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g, BOOKER'S MODE THEORY OF GUIDANCE OF ELECTROMAGNETIC WAWVES IN THE

MAGNETOSPHERE

8.1 Introduction

In Sect. €& I have presented the ray theory of Smith et al. (1960)
for whistler trapping in field aligned ducts of density ionizatiocn.
This thecry, which gives the critical fractional density gradients
for ray trapping as a function of initial wave normal angle with re-
spect to the magnetic field and as a function of freqguency, is based
on the whistler dispersion equation (6.1) and hence refers to the FMS

branch in the frequency region

wpy <T@ < gl

A quite different theory of guidance in ducts was developed in
1662 by H. Booker and is the object of the present section. Booker's
theory is different from the work of Smith et al. (1960) in several
respects. First of all it is a mede thecry (and not a ray theory) of
wave guidance. The duct is modelied by Booker as a thin field aligned
density discontinuity which is contrary toc the ray theory of Smith
et al. where the thickness of the duct must exceed the wevelength of
the waves &hose propagation is considered. We will come back later
ta the physical meaning g% the discontinuity model of Booker. More
important, Booke;‘s theory is done using the dispersion relation for
purely longitudinal propagation and thus, in fact, ignores the‘anisotro-
pic preoperties of the medium. The point of view here is that of deci-
ding under which conditions a ray which, at a given point in the magne-
tosphere is figld aligned, continues to stay so during propagation.

The use of the longitudinal dispersion relation (egs. (1.21) (1.22))

which is exact :-: all freqguencies, implies that Booker's theory of
guidance covers wzll possible electromagnetic waves from hydromagnetic
to_radio freguencies. Finally, curvature of the Earth's magnetic field
{which was neglected in the whistler theory of Smith et al. (1960)

but has been later included by Walker (1966b) in a study also directed

to whistler waves), plays, as we will see, a crucial role in Booker's

theory.

' 8.2. Magnetospheric medel

The magnetic field of the Earth is, in the simplest approximation,
assumed to be that of a central dipecle (see Fig. 36} and a particular
line of flux is conveniently identifie& by the latitude i at which
it intersects the surface of the Earth. With s we denote the distance,
measured along a line of flux of a given point P on that line from
the point A where the line intersects the equatorial plane; r will
denote the distance of P from the center of the Earth and the angle
AQOP will be indicated by &. Then, if a is the radius of the Earth,

the eguation of the line of flux of latitude 2 is

ws' B

S (8.1)
ws' A\

T =0
The variation of the radial distance r with & for specified lines of
flux is illustrated in Fig., 37. For most purposes, it is convenient
to identify position on a line of flux of latitude A by means of the
angular distance 8 from the equatorial plane. In some cases, hogever,
it may be necessary to refer to the actual distance s along the line.

It is easy to see that the relation between the two is given by the

equation
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Let us indicate with fMO the value of the electren gyrofrequency
at the eguator of the Earth. In terms of this, the gyrofrequency at
the peint r, & of the ionosphere or magnetosphere will be given, for
the assumed dipole field of the Earth, by
3 2 1/2
fM = fmo{a/r) {(4-3 cos &) / (B.3)
For the line of latitude A, we obtain the variation with 8 of TM by

substituting {8.1) into {B.3). The result is

L!\ '
ws L
{lﬁ = {1“0_ (y-33 B) (8.4)
ws* B .

This variation {and the analogous for the proton gyrofrequency) is illu-
strated in Fig. 38 for a number of lines‘of flux {and for fMO=O.87
M /s}.
4

Going now to the density variations, Booker assumes the following

model for the smooth density variations of the magnetospheric plasma
P
N =& _(a/r) cosle (8.5)

with p and q positive. Correspondingly, one obtains for the electron
plaéma frequency

1/2P 1/2

/ cos /2q L]

T, =, te/r)

(8.8)
pe

Using eq. (8,1) for the line of flux corresponding to atitude A, we
obtain, for the variation of the electron plasma frequency along =z

given line of flux

P

' WET A

*F’" = 'h:c— mF_%ﬂ‘S

Thé variation of this frequency with @ along several lines of flux

(8.7}

is given in Fig. 39 corresponding to the following parameter values
= 4 , =0 , =1 M
p q - fpo /s
Notice that the plasma distribution assumed by Booker refers really
to the magnetesphere and would have to be modified at levels below

%1000 km.

8.3 Ioner and outer zones of longitudinal propagation

As already mentioned in Sect. 8.1, Booker's theory of guidance
refers to electromagnetic waves for longitudinal propagation. The two

refractive indices are then given (see Sect. 1) by

kN W T
Wp,
my=1- P - i (8.8)

L._)(m: Wiy Ud(m-"-wea,)

Here, as we saw in Sect. 1.3, the upper sign refers to L waves (singu-
larity at m=mBi) and the lower to R waves (si&gularity at m=wBe). We
recall that the two waves are alsc commonly denoted, especially at
radic frequencies, as ordinary (L} and extraordinary (R) waves. In the
range of frequencies m{mBe (and for the ionospheric and magnetospheric
plasmas for which uBe<<wpe). the extraordinary {R) wawve, which is the
FMS branch using Shafranov's notation (see Sect. 1), becomes the paral-

lel electron whistler for m>wB, ang the hydromagnetic magnetoacoustic
i |

mode fer w<uBA. The ordinary (L) wave, on the other hand, is the Alfvén
1



branch for mch' going over to the iun cyclotron wave at frequencies w
i

close to Yo and then essentially it propagates (SE branch of Fig. 1)
3

(3) 2
only at frequencies above the cut-off frequency mo v (wpe +

1/4u332)1/2“ %1w8e|tWhiCh' for the icnosphere magnetospheric plasma,
are in general above mBe).

It is important mow to point out that, given the refractive index
(8.8), for any fixed wave frequency, the magnetesphere can Pe divided
into zones where longitudinal prepagation is possible and zones where
it is forbidden. The transition between the two regions occurs, as

2
we know, when n passes through either of the values 0 or =.

Referring to the R wave, a resonance occurs when
w o= W (8.9)

Thus, for this wave, at a giver. ireguency, one boundary of the forbid-
den zone for longitudinal propagation occurs at the level in the magne-
tosphere where the local electron gyrofreguency is egual to the frequen-
cy under consideration. For a frequency of 100 Kec, this gives the inner
surface of thé stapled area of Fig. 40a {corresponding to the magneto-
spheric model of Sect. 8.2). The outer surface corresponds te the con-
dition n2=0. This is the freqguency wO(S) of Shafranov given by

w (3) = (w 2+ j— w 2)1/2 - j—{m | (8.10)

o] pe 4 Be 3. Be
above which we have propagation of the SE branch (see Fig. 1}. Thus,
ir the stapled region in Fig. 40a propagation is not possible and the
twe cond: tions n*EzM, n+2=0 separate the magnetosphere intc an inner
region and an outer region of propagation. In the outer zone a wave
supposed to be guided along the lines of flux of the Earth's magnetic

field is returned wnen it encounters the outer surface of the forbidden

zone [(where n+2=o). On the other hand, a wave travelling in the inner
zone {and also supposed tc be guided), when it intersects the n+2=m
suirface is not reflected but rather it dissipates there causing some
heating of the magnetosphere.
Fig. 40a refers to the R wave at 100 Kc. The forbidden magnetospheric
zone will of course vary with frequency. The variation of its location
in the equatcrial plane, as a function of frequency, is indicated by
the horizontal shading in Fig. 41. From this we see clearly that, at
frequencies below 41 Kc the inner zone for propagation for the R wave
occupies virtually the entire magnetosphere. These are frequencies
typical of whistlers which ran in general propagate from cne to the
other hemisphere without éncountering zones of forbidden propagation.
{On the other hand, we see from the same figure that high fregquencies
do essentizlly propagate only in the outer zone.

The same type of reasoning can be applied to the n_ wave (L wave).
There, it is n 2=w when

o= w (8.11)

2
and n =0 at the frequency

w row (8.12)

which give the bounéaries of the inner and outer zones of longitudinal
propagation for this wave. In the inner region we have therefore propa-
gation of the A branch and in the outer region of the FE branch. At

the same frequency w=100 K¢ (considered before for the H wave}, we

see now for the L wave, from Fig. 40b, that there is an outer zone

of propagation for the L wave but no inner zono lexcept below the iono-

sphere). On the other hand, at the very low freguency of 10 c/s, Fig.



40c, always referring to the L wave (which is now the Alfvén wave)
indicates that there is essentially no outer zone of propagation but
instead there is a substantial inner zone of longitudinal propagation.
Tt is in this inner zone that Alfvén waves possibly propagate between
conjugate hemispheres of the Earth.
The location of the forbidden zone of propagation for the L wave is
shown, at the equator and as a function of frequency, in Fig. 41, deno-
ted with a vertical shading. As the external boundary of the inner
region of propagaticn for the L wave occurs at m:mBi. whereas it occurs
at m=wée for the R wave, we see that the forbidden zone of propagation
of the L wave is enormously thicker than that of the R wave. At audio
frequencies {the whistler's freguencies) this forbidden zone occupies
virtually the all magnetosphere (and it is only the R mede whistlers
that propagate). It is only for the very low frequencies that we have
an almost entirely inner zone of propagation, as seen in Fig. 40c.

Fig. 40a-c, giving the inner and outer zone of magnetospheric
propagation, indicate also that, for a given wave freguency, there
is & maximum latitude of line of fiux for which longitudinal propaga—
tion entirely within the inner zone is possible between conjugate hemi-
spheres. Conversely, for a given latitude of a flux line, there is
a maximum frequency abo;guwhich longitudinal propagation entirely
within the inner zone is possible between conjugate hemispheres. These
important features of magnetospheric propagation are presented in Fig.
42 which giveé in fact the maximum frequencies for interemisphericr
propagation {within the inner zone) as a function of latitude of the
line of flux, both for the R (dashed line) and the L waves (solid li-
ne). In this same figure one Tinds indicated both the whistler and the

alfvén wave regimes.

8.4 Field curvature
- An important guantity which must be computed is the curvature

of the Earth's magnetic field. The condition for guiding of electroma-

gnetic waves that will be later imposed will be that the curvature

cf a given ray follows the curvature of magnetic field lines.

With reference to Fig. 43, let MN and M'N' be two adjacent magne—
tic lines of force of any curvature. Consider then two equipotential
lines AB and A'B' of length dr separatéd by a small distance and incli-
ned by an angle a. If OA=OA'=r and the mapnetic fields along AA' and

BR' and H + dH respectively, we can write
(H+dH) (r+dr)de = Hr da
from which
Hdr + r dH = © . (8.13)

Then the local curvature 1/r of Fig. 42 will be given by

A ath b (8.10)
T H ]F; - ¥H dm e

where, in the last expression, fM is the cyclotron frequency, Wore

K

F=

generally it is advisable to write

1 4

Ki=-LVH-_2V 3 (8.15)
H fr

to recall that the gradient which enters is that along the local normal

te the magnetic field line. Eg. (8.15) is general and can be applied

tc a variety of field patterns. Let us see, in particular, the results

e

o

e

b



it gives for the magnetic field of the Earth. We want the fTicld curvatu—
re at the point & on the line of latitude A. An easy calculation, using

for example (B8.4), leads to

i
ﬁ I P (N s 0 (8.16)
Ke wd (4 -3sd )

where, as it is convenient, the field curvature has been normalized

to the curvature of the Earth

K= 1.57 x 10”7 rad/meter (8.17)

The 8 dépendence of the ratio KF/KE is reported in Fig. 44 for various
values of A. For low latitude lines, the field curvature exceeds the
Earth's curvature while the opposite is true for hiph latitude lines.
Note, however, that, apart from special cases, th: field curvature is
not of & different order of magnitude with respect tc the Earth's curva-

ture.

8.5 Ray curvature and excess Tield curvature

Consider a curved.magnetic field and an electromagnetic wave,
considered as a ray, bent inte & curve cwing t- refractive effects
and incliﬁéd at a small angle ¢ at P and ¢-d¢ at @, as shown in Fig,.
4%, PQ being ds, an element of the ray.path. Fcr simplicity, let the
field line and the ray be in the same plane, Let the normal distance
from @ to the field line through P be dr. If n is the refractive index
for the ray, by Snell's law, the curvature of the rsv can be expressed

as

Kkzﬁidi =-:\_ dn mq) (6.18)

k!

For small values of ¢, we have

Ke = RN (8.19)
M

i.e. the ray curvature is given by the fracticnal downward gradient

of refractive index in the outward principal normal direction to the
magnetic field line.

Using now the expression (8.8) for longitudinal refractive index, we

obtain

K g, Ke bt : wp .

KT M —I\—I_J' T 2 Wwe, (13 w/wg )

(8.20)
1
Wp.
pe

+
Wige (44w fwye

with KF given by {8.15). There are therefore two separate contribu-

tion to the ray curvature, cone arising from the fractional gradient

of the magnetic field and the other from the fractional gradient of

the ionization density.

Thé condition for guiding of electramagnetic rays along the curved

magnetic field line is clearly

Ke 4 (8.21)
K

In relation to guiding it is important to introduce the quantity

K=X_ -K ' (8.22)

which is the excess of field over ray curvature, (or briefly excess
field curvature). It is this guantity, as we will see, which enters

the notion of modified refractive index {see Sect. 8.7) and it is the



consequences of this curvature differential that have to be overcome

by means of field aligned irregularities of ionization, if guiding

along the lines of flux of the Earth's magnetic field is to take place.
Using the model of magnetic field and density described in Sect. 8.2
Booker derives the variation of the differential curvature along a

number of lines of flux and for s number of wave frequencies. His re—

sults are shown in Figs. 46a-d where the excess curvature on the ordina-

te axes is normalized to Earth's curvature. We see from these -results

that the curvature differential between the rays and the lines of flux
is,

broadly speaking, of the order of magnitude of the Earth's curvatu-

res. Furthermore ¥ is always positive. This means that, for the magne—
tic field and density models assumed, additional downward curvature
is required at all places and all frequencies to produce guiding along

the lines of flux.

8.6 Model for field aligned irregularities of ignization

The model assumed by Booker to study guided propagation in field
aligned ducts is the following. Take a particular line of flux of the
Earth's magnetié field and rotate it around the magnetic axis, thereby
forming a geometrical surface in the magnetosphere. Booker assumes
that, upon crossing this surface from inside to outside there is a
dlscontlnuous increase in electron density 4N, either positive or nega-
tive. Inside the surface the 1onazat10n density is assumed to be given
by eq. (8.5). Outside, the density variation is still represented by
(8.5} but with a sligtly different value of the constant‘(No+AN}. Thus,
with respect to the ray theory of Smith et al. {1960) for guiding of
whistlers in ducts which was requiring density variation across the

field containing many wavelengths, Booker's approach is quite diffe-

rent in that it refers to a thin field aligned discontinuity.

ooker's treatment such a sur:nce of

o

As will be seen, : _UE

discontinuity is capable asting as a guide for transmissicn between
conjugate points in the nortnern and southern hemispheres. 4 ray on
the inside of the surface of discontinuity can, under suitable condi-

ti;ns, suffer successiﬁe internal reflections from the interface and

thue convey energy along a line of flux.

B.7 Madified refractive index

The method of modified reffactive index to study ray proﬁagation
with account taken of the curvature cof the Earth's magnetic field was
first introduced by Booker and Walkinslaw {1946) in a study of tropo-
spheric propagation.

In the free space between the Earth and the ioncsphere a ray tra-
vels in a straight line. An observer who thought that the Earth was
flat would say that this line is not straight but has an upward curva-
ture whichlbé might ascribe to a variation of refractive index with
height. If the actuwal refractive index is n, let us call n'{z) the
fictitious refractive index (a function of the vertieal) which one
would have to imagine with a flat earth and let us derive what is the
form of n'{z). Suppose then that, in this fictitious medium, the ray is
inclined at an angle ¢ to the horizental and let s be the distance
measured along the ray. From Snell's law we have that n'cosd=const

s0 that

As a consequence, the curvature of the ray is

'ﬂda

%\V: =i_"; %% L) S\h\\)/ t}j\f LA lm\f (8.23)

e

L2 B



Now, again referring to free space, an observer who thinks that the
earth is flat will think that the ray has an upper curvature cosw/RE,

with RE the Earth's radius. Hence, equating this to (B8.23) we obtain

P P

w4z Rg

e

where h is a constant. For example h can be the level of the ionosphere

(8.24)

so that, just below, n'=1l. Now, as in practice z-h is always much smal-

ler than RE we can expand (8.24) and .dtain

“\’\‘2 = 'i + 'J’(ihk\
Re

This formula, as already mentioned, applies to the free space below

(8.25)

the ionosphere. However the trick of substituting the actual refractive
index with one containing a linear variatien in z to simulate curvature
of—theFEarthla—time can be applied more generally and, in fact, was
applied by Booker to study the guiding of rays along a density disconti-
nuity. Then, in studying nearly longitudinal propagation near a parti-
cular point of a particular line of magnetic flux, thg line of flux

and the associated field aligned density irregularity are considered

to be straight but, instead of the actual refractive index n, a modi-

fied index n' is employed tolstudy propagation, given by
n' = n(l + Kz} (6.260)
Here z is a coordinate measured transverse to the fiela in the outward

directicn and K is the differential curvature defined in (B.22}. The

modified refractive index (B.28) has therefore 280 additional transverse

gradient across the magnetic field not possessed by the actual refrac-
tive index and actually proportional to the differential curvature
K.’As a conseguence, the curvature of wave rays with respect to the
straight line of flux in this model is the same as the curvature of

the actual rays relative to the bent lines of force in the real worid.
This technique requires that the radius of curvature of the rays and

of the lines of magnetic flux toc be large compared with the local wave-
iength in the medium. After the line of flux has been straightened

cut in accordance with the concept of modified refractive index, a

ray which is successively reflected at the interface has the form shown
in Fig. 47. Each segment of the ray has now the differential curvature
K calculated from {8.22) and plotted in Fig. 47. As we move along the
guide, the curvature K of the ray segments in Fig. 47 changes slowly

in accordance with the wvariations shown in Figs. 46.

In conclusion it should be pointed out that, as clear from Fig. 47,

the linear z variation of the modified refractive index (8.26) refers

to the width of the wave guide.

8.8 Phase integral condition in Booker's theory

Let a be the elevation angle of a wave at the plasma interface,
as shown in Fig. 47. We shall assume this angle to be small so that use
can be made of the longitudinal expression (8.8) for the refractive
index n. We will investigate a posteriori to which extent this is ju-
stified. Corresponding to the discontinuity in density {from NO + to
NO+AN} at the interface of Fig. 47 we will have a discontinuity in
refractive index. Reflection at the interface is described by Fresnel's
formulae. The ¢ritical value uc cf o below which total internal reflec-

tion ocours is found {see Appendix B) to be given by
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The'phase change ¢1 of the waves at this refiection, corresponding

(8.27)

to the value o of the inclination angle is given approximately {see

Appendix B) by

42

‘b., = 'J.wwhh (_5.‘.1. - ) {8.28)

From this formula we see that, when a>ac. ¢1 is complex corresponding
tc imperfect reflection.

We wi’l now write the phase integral condition of mode theory
.(see Sect. 7) for the wave guide of Fig. 47. There, one of the bounda-
ries of the wave guide is the interface across which there is the den-
sity jump. The other edge is the caustic surface indicated in Fig.
47 which corresponds to reflection a£ a zerc of g (the 2z projection
of the refractive index vector). We have already calculated in Sect.
7 the change in phase of a wave while crossing twice the wave guide
in the case of a linear variation of refractive index (see eq. 7.10).

For the Booker's case (g<<l) this becomes

1ﬁ&3 g B
3 e = imfp-4 (8.29)
ouE i I

wh&re p=1 is now the lowest order mode and the term -n/2 is the phase

change at the caustic. Substituting eq. (8.28) for ¢l, we rewrite

(8.29) as
QW 3 ) " 1 I, ) 3y
_EE%;_ - &mdz (_;% - i ) - (F B I;)‘l (8‘30)

At a given point of a line of flux of the Earth's field, and for a

given frequency, the differential curvature K of eg. (B.22) can be

obtained from Figs. 46. Also, for a given fracticnal density change
AN/N across the interface, the critical angle uc is obtained from
(8.27). When all this is used, one determines, from (8.30), the angle

of elevation a of the p-th mode.

8.9 Minimum fractional density gradient for trappingland track width

It is important to derive the minimum fractional density -change
AN/N that produces reascnable good guiding of one mode. This occurs
when the mode changes from leaky to trapped behaviour and, therefore,

when the mode angle a is close %o uc. In these conditions..the second

term on the left hand side of eq. (8.30) {the phase change at the inter-

face) can be neglected and, referring to the lowest order mode p=1, the

equation reduces to

3
In” A g _ (8.31)

3k
of which we must impose, for minimum guiding, the solution toc be
a=aqa (8.32)
Thus the condition for the lowest mode to be guided becomes
1/3

a = (3/8 Ka) . (8.33)

Using now eg. (8.27) for o it foliows that the minimum fractional

change in icnization density necessary to guide the lowest order mode

is given by

T .
AN W (_%_. K’x) & (8.34)
N feml L8

.
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necessary fo guiding as a function of position {8) along different
magnetic flux lines.

Fig. 48a refers to the frequency f=1lKc/s. At this frequency, the lines
of magnetic flux for latitudes A=15°, 30°, 45°, &0°, 75° which are
reported in the figure, lie entirely in the inner zone of lengitudinal
propagation for the FMS (R) wave and in the forbidden zone for the

L wave (see Sect. B8.3). Thus all the curves in Fig. 48a refer to R
waves (whistliers). It is seen that, at lKc/s, guidance can be ‘produced
by fractional variations of ionization density of the order of 1%.

The track width of the lowest order mode, for the same frequency, is
plotted as a function of 8, fo different latitudes A, in Fig. 49a and,
as it can be seen, varies from ~10¢ to ~100 km.

Going now to a low frequency, of 10 c¢/s, Fig. 48b gives the mini-
mum AN/N required for guiding. In this cese inner zone longitudinal
propagation is possible not only for the R but alsc for the L wave
(correspendingly different curves, dashed and not dashed respective—
ly are given in the Figure). Here we see that guidance of such waves
round the lines of ﬁ@ux of the Earth requires higher values of AN/N,
from 10% to 25%, than in the case of the 1lKc/s wave, the smaller values
being adequate for the higher latitude lines. The track width at this
frequency, given in Fig. 49b is also much higher than for the 1Kc/s
wave and ranges roughly from 100 to 1000 km.

, On the other hand, moving to much higher frequencies and, for
example, for f=iOMc/s, we see from Fig. 48c that we need AN/NA10% to
ensure guiding for low latitude lines (and guiding takes place now
in the outer zone). For high iatitudes and near the equatorial plane,
guiding becomes impossible. The track width, given in Fig. 49c, is,
for this freguency, much smaller than at the lower freque#ncies and,

in general, below 1 km.

Thus, the overall impression that we get from these (and other)

numerical reg:.Ts, is that guidance disappears as we go to high fre-
quencies, of the order of 10 Mc/s, and also going to low frequencies,
of- the order of 10 ¢/s or smaller. On the other hand, guidance is most
easily obtained for whistler waves, in the inner zone of propagation,
at.intermediate frequencies (Kc/s). For a given mode, at a given fre-
quency and on a given flux line, the variations of AN/N with position
{¢) along the line are not very remarkable but, in any case, one gets
somewhat larger values of AN/N when the line crosses the equatorial
plane.

A very convenient way of looking globally at these results is
that of fixing &, at the positiocn of crossing of the equatorial plane
fob'any given line, and there plot the,values of AN/N fequired for
guiding and the corresponding track width as a function of frequency.
This is done in Figs. 50a-d where the left hand ordinate scale refers
to AN/N and the right hand scale to the width w and the successive
figures (a-d) refers to lines of different latitude. The curves for
4N/N show strikingly the disappearance of guiding both as we go to
high radio freguencies and as we go to low hydromagnetic frequencies.
The low freguency branches refer, as it is explicitly indicated, to
inner zone of propagation and the high freguency branches to outer
zone of prepagation. These curves show that, for the R waves, there
are about 5 decades in freguency where guidance is possible for relati-
vely small values of AN/N. From the sequence a-d of the figures, it isi
also seen that this frequency range slides down by about 3 decades as .
we move from low latitude to high latitude lines of flux. In_ other
words, guidance of radio waves in the outer zone is easier at low lati-
tudes than at high latitudes, while the opposite is true for guidance
of hydromagnetic waves in the inner zone {(easier at high than at low

latitudes).



To explain in physical terms, at least in a qualitative wz+, these
numerical results we must give some comments on the meaning of the
tréck width of the modes. As commented by H. Booker, the model taken
of a discontinuity in density at an interface parallel to a flux line,
must be interpreted in the sense that the results obtained are valid
for any continuous density variation across the magnetic flux line
of scale somewhat less than the track width w obtaihed by the calcula-
tions(‘ « It follows then that the track width obtained may be also
interpreted as the (maximum) lateral extension of the field aligned
density irregularity. Let us look now from this point of view at the
resul s shown in Figs. 5Qa-d. The values of w reported in these figures

‘can be interpreted as the maximum transverse scale of the density irre-
gulafity for which (under the calculated value of AN/N) trapped pro-
pagation (of the lowest order mode) is obtained. For the intermediate
frequencies (Kc{s). whebe-guiding is obtained for relatively small
values of AN/N (down to 1%), we'see that the transverse scale runs

from 42 km to 100 km for the 15° line of flux ané from 50 km to 1000
km for the 75° line of flux.

For =10 Mc/s the transverse scale is less than 1 km. Most- llkely
1nhomogene1t1es on this scale are present in the magnetosphere. Howe-

ver, what inhibits guidance at these radio frequencies, are the higher

values of AN/N required.

_(*} On the other hand, being the calculation based on the use of the
phane’integral condition, such track width must large in comparison
with the wavelength of the mode considered. Thus we see that, in
the end, the Booker's discontinuocus model is not very different
from the duct models used in the ray theory of guided whistlers

by Smith et al. {1960).
-

On the other hand, at hydromagnetic frequencies, the transverse
scale w becomes exceedingly large f{as it is also seen in Fip. 50) anq,
in-fact, it approaches, at the low frequency limit, the radius of the
Earth. Such large scale inhomogeneities are at least unlikely. 1t is
seen therefere that guidance at very low hydromagnetic frequencies
in the magnetcsphere may be impossible because such large scale inhomo-

geneities are simply not accomodatedf
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