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Abstract 

The beaming angle of non thermal radiations as a prediction of LMCT is important, but this prediction is 

not always consistent with observation. From the beaming angle theory this angle obtained from the 

formula that so call Jones‘ formula. The Jones relation only works for a case that the magnetic field 

direction is perpendicular to the normal boundary. For non perpendicular cases the beaming angle relation 

should be modified. In this study, we investigate this effect and present a new formula that can be widely 

used in the plasmasphere.   
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Introduction 

Non thermal radiation is one of important planetary radiations (Jones, 1976, 1981, 1982). It is 

generally believed that they generated by mode conversion processes, where Z-mode waves 

encounter to region of plasma inhomogeneity (Jones, 1987; Kalaee, 2009, 2010, 2014). These 

waves after conversion to the ordinary electromagnetic wave under a certain angle that so called 

the beaming angle (respect to the magnetic equatorial plane) escape to free space. Base on the 

beaming angle theory this angle can be calculated from the formula that so call Jones‘ formula. 

The Jones relation only works for a case that the magnetic field direction is perpendicular to the 

normal boundary. In recent years a number of researchers (Hashimoto et al., 2006; Boardsen et 

al., 2008) reported that some examples of satellite observations reveal wide beam emissions, 

contrary to the beaming angle theory (see Fig.1). 

On the other hand, Morgan and Gurnett (1991) showed that the basic equation for the beaming 

angle with respect to the magnetic equatorial plane is found to be a poor predictor of the 

observed beaming angle. They found that calculated results are usually either lower or higher 

than actual beaming angle. 

Grimald et al. (2007) have shown the sources to be outside of the magnetic equator at medium 

latitudes and near the magnetic equator. So, by considering the sources outside of the magnetic 

equator, this hypothesis that the magnetic field would be non perpendicular to the density 

gradient, is reinforced (Darrouzet et al., 2006). In this study, we investigate this effect and 

present a new formula that can be widely used in the plasmasphere. 
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Figure 1. A schematic of the beam emissions angle in the plasmasphere, that shows inconsistence of the 

observations with theory.    

 

Calculation of the Beaming angle 

Based on the theory, and applying Snell‘s law under the assumptions that the external magnetic 

field is directed perpendicular to the normal boundary ( ), the condition to realize the 

conversion from extraordinary to ordinary mode waves is that the parallel component of the 

refractive index of the incident waves,   is equal to the value of 

                   (1) 

Where is a critical value for the parallel component of the refractive index, and cY  , 

where c is the electron cyclotron frequency. When , two mode waves are matched; 

then, for a certain value of the incident angle (so called the critical wave normal angle of the 

incident wave), it is possible for an extraordinary (Z-) mode wave, propagating toward an 

inhomogeneous plasma slab, to be converted into ordinary (LO) mode waves. 

According to Jones‘ definition (Jones, 1981),  is the beaming angle from the magnetic 

equatorial plane, where , is the wave normal angle, where the wave propagates away to lower 

densities, ultimately escape to free space. For   , and matching case, we have, 

  =   ,               (2) 

By solving above equation, for , 

,                                  (3) 

And the beaming angle is , this value is equals to value of Jones‘ formula, 

,                                   (4) 

For   , and matching case, we have, 

,                  (5) 

At the layer with low density, by solving above equation, for , 

,                                    (6)  

That, , or by replacing the  by ( ) in Eq.(5), then we get, 

       ,             (7) 
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Figure 2. The values of  show the beaming angle of for the same frequency but for three different , Just the 

green curve ( 2 ) is according to Jones‘ formula. New our formula can be lead to the beaming angles smaller and 

larger than prediction of Jones‘ formula. 

 

Conclusion 

By performing a numerical calculation of the dispersion relation, and with considering the 

Snell‘s law, we obtain the wave normal angle as a function of plasma frequency, as the wave 

propagates in an inhomogenous plasma. Figure 2 shows three examples of the wave normal angle θ 

variation via the local plasma frequency for three different  = (-20, 0, and 20 degrees) by numerical 

calculation. The values of beaming angle that obtained from this way, entirely are agree with the results 

of new our formula (Eq.7). Our results show that the beaming angle can be more or less than the 

prediction of the beaming theory. The new relation can be widely used in the plasmasphere, especially for 

the non perpendicular cases.    
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