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VIF RADIATION REJISTANCE GF A PINITE DIPOLE IN A UNIFORN VARM MAGNETUPLASMA
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A strocg iotersst currently exists in the study of VLF
satenns redietion charscteristics in a magnetcplassa becsuse
of the application of this study to satellite-based wave-
particle interaction oxpsriments in the magnetosphere, to
astellite 1 y and to % heric di co.
The bulk of the knowledge on the prodles of ult.all-tlsul
coupling can be found 1is a numbar of receat reports. The
PUrpose of the present paper is to study ths VLY shistler mode
redistion of s dipole in » 1 » caifors VLY
ssgretoplasns of infinite extsat. Ia cocajunction with the
plasna model mssumed, we use the following btmsic equatiozs
governing the electromsgunetic radiaticn frem e time harmonic
(e3), sasli-emplitude 1o the msg '
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where ¢, 2 B , amd 1 atand for fros-spsce peraittivity,
free-space bfuty. the sagular signal frequszcy, the
static magnetic field and the sourco current density, respec-
tively, and where V., s, q, and N stend for the ordered
vo!ooltz. the nass, the Mo and the uaperturbed decaity for
the "8" species of particle, respectively, and vhere P

s the parturbsd elegtron prossure add u is the thernal®
epssd of the electron gas.

Po)lowing an mml’ similar to that given in Chapter 3
of Yeng“ or Wang and Do11* and assuming thst 0 s in parelle)
u-mltmhumt&att&ot&maﬂmt&lwu
of the Fourier transformed electric fisld £ (E) (y « +1,-1,0)
are given by v .
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1, wvhen y =y, = 0, otherwise.
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In the case of T_ (electron teapersture) - 0, then
Y g. azd (2) red identicslly to Eq. (12) of Wang and
De3l” for the case of a ¢old magnetoplasza. To derive s formsl
sxpressicn for the iuput impodance, s of s short dipole
orfeated either parallel or perpendicuiad to U, te dipole
current 1s assumed to be & skin-trisaguler dist¥irution.

Ca) Bis $4303, U.8.A.

Using (2)=(3), snd the relation T = 239/1° (L = t at
fagut unmin). where 2P a -(k)"fé (:)?&(k) oF the
formsl expression of :'“ 18 given byVV
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b, » = half leagth and rsdius of dipole entenns, respectively.

To derive the radistion resistance, n"' due to the
rediaticn of whistler mode and the electron thermal mode froa
{3), 1t 15 cocessary to exsaine the roots of the dispersion
equation, N(n) = 0. Since the thermal effects of the
are igncred in this enslysis we sball only cocstder &% gor
the £r b tis electron-gyrofr (25,) and
the lower-hybr (2,0). ¥ithin this
frequency range, the wave prupagatios cl cteristics are ss
summarised below:

Case A. .. >8> ¢ ., t_  (plasss trequency) > ¢, ,
(1o < 10% 0™ ¢ e bl

1. There exists & unique positive root n’

ot ¥n) e 0

for ¢ ave normal angle range 0< 0 < 9., sre 0, = arce
tan JY9SY, and furtber o o for the dogulsr_rangd
040 <9, whereas_in differs

renge 9, <8< 0O B
eriststarly trom 0, shere o 12 The FothectaBe 1odex tor
shiatler mode in s Cold magne $
.m.;;.}}‘) sad 6, o arotans Jl-e¢ -2¢,5%)/ l¢ v W (¢ e, ¢ T),
a-v1.

3. Io tho resge 6, <9 < %/3, there exists 0o real
positive roots of- N(n)‘e 0. ™
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Cise B. 1 >1> 8., t >, (T, <10 ).

1. For the wave 1 angles 0 < § < 6,, there sxists
s unique positive root n. such thet "n_ & sod for the
range 9, < 9 < 0, are teo positlve roots (both aiffer
cmuc.hy from ne) fras toe dispersion equation ¥N(n) = O.

3. 1In the angulsr rengs 9, < 0 < x/3, there exists mo
real positive raots to the m‘m N(n) = 0.

Ia the sbovo tvo cases, @ 2 is the unique root of C,  ,(d)sd
and f_ is given by wlvl& ) -ea-a. Por s prgton-o !NI_I‘
plasza’ £, s given anmmthy by toe I\‘\(fle:O 7)) ot
where 7 is the protoa to slectron msss ratio.

Usicg the above charagtsristics oi_xm real positive roots
and (3), s ccotour integrstion yields formsl (integral)
oglvum for the lesding tsrw of the radistioa resistance,
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For £ >t>t. B

aa is given by
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= gro sicd v, = Bra,

For f._ >2 31 i given by (4) with the limit of @
integrelicn boing nv!rba and sstting the term with t = 3

which oqusls sero. The leeding torm of -' is given by
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Where the upper limit 03 for the ceso of frequsacies
‘BE‘Z‘Q sheress () for the range !,atztm-

Using plasse paremeters modeled upon the inner magneto-
sphere, (4) and (3) have besn jintegrated mumerically for the
trequencies 0.18 < 2/t <1 and £ e f,..,. These results
are summarizod in Figs. 1 and 2 and in Ta 1. It can be
shown that, in gezoral, the conditioss for heavy Landsu or
cyclotron damping (1.s., GUD cosd £ 1= \¥, y = 0,21) are
esatisfiod in the acgular range (0),0;). Thus, it is resscn-
able to comsider tle portion of antetna pavor in excitation
of the thcorml] modo as & loss. Using the mulu of rigs. 1
and 2 and Tsble 1 slong with the definition n° = R/(&” « &%),
the vhistler mode radistion efficiency of the antonna kas been
sumzarized in Tablo 2.

For the sbove numsrical results, we sre able to estimate
the VLY (£, > £ > £ ) whistler mode radistion efficiency
for an olomnu ant in s wars mssgnetoplasma. From our
mmerical data (Tadle 2), 1t can be concluded that for a
radiating dipols in the magnetcspheric plssma, the whistler
mode redistion efficiendcy. n 1s ususlly grester than . 70%,
although at f &= £ v =y be a0 low as -~ 38%. In
gsneral n» uwrum with an iccresse in any one of the
factors: dipole length, plasma density and dipole orientatica
scgle -un mboe! to the eartd's magzetic field. In moet
cases n¥ >n by at least - 10%. It is important to note
that in pyunt investigstion, ve Lave assumed thet the
plasas is entirely unifors m han e not 1dered
the effects of an Tee testh probles
19 in gensrel s nanlinsar ou‘. snd it 1s 1ikely that s porticn
of the dipole power will be lost in:nonlineay mechanisss withe
ta the ebeath. TRus £0r s more sccurate celculstion of n°,

ke } | beath 4 tica should be one of the
most importaat bl to 1g
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710, 1. V1P DIFOLE RADIATION RESISTANCE OF THE ELECTRON

THERMAL XODE AS A FUNCTION OF MORMALIZED ANTENMA
LEWOTS, ANTEIOW ORIENTATION, AND DRIVING FRRQUENCY
OB f << f<f . TVO NOIALIZED DERSITIES ARK

coxanBrman: )Cr /2, 8 ana v 241, =10,

g v t t
t /200 100/t R, (otme) | B] (otma) | B (obms) |8, (okma)
10 | 0.0233 [6.28 x 10%| 0 x 10' [5.8 x 10* 5.3 x 26°
s | o.0228 [1.38 x 20* |2 x 10 2.3« 10% [7.0x 20*
710. 2. VLF DIPCLE RADJATION RESISTAXCE OF THE WHISTLER
TAGLY 1. RADIATION AESIOTANCE AT £ 3 £, b = 0.05. NOUE AS A FURCTION OP NORMALIZED ANTENXA LEWOTH,
ANTENXA ORIENTATION AND CRIVING FRRQUENCY POR
fim < £ < fo,- TVO NONKALIZED DEXSITIES ARE
< = — < CORSIDERED: @) /¢, =3 andB) £/t =10
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