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COHERENT GENERATION OF THE TERRESTRIAL KILOMETRIC RADIATION BY NON-LINEAR BEATINGS BETWEEN ELECTROSTATIC WAVES PAR

to be rather small it is shown that the most intense radiation should be observed at 2wUH in the extraordinary mode.

-'1976) we will comment briefly on two of them. In the work of Palmadesso et a electrostatic high frequency waves, driven uns table by an energetic électron beam, are coupled with ionic fluctuations. The required level of ionic fluctuation is very high (ôn./n. �* 0.3). If such high level ionic fluctuations exist, they should be localized in the return (.1975^ current régions as shown by Kindel and Kennerrj^that is where low energy upgoing électrons are observed. Thèse return currents are known to take place outside the région where downgoing primary électron beams are observed. Thus the coupling between high frequency electrostatic waves and ionic fluctuations should not be very strong. Furthermore the authors of the quoted works hâve used in an uns table situation the (1962) theory of Dawson and Obermant which was demonstra ted to hold for damped plasma waves. The transposition of this theory to the unstable (1976) case seems to be irrelevant. Gale ev and Krasnosel'skiknT'have proposed a différent interprétation. They argued that due to the large level of electrostatic fluctuations at the plasma frequency there is a tendency to cavitation. Then they considered that each such caviton radiâtes a cohérent electromagnetic wave at 2uu . But, as far as they should be a large number of such cavitons inside an auroral électron beam, one cannot expect that the radiation of this set of cavitons is still cohérent. Even so, the maximum efficiency of their process seems not to be large enough to account for the expérimental requirements. 

LINEAR INSTABILITY OF BEAM DRIVEN PLASMA WAVES

We will now discuss the convective amplification of the electros ta tic waves which are excited by the auroral électron beam. The problem under discussion in this section was worked out numerically by [START_REF] Maggs | Cohérent génération of VLF hiss[END_REF].

However, as far as he was interested in the production of the auroral hiss he has not discussed the convective amplification inthe upper propagation window. Furthermore, for the purpose of our future discussion we need analytical (even though less précise) expressions.

Let us let E ce exp i M'k,,dz + k . rtut / , k., = and G = -J" kl, dz, k|. is the spatial growth rate and G the effective gain along a ray path. f, is the électron beam distribution function, it is isotropic and centered around V,, its bulk velocity; its thermal velocity is V, fth' 0, U, . In order to hâve an order of magnitude for G we hâve set Now G is always positive, the maximum corresponds to Wo ~ Vb2; for the same reasons than those discussed above we will require that This is a large increase since (E » �/E p )~ 50.

(ix/V.) 2 � k, ? /k ? �
For lower frequencies, that is for waves which propagate towards increasing lower hybrid frequencies the situation is very similar to the previous case. By similar calculations we get: («p_a,cAp ) = 1*93 [k.. 

NON-LINEAR INTERACTION BETWEEN PLASMA WAVES

We want to gênera te, by non-linear beating between electrostatic waves an elec troua gne tic wave whieh can escape from the source région.

Then, if the subscript 1 and 2 refer to the primary electrostatic wave while 3 stands for the electromagnetic one, we hâve to insure that:

where D is the dispersion relation, i = 1, 2, 3. In order to produce an electromagnetic wave it is necessary that Ikl ~ eu/c « Ikl.,21 ~uu/vb. An important question must now be discussed. Depending upon the width of the spectrum of the primary waves the non-linear decay or mode coupling can be coherent, or incohérent.

In the incohérent case, the random phase approximation (RFA hereafter) must be used. Due to the averaging over random phases the coupling between incohérent waves is usually rather small. In a récent (1977) work Barbosà^^has studied in the RPA, the génération of the AKR by non-linear coupling between two electrostatic waves having au ss au UH Then he found that the primary electrostatic waves should hâve at least 3V/m in order to generate the observed large powers of electromagnetic waves. Which is probably too large by at least one order of magnitude, (which means four orders of magnitude as far as the electromagnetic energy is concerned).

In the two previous sections we hâve shown that near from ou and wUH the spectrum of electrostatic waves is very peaked. Then a cohérent three wave process is likely to occur. 

(

  w ceo � 2 we get G =12. which is a rather large factor. It should be said at this point that the choice of a square ended beam has increased the size of G as compared as it would hâve been for a more smooth beam distribution.The discussion of the case wce � eu � wUH is essentially similar one gets with the same square-ended beam distribution and W2 = (o,2-o) x ce 2)/k " x 2 * oiS:

  with � =k,, ' (Z-Z-,XZ0-Z-,)~ ' instead of Z we can rewrite (12) in the form: whose solution is an Airy function Aî(-^). According to this solution the electrostatic potential cp increases when Z � Z1, that is when the wave propagates towards résonance. Using the results of White and Chen (1974) we get : cp being the potential of the incident wave far from Zi. This resuit is valid as long as the reflection coefficient is one. Then starting with k,, | j o ~ k xo and assuming that P «s 3/R, Vh u ^ 10' m/s, eu es ~ 2eu pe ~

  inside the beam are linearly amplified by beam driven instability and also geometrically amplified when they propagate towards résonances. ",Thus, the electrostatic waves spectrum should peak near ou. and wLH at a given place along auroral field lines. At a given place the frequency width of thèse spectra are essentially fixed by the Airy function. A wave having au + ôeu will reach résonance at ��.m Hz, which is a very narrow spectrum. Of course this only corresponds to the largest peak of the Airy function.

  fc,, ~k,,-. Then, since amplified waves hâve their parallel phase velocities in the same direction as the beam, only one of thèse waves can be amplified.Of course, the second condition is easy to satisfy, provided that the radial size of the beam is large and the distribution of k-Ll,2 is isotropic around B . ° As we know from previous discussion that the electrostatic waves hâve large amplitudes near wLH and oUtjtt any strong coupling between such waves is a priori likely to occur. Furthermore, near from résonances and |k|,p| are already very small, he ne e the matching condition k,,_ = k,, + kj,p will be easily fulfilled. Then, in ail what follows we will assume that primary electrostatic waves are near résonance.

  1 the last inegality now cornes from (3) in. the case

	But now	�		=	tu (o) -�u2 )/kj2 wio. Gg is	smaller than G2	since now, in
	G3	the frequency of interest is: w	~ J2J»	instead of being to-sy u^.
	Consequently the convective amplification is less than in the upper GEOMETRICAL AMPLIFICATION OF ELECTROSTATIC WAVES NEAR THE RESONANCES
	frequency window.		
				When an electrostatic wave propagates towards resonance, as said
	earlier,k|,	and hence	V	decrease	in order to satisfy (1) for increasing
	ratios eu/tu UH (z) or decreasing ratios eu/eu lui (Z). If we assume that
				is conserved then E2 increases and would even bécane infinité
	V gll n E ?					
	when	k, -»	0 that is when eu ~ eu	or au	. Of course then the WKB
	As we are interested	in the behavior	of the electrostatic	potential cp
	near from résonance,	'	we can assume	that: w 2-W 2 % pe	eu 2 and that w 2 -eu 2 � ce pe
	w2		and keep them constant.	Then expanding	the upper	hybrid	frequency
	we find:	au (z)	=	eu n	[1 +	p (Z-Z )]	where	Z	is our starting	point.
	eu ~ 2cu Then wUH-w		=		wUHO-w	+ 2 P wUHO	(Z-ZQ)	setting	that	w (zl)	= w,
			Finally, when	euTtr � eu « min(eu , eu ) we get aiso:

procédure fails,we hâve a turning point. Let us évalua te this in a more appropriate way. Near a turning point (1) becomes in the upper propagation window:
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