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Abstract: Two types of antennas namely large single dish and array antennas are used for radio telescope construction. In part-I, 

by combining these two techniques, improved methods are suggested for the existing antennas of radio telescopes. In part-II, the 

relative convergence criteria are proved by many different methods. These proofs very clearly show that relative convergence 

does not occur due physical problems like edge diffraction and such convergence are purely due to mathematical approximation 

problems. Proofs are given for both waveguide wall discontinuity and the dielectric discontinuity. Since so far no proof was 
published in the literature, new relative convergence formulae are reported in the literature, even though actually they are not new 

problems. Such reported problems are proved to be same as that of original relative convergence. Reason for faster convergence of 

convergence of complex power (C.C.P.T.) method as compared with mode matching method is also explained. Power matching 

method using Perseval’s theorem is shown to be more efficient than mode matching and C.C.P.T. 
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I. Introduction 

                       Radio telescopes demand antennas with very high directive gains. This requirement is achieved by using two 

classes of antennas. One is building very large single dish antenna and the other is by building antenna arrays. There were two 

types of arrays developed for radio telescope building. One is linear array and the other is interferometer array. Historically, some 

countries focused on developing low frequency telescopes and others focused on the development of high frequency antennas [1 

2]. However, radio astronomers all over the world are focusing on building very large arrays and networking of radio telescopes 
like SKA (Square Kilometer Array) at low and high frequencies [1 2]. J. D. Kraus of Ohio state university developed aperture 

array type antennas and also parabolic reflector type antennas for radio telescope building purposes [3]. Many astronomers 

focused on developing interferometer array antennas. In part-I, by combining all the techniques developed in the past, several new 

types of radio astronomy antenna design techniques are enumerated.   

                       Relative convergence problems were first reported by Raj Mittra in 1963 [9] and then by Lee, et al in Iris 

discontinuity problems in 1970 [10]. Relative convergence problems were reported by Mittra, et al [11] again in moment methods 

too. Relative convergence problems were proved to originate from edge condition problems. Leroy [12] has avoided RC by 

conditioning the linear system of equations and shown that RC does not arises from edge scattering problems. Later on in 1981 
Safavi Naini, et al [13] reported relative convergence in CCPT. Then Shih, et al [14] analyzed relative convergence in step 

discontinuity waveguide scattering problems. Then, J El Hadad, et al [15] and J.A. Fleming [16] analyzed and reported complex 

relative convergence in Stripline discontinuities and computer magnetic storage device respectively. Antoni Barlabé, et al [17] 

analyzed the RC problems in a Finline structure. But so far, in the in the international literature, relative convergence formula was 

not derived from mode matching or power matching equations, even though John Daniel derived the formula and published in a 

local Pune, India conference in 2007 [18] .  

                     Therefore, in part-II, the law of relative convergence is proved by many different methods. These proofs very clearly 
prove that relative convergence does not occur due physical problems like edge diffraction and such convergence are purely due to 

mathematical approximation problems. Proofs are given for both waveguide wall discontinuity and the dielectric discontinuity.  

Since so far no proof was published in the literature, new relative convergence formulae are reported in the literature [15 16 17], 

even though actually they are not new problems. Such reported problems are proved to be same as that of original relative 

convergence. Reason for faster convergence of convergence of complex power (C.C.P.T.) method [13] as compared with mode 

matching method is also explained. 

II. PART-I: IMPROVED DESIGN AND DEVELOPMENT TECHNIQUES FOR RADIO TELESCOPE ANTENNAS 

2.1. Improved horn aperture antenna-I [3 4] 

                     Arno Penzias and Robert Wilson discovered cosmic microwave background radiations using a horn aperture antenna. 

Instead of using a single large aperture, if array of smaller apertures are used over the same single aperture area, the directive gain 

of the aperture could be improved. This improvement is made possible because of antenna array radiation pattern multiplication 

principle. As per this principle, array radiation pattern is equal to element pattern multiplied by array pattern obtained by replacing 
actual array elements by isotropic radiators of uniform radiation strength. Since single aperture pattern is multiplied by another 

large aperture pattern, the resulting pattern is a very narrow beam pattern. In this way, aperture gain of the horn antenna is 

improved for almost the same collecting area. By using interferometer array technique, much larger gain could be achieved with 

very few smaller aperture horn antennas since interferometer antenna gain depends on the distance between array elements and 

not on aperture area. 
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2.2. Improved horn aperture antenna-II [5] 

                     A new type of high gain horn antenna could be built by using the technique of solar energy receiver. To collect large 

amount of solar energy, many smaller plane reflectors are placed on the ground in all directions from a solar energy collector 

tower. The plane reflectors receive the solar energy from the sun and reflect the received energy towards the collector plane placed 

on the top of the tower. In this way, all the plane reflectors reflect the solar power towards a small collector plate and the plate is 

heated to a very high temperature. Using this technique, the directive gain of a horn aperture antenna could be improved. 

                    The solar energy collector tank placed on the tower could be replaced by four wide angle horn antennas placed in four 
directions of the tank and focused on the ground plane. The four horn antennas will receive signals from the smaller plane 

reflectors placed on the ground. All the ground plane reflectors are focused on the desired source of the sky. In this way, the 

power gain of the horn antenna could be improved. Using this technique, a very high gain interferometer could be constructed.         

2.3. Improved aperture array antenna [3 4] 

                   J.D. Kraus built a two dimensional linear array of helical antennas on a rotatable square plane made by steel. 

However, beyond certain dimensions gain can’t be improved due to increased cable losses. But now, by recording the signals 

received by the elements at the same time without using any cable and then by computer based digital signal processing 

techniques, Kraus type two dimensional aperture array of any dimension could be made. Light weight fiber glass material could 

be used to make the plane of any size. In this way a rotatable very large aperture array could be built. Number of elements 

required could be reduced if interferometer technique is used. Smaller dish antennas could be used instead of helical antennas. 

Patch antenna elements also could be used in the place of helical antenna. In this way, low cost, light weight and high gain radio 

astronomy antennas could be built. If the distance between two consecutive elements d = λ/3, the gain of the array is maximized. 

Using this principle also, gain of the aperture array could be improved. 

2.4. Improved Reflector Antenna [3] 

                  J. D. Kraus built a parabolic reflector type antenna for building a wideband radio telescope. This antenna consists of 

three basic elements. One is a rotatable plane reflector which receives signal from the sky and reflect the received signal towards 

the parabolic reflector which is located at the opposite direction of the rotatable plane reflector at a distance. The fixed parabolic 

reflector focuses the received plane wave from the flat reflector. The focal point is on the ground and a movable receiver receives 

the signal at the focal point. By rotating the plane reflector, signals from the sky in different directions could be received at 
different focal points on the ground. Even though this antenna is a high gain and wideband antenna, it needs a vertical parabolic 

reflector focused on the ground in all directions of the ground plane to receive signals from all horizontal directions and the plane 

reflector has to be rotated in both angular directions of the spherical coordinate system. Therefore, construction of such antennas is 

highly expensive. Therefore, many improvement techniques for this type of antenna are suggested in the following lines.  

                  Major drawback of the antenna is that it can’t receive signal in the vertical direction from the sky since the plane 

reflector can’t reflect the signal received from the sky in the vertical direction towards the parabolic reflector. This problem could 

be solved by constructing a temporary aperture array on the plane reflector to receive signals in the vertical direction. Instead of 
constructing a vertical parabolic reflector in all directions of the ground plane from the center of the plane reflector, the vertical 

parabolic reflector built to receive the signal in one ground plane direction could be rotated in the horizontal direction along with 

the movable receiver and the plane reflector, if all the three elements of the system are connected by steel rods in the horizontal 

direction. In this way the cost of the system could be reduced. Light weight fiber glass materials could be used to construct the 

reflectors. 

                        A two element interferometer could be built by directly receiving the signal reflected by half of the plane reflector 

(First receiver) and from the parabolic reflector which focuses the signal on the ground plane (second receiver). The signal to the 

second receiver comes from the other half of the plane reflector. This interferometer system could be simplified by constructing 
two cylindrical parabolic reflectors and placed in the vertical plane one over the other. One cylinder could receive signals directly 

from the sky and the other cylinder could receive signal from the plane reflector. In this way, vertical size of the plane reflector 

and the need for a movable receiver are reduced. The need for a rotatable plane reflector also could be eliminated by using a 

movable plane reflector on the ground plane and rotating both the vertical cylindrical parabolic reflectors. One cylinder will 

receive signals directly from the sky and the other from the ground plane reflector. 

2.5. Improved T shaped Antenna [1 2 4 7 8] 

                       T shaped antenna was used for developing very low frequency radio telescopes in Ukraine. This type of antenna is 

basically a low frequency fat dipole antenna built using long wires with tapered edges. Such type of antenna has a bandwidth of 

1:3. Therefore, Ukraine radio telescope operates in the frequency range of 10MHz to 30MHz bandwidth. Folded dipole antennas 

have a bandwidth equal to two times the bandwidth of half wave dipole antenna. Therefore, if the half wave dipole antennas in the 

T shaped wire mesh fat antennas are replaced by folded wire antennas with bi-cone feed, bandwidth of the T shaped antenna could 

be improved to 1:8 and low frequency radio telescopes could be built to operate in the frequency range of 10MHz to 80MHz.  

Similar performance could be obtained by folding a half wave cylindrical wire mesh and feeding the folded cylindrical antenna 

with bi conical feed.  
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2.6. Improved V shaped closed loop Antenna [1 2 4 6 7 8]  

                     Closed V shaped antennas have a bandwidth of 1:8 and such type of antenna is used in modern low frequency radio 

telescope construction. A closed V shaped antenna is a magnetic dipole log periodic antenna. Therefore, as per the Rumsey’s 

principle, such antennas have a wide bandwidth. Low frequency antennas used in modern low frequency radio telescope has a 

bandwidth of 1:8. Since fat antennas have a bandwidth of 1:3, if a fat closed V shaped wire antenna is constructed using V shaped 

wire antennas, bandwidth of 1:30 could be achieved. This means construction of a low frequency antenna with bandwidth in the 

range of 10MHz to 300MHz is possible. Similar performance could be obtained by folding a cylindrical long wire mesh into a fat 

V shaped closed loop antenna and feeding through bi conical feed. In the place of V shaped closed loop antennas, V shaped open 

ended, electric dipole log periodic antennas or Yagi - Uda antennas or helical dipole antennas or conical spiral dipole antennas 

could be used to build very wide band antennas.    

III. PART-II: PROOF OF THE RELATIVE CONVERGENCE CRITERIA 
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                              Figure - 2 

 
                          Let us consider a parallel plate waveguide with a step discontinuity as soon in the figure-1. Dimensions of the 

waveguide are also specified in the diagram. Let us assume that a plane wave is propagating in the positive x direction.  

The incident wave, reflected wave and transmitted wave at the discontinuity are matched to satisfy the boundary conditions at z = 

0 and the equations for E and H fields are given by the following equations [19]. 

 

∑ An Sin(πnx/a) = ∑ Bn Sin(πnx/b), for n is a positive integer whose value varies from -∞ to ∞                                                     (1) 

 

∑ An.(βn).Sin(πnx/a) = ∑ Bm.βm.Sin(πmx/b)                                                                                                                                      (2) 

  

Where βn and βm are propagation factors in the region one and two respectively. 

 

3.1. METHOD-I 

 

                           Let us assume that the modes are truncated to N and M in the region 1 and 2 respectively for determination of 

amplitude of the Fourier series in the equations (1) and (2). Therefore, in the region one number of modes (N) and the field Ea are 

expanded to M and Eb respectively. Therefore, N α a and M α b since waveguides in both sides are of the same type. Therefore, 

N/M = a/b which is the condition for relative convergence to converge to correct value. If this condition is not satisfied, error 

occurs, even if N and M are very large, while computing by using matrix algebra which can very well amplify the error while 

finding inverse of matrices. 

 

                          If the discontinuity is dielectric discontinuity instead of waveguide wall discontinuity as shown in the figure-2, 

then the amplitudes of the modes depends on dielectric constants of the medium the speed of electromagnetic wave is 1/√µε where 
µ and ε are permeability and the permittivity of the medium.  As per the equations (1) and (2) E/H = ωµ/βn for each mode in the 

side one. Therefore, for N and M th modes this ratio E/H in each side must be equal. Therefore, βN = βM where βN = √(ω2µε1 – 

(N.π/a)2) and  βM = √(ω2µε2 – (M.π/a)2). Therefore, N/M = √ε1/ε2 where ε1 and ε2 are permittivity in the region one and two 

respectively. 

 

3.2. METHOD-II  

 

                         Method – I is based on matching modes. Method – II is based on matching power. As per Poynting theorem, 

power per unit area in a parallel plate waveguide is E2/η where η is intrinsic impedance of the medium. This power on both sides 
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of the waveguide at the metal discontinuity = E1
2/η1 = E2

2/η2.  E1
2 = E2

2 since η1 = η2. Energy in the waveguide is α a in the region 

1. Therefore, (E1/E2)2 = a/b and N/M since energy is directly proportional to number of modes in the waveguide. For dielectric 

waveguide discontinuity, (E1/E2)2 = η1/η2 = √ε1/ε2 and N/M since energy is directly proportional to number of modes in the 
waveguide. In the power matching methods, number of modes in the waveguide is equal to twice the number of modes in mode 

matching methods. Therefore, power matching methods like CCPT converge two times faster than the mode matching methods. 

 

3.3. METHOD-III 

 

                      In the equation (1) and (2), AN.Sin(N.πx/a) = BM.Sin(M.πx/b) and AN.(βN).Sin(πNx/a) =  BM. βM.Sin(πMx/b). 

Therefore, N/M = a/b from the first equation and βN = βM for a = b from the second equation since AN = BM. Therefore, √ε1/ε2 = 

N/M. 

 

3.4. METHOD-IV 

 
                      The equations (1) and (2) are just equating two Fourier series of two periodic functions of x. Periods of the functions 

of x are 2a and 2b with Fourier coefficients AN = ʃFa(x).dx, where Fa(x) = fa(x) Sin(Nπx/a) and integration is  over x= 0 to x= a 

and BM = ʃFb(x).dx, where Fb(x) =  fb(x).Sin(Mπx/b) and integration is over x=0 to x=b. The periods of Fa(x) and Fb(x) are also 2a 

and 2b respectively. Since the field in the second waveguide is radiated by the first waveguide, ∂Fa(x)/∂x = ∂Fb/∂x. From this 

equation, we get, N/M = a/b. Power in the left hand side of the discontinuity is equal to that of right hand side. So, N/M = √ε1/√ε2 

for dielectric discontinuity. In this method also, we can see that the number of modes required in mode matching methods for 

convergence is two times that of power matching methods. 

 

3.5. METHOD-V 

 

                      From the equation (1) AN = BM  and from (2), βNAN = βMBM where βN
2 = (ω/c)2 – (Nπ/a)2 and βM

2 = (ω/c)2 – (Mπ/a)2 

. Therefore, N/M = a/b for conducting wall discontinuity and N/M = √ε1/√ε2 for dielectric discontinuity with a=b. 
 

3.6. METHOD-VI 

 

                     As per the Poynting theorem, complex power on two sides of the discontinuity must be equal. From this principle, 

we get AN = BM  and a. βN
2 AN = b. βM

2 BM . Therefore, N/M = a/b for conducting walls and N/M = √ε1/√ε2 for dielectric 

discontinuity with a=b. From this method also we can see that the number of modes required in power matching methods is only 

one half of that required in mode matching methods. 

 

3.7. METHOD-VII 

 

                   The equations (1) and (2) are just equating two Fourier series of two periodic functions of x. Periods of the functions 
of x are 2a and 2b with Fourier coefficients AN = ʃFa(x).dx, where Fa(x) = fa(x) Sin(Nxπ/a) and integration is  over x= 0 to x= a 

and BM = ʃFb(x).dx, where Fb(x) =  fb(x).Sin(Mπx/b) and integration is over x=0 to x=b. If n = N and m = M,  πN/a = πM/b ≈ πl 

where l is an integer, since AN = BM ≈ 0. Similarly, if a = b and if the dielectric medium of the waveguides are different, then AN
2 

= BM
2

 = η1.(ʃFa(x).dx)2 = η2.(ʃFb(x).dx)2 ≈ 0. Therefore, √η1 ʃfa(x) Sin(Nxπ/a).dx = √η2 ʃfb(x).Sin(Mπx/a)dx and therefore, 

frequencies of Fa(x) and Fb(x) are equal. Therefore, √η1.2. (Nπ/a) = √η2 .2.(Mπ/a) and N/M = √ε1/√ε2 . Therefore, number of 

modes required for convergence in mode matching methods (2N, 2M) is two times the number of modes required in power 

matching methods for convergence (N, M). 

 

3.8. METHOD-VIII 

 

                    This method is to prove that the power matching methods converges two times faster than that of mode matching 

methods. The equations (1) and (2) can be expressed in complex Fourier series form. The Fourier coefficients are directly 
proportional to Fourier transformation of field in the waveguide in the x dimension. The fundamental frequency in the x 

dimension of complex Fourier spectrum in mode matching method is two times that of power matching methods. Therefore, 

number of modes required in mode matching methods for convergence is two times the number of modes required in power 

matching methods. 

 

3.9. NEW RELATIVE CONVERGENCE PROBLEMS  

 

                    J.L. Fleming [17] analyses the effect of truncation of a Fourier series on the solution of a Laplace’s equation. 

Convergence of Fourier series is a very well known fact. Since there is only one Fourier series in the equation, relative 

convergence can’t occur since mismatch problem does not arises. Therefore, Fleming’s analysis is not required. Fleming analyzed 

the convergence problem due to the absence of proof in the literature to relative convergence problems. 
 

                    CCPT is proved to be faster than the convergence rate of mode matching method. But in both methods, complex 

algebraic operations are required to be carried out by the computer. Since equations (1) and (2) are Fourier series equations, 

Parseval’s theorem could be used to solve the waveguide discontinuity problems in which all operations are real. So, one half of 

the storage space is reduced and much less computing time is required for mode matching method and convergence rate is twice 

faster than that of mode matching method like CCPT. 
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                   J. El Hadad, et al [16] found that correct convergence occurs in the finline step discontinuity problem only if R = M/Q 

≥ Ra = 1.5b/Wa where Wa = (d1 + d2)/2,  d1 and d2 are aperture heights on the two sides of aperture discontinuity. As per the 

Hoffmann’s publication [16], R = 1.5b/W where W is the height of the aperture for finline without any aperture discontinuity. As 
per the relative convergence proofs presented in this letter, convergence condition R = b/W for conductor discontinuity and R = 

√ε1/√ε2 for dielectric discontinuity. In this case, both discontinuities are present at the same location. Therefore, R =  (√ε1/√ε2).b/W 

= 1.5b/W since for air and dielectric interface in the finline √ε1/√ε2 = 1.5. Therefore, for finline with aperture discontinuity, 

convergence condition is R = 1.5b/(d1.d2)  ≥ Ra = 1.5b/Wa where Wa = (d1 + d2)/2. 

 

IV. CONCLUSION 

                In part-I, Improved design and development techniques for horn aperture antenna, array antennas, reflector antennas, T-

Shaped and V-shaped antennas are suggested. The author hopes to apply the suggested techniques in practice in future depending 
upon the availability of funds. In part-II,  the relative convergence criteria are proved by many different methods. Proofs are given 

for both waveguide wall discontinuity and the dielectric discontinuity. New relative convergence problems reported in the 

literature are proved to be same as that of original relative convergence. Reason for faster convergence of convergence of complex 

power (C.C.P.T.) method as compared with mode matching method is also explained. Power matching method using Perseval’s 

theorem is shown to be more efficient than mode matching methods and C.C.P.T. 
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