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SUMMARY

The use of meteor trails as reflectors of radio waves provides a
method of sending radioc messages ©To distances beyond the horizon. For a
long time the ionized layers of the upper atmosphere have been used for
this purpose. However, these ionized layers are not always effective at
radio frequencies greater than 15 to 40 megacycles. But meteor trails
provide dense columns of ionization which will reflect radio waves of
even higher frequencies for a short time. Therefore, meteor-trail com-
munication is being increasingly studied because there is an ever in-
creasing demand for additional chennels of radio communication.

This research was concernec with certain aspects of the usefulness
of these meteor trails as reflectors. Specifically, a study has been
made to determine how the number of meteor signals received per unit of
time varies with the time of day end the month of the year over an arbi-
trawy meteor trail communicaticn lirnk. An additional result has been
the development of & basis for predicting the relative number of useable
meteor trails in various reglons cf the sky. The number of useable trails
at a given region of the sky is dependent on the radiant distribution,
which is the distribution of points on the celestial sphere from which
the meteors appear to come. The effect of radiant distributions on
meteor-trail communication was studied, and this effect was demonstrated
by a number of computations based on several different radiant distribu-
tions. The computed results were compared with experimental data taken
by workers at the Georgia Institute of Technology and with some experi-

mental results of others.



Two analyses were first made on the basis of two highly idealized
radiant distributions, the uniform and the ecliptic. For the uniform
distribution the radiants were assumed to be evenly distributed over the
entire celestial sphere, and the results essentially led to a measure of
the geometrical effectiveness of various parts of the sky. However, the
uniform-distribution analysis of course completely failed to predict the
characteristic diurnal variations in meteor signal rate which are always
observed experimentally.

For the ecliptic radiant distribution all radiants were assumed
to be spread uniformly on the ecliptic. This distribution represented
an approximation in much the same sense that the uniform distribution was
an approximation but from an opposite point of view. This analysis led
to a strong diurnal variation in meteor signal rate but did not take into
account the geometrical effectiveness of varicus sky regions.

An analysis was also made of the effects of a single point-
radiant. It was found that a point-radiant leads to a narrow band across
the sky from which reflections may come. The analysis also included the
computation of a measure of effectiveness along this band. GSome very
favorable comparisons were made between these point-radiant results and
experimental data taken during meleor showers over the Atlanta-Knoxville
meteor scatter link.

It was shown that the point-radiant results may be used as a basls
for analyses of arbitrary radiant distributions, The procedures in such
cases is to compute the effect of each point-radiant individually and

then to weight and superimpose the results. An approximation to the
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sporadic radiant distribution was mede in this manner by using three
point-radiants having equal weight. GSeveral computations made on the

basis of this three-point approximation were found to agree well with

experiment.

Three meteor~scatter links operated by the author and his asso-
clates were used to obtain data for comparison with theory. These
links are the Atlanta-Knoxville, Atlanta-Boston and Columbia-Boston

paths. The characteristics of each link and the method of reducing

the data is described.
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CHAPTER I

INTRODUCTION

Many have cobserved a meteor as it streaks across the nighttime
sky. But perhaps few have realized the part that these ephemeral
events may soon play in radio communication. Each meteor produces a
long thin trail of free electrons and ionized molecules that can re-
flect radio signals and thus permit radio communication around the cur-
vature of the earth. As is well known, the ionized layers of the upper
atmosphere which are now used to reflect radio waves toward distant
points beyond the horizon are not effective at frequencies greater than
about 30 megacycles per second. Meteor trails provide dense columns of
ionization which will reflect even higher frequencies for the brief in-
terval of a second or less during which time most of the trails diffuse
and become ineffective as reflectors. The need for such reflected sig-
nals is rapidly increasing. Already the channels of communication at
the lower radic frequencies sre becoming crowded because each additional
radio channel requires a small additional band in the frequency spectrum.
But meteor trails can alleviate this situation by providing effective
reflectors for additional frequency channels at higher frequencies.

The purpose of the research reported here is to investigate
certain aspects of the usefulness of these meteor trails as reflectors.
Specifically, an attempt has been mnade to determine how the number of

meteor signals received per unit of time varies with the time of day and



the month of the year over an arbitrary meteor-scatter communication link.
An additional aim has been to develop a basis for evaluating the relative
number of useable meteor trails in various regions of the sky.

A meteor trail is formed by the evaporation of a meteoroid (or
primary meteor particle) having typically a few milligrams of mass, as
it moves rapidly through the airl. The subsequent collisions between
evaporated meteoroid atoms and the molecules of the upper atmosphere form
a trail of ionization. These traills have typical lengths of from 15 to
35 kilometers and are essentially long stralght columns of ionized mole-
cules and electrons that diffuse rapidly in the rare upper atmosphere.
Trails are known to occur in a region, called the "meteor-trail zone,"
that lies roughly between 80 and 120 kilometers above the earth's sur-
face2’3.

In order to be useable as a reflector, a trall must be oriented
so that the bisector of the angle formed between the directions of propa-
gation of the incident wave from the transmitter and the reflected wave
toward the receiver is perpendicular to the trail axis (non-specular
reflection is of secondary importance). The orientation of a trail is
determined by the coordinates of the point on the celestisl sphere from
which the meteor appears to have come. This point is called the "meteor
radiant.”

On certain dates each year many meteors can be observed that
appear to radiate from the same spot, or radiant, among the stars. These
events are called "meteor showers” and occur when the earth moves through
a stream cf meteor particles all traveling approximately along the same

path around the sun. Meteor showers represent only about 5 per cent of



the total meteor influx to the earthh. The remainder is due to "sporadic
meteors” whose radiants are distributed over the entire celestial sphere.
The way in which this sporadic radiant distribution affects meteor-trail

communication is the principal area of investigation of this study.

Whether or not a given meteor trail can reflect a useable signal
in the desired direction depends on its orientation and position with
regard to the transmitter and receiver and on the number of free elec=-
trons initially formed per unit of trail length. The arrival of mete-
orcids is a random process and i1t can be assumed that on the average the
meteor flux is the same at all points over a horizontal surface above
the earth in the neighborhood of a glven transmitter and receiver.

The distributions of trail orientation and ionization densities
are not known with precision. If the distribution of these quantities
were accurately known, the usefulness of varlous sky regions could be
determined in principle, although the calculation would be long and intri-
cate on account of purely geometrical difficulties. The available infor-
mation indicates that for spocradic meteors the radiants tend to be con-
centrated near the ecliptic with three strong concentrations respectively
toward the apex of the earth's way and roughly toward the sun and anti-
sunh’ 2 . In addition, radiants of the principal meteor showers have been
determined with considerable precision by visual and photographic tech-
niques.

The distributions of free electron line densities have been meas-
ured for both shower and sporadic meteors, and the results can be fitted

by an empirical expression of the form

: K
ND(Q) = (1)
q



where No(q) is the number of meteor trails having electron densities
greater than g which pass through unit area per second, and K and k are
constants. The best fit to experimental data on sporadic meteors is
obtained for k = 1, while for the major showers, k has been estimated to
be somewhat less than 1.

For a given transmitter and receiver on the earth's surface, it
is desirable to know the contribution of each region of the sky to the
signal communicated by meteor-trail reflectlions. This investigation is
both a theoretical and experimental study of this problem. The theoret-
ical procedure is to analyze the problem for various assumed radiant
distributions beginning with the simplest and most easily analyzed dis-
tribution and proceeding toward more realistic distributions. Each éf
these analyses affords a better understanding of the effects of various
types of radiant distributions.

The results of the analyses based on the various radiant distri-
butions are compared with experimental data taken at the Georgia Insti-
tute of Technology over three meteor scatter links and with published
data of others. The experimental deta are in the form of diurnal dis-
tributions of the number of times per minute that the received signal
due to meteor-trail reflection ricses above a threshold level. Ordi-
narily a burst of signal above the threshold is the result of a single

meteor trail and such a burst is called a "meteor echo."



CHAPTER IT

DEVELOFMENT OF EQUATIONS FOR

PREDICTING METEOR ECHC RATES

The problem to be considered in this chapter is the computation
of the relative rate at which meteor echoes are received as a function
of time for a given transmitter and receiver. The procedure will be to

determine the number of echoes observed at the receiver per unit time
from a unit volume of space and then to integrate this number over the
illuminated portion of the meteor-trail zone. This zone is considered
relatively thin and therefore in many cases can be represented by a
surface at a height of h kilcmeters above the earth. Initially then the
problem is to determine the number of echoes received per minute that
are associated with a unit area of this so-called h-surface.

The magnitude of a meteor echo is a function of the ionization
density of the reflecting trail. Hence it is necessary to consider the
theory of metecric donization. This theory was developed first by
Whipple6 and HErlofsonT and later reviewed byiKaiserB. According to

this theory the number g of free electrons per meter of trail length

may be written as

q = mf(p,v) cos &, (2)

where m is the initial meteoroid mass, f is the zenith angle of the trail

axis, and f(p,v) represents the functional dependence of q on atmospheric



pressure p and meteor velocity v. TFor the purposes of the present develop-
ment a suitable average over p and v is made. After the averaging process
this equation essentially says that the ionization density is proportional
to m cos f. Thus an expression consistent with (1) for the distribution

of meteoroid masses arriving from a given radiant point is taken to be

conste. (3)

k
m

E[l(m) =

where Ni(m) is the number of meteor particles with masses greater than m.
The deslired expression for the meteor flux from an arbitrary
radiant results from a combination of equations (2) and (3). This ex-

pression is

k
N(q) = R (%) ()

where N(q) is the total number of trails per second per normsl unit area
having ionization densities exceeding q. The parameter R is assumed
constant for a given radiant but 1ts absolute valuese is of no consequence
here gince we are only interested in relative meteor rates.

Echoes of sufficient magnitude to be observed at the receiver
must result from tralls that have ionization densities exceeding scme
thresheld value 9, If this threshold value is known, then the number
of echoes associated with a horizontal unit area of the h-surface and
with an arbitrary radiant is given by N(qo) cos €.

The value of q, i1s determined by considering the amplitude of the
signal received from a single trail. This received power will vary

directly as the transmitted power and as the antenna gains in the



respective directions to the reflecting trail. The received signal will
also be proportional to a polarization factor, 82, given by the square of
the dot product of unit vectors in the directions of the transmitted and
received electric fields at the trail. The received signal is subject to
the free space attenuation factor which in this case varies inversely as
the square of the product of the ranges from transmitter to trail and
trail to receiver. Other factors affecting the received power from a
single trail are the effective reflecting area of an electron and the
effective number of electrons contributing to the reflection,

As the trail diffuseg all wvaves scattered by individual electrons
do not remain in phase, and the reflected signal decreases exponentially.
By assuming that only the electrons within the principal Fresnel zone
contribute to the reflection, Eshleman has derived an equation embodying

the above factors for the receivec. power from a single properly-oriented

trailg. Eshleman's equation modified to include a general polarization
factor is
22
Py /Po° A , G, & 321r 0
Pr = )y exp (5)
16 R R, (Rl*H ) 1l-cos Bsin ¢ sec é
where

Pr and Pt are the received and transmitted powers,

by is the permeability of free space,

e and m are the electronic charge and mass,

A is the wavelength,

R, and R are ranges from trail to transmitter and receiver,



Gt and Gr are antenna gains,

26 is the angle Dbetween lines along_Rl and RE’

3 is the dot product of a unit incident electric vector
and a unit vector of the reflected wave in the direc-
tion of the polarization of the receiving antenna,

B is the angle between the axis of the meteor trail and
the plane containing the tranemitter, receiver and
meteor trail,

d is the diffusion coefficient, and

t is the time elapsed since formation of the trail.

All quantities in this equation are expressed in m.k.s. units. The
geometry is shown in Figure 1. In deriving this equation Eshleman assumed
a meteor trail to be represented by a long circular cylinder having uni-
form ionization along its length and having a Gaussian distribution of
ionization in cross section. Free passage of radio waves through the
trail was also asgsumed which means that the equation holds for g less
than some critical value. TFor values of g which exceed this critical
value, total reflection occurs, and then as q ig further increased the
initial amplitude of the reflected signal remains constant but the time
duration of the echo increases. Such trails are called "overdense" or
Ylong-enduring” trails and as indicated by Egquation (1) are relatively
rare.

The expression for q, may now be found by solving Equation (5)
for q after setting t = 0 and Pr = Rm where Ihlis the mininum detectable

pewer in the receiver. Thus qo becomes
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1/2
_ EE 1 - :os2 B sin2 $ (6)
9% = P, Q
where
B 62 3 3
Q = lh( 2 ) X G, GtS'2 (7)
16 \ bm R, R, (Rl + Rg)

An anslysis based on a uniform radiant distribution.--It will first be

assumed that the sporadic meteor radiants are distributed uniformly over
the entire celestial sphere. An enalysis based on this distribution has
been previously made by Eshleman znd Manning?, however, the analysis pre-

sented here involves fewer approximsetions. Hines and Pughlo’ll

have
also independently performed and reported work equivalent to the analy-
sls presented herelg.

The procedure is to compute the number of observable echoes
associated with an arbitrary unit area of the h-surface, which is done
by integrating N(qo) cos { over those radiants yielding properly-oriented
trails. N(gq) now refers to the number of trails arriving from a unit
solid angle of the celestial sphere, Eshleman and M&nning? have shown
for the uniform distribution that the useful radiants fall within a

narrow band of the celestial sphers having an approximate width of Eym

(see Figure 1) where

L (R_L +R2)
Wm i Rl RE cos ¢

(L - sin® ¢ cos- B) (8)
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Here L is the mean length of the <rails and it i1s assumed that L 4;31
and R,. Results equivalent to (8) when L is assumed proportional to
sec { have been derived in quite different fashions by both Pughlo and
Meeksl3. That it is proper to set the mean trail length proportional to
sec { is indicated by the theory of meteoric ionizations. The useful
region of the celestial sphere then will be taken to be 2¢m sec { where
L is a constant. This band lies on the celestial hemisphere visible to
an earth observer and is symmetrical about the intersection of the M-
plane with the celestial hemisphere. The M-plane is perpendicular to
the bisector of lines along R1 and R2 as shown in Figure 1.

As a convenient but good approximation, the surface integration
of N(qo) cos { over the relatively narrow Eym sec £ band will be re-
Placed by a line integration along the center line of the band.

The desired result then for the number, n, of observable echoes

associated with an arbitrary unit area of the h-surface is

= Equm N(qo) asg, (9)

where the angles B and € are shown in Figure 1 and defined in the
Glossary of Notatlons and Definitions given in the Appendix.

In principle n can be evaluated for specific cases at points over
the h-surface. 1In practice this computation is very lengthy because of
the complexity of the explicit expression for n; in fact closed forms of

the integral in (9) have been obtained only for k = 1 and 2. However,
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evaluations of n have been obtained by the use of a high-speed digital
computer*. Samples of these computations will be shown later.

The computer program for the n-computation was written so that
another factor f would be simul taneously computed. This f-factor repre-
sents the "duty cycle” of meteor echoes, that is, f is the sum of the
durations above noise of individual signals occurring per second from a
unit h-surface area. Kcho duty cycle ig often of more importance than
echo rate for the communications engineer, and as will be shown does not
vary with h=-surface position in the same fashion as does echo rate. The
derivation of f proceeds as follows.

The duration above noise o an echo from a single trail is deter-
mined from Equation (5) by solving for t with Pr replaced by Pm. This

duration time T is

ka z‘ec2 o}
T(q) = “"'}gr“—' log %; (10)
lora

Fach echo is now multiplied by its duration T and the integration over

the 2¢m sec ¢ band is performed. The result is expressed as

= &0
f = -//QRm §%—§l t(q) dqdB

AE se02 ¢
sl gor B, (12)
16774

b
The UNIVAC SCIENTIFIC ERA 1101 at the Rich Electronic Computer
Center was used.
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where - ég%ﬂl represents the number of trails per unit g. Note that the
ratio of f to n will be largest nzar the path midpoint where ¢ is largest.

A total of nine computations are presented as Figures 2 through 10
to illustrate the uniform-distribution effect on echo rate and duty cycle
for various sets of parameters. Contour lines of constant n or f have
been drawn over one quadrant of the projected h-surface; the other quad-
rants are mirror images in the x and y axes. The coordinate system is
shown in Figure 1 in which the x-axis is alcong a straight line between
transmitter and recelver and the y axis interseéts the x-axis as a hori-
zontal line at the path midpoint. 'The two stations are at x = D and
X = «D respectively.

The contour values in Figures 2 through 10 have been determined
for constant values of the parameters A, 4, Pt’ Pm, Gr’ and Gt' In a
particular case, the factor [Gr ngjk/Q can be put back in by inte-
grating the product of this factor with n or f over the illuminated
portion of the h~surface. The absolute contour values have so signifi-
cance.

Figures 2 through 4 show f-contours for a 250 kilometer path,
for k = 1.00, and for z = 100 kllcmeters, which indicates a flat-earth
approximation. Figure 2 is for optimum polarization which is had by
setting S = 1. Figure 3 applies when one antenna illuminates the point
in question with horizontal polarization and the other antenna is ad-
Justed for optimum reception, and Figure 4 applies for horizontal polari-
zations on both antennas. The contour values in these three figures
have been worked out on a consistent basis so that they may be compared.

As the polarization i1s changed from optimum in Figure 2 to horizontal
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in Figure 4, the contributions at the two maxima (near x = 0,-y = + 60 km)
are cut almost in half. These maxima in Figure 2 are reduced by roughly
a quarter in Figure 3. Along the x axis all three combinations of polari-
zations give the same values for the distribution of sources of signal
duration, but well off the x axis, where the uniform radiant distribution
predicts the highest duty cycle, the choice of polarization becomes im-
portant. When the station separaticon is relatively small as it is in the
present case, the difference between the optimum polarization and hori-
zontal polarization is significant. Figure 4 shows a null on the circle
passing through the transmitter and receiver with its center at the path
midpoint. This null circle is the locus of points where the polariza-
tions are mutually perpendicular, if each point on the xy plane is
assumed tc be illuminated and observed with horizontal polarization.
The discontinuity which appears in Figure 4 at x = 125 km, y =0 is a
consequence of the fact that horizontal polarization is not uniquely de-
fined for an antenna directed vertically upward.

Figures 5 through 10 show n and f contours for a spherical earth.
Therefcre for these computations z was made to be a function of x and y

according to the approximate expression

¢ =% & EL_:gg ol (12)

where Re is the earth radius. The computations in these figures are all
for optimum polarization. These figures serve to illustrate the relation
between n and f and the dependence cof meteor echo rate on D and k. The

particular set of parameters used in each case 1s shown on the figure.



Except for a scale factor and the antenna gain functions, only those
factors that are functions of x and y were used in the f-computations.
The relationship between the n and f contours is n = Lf c052 $. Other-
wise all contour values in these figures may be directly compared pro-
vided the values for k = 1.4 are divided by 40 and those for k = 0.6
are multiplied by 100.

Even though these curves are based on a radiant distribution that
is not completely realistic they co serve to show very well the effect
of the geometry on the relative effectiveness of various sky regions.
Note in particular that the regions of highest effectiveness as far as
echo rate is concerned are generally those regions directly above the

transmitter and receiver.

An analysis based on an ecliptic distribution of meteor radiants.--The
following analysis serves tc emphasize some characteristics of a radiant
distribution for which all meteor trails lie in the ecliptic plane.
Recent studies indicate an ecliptic concentration for sporadic meteors
on the basis of radio, visual, and photogrephic observationsh’E. But
the cbserved ecliptic concentration is not sufficiently strong to justify
a distribution which is confined precisely to the ecliptic. Thus the
striet ecliptic distribution is viswad here as an approximation in much
the same sense that the uniform distribution is itself an approximation
from a different point of view.

The effect of an ecliptic distribution may be seen by considering
the goemetrical requirement for trail reflection. If all radiants are
distributed around the ecliptic and if the ecliptic plane itself coin-

cides with the M-plane in Figure 1, then all trails will be properly



oriented to produce reflections*. This situaticn occurs when the ecliptic
plane is tangent to a spherocid having the transmitter and receiver as
foci., The point of tangency occurring at some specified height h will

be referred to as the "ecliptic tangent point." If h is chosen at the
center of the meteor trail zone, then every metepr trail in the neighbor-
hood of the ecliptic tangent point will be properly oriented.

With a strongly ecliptic concentration of radiants, the ecliptic
tangent point will be the best point in the sky to illuminate, unless
polarization or geometrical factors intervene. The contours in Figures
2 to 10 indicate roughly the combined influence of these factors. For
radiant distributions which are less strongly concentrated toward the
ecliptic one would expect the ecliptic tangent point to have less sig-
nificance than before, and other regions with more favorable geometry
might become more active than the ecliptic tangent point. This question
can be examined by tilting the ecliptic plane slightly in various direc-
tions and observing how far the ecliptic tangent point moves from its
true position.

The ecliptic plane moves with respect to a fixed observer on the
earth in such a way that the ecliptic tangent point describes a simple
closed orbit once each sidereal day. The computation of this tangent-
point orbit is most easily performed in the cartesian coordinate system

of Figure 11. The family of prolate epheroids is described by

R 4R, ='1/ (x-»D)2 + y2 + 22 +W/-(X+D)2 + y2 b9 6 const, (13)

*
Any plane that intersects the earth and is parallel to the
ecliptiec is here referred to as an ecliptic plane.
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Meteor Trail

Figure 11. Geometry of the Reflection From a Meteor Trail.

and the unit vector n for this family is given by

grad (R, - Re)
P = = °
grad (R, + R2}

(1k)

The unit normal rn is used to find the ecliptic tangent point by
requiring that n(x, y, z) coincide with a unit vector m{t) which is
normal to the ecliptic plane at a time t. As the earth rotates and moves
in ite orbit arourd the sun the normal to the ecliptie, referred to an
garth-fixed ccordinate system, nuitates sbout a line pointing approxi-
mately toward the north star. The angle between m ard this line is

23027'e s the tilt angle of the esarth’s axis. The period of the nutation
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is one sidereal day. Since the l=sngth of a sidereal day is about four
minutes less than a mean solar day, the direction of the ecliptic normal
is a function of both the time of day and the day in the year.

The determination of the orbit of the ecliptic tangent point for

height h above the earth is straightforward but numerically very involved.

The components of the spheroid normal are given explicitly by

1 R 11
T T e—e—— x| ==+ == )4 D =— - =—
X 2 cos 9 [: (Rl Rg> (Rl R2> J
— R
B, = e [Y<RL b Rg):\ (1ka)
n = .—_-...Ji.—.._ Z (.J:..... whi ..].T.....,
4 2 cecs ¢ Rl B.e

in the coordinate system of Figure 11. The corresponding components of

the ecliptic normal 15{13) mist be determined in the same coordinate system.
The x, y and z components cf the vector m can be obtained directly

from the transformation matrix relating the earth-fixed, x, y, z coordinate

system of Figure 1l to an x', y', z' system fixed with respect te the

ecliptic plane. This ecliptic coordinate system is chosen so that z' is

rormal to the ecliptic plane and x°' is along the direction from the sun

to the earth at the Autumnal equinox. The transformation from the x, y,

z gystem to the x';, y', z' system is made by using two Eulerian transfor-

*®
mations . In the first transformstion the Eulerian angles are & - g,

_x.
H. Goldstein, Classical Mechsnics, Addison-Wesley Press, Inc.,
Cambridge, Mass., 1950, pp. 1CT7-109.
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respectively, where

o)

Qa

= ; and =¥ respectively, and in the second they are g:, g, and O

is the azimuth angle measured from north clockwise
to the x-axis so that 0 < & < 180°,

is the latitude of the midpoint between T and R.
(In the nocrthern hemisphere 6 > O and in the
southern hemisphere 6 < 0.)

is 2302"{’“‘9 the angle between the earth's axis and
the ecliptic normal, and

1g the nuzation angle which is equal to mhtd where
td is elapsed time in solar days since noon of
September 23 and Wy is the rotation of the earth

per solar day: «, is 360.9856 degrees per day.

The transformation matrix is denoted by A where

A A Al
11 2 3
A
g} foo 23
- A
" Asp 33
—
siny sin & + sin @ cos & cos | sin @ 3in & cos b ~ sin W cos & - cos i cos §
sin o cos 6 cos & - cos o cos i sin 8 cos g cos y cos 8+ singcos Gsind sin o sin §
+cos g sin  cos B sin i + cos ¢ sin § sin 8 sin - cos g sin i cos &
sin o cos yr sin & + cos o cos fcos § cos g cot 8 s5in & - sin o cos r cos & cos ¢ sin @
- sin o sin 0 cos & sin ~ sin o sin d sin § sin & +8in o sin ¢ cos @

2l

5)
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In the x', y', z' system m is a unit vector along z' and by means
of the transformation A" the vector m can be written in the x, y, z

system as follows.

- = o s - -
mn | 0 A3l
sl _
[g ] = my = A 0 = A32 (16)
4 m, ] i 1 A33

If now the respective components of n and m as given by Equations
(1ka) and (16) are required to be equal, the desired expressions for the
path of the ecliptic tangent point are obtained. Thus the ratios
(nX/nZ) and (ny/nz) are set equal to the respective ratios (mx/mz) and
(myjmz) which are given in terms cf &, 6, o, and ¥ by Equation (16).
Expressions for these ratios are simplified by using two other angles,
a and g, where a is the tilt angle of the ecliptic plane with respect to
an observer's zenith and g is the angle between the x-axis and the inter-
section of the ecliptic plane with the earth's surface. The direction
cosine of m with respect to the z-axis is given by Equation (16) to be

A33v

The complement of this directlion angle is aj hence

gin a = A33. (172)

An expression for angle g is found by working with a unit vector
that lies along the intersection of the ecliptic plane with the earth's
surface. 'The x, y, and.z components of this vector are cos g, sin g,
and zero respectively. By using these components and the transformation

A the z' component of this unit vector is found to be
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A3l cos g + A32 sin g ,

but this z' component must be zero because it lies in the ecliptic plane.

Hence
tan z = - == (17b)

and by using a trignometric identity,

2 2
A + A
sec g =1+ tan2 g = ;E%m__g_ik_ .

A32

Matrix A produces only a rotation of axes, therefore

Thus
2
2 L= 533 cos &
gec g = —5 = )
Asp Asp
and
A32
oS €= Gsa "
Similarly,
A
sin g = 31

cos a
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Thus
m y:
"y .32 _cosg
m Aoss tan a (ke
z 5y
and
m A
B, BB B (18b)
m - ten a
z 33

The corresponding ratios fcr the unit normal n in Equations (1h)

are as follows:

=]

i )
.3 (192)
z
and
.Ii:f o Bl D f{?_:il (19b)
n, i/ z 32 + Rl
n m nx mx
When EX is equated to E;xand —= 1is equated to —= and Equations (18)
z Z Tz Z

are used,; the coordinates x and y of the ecliptic tangent point are found

toc be
R -R
_ sin g . 1 g_
.x“z_tana.n(ﬂ +R,) (20a)
A E 2
snd
¥ o= 3 B (20v)

tan a



28

Thius for given values of ¥ and z the coordinates x and y of the ecliptic
tangent point can be found. For the case of a spherical earth when the
height of the refiection peint above ground is desired to be kept constant,
the correct value of z depends upcon the values of x and y as given by
Equation (12).

Solutions to Equations (20) end (12) for x and y cannot be easily
obtained in closed form, and it was Ffound necessary to use a numerical
method of successive approximations “o obtain the orbit of the ecliptic
tangent point. These computations were also performed on a digital com-
puter.

For a 250G km north-south link, the orbit of the ecliptic tangent
point is shown in Figure 2. The position of the ecliptic tangent point
for an arbitrary time and date may be obtained by interpolation on the
dotted path shown in that figure. The contours shown indicate roughly
the effectiveness of the eciiptic tangent point from a geometrical point
of view. The effect of spreading out the radient concentration to with-
in + 10° of the ecliptic has been considered by tilting the ecliptic by
this amount in various directions and observing the calculated displace-
ment of the ecliptic tangert pcintlg. The resulting displacements de-
pend strongly on the distance of the ecliptiec tangent point from the
north station (x = 125 km, y = 0)., For x < 200 km in Figure 2, the dis-
placement for a tilt of % lOD is seldom greater than 50 km. However,
far out on the path for x > 300 km, the displacement is frequently
greater than 100 km. Thus one may regard the ecliptic tangent point as

reasonably well defined during the 9-hour period each day when x < 200 km.
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When the line joining transmitter and receiver is rotated from
the north-south direction, the orbit of the ecliptic tangent point is
moved over the Xy plane and changed in shape. The orbit, however, re-
mains centered roughly north of the midpoint of the transmitter-receiver
axis. Figures 12 and 13 each show four computed orbits of the ecliptic
tangent point for a short link (250 km between stations) with the
transmitter-receiver axis at four different angles & measured east of
north., Figures 1% and 15 show a similar group of orbits for a much
longer link (100C km between stations). Figures 12 and 14 are for a
latitude of 350 and Figures 13 and 15 apply to a hSO latitude.

The extent to which the ecliptic tangent point may be regarded
as a strong source of scatter signals depends on its position on the
orbit. A rough gauge of the effect of broadening the radiant distri-
bution about the ecliptic may be obtained by observing the distance
that the tangert point moves during a 2-hour interval. Where this
distance is smallest, the assumptions of this section may be expected
to remain most appropriate if the radiant distribution spreads out
about the ecliptic.

An analysis for meteor-shower radiants.--Roughly 5 per cent of the

total metecr influx appears in showers which consist of meteors that
strike the aimosphere in a number of well-defined streamsh. The meteors
in a given stream all move with nearly the same velocity and in nearly
the same direction. From the standpoint of meteor-scatter communication
these showers offer a number of interesting possibilities. Even though
the shower meteors form a small fraction of the total meteor influx

during the year, they may provide signal rates that are several times
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