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Abstract
In this work we use the magnetoionic theory to describe the propagation of electromagnetic waves inside a plasma cavity that is immersed in a weakly inhomogeneous, stationary

magneticfield B_.

From the usual expressions for the dielectric tensor and dispersion relation, we derive a set of canonical equations that describe, within the geometrical optics approximation, the time
evolution of the wave vector and theray position inside the plasma cavity. Theray tracing equations thus derived are employed to study the wave propagation and amplification inside
the sourceregion of the Auroral Kilometric Radiation (AKR). To thisend, we use a specific physical model, derived elsewhere (Gaelzer et al., 1992; Gaelzer et al., 1994), that modéels a
two-dimensional cavity in the auroral region of the magnetosphere, inside of which the AKR Is generated by the electron maser mechanism. With this information, we developed a
computational code that describes the evolution of an electromagnetic wave spreading inside the source region of the AKR. A comparison with other works found in the literatureis
presented.
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- Fiéure 1. Physical model for the source region of the Auroral Kilometric Radiation (AKR), the picture on the left describe the

magnetosphere regions on the Earth and the right is the model adopted in this work.
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Figure 2. Amplification of the waves, with «YQ =1.006to 1.08 and N, = 0.01to 0.6 and x,= O km. For a) and d) starting from z, = 25R_, with
L =500km, for b) and €) startingfrom z, =2R_, with L =500 km, for c) and f) startingfrom z,=25R_, with L =800 km.

Dispersion Relation for Electromagnetic Waves

b)
The auroral region is described by a two-dimensional dab, with the z axis pointing upward along the geomagnetic field and
the x axis pointing in the magnetic latitudinal direction. The dab is consdered to be homogeneous in they direction. The
disperson relation may bewritten as
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The parameters that are of interest in the source region of the AKR, nameay the dendties of the different plasma
populations, the drift velocities, and the temperatures, are evaluated from a mode based on the same methodology
introduced by Chiu and Shultz [1978]. Essentially, profiles of dengty, temperature, and drift velocity are provided by the
mode, between two points along the geomagnetic field lines, called the source points. One of these pointsisat thetop of the
lonosphere, approximately at 100 km above the surface of the Earth, at the altitude where the frequency of collisons

Figure 3: Amplification of tree waves, a) and d) starting from z, =25R_, withL =800km and x,=0km, for w/Q =1.016to 1.1 and N, = 0.01
to 0.6, for b) and e) starting from z =20 R_, with L =500 km and x, = -240 km, for «/Q = 1.006 to 1.08 and N, = 0.01 to 0.6, for c) and f)
starting from z,=20R_, with L =500 km and Xx,=-152km, for «/Q=1.006to 1.08 and N, = 0.01 to 0.6.
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between the particles matches the eectron cyclotron frequency. The other point is stuated at the magnetic equator, where — EOSO WE0R | |
the hot plasma is injected from. The essential point to us is that the plasma in the source region is consdered to be N — Sz o | F_Igure4: Valuesof gand z for fogr rayswith
congtituted by the following populations; (1) hot plasma of magnetospheric origin; (2) cold plasma of ionospheric origin; (3) - different values of wand N, starting from z,

backscattered dectronsfrom theionosphere; and (4) trapped eectronsdueto the éectric and magnetic mirrors. ol =20R, for L, =500km. Thevaluesof w

and N, arethesameas in figures2and 3.
Another feature of the modd that is worthwhile to mention here is that in our study we will consder only the radial
variation of the geomagnetic field. The latitudinal dependence will be ignored because we are interested only in the portion
of the ray path where occurs amplification, restricted here to a distance of a few hundreds of kilometers. The fidd is then
given by B_= 0.6/2°, G, where z_is the altitude of the point sin Earth's radii. Regarding the cavity with finite width, we

smulated it by introducing the dependence of thetotal electronic dendty in the perpendicular direction, X, given by

Summary and conclusions

In the present work we derived the equationsfor thetrajectory of the waves, using the equations
of the geometrical optics, incorporating all reevant thermal and rdativistic effects. The
disperson reation and the ray tracing equations were also particularized for the case of a

Ny, (X,8)=17,(s)[A—(A-1)e ™™

Wherefi_ (s) Isthetotal electronic dendty at the center, Af_ (s) iIsthetotal density at the border, A isareal number greater
than one, and L Isaparameter that measuresthewidth of the cavity. Temperature and drift velocity are described by
exponentially decreasng profiles Gaelzer et al., [1992].

Thetrajectory of thewavesisobtained asa solution of the following equations:
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The amplification factor g isobtained from

g = —J.kdf = -2 [ Nidr

generalized loss cone digribution function, with a drift velocity parallel to the ambient magnetic
fildd, and a numerical code was developed to follow ray trajectories insde a two dimensonal
region.

The ray tracing code was utilized along with a modd that smulates the conditions of dengty,
temperature, and drift velocity of the plasma in the auroral region of the Earth, wherethe AKR
Isoriginated.

The concluson of our sudies is that there is an interval of frequencies not very close to the
cyclotron frequency, with are significantly amplified through the cyclotron maser mechanism in
the auroral regions, and for which the effects of perpendicular densty gradientsin the auroral
cavities is such that the amplification of the waves is increased, as compared to infinite width
cavities.

In a previouswork, Gaelzer et al. [1994] assumed a thermal plasma to obtain the amplification
factor for same parametersused in thiswork.

Here, assuming that all éectron populations are cold, we have exactly the same spatial
distribution for the different populations, but use the cold plasma dispersion reation to obtain

theray tracing equation. For frequenciesfar from Q_, the sametrajectoriesare obtained, usng

ether the cold plasma or the hot plasma digperson rdations, confirming that the cold plasma
equations arethecorrect limit of the completetreatment.
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