 2016 
47 12 2017 
45 13 2005, 2010, 2017 
43 14 2005, 2006, 2009 
41 15 2006, 2009 
40 16 2006, 2009 
38 17 2006 

37 18 2018, 2017 
35 19 2007, 2008, 2009, 

2018 
33 20 2007, 2008, 2009 
32 21 2018 
31 22 2018 
29 23 2019 
28 24 2020 
27 25 2019, 2020 

Jupiter 
elevation 

angle 
[deg] 

Year Height of 
antenna 

[ft] 

64 2011 11, 13 
58 2015, 2016 12 
47 2010, 2017 15 
44 2017 16 
41 2006, 2009 17 
39 2006, 2009, 2017 18 
36 2006, 2018 19 
34 2007, 2008, 2018 20 
32 2018 21 
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11. Matlab Programming for Radiation Pattern Equations 

The MATLAB language has been used to build program in order to draw and explain the main properties of radiation 
pattern of this dipole antenna where the first type of dipole used to draw the radiation pattern is a dipole with one 
element near the ground and the other is two elements near the ground. The length of a dipole   antenna using 
infinitely thin wires is exactly half a wavelength ( /2). Much   like an organ pipe is cut to a specific length to make it 
resonant for a particular frequency of sound, our dipole antenna is cut to a length of half a wavelength to make it 
resonant at the frequency of 20.1 MHz. 
One Element Dipole near the Ground 

Now according to dipole with one element near the ground [2]  
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Where oZ  is the impedance of wire, I is the input current, h here is represent height of antenna and d is the total 

length of a dipole.   and   is represented as : 
  is elevation angle which is taken from 0  to 2  ,φ is the azimuth angle  which is taken from 0  to 4 .  
Two Elements Dipole near the Ground 

A program has been built in MATLAB is a dipole with tow element near the ground where this configuration achieves 
twice the gain (signal amplification) of a single dipole.  
Then the equation for the two element near the ground is [2 ]  
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where oZ , I ,h ,  ,  are explain above  
 is a phase different between the two dipoles 

b is the spacing between them  
Then in all to above we calculate the power radiation which is given by the equation [2] 

 sin4 UP                                                                                      (5) 
Where        = 3.14 or (22/7) 
U is the radiation intensity as explain above and to found the directivity by the equation [2] 

PUD  /2                                                                                      (6) 

Where P . the total power over all pattern   
Finally draw the result .after convert to dB unite using this equation [2]: 

DdB 10log10                                                                                        (7) 

12. Result Comparison for Antenna Radiation Pattern between the Matlab and EZNCE+ 5.0 
Package 

The result to previous compared data in table (1) of dipole with one element near the ground founded that there are 
some height of antenna are appear suitable for some year so as radiation pattern has been plotted to this height for 
example. 
Maximum gain results from Matlab language and EZNCE+ 5.0 package. Results are listed in table (3) and show in 
figure (6) for Matlab language and figure (7) for EZNCE+ 5.0 package. 
 

Table 3: Maximum gain and height for dipole with one element near the ground 
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(a)                                                                                           (b) 

                                   
                                    (c)                                                                                                             (d) 

Figure 6: Radiation pattern of dipole with one element near the ground using Matlab language with height (a) 12 ft                          
(b) 18 ft                           (c) 20 ft                             (d) 23 ft 

                
(a)                                                                                  (b) 

                     
                                         (c)                                                                                             (d)                                                                  
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Figure 7: Radiation pattern of dipole with one element near the ground using EZNCE+ 5.0 package with height (a) 12 
ft                           (b) 18 ft                          (c) 20 ft                              (d) 23 ft 

For dipole with two elements near the ground the suitable height which is result from table (2) with the maximum gain 
result from Matlab language and EZNCE+ 5.0 package are list in table (4), and shows in figure (8) for Matlab language 
and figure (9) for EZNCE+ 5.0 package. 

Table 4: Maximum gain and height for dipole with two elements near the ground. 

 

             
(a)                                                                                                  (b) 

      
                                          (c)                                                                                              (d) 

Figure 8: Radiation pattern of dipole with two elements near the ground using Matlab language with height (a) 5 ft                            
(b) 13 ft                             (c) 14 ft                              (d) 19 ft 

                
                                        (a)                                                                                                (b) 
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                                       (c)                                                                                                     (d) 
Figure 9: Radiation pattern of dipole with two elements near the ground using EZNCE+ 5.0 package with height (a) 5 

ft                           (b) 13 ft                            (c) 14 ft                             (d) 19 ft 

13. CONCLUSION 
Dipole with one and two elements can't detect all elevation angle of Jupiter and it's satellite Io for the period (2005-
2020) years.  The value of the maximum gain is increasing with increase the number of elements in dipole near the 
ground from one element to two elements and its also increasing with increasing heights of dipole. The value of 
efficiency is increasing also with the increase the number of elements. Values of pattern angle decreasing smoothly 
with dipole of two elements as comparable to dipole with one element. This makes dipole with two elements more 
practical than dipole with one element. 
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