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ABSTRACT 

 

RADIATION CHARACTERISTICS OF PARABOLIC REFLECTOR 

ANTENNAS 

 

         M.Sc. Thesis 
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The reflector antenna systems are widely used in telecommunication systems. 

They can be used to increase the number of users in the system. Parabolic antennas 

satisfy the requirements to expand the frequency reuse. These antennas are ideal for 

combating propagation problems and interference. In this study, a parabolic reflector 

was chosen for investigation since it produces low side lobes together with high gain 

pencil beams, and the performance of parabolic reflector antenna has been investigated. 

The radiation pattern, directivity as well as gain by varying the f/d and the diameter of 

the parabolic antenna were investigated. The results were obtained by using the 

Parabolic Reflector Dish Antenna Program which was written in the MATLAB 

programming language. The parabolic reflector antenna directivity and gain were 

calculated and the radiation patterns were plotted when f/d = 0.5, 0.6, 0.7, 0.8, and the 

antenna diameter d = 0.25 m, 0.5 m, 0.75 m, 1 m, 2 m, 3 m, and 6 m. The results show 

that the reflector antennas’ directivities are related to f/d ratio. Directivity increases as 

f/d increases and optimum directivity occurs at f/d = 0.8. The value of directivity 

increases with increasing diameter. At d = 2 m the radiation pattern becomes boarder 

and electromagnetic wave propagation will be high.  

 

Keywords: Antenna, beamwidth, directivity, gain, parabolic reflector, radiation 

pattern. 
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YÜKSEK LİSANS TEZİ 

 

PARABOLİK REFLEKTÖR ANTENLERİN RADYASYON 

KARAKTERİSTİKLERİ 

 

KHOSHNAW, SKALA HATEM MOHAMMED 

 

Siirt Üniversitesi Fen Bilimleri Enstitüsü 

Elektrik-Elektronik Mühendisliği Anabilim Dalı 

 

 Danışman : Yrd. Doç. Dr. Volkan Müjdat TİRYAKİ 

 II. Danışman : Dr. Mudhaffer Mustafa AMEEN 

 

Mayıs 2017, 54 sayfa 

 

Reflektör anten sistemleri telekomünikasyon sistemlerinde yaygın olarak 

kullanılmaktadır. Bu antenler sistemdeki kullanıcı sayısını artırmak için 

kullanılabilirler. Parabolik antenler, frekans tekrar kullanımını genişletme 

gereksinimlerini karşılarlar. Ayrıca, propagasyon problemleri ve interferans ile 

mücadele etmek için idealdir. Bu çalışmada, parabolik reflektör antenler yüksek 

kazançlı ışınlar ile düşük güçlü yan loblar ürettiği için tercih edilmiştir ve parabolik 

reflektör antenlerin performansı araştırılmıştır. Parabolik antenin incelenmesi sırasında 

antenin çapı ve f/d değiştirilerek radyasyon modeli, yönlendirme ve kazanç 

hesaplanmıştır. Sonuçlar, MATLAB programlama dili ile yazılmış Parabolik Reflektör 

Çanak Anten Programı kullanılarak elde edilmiştir. Parabolik reflektör anten kazancı ve 

anten yönlendirmesi f/d = 0.5, 0.6, 0.7, 0.8, ve anten çapı d = 0.25, 0.5, 0.75, 1, 2, 3 ve 6 

m için hesaplanmıştır ve radyasyon örüntüleri bulunmuştur. Sonuçlar anten 

yöneltmesinin f/d oranı ile bağlantılı olduğunu göstermektedir. Anten yönlendirme 

parametresi f/d artarken artmaktadır ve optimum yöneltme f/d = 0.8 olduğunda elde 

edilmiştir. Anten yönlendirme, anten çapı artarken artmıştır. Anten çapı 2 metre 

alındığında radyasyon örüntüsü genişlemiştir ve elektromanyetik dalga yayılımı 

yükselmiştir.  

 

Anahtar kelimeler: Anten, ışın genişliği, yönlendirme, kazanç, parabolik 

reflektör, radyasyon örüntüsü. 
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1.INTRODUCTION 

An antenna is a system that is designed to receive or radiate 

electromagnetic waves (Anonymous, 1983 a). Antennas are fundamental 

components which play an important role in modern communication systems 

(Ghobrial et al. and Kooi et al.). A decrease in physical size and multi-band 

capacity are the basic requirements for wireless devices from the antenna. The 

antenna is based on the theory of the fractal antenna serpinski (Agrawal and 

Sharma, 2014). 

An antenna can have numerous shapes and sizes. Types of antennas are 

(e.g., dipoles, monopoles, loops, helices, yagi-uda and large-period antenna), 

aperture antennas such as: (pyramidal horn and horn), reflector antennas such 

as: (corner reflector, parabolic reflector (dish), plane reflector and spherical 

reflector), microstrip antennas such as: (array antennas linear, patches, planer 

and circular and lens antennas). Each array of antennas has a radiation pattern 

and design parameters, plus their benefits and disadvantages (Balanis, 2005 

and Ambresh et al. 2013). Figure (1.1) shows different types of antennas. 

 

 

Figure 1.1.  Different types of antennas (Singh et al., 2014) 
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Different type of antennas, frequency bands, Properties, gain values are 

presented in Table (1.1). 

 

Table 1.1. Antenna on frequency basis (Devi and Rawat , 2016) 

 

 

 

 

 

 

 

 

 

 

 

Types of antenna Frequency Band Designation 

Vertical Radiators, Triatic antenna, Top-loaded 

Monopoles, T and Inverted L antennas, Valley-span 

antenna, Trideco antenna 

 

30-300 KHz 

 

Low Frequency (LF) 

Radiators (monopoles and dipoles), directional antennas 300-3000 KHz Medium Frequency (MF) 

Log periodic antenna, Vertical whip antenna, conical 

monopole and Inverted Cone antennas, Fan dipole 

antenna, Rhombic antenna 

 

3-30 MHz 

 

High Frequency (HF) 

Yagi-Uda antennas, log periodic antennas, discone 

antennas, Helical antennas, parabolic antennas, Panel 

antennas, Corner reflector antennas 

 

30-300 MHz 

 

Very High Frequency 

(VHF) 

Yagi-Uda antennas, log periodic antennas, Panel 

antennas, Helical antennas, parabolic antennas, Corner 

reflector antennas, discone antennas. 

 

300-3000 MHz 

 

Ultra-High Frequency 

(UHF) 

Parabolic antenna, pyramidal horn antennas, discone 

antennas, monopoles and dipoles antennas, Microstrip 

patch antennas, fractal antennas. 

 

3-30 GHz 

 

Super High Frequency 

(SHF) 

Parabolic antenna, pyramidal horn antennas, discone 

antennas, monopoles and dipoles antennas, Microstrip 

patch antennas, fractal antennas. 

 

30-300 GHz 

Extremely High 

Frequency 

(EHF) 
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Table 1.2. Property of antennas are presented (Stutzman and Thiele, 2012) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A common design condition is to find an antenna to achieve the desired 

gain value. Some types of antenna and the corresponding gain values are 

presented in Table (1.3). 

 

                            Table 1.3. Gain value of different kind of antennas (Rautio J. C., 2008) 

 

 

 

 

 

 

 

 

 

1.1. Reflector Antennas 

Reflector antennas redirect electromagnetic and refocus it in a certain 

direction. Reflector antennas are commonly used in space crafts for long 

Type of antennas Properties 

 

Short dipole, Small loop 

Low directivity 

High input reactance 

Low radiation efficiency 

Low input resistance 

 

Half-wave dipole, 

Microstrip patch, Yagi 

Low to moderate gain 

Narrow bandwidth 

Real input impedance 

 

Spiral, Log Periodic, 

Dipole Array 

Low to moderate gain 

Real input impedance 

Wide bandwidth 

Constant gain 

 

Horn, Reflector 

High gain 

Moderate bandwidth 

Gain increases with frequency 

Types of antenna 

 

Gain value 

Electrically small antennas, Loops, 

Dipoles/monopoles 

5 dB or less 

Microstrip patches, Planar frequency-

independent antennas (e.g. spirals) 

5dB to 8dB 

Yagi-Uda, Log periodic dipole array, Helix 

(axial mode) 

8dB to15dB 

Aperture antennas Reflectors, Horns 15 dB and more 
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distance communication (Balanis, 2005). Reflector antennas are characterized 

by narrow main beams and very high gain. Studies on reflector antennas during 

the last decade were about paraboloids. This is due to the application of dish 

antennas in earth stations for microwave satellite and space communications 

(Kildal, 1984). These kinds of antennas have two different types, right cylinder 

and paraboloid (Khan et al., 2016; Kaaya et al., 2014). Several common kinds 

of reflector antennas are the corner reflector, plane reflector and parabolic 

reflector (Balanis, 2005).  Parabolic reflectors gather and concentrate parallel 

incoming radio wave beams and its emphasis on an actual antenna at focal 

point on focus (Patil et al., 2014).  

Reflector antennas are commonly used at ultra-high frequency, 

millimeter and submillimeter wavelengths for radio astronomy, centimeter, 

earth remote sensing systems, radar, radio and television. Methods and the 

theory for calculating the reflector antenna have been developed well now 

(Gorobets et al., 2013). The reflector pattern can be controlled either by 

forming a feeding antenna pattern or by shaping the reflector surface, both of 

which have its advantages and disadvantages (Bagheri-Korania et al., 2016). 

 

1.2. Parabolic Antenna 

A parabolic antenna has a parabolic reflector which is a cross-sectional 

form of parabola with a curved surface, to direct and receive radio waves. The 

most popular form is called parabolic dish or dish antenna (Dean, 2000; Ingale 

et al., 2008). Parabolic reflectors are commonly antennas that is used in 

satellite, point-to-point communication systems, power transmission and 

microwave radar (Hagen et al., 1996). 

Parabolic reflectors are formed such as parabola. Electromagnetic waves can be focused 

at the beam and precisely targeted locations. Because of this property, the parabolic 

antennas are typically used by dish television companies and satellite communications. , 

parabolic reflectors produce a high-gain pencil beam with low side lobes and good 

cross-polarization discrimination characteristics. Fig. (1.2) shows a parabolic refletor 

antenna (Balanis, 2005). 
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Figure 1. 2.  A parabolic reflector antenna (Singh et al., 2014). 

 

Reflector antennas are used since the discovery of electromagnetic 

wave propagation in 1888 (Fung C., 2011). Though reflector antennas take 

many geometric formations, the most popular shapes are the curved reflectors, 

corner, and plane (Telagarapua et al., 2011). Focal point is the point which 

radiation converges in a spot. A symmetrical point is known as the vertex on 

the parabolic surface. Rays which emerge in a parallel forming are usually said 

to be collimated. In practice, collimation is often used to characterize highly 

directional antenna properties although the emitted rays are not completely 

parallel (Balanis, 2005). The satellite television dish antenna is the most 

popular example for parabolic antennas. The parabolic antenna is like a 

concave mirror which combines incoming light and focuses it in the lens (Liu 

et al., 2013).   

Focal length of parabolic reflector is an important element and equal to the 

distance from focus to the vertex. Aperture length of a parabolic reflector is 

described as antenna diameter. A parabolic reflector is described by the 

diameter (d) and focal length (f) of the aperture. f/d ratio is used to determine 

the diameter of parabolic reflector and its aperture. If the ratio of f/d is large 

such as 0.5 to 0.8 needs to show its strength at a narrower angle. Feed should 

be further away from the dish and larger diameter. If f/d is low the feed will be 
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close to the dish. Dish should be illuminated at a wide angle (Chaurasiya and 

Kumar, 2015). A typical parabolic reflector antenna is shown in Figure (1.3). 

 

 

Figure 1.3. A typical parabolic reflector antenna (Chaurasiya and Kumar, 2015). 

 

1.3. Reflector Antenna Parameters 

Before antenna design one should know its properties (Ambresh et al., 

2013). Some of the parameters are required to describe the antenna 

performance (Balanis, 2005). 

 

1.3.1. Antenna pattern (Radiation pattern) 

The radiation pattern is the electromagnetic field of distributed antenna 

radiation in coordination at a fixed distance (Fung, 2011). In the usual case, the 

radiation pattern is a function for directional coordinates and is particular in the 

far field. Radiation characteristics include field strength, radiation intensity, 

polarization or phase (Anonymous, 1983 a). Therefore, the antenna pattern 

shows how the power is distributed in the space (Devi and Rawat, 2016).  

The pattern that is represented by the power density it is called power 

pattern. The power pattern is commonly used in mobile communications. The 

antenna pattern is usually represented by two patterns that are perpendicular to 

each other on a main level. This is called surface pattern. The power in some 
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directions is strengthened while the power in some directions is weakened. The 

lobes of different shapes and zero points form. The main lobe has the highest 

power. The first side lobes are near the main lobe and has the second highest 

power. The second side lobes have the third highest power (Fung, 2011). The 

horizontal and vertical patterns of a directional antenna is shown in Fig. (1.4). 

 

 
 

Figure 1.4.  Radiation pattern of reflector antennas (Anonymous, 2011 d). 

 

1.3.2. Directivity (D) 

The directivity is the ratio of the maximum radiation intensity to the 

average radiation intensity of the antenna. The directive gain is fully achieved 

when the incident polarization is the same as polarizing the antenna for 

transmission (Anonymous, 1983 a). The relationship between directivity and 

antenna gain is given by (Kraus, 2001)   

 

   G = η D                                                                                                              (1-1) 

        where G is gain, η is the efficiency of the antenna, and D is the directivity. 

1.3.3. Gain (G) 

Gain is a measure of antennas that shows how well they direct the input 

power of radiation in a given direction and is measured at the peak radiation 

intensity (Milligan, 2005). It depends on the efficiency and directivity. If the 
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efficiency is not 100 percent, the gain is less than the directivity. It is usually 

expressed in dB and can be negative (Kraus, 2001). 

A number of factors affect the gain of the parabolic antenna. These factors are: 

(Anonymous, 2017 b). 

1. Surface reflective diameter: The greater the antenna surface reflector 

diameter, the greater the parabolic reflector gain.  

2. Antenna efficiency: The efficiency of the antenna greatly affects the 

overall parabolic reflector gain. Typical efficiencies range from 50% to 

70%. 

3. Operating wavelength: The gain of the parabolic reflector antenna 

depends on the size of the reflector in terms of wavelengths. Therefore, 

if the same reflector is used at two various frequencies, the gain will be 

various and inversely proportional to the wavelength. 

 

1.3.4. Antenna efficiency (η) 

Antenna efficiency is the ratio of the aperture effective area (Ae) to its 

actual physical area (A). (Anonymous, 1983 d). It is the percentage of the 

physical aperture area that actually picks up radio frequency (RF) energy 

(Cheng, 1992).  

 

      Ae = A η                                                                                                          (1-2) 

 

1.3.5. Bandwidth (B) 

The bandwidth is the frequency range at which its performance 

corresponds to certain properties of a specified standard. Bandwidth is often 

stated in percentage (Anonymous, 1983 a). 

 

1.3.6. Beamwidth 

The beamwidth is angular separation between two identical points on 

the opposite side of the maximum pattern. There are a number of beamwidths 

in an antenna pattern. The most commonly used beamwidths is the Half-Power 

Beam width (HPBW) (Balanis, 2008).  



 

 

9 

1.3.7. Polarization  

The antenna polarization determines the orientation of E (electric) and 

H (magnetic) waves. Linear polarization includes horizontal, vertical, or 

oblique. The nonlinear polarization model includes the right-hand and left-hand 

circular (also elliptical) (Ambresh et al., 2013). Co-polarization and cross-

polarization directions are defined for the radiating E and H planes. These 

directions in spherical coordinates are in correspondence with the spherical 

wave fronts of the propagation wave. In general, the co-pol and cross-pol 

directions are E field and H field directions, respectively. Received power for a 

co-pol oriented antenna is maximum but received power is minimum for cross-

pol orientation (Anonymous, 2017 c). Cross-polarization in a rectangular 

coordinate system, one unit vector is taken as a reference polarization 

direction, another as a cross polarization direction (Silver, 1949). Unbalanced 

fed like a dipole, reflector induced cross-polarization is zero in the principal 

planes and is maximum in the 45º plane. The largest cross-polarized across the 

reflector occur in the 45º planes (Stutzman, 2012). 

 

1.4.  Advantages of Reflector Antenna 

The following are the major advantages of a parabolic antenna: 

1. Its directivity is high (Behl et al., 2014). 

2. It works like a reflective flashlight to receive radio waves from a unique 

direction or direct radio waves in a narrow beam (Di Fonzo and Feutei, 

1970). 

3. Parabolic antennas have  some of the highest gains. High gain using a 

parabolic reflector can be achieved by constructing a suitable dimension 

(Merabtine et al., 2006). 

4. Parabolic antennas offer the best angular resolution at lower costs (Gardelli 

et al., 2004). 

5. They can produce the narrowest beam widths (Gardelli et al., 2004). 

6. Parabolic antennas offer widest bandwidth (Gardelli et al., 2004). 
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1.5. Disadvantages of Reflector Antenna 

Such as all antenna forms, a parabolic reflector has limitations and drawbacks: 

The parabolic antenna itself is only portion of the antenna. (Anonymous, 2017 b). 

1. The parabolic reflector requires a feed system to be put at the focus. 

2. Paraboloid reflector is needed carefully to reflect radio signals. In addition, a 

feed system is also needed. 

3. The reflector antenna is not as small as some kinds of antenna. 

 

1.6. Parabolic Reflector Antenna Applications 

There are many field that can use a parabolic / dish antenna: 

1. Direct broadcast or satellite television has become a major form of 

television material distribution. Controllable and the wide coverage 

regions combined with larger bandwidths available for more channels. 

The direct broadcast television antenna is shown in Fig. (1.5). 

 

 

 
Figure 1.5. Direct broadcast television antenna (Anonymous, 2017 b). 

 

2. The directive antennas used to supply sufficient gain to take signals 

from only one satellite in the sky. (Anonymous, 20167 b; Samii et al., 

2015). 



 

 

11 

3. Terrestrial microwave links are used for terrestrial telecommunications 

infrastructure links.   These days is being used to provide backhaul to 

the mobile phone / cellular backhaul. ((Anonymous, 2017 b; Ingale et 

al., 2008). The microwave links is shown in Fig. (1.6) 

 

 
 

   Figure 1.6. Microwave links (Anonymous, 2017 b). 

 

4. Satellite communications, many satellite uplinks, or those for 

communication satellites require high levels of gain to ensure the 

optimum signal conditions and that transmitted power from the ground 

does not affect other satellites in close angular proximity. (Liu et al., 

2013; Love, 2009). Parabolic antennas are used for point-to-point 

communication, like wireless local area network / wide area network 

satellite communications, data communication links, and spacecraft 

communication antennas. It is used at UHF and SHF frequencies of the 

radio spectrum. (Behl et al., 2014). 

5. Radio astronomy is an area that requires very high levels of directivity 

and gain. so, a parabolic reflector is the ideal option. (Anonymous, 2016 

b; Behl et al., 2014). 

6. Radar antennas are the most commonly used parabolic antennas and 
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they are designed to transfer a narrow beam of radio waves to locate 

objects such as airplanes. Parabolic antennas have become common by 

the world-wide use of home satellite television receivers (Behl et al., 

2014; Gardelli et al., 2004). 

 

1.7. The Aim of The Study 

The aim of the present work is to investigate the design parameters of 

parabolic dish antennas. The aim of this work can be described as follows: 

1. The effect of f/d (focal length to the size of the aperture) ratio. f/d is an 

important characteristic of parabolic reflector and its value usually varies 

from 0.5 to 0.8. If f/d is above 0.8 the reflector becomes flat and does not 

introduce cross-polarization.  

2. The effect of antenna size on the parabolic reflector antenna gain. 

3. The study of the parabolic reflector antenna radiation pattern as a function 

of f/d from 0.5 to 0.8 for operating frequency bands from 1 GHz to 12 

GHz. 

4. To find out the optimum design of the parabolic reflector antenna by 

considering directivity for same f/d and operating frequency from 1 GHz to 

10 GHz. 
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2. LITERATURE REVIEW 

During the discovery of radio waves in 1887, cylindrical parabolic 

reflectors were used with spark-excited dipole antennas. German physicist 

Heinrich Hertz built the first parabolic reflector antenna in 1888. During 1930s, 

Guillermo Marconi used a parabolic reflector while he was investigating 

communication from his boat in the Mediterranean. In 1931, a 1.7 GHz 

telephone link was introduced via the English Channel using 3 meter dishes 

(Love, 2009). The pioneering radio astronomer Grot Ripper built a 9 meter dish 

antenna in 1937 (Stutzman and Thiele, 2012). The early development of the 

radio was limited to low-frequency inappropriate parabolic antennas (Love, 

2009). 

Antenna technology remains primarily dormant until the 1940s, when 

microwaves and UHF, like magnetrons, klystrons and travel wave amplifiers 

were developed. This led to the design of antennas, like horns, reflectors and 

waveguides which later incorporated two systems into astronomy (Silver, 

1949). 

Dish antennas were commonly used in terrestrial communications 

networks during 1960s (Olver et al., 1994). The 100-meter Radio Telescope 

was completed in 1962 and it is still the world's largest parabolic dish (Behl et 

al., 2014). The first satellite communication parabolic antenna was built in 

1962 (Gardelli et al., 2004).  

During the late 1980s, another important development occurred in the 

form of reflector technology forms. Large-scale deployment of wireless 

communications began in the 1980s, which turned out to be the re-invention of 

radio communications a century after their first deployment in a fully directive 

parabolic dish (Rao et al., 2013). 

Balanis (2005), have investigated the General radiation characteristics 

(antenna efficiency, antenna pattern, polarization discrimination, etc.) can be 

improved for a reflector antenna if the structural configuration of its surface is 

upgraded. Paraboloidal reflectors are used large aperture ground-based 

antennas most widely. Paraboloidal reflectors produce good properties of cross-

polarization and a beam of high gain pencil with low side lobes, when the fed 
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efficiently from the focal point. Paraboloidal reflectors has introduced into a 

way that is widely used for Paraboloidal antenna for low noise applications, as 

in radio astronomy, and is considered a good compromise between 

performance and cost. Building a large project requires not only a large 

financial budget, but also a difficult structural project, because it must 

withstand harsh weather conditions. 

Miinoli (2009) observed that the gain is a function of diameter and 

wavelength. Gain increases with lower wavelength. The antenna has a diameter 

of 3 meters and an efficiency of 0.55 gain of 19540 at the c band uplink 

frequency of 6 GHz and the wavelength of 0.050 m. The gain was 42.9 dB in 

the Ku band. With an uplink frequency of 14 GHz and a wavelength of 0.021 

m, 3-meter antenna gain was 50.44 dB. The higher the frequency the higher the 

gain of the antenna of the same size. The 6ft c-band antenna gain was 35 dB, 

while the same size of the antenna has a 44.5 dB gain at Ku band. 

Rathod and Kosta (2009), worked on the frequency range between 4.8 

GHz to 5.9 GHz. The most important factor of the dish is size because it 

determines the maximum gain that can be achieved at a given frequency and 

the resulting beamwidth. The f/d ratio is the essential factor to design of the 

dish. The side lobes are reduced at lower f/d ratio. 

Azevedo (2009), explained that directivity and the sidelobe level 

structure are important for antenna design. An interesting case is the pencil 

beam pattern, where the main lobe indicates the desired direction of radiation. 

A technique was introduced that controls the sidelobe levels of the array factor 

for plane patterns in a manner similar to linear arrays.  

Oguzer et al. (2010), studied that parabolic reflector antennas have 

large diameters such as 50 λ to 80 λ and larger. The effect of the axial shift of 

the extract from the geometric focus on the radiation properties of a parabolic 

reflector. It was studied by a precise mathematical accurate MAR technique.  

Telagarapu et al. (2011) found that the far field radiation pattern of a 

parabolic reflector depends on the initial radiation pattern, the radiation pattern 

of the feed element, and the type and dimensions of the used reflector. 

Therefore, their research is the first analysis of the prototypes of different 
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elements such as the dipole. In addition, they calculated the efficiency of 

beams and dipole multiplication patterns at various lengths. A comparison was 

made between the dipole, square angles and horn feeds based on properties like 

directivity and intensity. Parabolic reflector characteristics like f/d, radiation 

pattern, and gain, have been analyzed. At 3 GHz, 6 m focus, 6 m diameter, they 

found that the maximum directivity was 41.8852 (dB).  

Salman et al. (2012) studied the theoretical analysis of the parabolic 

reflector antenna radiation pattern by applying two methods; Aperture Field 

Method (AFM) and Induced Current Method (ICM). They studied the radiation 

fields of parabolic reflector antenna fed by two types of microstrip antennas. 

The best results were obtained for the aperture diameter of d = 20 λ and f/d 

ratio that taken at edge illumination about -3dB. As a result, both methods are 

in a complete agreement in studying of radiation patterns in principle planes, E 

and H, at far-field region. 

Gorobets et al. (2013) studied the effect of the parabolic reflector size 

(in calculating the diameter of 10 to 100 wavelength) and focal length (the 

focal length of the reflector diameter ranged from 0.5 to 3.0) in detail. They 

found that optimum cross-polarized radiation is weakly dependent on the 

reflector diameter and decreases with increasing the reflector depth. The cross-

polarization of the radiation reflector antennas are larger if the smallest 

reflector diameter and focal length are less. 

Chaurasiya and Kumar (2015) have calculated efficiency patterns and 

beam width for various central frequencies, diameters and focal lengths of 

parabolic reflector antennas. They concluded that the reflector directivity is the 

best when the focal length is 14.4 mm, the center frequency is 2.79 GHz, and 

the parabolic dish diameter is 26.9 mm. 

Bagheri-Korania et al. (2015): Khan (2016) stated that the reflector 

pattern can be controlled either by forming a feed antenna pattern or by 

shaping the reflector surface. Radiation patterns of the parabolic reflector 

depend on the feed component, as well as the reflector material and 

measurements.  
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Haddadi and Ghorbani (2016) showed that surface distortions change 

the radiation characteristics of reflector antennas. They used variable 

derivatives to show the sensitivity of the radiation pattern to surface 

deformation. 
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3. METHOD 

3.1. Method 

To design a parabolic reflector dish antenna, it is important to 

determine the f/d values. Equations (3-5) and (3-13) are used to evaluate the 

radiation pattern and directivity for any geometrical design of the antennas. 

The Parabolic Reflector Dish Antenna Program written in the MATLAB 

programming language was used to evaluate necessary parameters after some 

modification. The original program was taken from Arizona State University, 

written by Seunghwan Yoon. The program was used to evaluate the radiation 

pattern for a parabolic dish reflector along with directivity, beam width, 

polarization for near to and far zone fields.  

The f/d (focal length/diameter of the dish) ratio is the primary factor 

governing the feed design of the dish. It is directly related to the beam width of 

the feed needed to illuminate the dish effectively. Two dishes of the same 

diameter but various focal lengths require various design of feed if both dishes 

are to be luminous efficiently the feed will be away from the dish.  

In this work, different f/d are applied to determine parabolic reflector 

dish antenna. f/d values varied from 0.5 to 0.8. Directivity, gain, radiation 

pattern for parabolic reflector dish antenna are evaluated in the same range of 

f/d values. The evaluation of the parameters is used for frequencies from 1 

GHz up to 10 GHz for different bands. All these parameters were evaluated for 

f/d = 0.5, 0.6, 0.7, and 0.8. The results are given in chapter Four. The 

comparison of the results of the present work at 30 GHz and the results 

evaluated by Balanis, 2005 are given in Fig. (3.1). The agreement of results is 

excellent within certain error. 
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Figure 3.1. Antenna directivity for parabolic reflector antenna versus diameter to wavelength ratio (d/λ) 

for the present work at 30 GHz compared with Balanis, 2005. 

. 

Beam formation by parabolic reflectors: 

A parabola is a two-dimensional curve. It is defined as the set of points that have equal 

distance from a straight line (called directrix) and a point F not on the line. A parabola 

with focus F and vertex O is shown in Fig. (3.2).  

 

 

Figure 3.2. Geometry of a parabolic reflector antenna. OF is the focal length, F is focus, O is the vertex 

and OŌ is the axis of the parabola 
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The parabola curve equation is given by:  

 

Y2= 4 f x                    (3-1) 

 

The open mouth (d) of the parabola is known as aperture. The ratio of 

focal length to aperture size known as f over d ratio, f/d, which is an important 

characteristic of parabolic reflector. f/d is varied from 0.5 to 0.8 in the present 

study.  

The geometrical properties of parabola allow microwave reflectors to 

concentrate beams of radiation. A parabola converts a spherical plane wave 

front coming from the focus into a plane wave of the mouth of the parabola as 

illustrated in Fig. (3.3 a). The part of the radiation from the focus which is not 

striking the parabolic curve as a spherical wave appears as minor lobes. There 

is a waste of power, and this is minimized by partially shielding the source as 

shown in Fig. (3.3 b). 

 

 

 
Figure 3.3 a. Production of the plane wave front by the parabolic reflector with an omnidirectional source 

at the focus 

. 
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Figure 3.3 b. With partially shield source 

 

 

3.2 Theoretical Aspect 

Regardless of the type of application of a parabolic antenna or antenna 

system, all antennas possess certain basic characteristics that will be discussed 

in this chapter.  Important characteristics of a reflector antenna are usually 

given in certain terms like: radiation intensity, directive gain, radiation pattern, 

directivity, power gain, etc. 

 

3.2.1. Radiation pattern 

It is a graph showing the radiation pattern of an antenna as the three-

dimensional solid figure. It is obtained by a plane passing through the fixed 

point e.g. the center of the sphere. The radiation pattern has various kinds such 

as directional, omnidirectional, fan beam, pencil beam, and beam shape 

(Balanis, 2005). 

 

3.2.2. Radiation pattern characteristics  

Typical radiation pattern is shown in Fig. (3.4) in linear units instead of 

dB. The performance and difference in the radiation parameters of parabolic 

reflector antenna depends on the type of feed elements that is used for exciting 

its surface. Lobe radiation - a clear peak intensity of radiation is surrounded by 

Plane wave 

front after 

reflection 

shield 
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areas of weaker radiation intensity. It consists of several lobes: (Stutzman and 

Thiele, 2012). 

1. Main Lobe (major lobe, main beam) - radiation lobe in the direction of 

maximum radiation. 

2. Minor Lobe - any radiation lobe other than the main lobe. Minor lobes 

consist of side lobes and back lobes. 

a. Side Lobe - lobe radiation in any direction other than the direction (s) of the 

meant radiation. 

b. Back Lobe - lobe radiation versus the main lobe. 

3. Half-Power Beamwidth (HPBW) - the angular width of the main beam at the 

half-power points. 

4. First Null Beamwidth (FNBW) - angular width between the first nulls on 

either side of the main beam. 

The antenna power patterns can be represented in cartesian or polar 

coordinates, as shown in Fig. (3.4). 
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                                                                     (a) 

 

 
(b) 

 
Figure 3.4. The characteristics of Antenna power patterns 

                                      (a) In polar coordinates (linear scale) Agnihotri, 2013) 

    (b) In rectangular coordinates (decibel scale) (Balanis, 2008). 
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Radiation inntensity is the radiated power per solid angle (Balanis, 2005 and 

Kraus, 2001). 

  

Ptot =  Pavg . ds                                                                                                         (3-1) 

 

In the far field, the total time-average radiated power is given by   

 

P avg = P avg ŕ                     (3-2) 

 

ds = ŝ ds = ŕ r2  dθ dϕ                                                                               (3-3) 

 

 Ptot =  Pavg r sinθ dθ dϕ                                                                                       (3-4) 

 

 

If we define Pavg r
2 = U (θ, Φ) as the radiation intensity, then the total radiated power 

(Ptot) is given by:  

 

Ptot =                                                                    (3-5) 

 

 

3.2.3. Directivity 

Directivity is the ratio of radiation intensity to the average radiation 

intensity in a given direction. The average radiation intensity is the sum of the 

radiated power divided by four. Directivity can be written as follows: (Balanis, 

2005 and Milligan, 2005). 

 

D ( ) =   

 

D ( ) =                                                                                            (3-7) 

 

D ( ) =                                                                                     (3-8) 

 

D ( ) =                                                                                 (3-9) 
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D ( ) =                                                        (3-10) 

 

D ( ) =                                                                              (3-11) 

 

D =                                                                                                                        (3-12) 

 

Directivity for a parabolic antenna is given by (Miinoli D., 2009) 

 

D == 4 π A / λ2
            (3-13)  

 

where A is the physical aperture area, λ is wave length, and ΩA is the beam solid angle .  

 

3.2.4. Gain 

Power gain or simply gain (G) is a dimensionless measure that combines 

antenna efficiency η and directivity D (Stutzman and Thiele 2012). 

 

  G = η D                                                                                                                  (3-14) 

 

https://en.wikipedia.org/wiki/Antenna_efficiency
https://en.wikipedia.org/wiki/Directivity
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4. RESULTS AND DISCUSSION 

4.1. Directivity Versus f/d Ratio 

Location of the microwave bands in the electromagnetic spectrum used 

in this study are given in Table (4.1) (Pozar, 2012). 

 

Table 4.1. The microwave frequency bands location in the electromagnetic spectrum 

 

 

 

 

 

 

 

 

 

 

At d = 0.25 m the directivity of the parabolic reflector antenna for f/d 

equal to (0.5, 0.6, 0.7, 0.8) are applied. Directivity increased gradually and the 

highest directivity occurs at -13.3.  The simulation results for directivities of 

parabolic reflector antennas for different diameter and f/d ratio are given in 

Table (4.2). 

 

Table 4.2. The directivity of parabolic reflector antenna versus f/d at different diameter 

 

 

 
  

Frequency Band Frequency Range 

L band 1–2 GHz 

S band 2–4 GHz 

C band 4–8 GHz 

X band 8–12 GHz 

 

f/d 

D (dB) 

d = 0.25 m 

D (dB) 

d = 0.5 m 

D (dB) 

d = 0.75 m 

D (dB) 

d = 1 m 

D (dB) 

d = 2 m 

D (dB) 

d = 3 m 

D (dB) 

d = 6 m 

0.5 -17.3 -11.7 -7.8 -7.8 1.7 6.1 14.3 

0.6 -16 -10.5 -6.1 -3.2 3.8 8.2 18.6 

0.7 -14.7 -8.3 -4.7 -1.7 5.5 10.3 19.7 

0.8 -13.3 -7 -3.2 -0.32 7.1 12.3 27.1 
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4.2. Directivity Versus Frequency 

The directivity of the reflector antenna versus frequency for four cases 

are performed in the present study. When f/d = 0.8 the antenna has the highest 

directivity. Directivity decreases gradually as f/d value is equal to 0.8, 0.7, 0.6 

and 0.5. The directivity of reflector antenna versus frequency of antenna 

diameters d = (0.25m, 0.50m, 0.75m, 1m, 3m, and 6m) are shown in Figs. 

(4.1), (4.2), (4.3), (4.4), (4.5), (4.6), and (4.7) respectively. 

Fig. (4.1) shows the directivity of the reflector antenna versus 

frequency for the antenna diameter is equal to 0.25 m. The directivity is the 

highest (-13.3 dB) when f/d is equal to 0.8 at 4 GHz. The maximum directivity 

occurs (-17.3 dB) obtained when f/d is equal to 0.5 at 3 GHz. 

 

 

 
Figure 4.1. Directivity of reflector antennas versus frequency with f/d = (0.5, 0.6, 0.7, 0.8) and diameter 

= 0.25 m 
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Fig. (4.2) shows the directivity of the reflector antenna versus frequency for the 

antenna diameter equal to 0.5 m. The directivity in all cases are fluctuating. Directivity 

is equal to (-7) dB when f/d=0.8 and (-11.7) dB when f/d = 0.5. 

 

 
 
Figure 4.2. Directivity of reflector antennas versus frequency with f/d = (0.5, 0.6, 0.7, 0.8) and diameter 

= 0.5 m 
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Fig. (4.3) shows the directivity of the reflector antenna versus 

frequency for the antenna diameter equal to 0.75 m. In all cases directivity 

fluctuated sharply. Directivity is equal to (-3.2) dB when f/d = 0.8, and -4.7dB 

when f/d = 0.7. 

 

 
 
Figure 4.3. Directivity of reflector antennas versus frequency with f/d = (0.5, 0.6, 0.7, 0.8) and diameter 

= 0.75 m 

 

 

 

 

 

 

 

 

 

 



 

 

29 

Fig. (4.4) shows the directivity of the reflector antenna versus 

frequency when the antenna diameter equal to 1 m. In all cases directivity 

fluctuated dramatically. Directivity is equal to -0.32 dB when f/d = 0.8, and for 

other f/d values the directivity decresed.  

 

 
 
Figure 4.4. Directivity of reflector antennas versus frequency with f/d = (0.5, 0.6, 0.7, 0.8) and diameter 

= 1 m 
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Fig. (4.5) shows the directivity of the reflector antenna versus 

frequency for the antenna diameter equal to 2 m. There is no fluctuation when 

f/d is equal to (0.7, o.6). When d = 2 m and f/d = 0.7 the directivity is optimum 

and equal to 5.5 dB at 5 GHz located in c band. 

 

 
 

Figure 4.5. Directivity of reflector antennas versus frequency with f/d = (0.5, 0.6, 0.7, 0.8) and its 

diameter = 2 m 
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Fig. (4.6) shows the directivity of the reflector antenna versus 

frequency for the antenna diameter equal to 3 m. Directivity fluctuates when 

f/d = (0.5, 0.6, 0.7). For d = 3 m and f/d = 0.8 the directivity is optimum and 

equal to 12.3 dB at 6 GHz (c band). 

 

 

 
Figure 4.6. Directivity of reflector antennas versus frequency with f/d = (0.5, 0.6, 0.7, 0.8) and diameter 

= 3 m 
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Fig. (4.7) shows the directivity of the reflector antenna versus 

frequency for the antenna diameter equal to 6 m. The directivity fluctuates 

when f/d = (0.5, 0.6, 0.8). Maximum directivity occurs when f/d = 0.8 at 6 GHz 

(c band). 

 

 
 

Figure 4.7. Directivity of reflector antennas versus frequency with f/d = (0.5, 0.6, 0.7, 0.8) and its 

diameter = 6 m. 

 

Figures (4.1), (4.2), (4.3), (4.4), (4.5), (4.6), and (4.7) indicate the 

variation of the directivity of specific frequency for f/d = (0.5, 0.6, 0.7, 0.8). f/d 

= 0.8 is optimum. For d = 2 m, f/d = 0.7 the optimum is equal to 5.5 dB and 

frequency = 5 GHz is located in (c band). For d = 3 m, f/d = 0.8 the highest 

directivity is equal to 12 dB and frequency = 6 GHz (c band). 
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4.3. Radiation Patterns of Antennas Having Different Diameter 

Radiation patterns for reflector antenna are drawn with f/d = 0.8 at 

different frequency by GHz at antenna’s diameter 0.25 meter, 0.5 meter, 0.75 

meter, 1 meter, 2 meter, 3 meter and 6 meter the graphs of the radiation pattern 

are shown in Figs. (4.8), (4.9), (4.10), (4.11), (4.12), (4.13), and (4.14). The 

figures are drawn for normalized pattern reflector, absolute pattern as well as 

cross-polarization pattern for all given antennas. It can be seen that the 

optimum radiation pattern ocurs when diameter is 2 meter at frequency of 12 

GHz. The radiation pattern becomes boarder in other cases. 
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  Fig. (4.8) shows radiation patterns for diameter = 0.25 m. Many side 

lobes exist and the main lobe is disappeared. 

 

  

(a)                                                                 (b) 

 

(c) 

 

Figure 4.8. Radiation patterns in two dimensions for f/d = 0.8, at frequency = 8 GHz and 

diameter = 0.25 m with 

(a) Normalized pattern of parabolic reflector (CO-POL). 

(b) Absolute pattern of parabolic reflector (CO- POL). 

(c) Pattern of parabolic reflector (Cross- POL) 
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Fig. (4.9) shows radiation patterns for diameter = 0.5 m.  Many side 

lobes exist and the main lobe is disappeared. 

 

  

(a)                                                                          (b) 

 
(c) 

 
Figure 4.9. Radiation patterns in two dimensions for f/d = 0.8, 

at frequency = 4 GHz and diameter = 0.5 m with 

(a) Normalized pattern of parabolic reflector (CO-POL). 

(b) Absolute pattern of parabolic reflector (CO- POL). 

(c) Pattern of parabolic reflector (Cross- POL) 
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Fig. (4.10) Shows radiation patterns for diameter = 0.75 m. Many side 

lobes exist and the main lobe is disappeared. 

 

  

 (a)                                      (b) 

 

(c) 

 
Figure 4.10. Radiation patterns in two dimensions for f/d = 0.8, 

at frequency = 2 GHz and diameter = 0.75 m with 

(a) Normalized pattern of parabolic reflector (CO-POL). 

(b) Absolute pattern of parabolic reflector (CO- POL). 

(c) Pattern of parabolic reflector (Cross- POL). 
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Fig. (4.11) shows radiation patterns for diameter = 1 m. Main lobe is narrow and 

the side lobes are small.  

 

  

(a)                                                                (b) 

 

(c) 

Figure 4.11. Radiation patterns in two dimensions for f/d = 0.8, 

at frequency = 10 GHz and diameter = 1 m with 

(a) Normalized pattern of parabolic reflector (CO-POL). 

(b) Absolute pattern of parabolic reflector (CO- POL). 

(c) Pattern of parabolic reflector (Cross- POL) 
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Fig. (4.12) shows radiation patterns for antenna diameter is equal to 2 m. The 

pattern has low side lobes and a narrow main lobe. 

 

  

(a)                                                                 (b) 

 

(c) 

 
Figure 4.12. Radiation patterns in two dimensions for f/d = 0.8,  

at frequency = 12 GHz and diameter = 2 m with 

(a) Normalized pattern of parabolic reflector (CO-POL). 

(b) Absolute pattern of parabolic reflector (CO- POL). 

(c) Pattern of parabolic reflector (Cross- POL). 
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Fig. (4.13) shows radiation patterns for antenna diameter equal to 3 m. Many 

side lobes exist and the main lobe is disappeared. 

 

  

(a)                                                            (b) 

 

(c) 

 
Figure 4.13. Radiation patterns in two dimensions for f/d = 0.8, 

at frequency = 1 GHz and diameter = 3 m with 

(a) Normalized pattern of parabolic reflector (CO-POL). 

(b) Absolute pattern of parabolic reflector (CO- POL). 

(c) Pattern of parabolic reflector (Cross- POL) 
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Fig. (4.14) shows radiation patterns for diameter = 1 m. Many side lobes exist 

and main lobe is not clear. 

 

  

(a)                                                                 (b) 

 

(c) 

 

Figure 4.14. Radiation patterns in two dimensions for f/d = 0.8, 

at frequency = 10 GHz and diameter = 6 m with 

(a) Normalized pattern of parabolic reflector (CO-POL). 

(b) Absolute pattern of parabolic reflector (CO- POL). 

(c) Pattern of parabolic reflector (Cross- POL) 
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In the real-world antenna radiation plots can be very complex because 

they are three-dimensional. Cartesian coordinates is used to simplify the plots. 

Radiation plots are often shown either at the antenna or plane axis or plane 

vertical to the axis and are referred respectively to azimuth "E-plane" and the 

elevation "H-plane".  

 

4.4. Radiation Pattern Versus Azimuthal Angle for Reflector Antennas 

Cross-polarization for reflectors is the cross-polarization ratio to co-polarized 

pattern peak value. The lack of cross-polarization in the principal planes in Figs. (4.15), 

(4.16), (4.17), (4.18), (4.19), (4.20), and (4.21). Figures show pattern data computed 

with the MATLAB program for reflector antenna using physical optics and surface 

current integration. The figures correspond to the reflector antenna diameter d = 0.25 m, 

0.5 m, 0,75 m, 1 m, 2 m, 3 m, and 6 m respectively for the same antenna parameters. 

These cross-polarization properties are also true for the reflector radiation.  
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(a) 

 

 
(b) 

 

Figure 4.15. Principle plane patterns for a uniform amplitude, uniform phase parabolic reflector antenna 

d = 0.25 m. at 8 GHz for f/d = 0.8 

              (a) Parabolic reflector antenna (Cross- Pol)  

                                          (b) Parabolic reflector (Co- Pol) 
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(a) 

 

 
(b) 

 
Figure 4.16. Principle plane patterns for a uniform amplitude, uniform phase parabolic reflector antenna 

d = 0.5 m. at 4 GHz for f/d = 0.8 

(a)Parabolic reflector antenna (Cross- Pol) 

(b) Parabolic reflector (Co- Pol) 
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          (a) 

 

 
(b) 

 
Figure 4.17. Principle plane patterns for a uniform amplitude, uniform phase parabolic reflector antenna 

d = 0.75 m. at 2 GHz for f/d = 0.8 

(a)Parabolic reflector antenna (Cross- Pol) 

(b) Parabolic reflector (Co- Pol) 
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                                                            (a) 

 

 
                                                            (b) 

 
Figure 4.18. Principle plane patterns for a uniform amplitude, uniform phase parabolic reflector antenna 

d = 1 m. at 10 GHz for f/d = 0.8 

(a)Parabolic reflector antenna (Cross- Pol) 

(b) Parabolic reflector (Co- Pol) 



 

 

46 

 
(a) 

 

 
          (b) 

 
  Figure 4.19. Principle plane patterns for a uniform amplitude, uniform phase parabolic reflector antenna 

d = 2 m. at 12 GHz for f/d = 0.8 

(a)Parabolic reflector antenna (Cross- Pol) 

(b) Parabolic reflector (Co- Pol) 
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(a) 

 

 
(b) 

 
Figure 4.20. Principle plane patterns for a uniform amplitude, uniform phase parabolic reflector antenna 

d = 3 m at 1 GHz for f/d = 0.8 

(a)Parabolic reflector antenna (Cross- Pol) 

(b) Parabolic reflector (Co- Pol) 
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(a) 

 

 
(b) 

 
Figure 4.21. Principle plane patterns for a uniform amplitude, uniform phase parabolic reflector antenna 

d = 6 m. at 10 GHz for f/d = 0.8 

(a)Parabolic reflector antenna (Cross- Pol) 

(b) Parabolic reflector (Co- Pol) 
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5. CONCLUSIONS AND FUTURE WORK  

5.1. Conclusions 

According to the present analysis procedures and the results have been obtained 

for parabolic reflector antennas in chapter four, the following conclusions can be made. 

1. Observing Table (4.2) the value of directivity for reflector antennas increases as 

f/d increases.  It reaches its maximum (optimum) values when f/d = 0.8. When 

f/d = 0.8 the antenna has the highest value of directivity. Directivity decreases 

gradually as f/d value decreases such as f/d = 0.7, 0.6 and 0.5. All these results 

are shown in Figs. (4.1) - (4.7). 

2. The results that are given in Tables (4.2) indicate that the value of directivity 

increases with increasing diameter. Maximum (optimum) directivity occurs at 

27.1 dB for diameter = 6 meter. 

3. The diameter of the parabolic dish is 3 m, optimum directivity is 12.3 dB at 6 

GHz, which located in (c band) and this can be noticed in fig. (4.6). At d = 6 m 

the directivity increases, but fluctuated as shown in Fig. (4.7) which means the 

best response of this reflector occurs when d = 3 meter. 

4. The optimum radiation patterns occur at antenna diameter of 2 meter at 

frequency = 12 GHz. At this diameter, the radiation becomes boarder 

and the propagation of EMW is the highest. It has a wide half power 

beam width while side lobes become small which gives best response of 

this reflector. This is clearly seen in Fig. (4.12). 

5. The lack of cross-polarization in the principal planes in Figs. (4.15) up 

to (4.21). 

 

Reflector antennas are characterized by narrow beam antenna and high 

gains around 30 dB. In the present work, narrow main beams obtained and 

optimum gain equal 27 dB.  
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5.2 Future Work 

The present work may be extended for the future work as in the following: 

1. The main future work on this project can be about the design and 

manufacturing of antennas and the measuring scattering parameters and 

radiation patterns.  

2. Configuration and implementation of reflector antennas design will be made to 

measure all parameters including: directivity, gain and beam width by using 

network analyser. All measured parameters will be compared with theoretical 

values. 
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