ANTENNA

An antenna is a transducer designed to transmit or receive radio waves which are a class of electromagnetic waves. The words antenna (plural: antennas) and "aerial" are used interchangeably; but usually a rigid metallic structure is termed an antenna and a wire format is called an aerial. The origin of the word antenna  relative to wireless apparatus is attributed to Guglielmo Marconi. In 1895, while testing early radio apparatus in the Swiss Alps at Salvan, Switzerland in the Mont Blanc region, Marconi experimented with early wireless equipment. A 2.5 meter long pole, along which was carried a wire, was used as a radiating and receiving aerial element. In Italian a tent pole is known as l’antenna centrale , and the pole with a wire alongside it used as an aerial was simply called l’antenna . Until then wireless radiating transmitting and receiving elements were known simply as aerials or terminals. Marconi's use of the word antenna (Italian for pole) would become a popular term for what today is uniformly known as the antenna.

 In other words, antennas convert radio frequency electrical currents into electromagnetic waves and vice versa. Physically, an antenna is an arrangement of conductors that generate a radiating electromagnetic field in response to an applied alternating voltage and the associated alternating electric current, or can be placed in an electromagnetic field so that the field will induce an alternating current in the antenna and a voltage between its terminals. Some antenna devices (parabola, horn antenna) just adapt the free space to another type of antenna. Antennas are used in systems such as radio and television broadcasting, point-to-point radio communication, wireless LAN, radar, and space exploration. Antennas usually work in air or outer space, but can also be operated under water or even through soil and rock at certain frequencies for short distances. All antennas radiate some energy in all directions in free space but careful construction results in substantial transmission of energy in a preferred direction and negligible energy radiated in other directions. An antenna array is two or more antennas coupled to a common source or load to produce a specific directional radiation pattern. The spatial relationship between individual antennas contributes to the directivity of the antenna.

The term active element is intended to describe an element whose energy output is modified due to the presence of a source of energy in the element (other than the mere signal energy which passes through the circuit) or an element in which the energy output from a source of energy is controlled by the signal input.

An antenna lead-in is the medium, for example, a transmission line or feed line for conveying the signal energy from the signal source to the antenna. The antenna feed refers to the components between the antenna and an amplifier.

There are two fundamental types of antennas, which, with reference to a specific three dimensional (usually horizontal or vertical) plane are:                      

1. either Omni-directional , such as a vertical rod or 

2. Directional .
Typically, antennas are designed to operate in a relatively narrow frequency range. The design criteria for receiving and transmitting antennas differ slightly, but generally an antenna can receive and transmit equally well. This property is called reciprocity.

 Some antenna designs have multiple resonant frequencies, and some are relatively effective over a very broad range of frequencies. The most commonly known type of wide band aerial is the logarithmic or log periodic, but its gain is usually much lower than that of a specific or narrower band aerial.
Antenna parameters:Gain,Resonant frequency,radiation pattern,efficiency,bandwidth,impedence.
FINDINGS ABOUT ANTENNA
                    SIGNAL PROCESSING incorporates all aspects of the theory and practice of signal processing (analogue and digital). It features original research work, tutorial and review articles, and accounts of practical developments. It is intended

for a rapid dissemination of knowledge and experience to engineers and scientists working in signal processing research, development or practical application.

Subject areas covered by the Journal include:

Signal Theory, Stochastic Processes, Detection and Estimation,Spectral Analysis, Filtering, Signal Processing Systems, Software Developments, Image Processing, Pattern Recognition, Optical Signal Processing, Digital Signal Processing,Multi-dimensional Signal Processing, Communication Signal Processing, Biomedical Signal Processing, Geophysical and Astrophysical Signal Processing, Earth Resources Signal Processing, Acoustic and Vibration Signal Processing, Data Processing, Remote Sensing, Signal Processing Technology, Speech Processing, Radar Signal Processing, Sonar Signal

Processing, Special Signal Processing, Industrial Applications, New Applications.
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Titan’s mysterious radio wave
 

1 June 2007
Huygens scored a first in 2005 by measuring the electrical conductivity of Titan’s atmosphere. The results hint at a new way to investigate the subsurface layers of Titan and could provide insight into whether or not Titan has a subsurface ocean.
 
The Permittivity, Waves and Altimetry (PWA) sensor on the Huygens Atmosphere Structure Instrument (HASI) detected an extremely low frequency (ELF) radio wave during the descent. It was oscillating very slowly for a radio wave, just 36 times a second, and increased slightly in frequency as the probe reached lower altitudes. 

If the PWA team confirms that the signal is a natural phenomenon and not an artefact of the way the instrument worked, they will have discovered a powerful new way to probe not just the atmosphere of Titan but its subsurface as well. 

The only other world on which ELF waves were detected before was Earth. They are reflected by both the surface of the Earth and its ionosphere, the rarefied region of the atmosphere where most particles are electrically charged. This turns the atmosphere into a giant ‘sound box’ where certain frequencies of ELF waves resonate and are reinforced, whilst other die away. 

On Titan, however, the surface is a poor reflector because of its low conductivity and so these waves penetrate the interior. “The wave could have been reflected by the liquid-ice boundary of a subsurface ocean of water and ammonia predicted by theoretical models,” says Fernando Simões, CETP/IPSL-CNRS, France, and a member of the PWA team.  
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	Sketch of radio wave detected during Huygens' descent


If Simões is right, successful modelling of how ELF waves resonate on Titan could lend support to the ocean’s existence and tell scientists about the depth at which it sits. Understanding the resonance however, is difficult. 

Above about 100 kilometres altitude on Earth, the ionosphere provides the upper reflecting layer of the resonating cavity. At Titan, PWA revealed that things are more complicated. Apart from the ionosphere, at a much higher altitude of about 1200 kilometres, Huygens found a layer of ionized particles consisting of electrons, at 63 kilometres. “This does not match any previous prediction for Titan,” says Simões. To some extent, it splits Titan’s atmosphere into two resonating chambers. 

With so much at stake, the PWA team are checking to make sure the detection is real and not an artefact generated by the spacecraft. They have already ruled out electrical interference from the instrument itself. 

Two small arms, one on either side of Huygens, create an antenna and the team’s next goal is to investigate whether the arms could have oscillated during the descent. Simões and colleagues are building a special chamber to hold a replica of the instrument at the low temperature of Titan’s atmosphere, between 100-200 degrees Kelvin (about –

173 to -73 °C), in order to check whether the antenna resonates at 36 hertz. If it does, it probably means that the signal is an artefact. If it does not, confidence in the signal’s reality will increase and the investigation of the atmosphere and subsurface can begin.
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	Graph of electron density in Titan's atmosphere
	


But perhaps the biggest mystery is what generated the ELF wave in the first place. On Earth, they are initiated by lightning strikes that make electrons in the atmosphere oscillate, releasing the ELF waves. 

The PWA was designed to search for ELF waves on Titan while a microphone on Huygens kept an ear out for thunder – a sure sign of lightning. Cassini has also been watching for lightning using its cameras. 

However, Huygens suggests that there is no lightning, or very little. “If there is lightning on Titan, it is significantly less than the amount of lightning that Earth experiences,” says Simões. So what generated Titan’s ELF? No one is quite sure yet. “It might be generated by an interaction with Saturn’s magnetosphere or related to Titan’s intrinsic fields,” suggests Simões. “Titan is proving to be an intriguing environment.” 

Location of radio-tagged animals by triangulation is a widely applied research technique, the accuracy of which is often a major concern. Knowledge of the approximate accuracy and detection range of various types of automatic systems is a logical prerequisite to purchase or construction of the relatively expensive equipment required. The direction-finding performances of a fixed (non rotated) switched array of six 3-element Yagi antennas and of a rotated array of two 6-element Yagis, each in computer-controlled automated mode, were compared for the same distances and transmitter power in open surroundings free of reflecting objects. The rotated system yielded 50% greater precision and 9 times more coverage area than the fixed system. Human operators, using the rotated antenna connected for a null, determined bearings about 4 and 16 times more precisely than did the rotated and fixed automatic systems, respectively. Bias of the mean error of the fixed system was a function of direction to a transmitter, varying from nil to about 3o at typical signal levels and exceeding 10o for weak signals in some directions. Biases of the manually and automatically rotated systems were << 1o for all directions and signal levels.
A "fixed" automatic system employed an array of six stationary 3-element Yagi-Uda antennas (Yagis) pointed at 60o intervals to cover 360o. A "rotated" automatic system employed two 6-element Yagis mounted at the ends of a 1.35-wavelength boom and pointed in the same direction. The antenna rotator consisted of a computer-controlled stepper motor driving a backlash-free gear train driving a support mast in 0.09o steps.

The computer controlled the antenna rotation and logged the signal strength and antenna position. The receiver employed a voltage detector, i.e., the receiver functioned as a voltmeter. The detector output was digitized by an 8-bit A-D converter. Hereafter, voltage levels are referred to by their digital step (A-D) value. Over most of its range, the detector produced an average voltage proportional to the voltage delivered by the antennas at the receiver input. At low signal voltages, however, non-linearity was apparent as the curve flattened out instead of passing through zero (Fig. 2). This non linearity caused biased mean error in fixed systems. In addition, the random noise inherent in all receiver systems produced random fluctuations of detector output voltage that for any instantaneous reading added to or subtracted from the voltage due to the signal. These fluctuations accounted for an increasing proportion of the measured voltage as the signal voltage decreased, as it would with increased distance to a transmitter or for less powerful transmitters. This random noise caused errors in both automatic systems.

CONCLUDING REMARKS :
The simple formula, 〈Pr〉=(E02 /η)(λ2/8π), for the received power of an antenna with a matched load in an over-moded cavity actually holds for an antenna of any shape and size. This can be seen from the close connection between the correlation tensor of the cavity field at two different points and the imaginary part of the free-space dyadic Green's function.
The calculation of the impedance matrix of matching networks for antenna arrays with an arbitrarily given symmetry. This impedance matrix describes a series connection of two networks, one of which is a cascade connection having a generalized transducer for one element. Using group-theoretic arguments, it is shown that the array symmetry induces a certain structure of the impedance-matrix. For arrays of high symmetry this structure can determine the definite form of the impedance-matrix.

The feeding plane of an antenna array consisting of N 2 elements can be matched and decoupled by means of two reciprocal and lossless matching two-ports and an ideal backward directional coupler. This solution is verified by the realization of a matching network. It is shown that the procedure can be iteratively used for larger antenna arrays.
Most antennas are three-dimensional objects. 2D models of these configurations are not generally very useful. It is useful however to examine such 2D problems, and look at how one proceeds in order to solve it. 

It is well known that the simplest 3D antenna is the 3D dipole. Its 2D equivalent is the 2D dipole. If you have carefully studied the MMP expansions, you know that a 2D dipole is a first order 2D multipole expansion. 

