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ARSTRACT

Fundamental physical and chemical processes, and measurement
techniques on the I region are reviewed. Design considerations ahout
a partial-refiection system are made, and the main characteristics of
the partial-reflection system at the University of Illinois are pre-
sented. The nature of the partial reflections are discussed, parti-
cularly reflections produced by gradients in electron density and by
random fluctuations in a locally homogeneous random medium. Possible
reasons for disagreement between partial reflections and rocket measure-
ments are discussed. Some sugpgestions are made to improve partial-
reflection data reduction, including the use of only maximums of the
reflections and deconvolution of the data. The results of partial-
reflection measurements at Wallops Island, Virginia during the 1971-

1872 winter are presented and compared to rocket measurements,

ii
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1. THE TONOSPHERIC I} REGION

1.1 General Characteristics

The ionospheric region between 50 and 90 km of altitude is known as
the 2 region. Although the lowest part of the ionosphere, it is the least
well understood, due to the compiexity of the processes in effect and to
the difficulty in making measurements.

The D region is characterized as a region of weakly ionized plasma
with complex ionic structure. It is the only atmospheric region where
both positive and negative_ions are present in significant concentrations.
Above 90 km, negative ions are quickly detached by ultraviolet solar
radiation.

The electron densities are very small, of the order of 108 to 109 m3
during the day, but because of collisions with the relatively dense
neutral atmosphere, a strong attenuation is produced in HF electromagnetic
waves propagating in this region.

Being primarily governed by solar radiatien, the ionization of the P
region almost disappears at night. The seasonal behavior of thé
ionization constitutes an exception to the solar control, and during some
winter days very high electron densities are observed. Such abnormal
behavior is part of the so-called winter anomaly, and will be discussed
later.

The temperature structure shows a negative gradient with height, in
an altitude region of 50 to 80 or 85 km, which is known as the mesosphere.
The altitude of 85 km corresponds to the coldest level in the entire atmo-
sphere (about 180°K in midsummer), and is known as the mesopause. Above

the mesopause the gradient »f temperature is positive, as a consequence of

downward heat conduction from the thermosphere. During the winter the



temperature profile of the mesosphere shows strong fluctuations, and the
minimum near 85 km is not clearly identified.

The mass of air that constitutes the D region is in turbulent motion,
and the relative composition of the major neutral constituents is the same
as that at ground level. Minor and ionized constituents do not follow
this rule, due to the presence of sources and sinks.

In the remainder of this chapter, the principal aspects of the
chemistry and dynamics of the D region, and the techniques of measurement
of the more important parameters and constituents will be discussed.

1.2 Sources of Ionization

The D region is formed by the most penetrating radiations. The fol-
lowing sources are considered as important on its formationm, and will be
discussed below:

1) Solar Lyman-o radiation

2) Solar X-rays of wavelengths less than 10 &

3) Galactic cosmic rays

1.2.1 Solar Lyman-o. The strong solar radiation of Lyman-o (1216 &)
can penetrate the D region, due to the small absorption cross section of
the atmosphere above 100 km of altitude, for this wavelength.

Lyman-o radiation can ionize only constituents with ionization
potential less than 10 eV, in particular nitric oxide (ionization
potential of 9.25 eV), WNicolet and Aikin [1960] estimated that the
ionization of NO by Lyman-o is the major source of lonization in the
altitude range of 65 to 85 km. Recent rocket measurements of NO
concentration [Meirq, 1971] confirmed the importance of Lyman-a in the

formation of the D region. Calculated production functions of NO, using



the NO concentrations as measured by Meira [1971], are shown in Figure 1.1
[Aikin, 1972]. The role of Lyman-o as the principal ionizing source
between 65 to 85 km during quiescent solar conditions is confirmed in this
calculation.

1.2.2 Solar X-raye of wavelength less than 10 &. . All atmospheric
constituents can be ionized by X-rays. X-ray photons with wavelengths
greater than 10 & are absorbed above 90 km, but phofons with wavelengths
less than 10 & are able to penetrate the D region, that; in this way, can
be considered as a tail of the ¥ region.

The intensity of the solar X-ray radiation is extremely variable.
Under quiet sun conditions, the intensity through the region of wave-
lengths less than 100 & remains practically constant over a period of 24
hours. Over longer periods of time, however, considerable variations are
observed for‘ﬁavelengths less than 10 &, and the intensity may change by a
factor of 10;to 100 over a pefiod of a few days [Munéel’stam, 1965].
During sclar flares, a change in solar flux and spectrél composition can
be observed. The spéctrum shifts towards shorter wévelengths, and sharp
increases in the flux for X < 5 A are frequently observed. During a class
I flare, the radiatiom inéensity in the wavelength range of 1 to 8 R can
reach values of the order of 10 erg em’ sl.l

In Figure 1.1 a calculation of the ion-pair production function is
‘shown for the solar fluxes and solar zenith angles listed in Tablewl.l

[Aikin, 1972]. The curve X-ray I qorrespondé‘to quiescent conditions at
low solar activity. During this time the contribution of X-rays té the.
ionization of the D region is negligiﬂle. Curve X-ray II corresponds to

conditions of an X-ray enhancement event. Curve X-ray III shows the
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TABLE 1.1

X-ray fluxes and solar zenith angles corresponding
to the electron-density profiles of Figure 1.1.

X-ray flux Solar zenith
0.5-3 & 1-8 R . angle
1.9;‘(10’4 53°
4.5x107° 5.8x1077 65°
1.2x107° '9.0x107° 68°




effect of X-rays during a class I flare. On such occasions X-rays are the
dominant source of ionization down to 65 km.

1.2.3 Galactic cosmic fays. Galactic cosmic radiation (GCR) con-
stitutes the most important source of ionization below 65 km [Nicolet and
Aikin, 1960; Webber, 1962]. Calculated ion-electron production functions
produced by galactic cosmic rays are shown in Figure 1.1 for maximum and
minimum of solar activity, and a latitude of 50°.

1.2.4 Solar ultraviolet radiation of wavelengths less than 1118 8.
Wavelengths between 1216 & and 1026.5 & penetrate the D region in small
intensities, so that the jonization of minor cénstituents by such radia-
tion does not constitute an iﬁportant source of ionization. The major
constituents in ground state cannot be ionized by such radiation. If
excited metastable species are present in sufficient concentrations,
however, their ionization can contribute appreciably to the formation of
the D region.

Ionization of Oz(lag) by such mechanism has been suggested as a
source of ionization of the D region. Oz(lag) has an lonization threshold
at a wavelength of 118 A, and its ionization cross section is estimated as

-18 2 . . . . .
cm”, First calculations of the ien-electron production function

3x 10
resulted in a source as important as the ionization of NO by Lyman-c. In
such calculations, however, atmospheric absorption by CO2 was not con-
sidered. Tonization rates including C02 absorption [Buffman et al.,
1971] are of one order of magnitude smaller than the ionization prodﬁced

by Lyman-a. A calculation of the ionization production function of

OZ(IAg), including the absorption hy CO2 is shown in Figure 1.1.



1.3 D-Region Chemistry

The gases that constitute the atmosphere are chemically inert at low
altitudes. - In the ionosphere, however, they are excited and dissociated
by solar radiation, and become extremely active., A mﬁltitude of reactions
take place. The study of such reactions and the resulting distribution of
neutral and ionized species is the objective of ionospheric chemistry.

As it is impossible, at the present state of knowledge to obtain a
global medel of the D region, involving all chemical reactions, normally
particular models are developed, appropriate to a group of constituents,
in a certain range of altitudes. It is usual to divide the D-region
chemistry into positive-ion chemistry, negative-ion chemistry and neutral
chemistry. Some aspects of each will be presented below. Electron loss
processes encompasses both positive- and negative-ion chemistry, and will
be presented in a separate section. -

1.3.1 Positive-ion ¢hemistry. The principal aspects and main
problems related to the positive-ion chemistry of the D region have been
presented in review papers by Donahue [1972] and Thomas [1974].

Mass spectrometric measurements of positive-ion composition of the D
region have been successfully made since 1963 [Narcisi and Bailey, 19657].
The results obtained by Narcisi and Bailey are shown in Figure 1.2.

Above 82 km, 32+, (02+), and 30" (NO+) are the dominant ions. Below
82 km, water cluster ions of mass 37+(H+'(H2O)2) and 19" (H+-(H20)] are
the most predominant, It is possible that heavier hydrated ions of the
form H+-(H20)n are present, but they are dissociated by collisions with
the rocket, and are not observed in the measurements, 28" (N2+) is

observed in small quantities, since the ions formed by X-ray ionization of
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Figure 1.2 Positive-ion composition of the D region as measured
by Narcisi and Bailey [1965].
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N2 disappear very rapidly by the reaction N2+ + 02 > 02 + Nz. O2 in
turn dissociatively recombines with electrons or with negative ions.

The origin of the hydrated ions is one of the leading problems in
D-region chemistry. Fehsenfeld and Ferguson [1969] suggested a scheme of
reactions which is based on the formation of the cluster NO+-H20 in a
three-body reaction. This scheme was later supplemented by another
starting with 0," instead of NO' [Ferguson and Fehsenfeld, 1969). The
complete reaction scheme is shown in Figure 1.3 [Donahue, 1972].

The reaction 02+ + O2 + M - 04+ + M, the initial step in the proposed

formation of the hydrated ions is a fast reaction in the lower ionosphere,

and provides an effective way of changing 0 * ions in hydrated ions.

2

Above 80 km in daytime the reaction 04+ + 0 > 02+ + O3 is very effective
in reducing 04+ ions, and can explain the disappearance of hydrated ions
near 82 km. : \

Recent calculations of the ionization rate of OE(IAQJ have shown that
this ionization is much smallér beloﬁ 80 km than believed before. As a
result, the 02+ source will not be enougﬁ to explain the measured ion
concentrations below 77 km.

The reaction scheme starting with NO" also presents some problems
(Lonahue, 1972], In the first place,rthe first created ion is H30+-(H20)2,
and not H30+-(H20), that has been observed to be the dominant ion; second,
the conversion of No* to the hydrates via the first three-body reactions is
too slow, relative to the dissociative recombination of the cluster ions,
and finally, if the NO measurements of Meira [1971] are correct, and if

the ionization rate of NO is of about 10 cm > s'l, as commonly accepted,

NO" would be the dominant ion at 80 km, with density close to 3 x 103 em™3,

This situation does not correspond to the facts.



Figure 1.3 Reaction scheme for conversion of O,* and NO* to hydrates.
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This problem would be solved if the ionization rate of NO by Lyman-o
at 80 km were not as high as believed. Donaghue [1972] suggests as
possible explanations for a low ionization rate that the absorption of NO
by a Lyman-o photon would not lead directly to N0+, but rather to an
excited state of NO, the ionization rate increasing by collisions at low
altitudes, or that there would be a variation in the c¢ross section of NO
within the width of 1 & of the Lyman-o line, the structure being a
function of pressure.

1.3.2 Negative~ion chemistry. Measurements made up to the present
time of negative-ion composition of the I region have yielded conflicting
results [Narcisi et al., 1972a; Arnold et «l., 1971]. Consequently the
knowledge of the negative-ion chemistry is based on laboratory measure-
ments and theoretical models. A review relating the most recent
progress  has been given by Thomas [1974].

1.3.3 FElectron loss processes, The predominant electron loss source
above 80 km is dissociative electron-ion recombination with NO' and 02+.
At lower altitudes three-body reactions become important, and electron
attachment to 02 can be realized with N2 or O2 as.the third body in the
reaction.

The effective recombination coefficient, G pps CAN be measured at any
occasion when a sudden variation in electron production is observed, as
during solar flares [Montbriand and Belrose, 1972] and solar eclipses
[Sechrist, 1970].

According to the results obtained by Sechrisi [1979], above 80 km
o lies between 107 and 107>, The rapid variation with height of a_c.

eff

in this region corresponds to the gradient of electron density observed
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near 85 km, Below 75 km, a_c. increases sharply from 4 Xx 102 o 1073 cn®
s_l. Between 78 and 85 km, o pe aPpeArs to be nearly constant with a
value of about 4 x 107 em’ s”l. The loss mechanisms in this altitude

range are not well understood, but electron recombination with hydrated
ions is probably the dominant electron loss process [Reid, 1970].

1.3.4 Newtral chemistry. D-region neutral chemistry is related to
the chemical processes involving minor neutral constituents. All
atmospheric constituents in the D region, with exception of O2 and N2 fall
in the minor category. They include rare gases, metallic atoms such as
Na, Ca, Al, Mg, Ni, Cr, Fe, and a number of molecules formed from the
elements nitrogen, oxygen, hydrogen, and carbon,

To the present time, measurements of minor neutral constituents have
heen made by using particular techniques that are able to measure only one
type of constituent, For atomic oxygen, for example, no reliable
technique of measurement has been developed until now. As a result, our
knowledge of the concentration of minor constituents is very
unsatisfactory.

The chemistry of the.most important minor netural constituents has -
been described in review papers by Strobel [1972] and Thomas [1974].

1.4 Measurement Techniques

The complexity of the parameters involved, the relatively high
density of the atmosphere, and the small concentration of some of the most
important constituents are some of the factors that contribute to the dif-
ficulty in performing D-region measurements. Satellites cannot be used,
and measurements have to be made by using rocket or ground-based

experiments.
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Rockets have the disadvantage of giving only instantaneous informa-
tion of the parameter involved, and are not well suited to time variation
or synoptic measurements. Most D-region ground-based experiments, as will
be described bhelow, do not furnish the accuracy that would be desirable.

éecause of the complexity of the processes involved, D-region
measurements must be carefully coordinated, to take maximum advantage of
the data obtained to the best theoretical interpretation, and in planning
the next generation of experiments [Bowhill, 1969]. In the next sections
the following types of measurements will be discussed: neutral structure
and composition, ion density and composition, and electron density and
collision frequency.

1.4.1 WNeutral structure and composition. Measurements related to
the neutral structure of the U region include measurements of density,
neutral temperature, winds, minor neutral constituents and turbulence,

- Density measurements: Below the turbopause, measurements of gas

density give thé concentration of»each major constituent, since the
composition is nearly the same as at the ground.

Density profiles have been obtained by using falling spheres and
pressure gauge experiments.

In the falling sphere experiment [Bartman et al., 1956] a collapsed
sphere is launched to a high altitude and then ejected and inflated after
the rocket power has been exhausted and atmospheric drag has reached a
tolerable magnitude.

Using falling sphere experiments Faucher et al. [1963, 1967] have
performed several density measurements between the heights of 20 to 135

km; they estimated an error of about 4 percent at 110 km, increasing to 50

percent at 135 km,
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Pressure gauges aboard rockets were used by La Gow et al. [1959] in
the determination of air density to an altitude up to 210 km.

- Winds ‘and neutral temperature: The most useful method of measuring

winds and neutral temperature is the rocket-grenade method. The experiment
is made by carrying aloft and ejecting grenades from rockets.

The fundamental parameters measured are the positions in space, the
total travel time of sound waves to the ground, and angles of arrival of
successive sound waves at an array of microphones located on the ground.
From.these parameters, wind velocities and temperature can be determined.

The grenade experiment has been used successfully several times, and
a large amount of data obtained [Stroud et al., 1960].

The accuracy of the measurement is limited by errors in measurements
of the sound arrival times, and the resulting error below 75 km is
generally less than * 15° in wind direction. For higher altitudes, the
intensity of the sound at the ground is so weak that the errors sometimes
increase by a factor of 10,

- Minor neutral constituents: No technique has been developed to the

present time that is able to measure different minor neutral constituents
simultaneously. Mass spectroscopy has not been able to detect minor con-
stituents in the I region. The information we have is the result of
measurements made by rather specialized techniques, usually only appli-
cable to one particular constituent, or by indirect means. Most measure-
ments have been made by using absorption spectroscopy and glow emissions.

Absorption spectroscopy has been used successfully in measurements

\

of ozone,

Diurnal distributions of ozone were measured by Joknson et aql.

[1952], Weeks and Smith [1968], Reed [1968],Haye et al. [1972] and
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Miller and Ryder [1973]; nocturnal distributions were obtained by Carver
et al. [1966].

Dayglow emissions have been used in measurements of sodium and nitric
oxide.

Sodium profiles were obtained by Donahue and Meier [1967] by
measuring the brightness of the sodium 2 lines as a function of altitude,
using rocket-borne photometers.

Ground-based measurements of sodium.dayglow brightness with Zeeman
photometers have given information about the total éoncentration and time
variations of atmospheric sodium [Blamont and Donahuwe, 1964].

Barth [1964], Pearce [1969], and Meira [1971] obtained NO concentra-
tions in rocket experiments, by measuring the dayglow emission of NO in
the gamma bands, using scanning ultraviolet spectrometers aboard rockets.

- Turbulence: Turbulence parameters have been measured by release of
chemicéls in the atmosphere [Zimmerman, 1965] and from reflections of
radio waves from meteor trails [Greenhow and Neufeld, 1959]. Sodium and
other chemicals have been released from rockets. The sodium trail is
observed at twilight due to resonant scattering of 5890 A sunlight. Some
other chemicals have been used that produce a chemiluminescent trail.
Turbulence parameters are obtained by taking pictures of the trail and
analyzing its spreading as a function of time. The spread of the trail is
due to molecular diffusion, wind shear and turbulence. There are some
problems in interpreting the results, since the pictures taken contain
only two-dimensional information, and the passage of the rocket introduces
a pertubation in the atmosphere, and can alter the turbulent regime,

1.4.2 JIon composition and density. Measurements of positive-ion

composition have been successfully performed several times, by using
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rocket-borne mass spectrometers [Nareisi and Bailey, 1965; Nareisi et al.,
1972a, b; Krankowsky et al., 1972]. Measurements of negative-ion
composition in the D region, that have been carried out by Nareisi et al.
[1972a] and Armeold et al. [1971], produced conflicting results; such
measurements are very difficult to be made, due to the interactions of the
ions with the structure of the rocketland spectrometers.

Ion densities have been measured by different kinds of probes.
Narcisi and Bailey [1965] used a spherical electrostatic analyzer, that
consists of a spherical collector surrounded by a concentric wire mesh
grid. When the collector has a megative polarization, and the grid is at
the rocket potential, the collector current is proportional to the
positive-ion density. Hale et al. [1968] used parachute-borne blunt
probes in measurements of ion concentrations.

1.4.3 Electron density and collision frequency measurements. The
techniques of measurement of electron density and collision frequency can
be classified into rocket and ground-based techniques.

- Rocket techniques: The first rocket measurements of electron

density of the D region were ohtained as early as 1947 [Seddon, 1953],
utilizing the Doppler effect. Since then different techniques have been
developed and combined, so that rocket measurements became the most
effective way of measuring electron density and collision frequency in the
lower ionosphere,

Rocket techniques utilize effects introduced by the ionosphere on
propagation of radio waves, or current probes. The radio propagation
experiments afe based on Doppler effect, Faraday rotation, pulse delay and
absorption, and on phase variations. Several measurement systems have

been developed.
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The University of Illinois, in cooperation with GCA Corporation,
developed a measurement system incorporating both differential absorption
and Faraday rotation, and a Langmuir probe. Since 1964 several successful
measurements have been performed using this system. Bowhill [1965]) has
described the propagation experiment. The Langmuir probe, that will be
discussed below, adds height resolution to the measurement.

- Langmuir probe: The Langmuir probe is a direct current instrument,

that works by collecting charged particles in a plasma, by using a
collector a few volts positive (in electron-density measnrements) or
negative {in positive-ion measurements). The probe current can give, in
this way, an indication of electron density and of ion number density.

Its usefulness at altitudeg below 100 km, ﬁowever, is severely limited by
the lack of an adequate theory to describe the collection of electrons and
ions by a space vehicle when the mean free path of the particles is not
much larger than the Debye length. Such a problem has been solved by
using Langmuir probes simultaneously with radio propagation rocket
measurement, as described before. The Langmuir probe in such simultaneous
méasurements has the advantage of increasing the height resolution to an
order of 10 m.

- Ground-based experiments: Ground-based electron density and

collision frequency measurement§ have been ohtained from the following:
VLF propagation, incoherent scattering, cross modulation and partial
reflection.

Only the partial-reflection technique will be discussed here.
Information about the other techniques can be obtained on review papers

[Fejer, 1970; Sechrist, 1974].
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- Partial reflection: The partial-reflection technique is based on

the measurement of weak reflections produced by small irregularities in
the D region. If an HF pulse is sent to the ionosphere, a series of small
reflections are observed between the heights of 50 and 90 km. If pulses
with polarization corresponding to the ordinary and extracrdinary modes of
propagation are transmitted, from the ratios of the amplitudes, or from
the phase of the reflections of the two modes, electron denmsities can be
calculated, if a collision frequency‘profile is assumed.

Weak reflections produced by irregularities in the ionosphere were
ohserved by Dieminger [1952], by examining conventional ionograms. Such
reflections were used for the first time to calculate electron densities
by Gardner and Pawsey [1953]. The technique of Gardner and Pawsey is
based on the measurement of the amplitude of the reflections, and for this
reason sometimes called a differential absorption technique. Belrose and
Burke [1964] introduced the generalized magnetoionic theory in the expres-
sions for calculation of electron densities, and developed the
experimental techniques. A theory based on the work of Belrose and Burke
will be presented below.

1f the reflection produced at a height % is due to a small dis-
continuity in the refractive index, the coefficient of reflection is given

by:

)

R =21 (1.1)

042 n2+n1
(o4

>

where o and n, are the refractive index immediately above and below the

irregularity, and the indices o and x refer to the ordinary and extra-

ordinary modes of propagation. In expression (1.1} it was assumed that
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the ionosphere is horizontally stratified, and that the propagation is
quasi-longitudinal, so that the wave equation is decoupled for the
ordinary and extraordinary modes, and the classical Fresnel expression for
the coefficient of reflection can be used.

As the reflection observed are very small, it can be written:

n, En., 2 n, and Ny = By = dn, resulting:

dno x
o = _ (1_2)

0,
The expressions for the refractive indices are given by the
generalized Appleton-Hartree magnetoionic formulas [Sen and Wyller, 1960],

for quasi-longitudinal approximation:

. 2 2 2
nz L ) Je KO,J: o wo[wtwL) - wi-'.uL _ 5 w_()_ ; LutwL
O O, o wv2 3/2 u J 2 wv "5/2 v
(1.3)
where w = Znf, f being the operating frequency;
W, = anh cosh, fh being the gyrofrequency, and 8 the angle between

L
| the earth's magnetic field and the path of propagation;
w, is the plasma frequency;
Cs/zcr), 05/2(x) = Cb(w) are integrals which have been tabulated
by Burke and Hara [1963];
e is the velocity of light in free space; and
v is the collision frequency of monoenergetic electromns.

Assuming that the irregularities are produced only by fluctuations in

electron density, and not in collision frequency, it results from (1.2)

and (1.3).
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where |RO] and |Rx| are the amplitudes of the ordinary and extraordinary

coefficients of reflection, respectively.
The intensity of the signal reflected at a height %, when received

at ihe ground is given by:

h
Ao,m a lRo,wl exp[ -2 [0 (Ké,m)dh} | (1.5)

and the ratio of the intensities of the extraordinary to ordinary signals

is given by:

4, Iz | &
T = exp| -2 (KK )dh (1.6)

If reflections from two different heights hl and h2 are measured, it

can be written:

A, iz | )
8 1n |5 = A In [—2-] -2 (X -K )dh (1.7)
X Q
o ]ROI

ny

where
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the indices 1 and 2 referring to the heights hl and hz, respectively.

Taking the distance hz—hl sufficiently small, the factors Km and Ké

can be assumed constants in the interval hz-hl, resulting:

& 14, /4 ) = b In(8 /R) - 2(K K ))bh | (1.8)

where AR = hz—hl.

The value of Ko,m 1s given by:

w - e Wk
fore "o M) "Him oo 2 v T o M (1)

93]

where N is the clectron density.

From expressions {1.8) and (1.9), it results

17 |
- A In (Ax/AO)

A 1In

7

i =
2(F_-F )

(1.10)

Expression (1.10) can be used in the determinationiof the average
electron density between the heights k) and %,. The quantities |RM|/|HO|,

F and FO are obtained from equations (1.4) and (1.9), if a collision

frequency profile is assumed.
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Some comments are necessary about the signal processing techniques
and the theory used.

The received signals are produced from reflections of transmitted
pulses with width between 25 and 50 p sec. Considerations of bandwidth
and height resolution limits the lower and upper values of the pulse
width. The pulse repetition rate normally used ranges from 0.5 to 60
sec-l, depending on the processing capabilities of the system. Average
values of the scattering cross sections at height intervals of approxi-
mately 1 km must be obtained from such signals. The average scattering
cross sections are determined in the following ways:

1) By measuring the amplitudes of the received signals corresponding
to a given height in every sample, and taking the average power over all

samples:

(1.11)

0,%

where M is the number of samples, ﬁzo x)m is the amplitude of the received

3

signal, from a given height, in the m-th sample, and AO = is the average
L]

value Of‘zo,m' Several ways of reducing the influence of noise are used,
and some of them will be discussed in Chapter 2,

As the pulse width is finite, reflections from a height & are really
produced in a height interval of *+ WeY4, W being the pulse width, and ¢!
the velocity of light in the medium. The average value of the signals
measured at a height #, in this case, will be representative of the

scattering cross section at this height if the reflections are equally

distributed over the interval + We'/4, during the sampling period, and if
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the scattering cross section per unit volume does not change very rapidly
with height. The consequences of a breakdown of the above assumptions
will be discussed in Chapter 4.

2) By measuring only the peaks of the received signals, and taking
the average of the measured peaks at each height. 1In this procedure it is
