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Report contains calculation of the radioemission of semi-restricted thin modulated electron beam injected from the
spacecraft board into the ionosphere plasma along the geomagnetic field. Radioemission appears due to the synchro-
nism between the electric current wave of modulated beam and electromagnetic eigenmode of the anisotropic plasma.
Radiation pattern for whistlers’ frequencies is formed as a result of the interference between three independent modes
with the same frequency and different wavelengths. Consequently, Pointing vector angular dependence is oscillatory at

small angles. At larger angles, the radiation pattern has a sharp maximum near the resonant cone.

PACS: 52.35.Hr, 41.75.Fr

1. INTRODUCTION

Excitation of electromagnetic waves by the modulated
electron beams injected into anisotropic plasma was ob-
served many times both in space and laboratory experi-
ments (see, e.g., [1-2]). One of the possible mechanisms of
this phenomenon (for the simplest case when the beam is
injected along the geomagnetic field) is transition radiation
on the metal-plasma border [3]. This radiation was calculat-
ed in [4] for the laboratory experiments [2] where the
transversal length of the transition radiation formation zone
[5] was small relatively to the characteristic length of injec-
tor. The opposite case that is typical for ionosphere experi-
ments is treated in this report. It corresponds to the radia-
tion caused by the longitudinal restriction of the beam [6].

2. MODEL DESCRIPTION AND BASIC EQUA-
TIONS

Cold plasma in the homogeneous constant magnetic

field is treated. Cylindrical modulated electron beam in-

jected in the plane z=0 moves along the magnetic field.

Alternative current density caused by the beam has a form
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Here r, ¢, z are cylindrical coordinates, Y=o, vy is the
beam velocity, L is the beam relaxation length, w is the
beam modulation frequency.

Inhomogeneous wave equation for vector-potential
with the calibration condition ¢=0 has a form:
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Here kj=wYc, £ is the dielectric permittivity tensor of cold
anisotropic plasma that can be presented in the form
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a, and @y are Langmuir and cyclotron frequencies, re-
spectively.
Dispersion equation for electromagnetic waves in
plasma corresponding to equation (2) without the right
side can be presented as [7]
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3. CALCULATION OF THE RADIATION
FIELD
It is suitable to present the vector-potential compo-
nents and current density in the form of Fourrier integral
over z and Hankel integral over r:
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Substituting (4)-(5) into (2), one can obtain the com-
ponents of vector-potential spectrum from algebraic equa-
tions. Denominators of these expressions contain the dis-
persion function (3). Consequently the singular points of
the integrands in (5) correspond to the Cherenkov reso-
nance conditions i.e. synchronism between the partial cur-
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rent waves caused by the modulated electron beam and
electromagnetic eigenmodes of anisotropic plasma.

Integrals (5) can be calculated using resides’ method
for integration over k; and stationary phase method for in-
tegration over kg (in the far radiation zone, koR>>1). For
the whistlers’ frequency range the results can be presented
in the form:
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Here n,4 are the roots of dispersion equation (3) with the
positive real part, 8 is the axial angle of the view point di-
rection, ©j is the stationary phase point where
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Summa in (6) is calculated upon all the stationary
phase points. In general, there are 3 such points both for
forward and backward radioemission. These points corre-
spond to the independent modes with different wave num-
bers that interfere during their propagation. So the radia-
tion at each angle consists of three interfering compo-
nents.
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Finally, one can obtain the expression for radial com-
ponent of the Pointing vector (in the spherical coordinates
R, 6, ¢):
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4. RADIATION PATTERN AND TOTAL RADI-
ATED POWER

Pointing vector was calculated numerically for the pa-
rameters  typical for ionosphere (w=2[0%",
wr=700° s, =607 s') when frequencies fall into the
whistler band (c,>>w,>> ). At these conditions all the
three modes corresponding to the stationary phase points
are present at small angles. Fig.1 shows the angular de-
pendence of the Pointing vector for this case. Interference
between the three modes with different wave numbers
causes to the oscillatory radiation pattern at these small
angles.
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Fig. 1. Pointing vector angular dependence at small an-
gles (vo=5.500°m/s, w=200%", c,=700°s", w,=600" s
1

)

For the angles larger than some critical value, two of
the stationary phase points vanish and the directivity dia-
gram is formed only by one mode. As the result, the angu-
lar dependence of the Pointing vector monotonically in-
creases with the angle. Fig.2 shows the Pointing vector
angular dependence for wide band of angles.

HR , arb.um.

i

0 0.25

9, rad.

Fig.2. Pointing vector angular dependence for wider an-
gle band (vo=5.500°m/s, =200, cwy=700° s,
=600 s")



One can see that the radiation efficiency greatly in-
creases near the angle of the resonant cone so the radia-
tion at smaller angles shown at Fig.1 becomes negligible.
Radioemission at even larger angles falls into the resonant
cone and vanishes.

If the Cherenkov resonance condition for the beam
modulation wave number X is satisfied, the radiation for-
ward exceeds substantially the radiation backward. In the
opposite case the forward and backward radiated powers
are approximately equal.
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Fig.3. Total radiated power against the beam velocity
(w=200°s", wy=700° s, =600 s")

Numerical calculation shows that total radiated power
grows proportionally to the square of v, for small beam
velocities (see Fig.3). One can see the optimal radiation
conditions at some velocity and radiated power greatly in-
creases near that value. For the simulation parameters, ef-
ficiency of the radiation at maximum is about 107. For
high beam velocities, total radiated power decreases. This
effect is a result of the violation of the Cherenkov reso-
nance condition between the beam and whistler modes.

The character of the angular dependence of the energy
flow is similar to the results obtained in [4].
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N3JIYYEHUE MOAYJIMPOBAHHOI'O QJIEKTPOHHOI'O ITYYKA, HH KEKTHUPYE-
MOTI'O B HMOHOC®EPY BJOJIb TEOMATHUTHOT O ITOJIA

HAu IOu, . A. Anucumos, A.U. Kenvnuk, Kao Kenv 1O

Jloknman CoOAep)KUT pacueT H3Iy4YeHUs TOHKOIO MOJIYOTrpPaHHUYEHHOTO MOIYJIMPOBAHHOIO 3JIEKTPOHHOIO ITyuKa,
WHXCKTUPYEMOTO C 6opTa KOCMHUYECCKOT'O arrapara B I/IOHOC(l)epHyIO IJ1a3My BAOJIb HAIpaBJICHUA T€OMArHUTHOT'O ITOJIA.
PangnonsrydeHue BO3HUKACT BCIEACTBHE CHHXPOHHM3MA MEXIY HapIHaJbHONW BOJHON TOKa MOIYIMPOBAHHOTO 3JIEK-
TPOHHOTO TTy4Ka X COOCTBEHHOW AIIEKTPOMAarHUTHOW BOJTHON aHM30TPOITHOM IIIa3Mbl. [liarpaMma HanpaBiIeHHOCTH IS
CBHCTOBOTO JMana3oHa (hOpMUPYETCsI B Pe3yibTaTe HHTEp(EpEeHINN MEX Iy TPEMS MOIaMH C OMTHAKOBOH YacTOTOH, HO
pa3HeIMU AMHAMU BoJH. COOTBETCTBEHHO, YIIIOBas 3aBUCUMOCTB BekTopa [IoHMHTHHTa ABIsETCA OCHMILUIUPYIOIIEH AT
MaJIBIX yrIoB. J{ist OONBIIMX 3HAUCHWH YITIOB JUarpamMMa HalpaBlIeHHOCTH MMeEET Pe3Khil MakcMMyM BOJIN3H pe3o-
HAHCHOT'O KOHYCa.

BUITPOMIHIOBAHHSA MOAYJIBOBAHOI'O EJIEKTPOHHOI'O ITYYKA, THKE-
KTOBAHOI'O B IOHOC®EPY B3/10B’K TEOMATI'HITHOI'O ITOJIA

HAn IOu, 1.0. Anicimos, O.1. Kenvnuk, Kao Keno IO

JloTIoBiIE MICTHTB PO3pPaxXyHOK BHITPOMIHIOBAHHS TOHKOTO HAIliBOOMEKEHOTO MOIYJIHOBAHOTO E€IEKTPOHHOTO ITyYKa,
IH)KEKTOBAaHOTO 3 OOPTY KOCMIYHOTO amapary B i0HOC(EpHY IUIa3My B3JOBXK HAIPSMKy T€OMarHiTHoOro mois. PamioBu-
MIPOMIHIOBaHHS BUHHMKAE€ BHACHTIZOK CHHXPOHI3MY MDX HapIiajJbHOI0 XBHIICIO CTPYMY MOIYJIbOBAHOTO EJIEKTPOHHOTO
MyYKa 1 BJIACHOK EJISKTPOMArHiTHOK XBHJICK aHIi30TPOMHOI Iuia3Mu. Jliarpama CHpsIMOBAHOCTI AJIs CBHUCTOBOIO
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niana3zoHy (GOpMYETbCsl B pe3ynbrari iHTepdepeHmii Mk TpboMa MOAAaMH 3 OJHAKOBOIO YacTOTOIO, alie BiMiHHHUMH
JIOB)KMHAMU XBWJIb. BilnoBigHO KyToBa 3aiexHicTh BekTopa [1oWHTIHra Ui MaluX KyTiB BHSIBISIETHCS OCLHIIIOIOYOIO
¢yHKiero. J{ng 61TpImMX KyTiB iarpama CIpsSMOBAaHOCTI Ma€ Pi3KHil MAKCUMYM ITOOIH3Y PE30HAaHCHOTO KOHYCY.
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