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Abstract 

We consider the CRRES observations of non thermal emissions on 19 August 1990, with the range of 

plasma frequency from 100 to 300 kHz. A comparison of the results of theory with the results of the 

beaming angle observation, show that if we accept that the source of radiations located in the 

plasmapause at 3.9 Re, it needs to a small angle between the boundary and the magnetic field so that the 

beaming angle becomes agreeable to observations.    
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1 Introduction 
Jones et al. (1981, 1987) applied the LMCT (linear mode conversion theory) theory to explain the 

generation process of nonthermal continuum radiation. The prediction of LMCT is that the LO mode 

(ordinary) radiation is beamed away from the magnetic equatorial plane at an angle, LMCT
 (Jones, 

1988).  One of the candidate for generation of nonthermal continuum radiation is mode conversion from 

Z-mode to LO mode waves.       

Previous studies showed the mode conversion with a maximum efficiency takes place where two 

branches of Z-mode, and LO-mode waves are matched (Budden, 1980; Jones, 1981, 1986, 1987; Kalaee 

et al., 2009, 2010, 2014). On the other hand, Hashimoto et al. (2006) reported an example of CRRES 

observations (see Fig.1) reveals a possibility that kilometric continuum has been radiated as wide beam 

emissions, contrary to the linear mode conversion theory. Also, the simultaneous observations of 

kilometric continuum by IMAGE and GEOTAIL have indicated another new evidence of a very broad 

emission. In this study, we present new conditions that under these conditions two modes, Z- 

(extraordinary) and LO-(ordinary) modes can match. Also, by comparing the beaming angle from 

observations, from an assumed source position at 3.9Re (Hashimoto et al., 2006), with the beaming 

angles computed from different   (angle between the boundary and the magnetic field), we showed a 

  about 3 to 5 degrees are necessary that the beaming angle to have agreement with observation (100-

300 kHz). 

 
Figure1. CRRES observations on 19 August 1990. 
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2Beaming angle 

The prediction of LMCT is that the LO mode radiation is beamed away from the magnetic 

equatorial plane at an angle given as follows (Jones, 1988); 

1 1/2tan ( )c
LMCT

p






 ,                                    (1) 

where c , and p
represent the electron cyclotron frequency, and the electron plasma frequency , 

respectively. With purposing an angle (as  ) between the boundary and the magnetic field, 

Eq.(1) should be modified. By performing a numerical calculation of the dispersion relation, and 

with considering the Snell law, we can obtain the wave normal angle as a function of plasma 

frequency. Also, by this way, we can estimate the beaming angle where LO mode wave 

propagate toward the region of the lower plasma frequency. In this manner, the beaming angle 

given as follows; 

1 1/2sin ( ) cos( )
1

Y

Y
    
    

,                  (2) 

 

3Results and discussion on the beaming angle and observations 

In this section, we present a short discussion on the usage the beaming angle relations (Eq. 2). 

For this case, we use the information from Hashimoto‘s report (2006), including the wave 

frequencies, the cyclotron frequency, and the observations satellite. The cyclotron frequency is 

assumed to be 14.8 kHz at 3.9Re based on the dipole modeled. The position of the plasmapause 

is supposed at 3.9Re and the range of plasma frequency is about from 100 to 300 kHz. Figure 1 

shows the spectra of the electric field from 1 to 400 kHz observed from CRRES observations on 

19 August 1990. Since the radiated frequencies are equal to the plasma frequencies and the 

cyclotron frequency is assumed to be 14.8 kHz at 3.9 RE on the basis of the dipole model, the 

beaming angle can be calculated as shown in Figure 2. This Figure also shows a comparison 

between the observations (red) and the theory (green) of the beaming angle (according to Jones‘ 

formula) as a function of frequency. So with these assumptions there is the difference between 

observations and theory. 

 
Figure 2. The CRRES and IMAGE satellites observations of the beaming angle, β as a function of frequency (Base 

on Hasimoto‘s report, 2006). 

 

With these assumptions, we use the Eq.(2) to evaluate the beaming angle (for the matching case) 

for the range frequency from 100 to 300 kHz, and with different  . Figure 3 shows the 
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beaming angles resulting from different   (dash lines). Also, we compare the beaming angle 

from observations with the beaming angles resulting from different   (Red and Blue lines).  

 
Figure 3. Comparison the beaming angle from observations (red and blue lines) with the beaming angles resulting 

from different   (dash lines); green-solid line is the prediction of LMCT. 

 

From Fig.3 we can see, two curves from theory and observations are approximately fit with a 

  about 5 degrees for the frequencies less than 225 kHz, and about 3 to 5 degrees for the 

frequencies larger than 225 kHz. So, by considering the angle between the magnetic field and the 

boundary, there is a possibility that this effect leads to different the beaming angle from LMCT 

prediction, even though two modes are matched.  
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