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Abstract - It is the purpose of this review to discuss the physical 

considerations and to present few operational examples of large 

Radio Astronomy arrays, especially Low Frequency Arrays with 

Very Large Baseline Interferometers. Possible installations in 

our region are mentioned.   

Index Terms  - Radio telescopes, Radio Astronomy, Very Large 
Arrays, Very Large Baseline Interferometers. 

I. INTRODUCTION  

   Radio telescopes play a major role in the experimental study 

of the universe. Many radio observatories had been built 

around the world since the early days of Grote Reber (9 meter 

dish mounted in Illinois USA), Cambridge interferometer in 

the 50s, Jordrell Bank Observatory (76 meter dish) and Green 

Bank (100 meter dish). Among others, one can mention the 

Effelsberg observatory in Germany (100 meter dish), the 

Arcibo valley in Puerto Rico (305 meter dish), the Parks 

Telescope in Australia (64 meter dish) and the RATAN-600 

giant dish in Russia [1] – [5]. 

   In recent years there had been a meaningful change of 

technology. Instead of very large dishes, the researchers are 

focused now on large arrays of radiators, which enable very 

accurate interferometer measurements of objects in the sky 

[6]-[7]. For example, the VLA (Very Large Array) in USA 

with 27 dishes in a Y-shaped configuration on the Plains of 

San Agustin fifty miles west of Socorro, New Mexico. Each 

antenna is 25 meters (82 feet) in diameter. The data from the 

antennas is combined electronically to give the resolution of 

an antenna 36 km across [8].  

 

 
 

Fig. 1   VLA (Very Large Array) in New Mexico 
 

 

 

 
 

Fig. 2   SKA (Square Kilometer Array) in Australia 
 

 

  In the vicinity of the VLA, we find the LWA (Long Wave 

Array) in the frequency range of 10-88 MHz with 256 wire 

antennas [9]. Other examples are the ATA (Allen Telescope 

Array) with 42 dishes in North California [10], the LOFAR 

(Low Frequency Array) at 10–250 MHz in Europe [11], the 

SKA (Square Kilometer Array) in Australia and in South 

Africa [12] and the ALMA array in Chile with 64 dishes and 

resolution of 0.0002 degree [13]. 

 

 

 
 

Fig. 3   ALMA (Atacama Large Millimeter Array) in Chile 
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II. DETECTION OF RADIO SIGNALS FROM THE SKY 

  Consider Electro-magnetic radiation that falls on an antenna 

with planar area A. A unit power at bandwidth dν, coming 

from an angular sector dΩ and falls on a unit area dA will be 
 

(1)         dW = B cosθ dΩ dA dν  

 

B denotes the brightness of the sky. If dW does not depend on 

dA then the unit power received at area A will be 

 

(2)         dW = A B cosθ dΩ dν  
  

The total power on the area A is given by integration over the 

spectrum and over the space. 

 

                           ν+∆ν   
(3)         W = A  ∫   ∫∫ B cosθ dΩ dν  [Watt] 

                          ν   Ω 
  

The total brightness is defined by 
 

                         ν+∆ν   
(4)         B' =   ∫ B dν 

                      ν    

Thus 

 

(5)         W = A  ∫∫ B' cosθ dΩ   [Watt] 

                          Ω 

 

The thermal noise in the radio receiver, caused by the 

electrons at the input stage is given by 
 

(6)         W = k T dν  [Watt] 

 

Where Boltzmann constant is  

k = 1.38 x 10^-23 Watt / °K Hz 

T is the temperature and dν is the bandwidth 
  

Consider an antenna with effective area Aeff and spatial 

radiation pattern P(θ,φ) directed to the sky. The main beam is 

focused to a sector Ωa governed by the diffraction limit 

 

(7)         Ωa = λ² / Aeff    [steradian] 

 

The received power at the antenna is 

  

(8)         W = Aeff  ∫∫ B'(θ,φ) P(θ,φ) dΩ   [Watt]  

                              Ω 

 

If the antenna is large enough the brightness is constant within 

the main beam of the antenna 
  

(9)         W = Aeff Bc Ωa dν   [Watt] 

  
  

The antenna Gain is given from the effective area by 

 

(10)         Gain = 4π Aeff / λ² 
  

The power detected by the radio astronomy antenna is related 

to the receiver (effective area, Spatial Coverage and Gain) and 

to the radiation source (brightness and bandwidth). The 

brightness is connected to the temperature of the source. For a 

black body radiator  

 

(11)       B = 2 h ν³ / c² [exp (hν/kT) – 1] 

 

Where Plank constant is  

h = 6.63 x 10^-34 Joule sec 

 

Boltzmann constant is  

k = 1.38 x 10^-23 Watt / °K Hz 

ν is the frequency 

c is the speed of light 

 

For most purposes we can use the approximation  

 

(12)         B = σ T^4 
  

Where  

σ = 1.8 x 10^-8 Watt / m² T^4 

 

In Radio frequencies one can use the Rayleigh-Jeans 

approximation 

 

(13)         B = 2 k T / λ² 

 

Where  

λ is the wavelength 
  

We define now the antenna temperature Ta by 

                              

(14)         W = A  ∫∫ B'(θ,φ) P(θ,φ) dΩ   =  k Ta    

                            Ω 
  

or by Rayleigh-Jeans 

 

(15)         Ta = (Aeff/λ²)  ∫∫ Ts(θ,φ) P(θ,φ) dΩ      

                                        Ω 

 

Where Ts (θ,φ) is the source temperature 

 

The Radio source sector Ωs can be small or large in 

comparison with the antenna main beam Ωa. For very small 

sources we assume Ωs  <<  Ωa  and get 
 

(16)         Ta  =  Ts (Ωs /Ωa) 
 

A common unit for the detection sensitivity above noise is 1 

Janksky = 10^-26 W/m²/Hz. For example in LWA the thermal 

noise at the Zenith at B = 8 MHz was foumd to be 0.02 Jy. 
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  One can see that Radio Astronomy antennas should be large 

in size in order to collect as much power as possible and with 

narrow beam in order to receive signals with as high spatial 

resolution as possible. Many Radio Telescopes work in the 

microwave region (1-10 GHz) but, as mentioned, the tendency 

today is to explore the lower frequencies of meter waves as 

well (10-100 MHz) by using Large Baseline Interferometers.  

III. VERY LARGE  BASELINE INTERFEROMETERS 

  The VLBI is consisted of multiple antennas / receivers, 

located at distances of many meters and even kilometers one 

from the other. The received signals at each antenna are  

recorded at each one of the telescopes. The antenna signals are 

sampled with extremely precise and stable atomic clocks that 

are synchronized by GPS time standards. The recorded data is 

transmitted to a central processor via fiber optic channels or 

even by fast internet.  

Fig. 4   VLBI with three antenna array 
   

  Each antenna is located at a different distance from the radio 

source. The delays incurred by the extra distance to one 

antenna must be added to the signals received at each of the 

other antennas. The approximate delay required can be 

calculated from the geometry of the antenna array. The 

processor is synchronized using recorded signals from atomic 

clocks as time references, as shown in Fig. 4.  

   If the position of the antennas is not known to sufficient 

accuracy or atmospheric effects are significant, fine 

adjustments to the delays must be made until interference 

fringes are detected. If the signal from antenna A is taken as a 

reference, inaccuracies in the delay will lead to errors εB and 

εC in the phases of the signals coming from antennas B and C 

respectively. As a result of these errors the phase of the 

complex visibility cannot be measured with too long baseline 

interferometer. 

   The phase of the complex visibility depends on the 

symmetry of the source brightness distribution. Any 

brightness distribution can be written as the sum of a 

symmetric component and an anti-symmetric component. The 

symmetric component of the brightness distribution only 

contributes to the real part of the complex visibility, while the 

anti-symmetric component only contributes to the imaginary 

part. As the phase of each complex visibility measurement 

cannot be determined with a very long baseline interferometer 

the symmetry of the corresponding contribution to the source 

brightness distributions is not known. 

  Jenninson had developed a novel technique for obtaining 

information about visibility phases when delay errors are 

present, using an observable called the closure phase. 

Although his initial laboratory measurements of closure phase 

had been done at optical wavelengths, he foresaw greater 

potential for his technique in radio interferometry. In 1958 he 

demonstrated its effectiveness with a radio interferometer, but 

it only became widely used for long baseline radio 

interferometry since 1974.  

  There are several VLBI arrays located in Europe, Canada, 

the USA, Russia, Japan and Australia. The most sensitive 

VLBI array in the world is the European VLBI Network 

(EVN). This is a part-time array with the data being processed 

at the Joint Institute for VLBI in Europe (JIVE).  In the US the 

Very Long Baseline Array (VLBA) operates all year round. 

The EVN and VLBA mostly conduct astronomical 

observations - the combination of the EVN and VLBA is 

known as Global VLBI. When one or both of these arrays are 

combined with a space-based VLBI antennas resolution 

obtained is higher than any other astronomical instruments, 

capable of imaging the sky with a level of detail measured in 

micro-arc-seconds.  

  A notable early example of international cooperation was in 

1976, when radio telescopes in the United States, USSR and 

Australia were linked to observe hydroxyl-maser sources.   

Recently it has become possible to connect the VLBI radio 

telescopes in real-time, while still employing the local time 

references of the VLBI technique, in a technique known as e-

VLBI. In Europe, six radio telescopes of the European VLBI 

Network (EVN) are now connected and the first astronomical 

experiments using this new technique have been successfully 

conducted [10]. 

  . 

 
  

Fig. 5   LWA-1 (Long Wave Array) in New Mexico 
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Fig. 6    LWDA (Long Wave Dipole Array) elements showing 

the blades  
 
  The Long Wavelength Array (LWA) [9] is a large multi 

purpose radio telescope that is being developed to investigate 

the capability of detection at low frequencies with high 

resolution. Upon completion, it will consist of 53 

electronically steered stations (each consisting of 256 pairs of 

dipole-like antennas, operating with Galactic noise-limited 

sensitivity over the frequency range 10–88 MHz).   

  The stations will be distributed over the state of New Mexico 

with maximum baselines (distances between stations) of up to 

400 km. Beams formed by the stations will be transmitted to a 

central location and correlated to form images. Stations will 

be also capable of operating as independent radio telescopes. 

  A detailed sensitivity analysis of the received signals and the 

noise of LWA can be found in [6]. An example of such 

signals is given in Fig. 7 (source temperature of a single 

antenna element in comparison with terminated receiver).   

 

 

IV. POSSIBLE RADIO TELESCOPES IN ISRAEL 

The first radio telescope in Israel had been operated in 

kibutz Dgania by Tel Aviv University and the College of 

Emek Hayarden. It contained a tracking dish antenna pointed 

towards the sun. Unfortunately it is not operational any more. 

    

Possible observatories can be based on communication 

satellite stations and small specific terminals in academic 

environment. A large scale program can be seen by joining a 

world wide network like the European LOFAR with full 

international funding. 

V. CONCLUSION 

Radio astronomy by large arrays of antennas, connected in a 

coherent phase and synchronized by atomic clocks can open 

new horizons in the study of the space. A local station in the 

Middle East can be combined into the European network and 

contribute to scientific cooperation in the region.   

ACKNOWLEDGEMENT 

The author wishes to thank Prof. Noah Brosch and Prof. 

Izhak Goldman for  interesting discussions. 

REFERENCES 

 

[1]   Kraus, J.D.  Radio Astronomy, McGraw Hill, 1966. 

[2]  W. N. Christiansen and J. A. Hogbom, Radio Telescopes, 

Cambridge University Press, 1985.    

[3]   P. F. Goldsmith, Ed., Instrumentation and Techniques for 

Radio Astronomy, IEEE Press, 1988. 

[4]  C.A. Balanis, Antenna Theory Analysis and Design, 

Wiley Inter-science, 2005, pp. 921-922. 

[5] J.L. Volakis (Editor) Antenna Handbook, chapter 49 

(Radio Telescope Antennas), McGraw Hill, 2007. 

[6] S.W. Ellingson "The Long Wavelength Array", 

Proceedings of the IEEE, pp. 1421 - 1430 August 2009.  

[7]  IEEE AP-Transactions - A Special Issue on Antennas for 

Next Generation Radio Telescopes, AP- 59, June 2011.  

[8] VLA, http://www.vla.nrao.edu/ 

[9]   LWA, http://www.phys.unm.edu/lwa/astro/ 

[10]  LOFAR, http://www.lofar.org/ 

[11]  ATA, http://ral.berkeley.edu/ata/ 

[12]  SKA, http://www.skatelescope.org/  

[13]  ALMA, http://www.alma.nrao.edu/ 

Fig. 7   LWDA received signal temperature in 10-88 MHz 

compared with the signal when the detector is terminated 


