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. Chapter 1.
Analysis of Drift Data
1.1 Introduction -

Some twenty;five years héve elapsed since the
introduction of-experfments to derive thé motion of irregularities
of atmospheric electron density from a study of the diffraction
pattern, -at grouna level, of reflected radio waves (Mitra, 1949;
Briggs, Philips and Shinn, 1950). In that time, no finality has

been reached in respect to a preferred method of analysis of

~the data sequences., Implicit <in this matter are questions as to

the physical processes which are involved - e.g. how is an
irregu]ﬁrity in electron denéity created, and does its motion
reveal mass trans]ation of the neutral gas or the phase aspect
of a wave? |

The matters of physics inherent in-these-questions ... _
present..their intrinsic'cha11enge,,andztheﬁrfsolution;wi1i=ﬁ"
undoubtedly require further experiments, probably in situ.
However, an additional impetus to the study of data analysis
has now arisen. The radiowave "drifts" technique has now been
applied to partial radiowave reflections (Fraser, 1965; Gregory
and Reeé, 1971; Manson, Gregory and Stephenson, 1974), thereby
opening up poésibi]itieS'for éustained, automated observation
of atmospheric motion in the difficult altitude range, 60-120 km.
In &his application, it is the cost of data processing which -

determines the scale on which observations can be made. This
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applies pérticuTaYly“to studies of gravity waves, for which
observation at 5-minute intervals is appropriate., Hence it is
.importént to find methods of data processing which are convenient
and economical, and thus.suited to 1argé scale useage. A means
of specifying the uncertainty of values, and preferably of
reduciﬁg it, is also desirable, |

Application of the drifts technique on a large scale
raises in turn a QUestion of philosophy of measurement. The
technique originated among physicists; and most studies of the
technique have been made by those whose basic training is in
physics. Inherent in this discipline is a search for precision
of measurement, as a counterpart of the development of comprehensive
and satisfactory theories and models. However, the study of
atmospheric motion has been considered as the domain of |

meteorology. - Metedhorogists=have-1earned,.in<face~0f-gréat-

variability. din.:phenomena-:often. difficultwofisaccess, sthat lTarger. ...

bodies of ‘data, of. moderate: accuracy and preferably uninterrupted,

are more useful than smaller quantities of data of higher

~accuracy. . Typically, measurements whose precision is of the

order of *+ 20% are acceptable for many burposes, particularly
when, on grounds <that some part of the data cannot be assimilated,
some Wastage of effort is inevitable. 1In this report, the two

questions of form of analysis and accuracy of results will be

treated from the viewpoint of app1ibation of "the method to

problems of dynamical meteorology.
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1.2 Form of measurement
In their classic paper on the bases of measurements

of drift velocities, Briggs, et al. (1950) distinguished between
the forms of velocity which can be defined by means of observations
of the "fading" of reflected radiowave amplitudes at sampling |
points on the ground (antennas). They define an'"apparenf"
velocity, and a "true" velocity. The former is |

| Vo= g /T, RGN
where Ts is that delay which gives maximum correlation between
separate amp1itude sequenbe§,’R(t), determined at antennw spaced
& apart. The "true" ve16city; V,'ié defined as

v E]/T1 , | o - . (1.2) -

0

where £1"is that displacement which for a time separation o

produces.s1owest possibJeﬂfading;~:Briggs, et al. describe

methods. for detenmining7¥;gand;also‘a;Velocﬁty‘Vé‘—agmeasureapﬁ";

. the speed:of fading.:: These.;are: related -as-

vy = v 2 (1.3)
Their methods require assumptjons conéerning the>form of
the auto and'cross correlograms, _p(o,r) and p(&,1) respectiyely.
Briggs, et al. comment that "it'may be more convenient in practice
to makevmeasuremehts*]eadihg to the apparent velocity" (rather
than the "true" velocity, V).
| In app]fcations to date, vérious research gfoﬁps have
made individual choices in.respect_to the use of "apparent" and
"true" ve16cities. in the absence of .independent confirmation
that-the-"tYueP'veTbcTty~TSfindeedjsuch, the logical arguments.

in. favour of this form have suggested that 1t.shou]d be used.
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The assumptions in the method, and the relations between "true",

(tempora])’"true" (spatial) and "apparent" have been investigated

by Dr. Briggs' group at-Adelaide.

Golley and Rossitef.(]Q?O) have shown that the "apparent"
velocity 1is consisteht]y larger, by 10-30%, than a Ve1ocity
derived by spatial correlation; while the "true" velocity,
derived by temporal correlation, tends to be Tow by similar
factofé when the size of the receiving antenna triangle is small,
and approaches ‘the spatial value whén_afsufficﬁently large
triangle is.used. It may be noted-here'that the "apparent"
velocity was found not to be affected by triangle size.

Directions of drift were equally well determined by both forms
of analysis. _- ‘.

The finding that the "true" velocity.is .dependent on
spacingiof;antennaShsuggests"~thatVthe spectral’.distribution .
of scales-:of-dimension=in:the ground~diffraction-patternmay .-
have influence on the accuracy of-this form .of ‘analysis.- An
allied finding is that of Sprenger and Schminder,. (1969) who
noted a trend towards a larger and more consistent value
when low-frequency components of the data sequence were reduced
by filtering. |

In application of the drifts method to partial reflections,
experience at Saskatoon shows that the recorded data ofteh fail
to produce the form of lag correlogram required to in order to
conduct a full correlation analysis 1eadfhg to V, the "true"

velocity. - Examples-of correlograms -obtained in practice are
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given in Figure 1.1,  Rather“than discard-such data sequences,
it has been decided to compute the'"apﬁarent"'v¢1ocity, using
the method of "numberical correlation", in which the time delay
for maximum.correlation between data sequences is found.
Howevér,'this method.does not contain within it any
obvious criterion for the "goodness" of the derived velocity;
and it does not produce any parameter such as the characteristic
velocity defined by Briggs et al., which might service. Two
approaches to this problem have been in progress. The first, a
selection ofmcriteria.for assessing self-consistentency of data,
has been adopted by U. of S. WOYkePS.‘ The second, an investigation

of the use of "samples" of a longer data sequence, .to permit a

'statement of statistical significance, has been in progress at

Communications Research Centre by Dr. M.J. Burke.

The WOrk;nepbrted\heré comprixesressenijaiiysan:,
exéminatﬁonaofaiheyvamianiﬁrnfﬁihe:"sampieﬁzmeihod;iChapter:ﬁigﬁ::f.
and‘quthe=1ong‘sequehce method (Chapter-4).. The two: methodss; -
and their variants, are thén’app]ied to raw data from Saskatoon
and Ottawé (Chapter 5). The methods are compared in Chapter 63
and the relations between them are discussed in Chapter 7.

It is appropriate to note here that this exercise has
revealed distinct differences in the characteristics of data taken
at the two locations. This finding, which had been suspected '

previously, is being followed up. Its existence suggesfs caution

in éssuming that a method of analysis which is satisfactory at

ohe Jocation will .necessarily.be.satisfactory elsewhere,




1.3 Comparisons with alternative experimental techniques.

Although it is usually not possible in large scale

observations to-compare drifts measurements with other-measure= - -

ﬁents, e.dg. by means of chemical releases, a number of such
comparisons have been made byfvaripus groups of workers.. It
has:appeared desirable that the'investigationiof‘methods of
ana]yéis should bé paralleled by a review of the findings from
experimental comparisons. This is présented in Chapter 23 and
includes a brief study of the nature of the scales of motion,
since comparisons are Timited fhe'condjtions of sampling of these

scales.
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1.1

Figure for Chapter 1
CAPTION
Sample lag correlograms, selected at random,

" which demonstrate unsuitability for full
correlation analysis.
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Chapter 2. Comparison Experiments'

2.1 The bases of comparisons.

Before examihing tﬁe_resu1ts of experimental comparisons
between the drifts technique and ofher techniques of wind measure-
ments, some aspects'of the rationale of comparisons will be
diséussed. Attention will be given to two key matters: vizj;
the question of the*sca%es—of~motion~which are to be studied, - -
and the matter of the limitations inherent in all wind measuring
techniques. . Together, those éspects determine the way in which
a comparisonvéhou1d=desirab1yrbe conducted; énd also, how it
may be interpreted, particularly when there are limitations on

the available experimental facilities.

2.2 'Scales.of Motion

| It is desirable to.consider scales of motionin the
light of ‘the physical. processes :which:are believed:to-operate.
These include the mean circulation and its seasonal changes in
response to heating patterns andAmomentum transfer; the /
propagation of planetary waves, generated either at lower altitudes
or in situ; the occurrence of tidal oscillations; the probagation
of gravity wavesj.and the occurrence of turbulence. However, the

measurements currently available which might permit the

jdentification of these processes separately are not extensive.

It is usually necessary to attempt to extract the magnitudes of

‘the contributions of different physical processes from a set of

déta which may or may not have been obtained at appropriate
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tihe and space scd]es.

The various processes are selected by choice of suitable
averaging and“differenqing times. They may be expressed in terms
of time and length scales by'meéns~such as- the structure function

employed by Justus and Woodrum, (1972); or by comparable correlation

_functions. The inVestigation by these workers appears to be the

most comprehensive one which is relevant to the matter of
comparfson experiments,Aand.a numbér'of'their results will be
quoted here. In-addition, the results of other workers who have
investigated scales of motion,_wfth a particular pfocess in mind,
will be givgn. This additional information is desirable because
of sbme‘1ack-pf definition, imposed by availability of data, in

the structure function results.

Horizontal:structures:~A-structure function of :the: form - .

D(r) = <[(V(X%fQA=?V(x)]2> .-y where r is the magnitude
of the vector separation of points of measurement, can be computed.

For horizontal wind components, u and v, the function is
D(r) = <[ulx+r) - u(x)1% + <[v(x+r) - v(x)1% .

Justus and Woodrum made use of "Robin" sphere data for the

‘altitude range 50-65 km; and of chemical release trail data for

the a]titude range-80-140-km. Substantial aggregating in altitude

is thus involved. Sphere data were acquired at latitudes up.

to 64N, and chemical release data were obtained up to 47N. No
discrimination in respect to latitude was possible. It may be

noted that, with the exception of work at Adelaide, 35S, most of
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the drifts comparisons have been made above 50N. Figure 2.1

shows thie functions' for these two ranges. The value of L

.shown 1is appropriate to an exponential correlation, i.e.

p(r) = exp (-r/L). The values of o, standard deviation, were
obtained from a.separate daily difference analysis. |

Blamont (1966) has presented‘resu1ts_of simul taneous
vapour-trail measurements at locations up to 2000 km apart, in
fhe latitude range 26N to 43N. He found that the extent of
correlation of horizontal velocities at the same altitude differed
in separate experiments; identical hodographs resulting sometimes
from firings separated by 600 or even 2000 km; while on other

occasions hodographs at 600 km sbacing;‘or even as little as

‘50 km, showed no correlation. The results of a spacing of 450 km

~are included-in Figure 2.1.

Justus:zand:Woodrum:also.-obtained:a..horizontal.structure -
function. for- the-vertical:  component:ofrwind,=wi:: As is-=to-bew. —
expected, the magnitudes,~<Av2> ,;ére some two:or three..orders
Iess.than for thé horizontai'windsl as is shown invFigure 2.2,
TO‘daté,‘the significance.of vertical components has not been

assessed in comparison experiments.

-Vertical structure

A vertical structure function has the form
Dp(E) = <[z+g) - F(2)1% .

~ Justus and Woodrum employed two sets of time separations;

the first, of one day, being used to determine irregular (gravity
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wave) components; while the second was 7-15 days for the

altitude range 45-65 km, and 10-12 for 65-85 km. - The difference

‘between values for these two time intervals is attributable to

planetary wave components.. It méy be noted,that;the technique
differences data for times which are an integral number of days
apart, in order to eliminate tidal ahd‘prevai]ing components.
However ‘the recent work of Fellous, Bernard, G]éss,'Massebéuﬁ
and Spizzichino (1975) has shown that at lTatitude 47N, the Aai1y

parameters of the tides are of great variability, beyond the

limits of experimental error.

‘Hence some tidal contribution

to the "irregular winds" determined by Justus and Woodrum is

‘probable. Figure 2.3 shows the vertical functions for single

day d1fferences, and for 10-12 day d1fferencesu

Alternative= approaches to the vertical.structure of:.
horizontal:winds-have been :made:.by= seVera1 workers.e7A\study OFfin. o7
small scale variations in winds-to 70 km altitude-has-been made -
by Newell, Mahoﬁey and Lenhard (1966). The measurements were
derived from falling spheres ("Robin" ba11oon$) tracked by radar.
Due to smoothing of radar output data, some. scales of wind
structure were ndt available.  Newell, et al identified the
Vertica1 spacing between Succeﬁsfve maxima, in the vertical, of

horizontal winds; equating thesé with a vertical half-wave Tength.

The magnitude changes between successive maxima, Au; the vertical

spacing, AH  and the shears, Au/AH were established for 19

ba]]oon;soundings~choseﬂ~on~the~basds~that«anurther sounding....

~occurred within two hours. The results of analysis show an
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increase in Au from 5 m/sec at 30 km to 6.5 m/sec at 60-70 km,

- for winter, and from 6.0 m/sec to 7.7 m/sec for summer, respectively.

The vertical spaéing; AH, increased from 0.27 km to 1.4 km -
(W1nter), and 0.34 km to 1.6 km .(summer), over the same. altitude. ...
range. The va]ues/shears, Au/AH, tended to decrease, due to
smooth1ng, with a1t1tudes, but va1ues of 25 m/sec/km were noted

in the 1OWer altitude ranges. Time resolution was not attempted,
but wind features tended to persist fér'more than one:hour:

Newell, et al. related their measuféments to the properties of
grav1ty waves _ | - |
' For-altitudes above 70 km, (78-111 km) , Manson, Gfegory
and Stephenson (1974) have made a stqdy of "irregular wﬁhds" at
52N. These are defined as the difference between the wind
determfned*byntheuradioWave~drTFts.teghnique fﬁom a;givén“3em1nute

30undingzaf?anﬂa]iﬁtudeﬁregionvSskm*iniextent;aandutheﬁmedianaéiaa

of tweTversuch~soundingsiinsenéshour.%ﬁﬁhe>TFneQUTanﬁwinngshdw SqreER o

characteristics consistent:with dinternal-gravity=wavesjisthough-- ..~
they did not exh1b1t obv1ous1y monochromat1c behaviour. Manson,

et al. present data show1ng the change of amp11tudes with a1t1tude,

for most months of one year: a1so the values of vertical shear,

forisummer;aequinox and winter. These are shown in Figure 2.4.
In general, the amp11tﬁdes are'in‘the rahge 10-30 m/s at 78 km,
increasing to 70-90 m/s.’ at 110 km; while the median shears
Were in the range .15-20 m/s/km.at ~80 km,‘increasihg to 40 m/s/km

at ~110 km in some séaséhs, The wind magnitudes quoted are

- appropriate-to-either:rim;ss valuesgs-or-to-the - smallest 80% of- .

datas these being essentia11y similar., In respect to shearss
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‘maximum values ame much higher than médians, reaching 100 m/sec/km,
or more, at 110 km. These data suggest that gravity wave
_components of the wind field w1]1“pnov1de the major pérturbations,
e.g. by comparison with t1da1 components, discussed be1ow.

Justus and Woodrum computed the irregular component
ascribed to gravity waves, from daily differences for Tocations.
up to.70 1atitudenover the a]titUde range 35-170 km. These are
shown in Figure 2.5. Blamont (]966)'found oscillations of the
velocity vector at vertical distances of 3 km at 90 km altitude,
incréasing to'8 km at 125 km. The largest mean gradient'of
“magnitude of velocity from 31 chemical releases was found in
the region 95-100 km, and was oflva1ue_2.5 m/sec/km. The
contribution of the oscillatory component to the total speed
~ was not move=thon:]5-20% tn-these;finings at 31°N. | _

'Fina11yxﬁftﬁis:in&tnUCtﬁvegiowexamime%gompositeipnofiie'
OflVeTOQifyy”ﬁEMTVéd-f%OM?STmULE&NEQW$&§hemiCﬁ$WW@“eaﬁﬁfﬁm&ie&ﬁiEﬁﬁw~“
tréi],tdrift?and rocket-parachute?techniqueSgﬂreportedﬂby~
Andreeva. Vugme1ster, ITyichev,: Kaz1m1rovsky, Katasev, Kokourov,
" Lifshitz, Pahomov and Uvarov. }]$g?g is-shown in Figure 2.6.

The foregoing tréatment of scales of motion has
involved a suppression of some or all of the larger scales,
which comprise the mean circulation including seasonal changes;
planetary waves, 1nc1ud1ng stratospher1c warmings; and tidal
motions. While the irregular components, of periods 1éss than
. ~1 day, are of greatest significance for recent companisons of
drifts and other techniquesi-earlier comparisons-have-utilized

data separated substantially in time and distance. Hence a
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summary of the characteristics of the larger scales is useful,

Mean circulation

A substantial summéry of the mean circulation ‘is
available in the model by Groves (1969), which may be consulted
for seasonal and latitudinal trends. = -

Gregd?y and Manson (1975b) have giveh examples of the effects
of major warmings observed at 52N. ATtitudes to 110 km are
shown to beiaffected; the zonal flow being reversed for periods
of the order of one week duration. However, the altitude
variation of the winds during a warming is not to be described

simp1y; there is evidence for a1ternatjng regions, of the order

of 10 km thickness, in which the thermal wind has~0pp0site sign.

Gregory, Manson, Stephensbn;”Be1rose,iBurke’and Coyne (1975)

have -further shown :that the longitude extent of such effects

may extendw&cnﬁssa&anadaynﬁhom-ﬂﬂﬁfwfxb“HSSM,?anﬁﬁcoweytﬂaiﬁtudes;gszn

from~59N:to$ﬂ5N; “Additional studies:-of mean winds:by Gregory - -

and Manson (1975a) show that at altitudes above 80 km, the
variation of flow from year to yeaf_in the monthsvSeptember -
November, {.e. while the northern hemisphere winter circulation
is building up, is considerable. Clearly, comparisons durfng

summer mohths are more to be desired.

Planetary Waves

At mid-Tatitudes, the existence of p1ahetary waves

in the mesosphere and lower thermosphere-has been infekred

(Gregory and Manson, 1970), and indirectly demonstrated (Deland
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“1973~):"'A'diréct”demonstration has been given by Glass,
Fellous, Massebeuf,'Spizzichino;‘Lysenko'and_Portniaghin (1975)

of the existence of periodicitiés, in the range 2 to 6 days .,

due to travelling waves. A significant fgatureﬁis.the‘change.".

of spectral components from dominant to negligible within a

height interval of 6-9 km, e.g. from 86 to 92, or to 95 km.

- Since the combined‘ampTitudesrwére”of“thefofder“of + 20 m/sec,

1n.b0th‘$ummerfand winter, (though not around-a solstice), they
are significant in respect to averaging for longer term or mean

winds..'sbme of the components showed negligible change of phase

~with altitude, i.e. they were in an evanescent mode.

As can be noted in Figure 2.3, .Justus and Woodrum have

also detected the presence of a spectrum of p]anefary'waves in

the time scale up to 12 days.

-Tida]1mbtionsngglnformation;on%tida]QcomhonentSrﬁas:been derived -

maiﬁ]y#fndm meteomgtnai]zohservations;:and;the}ekﬁentxdf%detaiied;1%m”

.knowTedge'has:increased‘with’the»technical;improvement=of meteor-

systems, Thus for example, Fellous ét a1,(1975)ihave~given data
on diurnal and semi-diurnal tide, by season, at 47N, - which

include the ampiitude at 90 km,‘together with amp1itudé gradﬁénts

~ and phase information. The diurnal tide had amplitudes, at 90 .km,

ih‘the‘range 4-7 m/sec, with gradients 0.0 to 0;4.m/s/km, and

wavelengths 23 to >100 km; while the semi-diurnal tide ranged

“from 8 to 20 m/éec, with gradients of 0 to 2 m/s/km,vand wave-

1engths %100 Km. However, Fellous, et al. have drawn attention

to the fact that in 20 to 40% of their observations, there is

evidence, deduced via vertical harmonic analyses, of the simultaneous -
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" range =-0.3 (downwards) ‘to +0.5 (upwards)'km

15,

existence of several tidal wave motions, some of which are down-
wards propagat1ng, also evanescent * The wave numbers lay in the

'1, with maximum -

occurrence 0.1 to. 0.2 km ]. .The'exjstencejof such additional ..
modes is not predictable; and thus. introdUcesvfurther uncertainty
into the consequences of f1n1te he1ght d1scr1m1nat1on. Since
there exists also the poss1b111ty that some modes may be non-
migrating, the effect of horizontal separat1on over larger -
distances, 1000 km and more, is also uncertain. Agreement
between the measurements of Fellous, et al, and theoretical
studies,Ae;g} by'Chapman and Lindzen, and Lindien andsHong,~is

11mited"to»on1y some aspects of the tidal motions.

2.3 Comparison experiments.

It is:convenﬁentwto«groupathesemaccordingsto?ther-*~w~

techniquesfempﬂoyeﬁ;e;iﬁe‘1atterﬁincﬂude~chemicaﬂwreﬂease%traddssfewaem

and meteor*tra11s;iwhilewthe~driftswmeasurements-may=be'divided~

‘according .as tota1 or partial radiowave reflection occurred
- The compar1sons are 11m1ted to a1t1tudes not above those of

sporadic-E ref1ect1ons

Chemical release, meteor trails and. dr1fts

An exper1ment which compared chemacal re1ease, meteor.
trail and drift techn1ques is described by Andreva, Vugme1ster,‘
Ilyichev, Kazimirovsky, Katasev, Kokourov, L1fsh1tz, Pahomov

and Uvarov, (1973). The various equ1pments appear to have been
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adjacent;“and‘the‘m€teor“and‘drift“méasurementé”Were made within.
a few minutes ‘of the formation of the chemical trails. In

respect to the values from drifts and the vapour clouds, quoted
érrors are;is, + 3 m/séc in magnifude; i‘(#‘tO's)o in azimuth,
respectively; and in respect to heights, + 2 km and + 0.5 km.

Two comparisons, on 6 July.1970 and 15 Octover 1971, at Volgograd,
gave agreement within these limits for sporadic-E drifts at

2.27 MHz, and at 112 and 106 km respectively. It was further

noted that when the collecting area for meteors overlapped the

"chemical cloud, on October 15, good agreement was found for

one component; the other being unobtainable due to low meteof.

detection rate. AAsignificant feature of:the:véry complete wind

profile, .7 to 140 km, obtained on 6 Juiy is the éxistenée of

velocity shears, up to 25 m/sec/km, over regions-of 5 km

altitude extend-in-thesaltitude: range: 90-120. kmiz (See Figure -

2.6).-:..:._='. ’ |
“An ‘§1lustration of the: discrepancies which are

encountered when a spatial.separation of observing locations

exists, is provided by the work of Rees, Roper, Lloyd and Low

(1972), and Lloyd, Low, McAvaney and Roper (1972). Comparisons
were made between chemical release trails at Woomera, and
meteor winds at Adelaide, the two sites being 450 km apart.

For one (evening) comparison, magnitudes of velocities were

in the'samé‘fange, 70-100 km m/sec for each fechnique,‘bUt

directions differed typically by 50-60°. 'In another (morning)

flight, though discrepanciesvwere tolerable around 94 km, they

.had reached 100 m/sec by 101~km.A Lloyd, et al., rejected ah
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‘instrumental origin for the discrepancies.

Tota1zref1ectibn'driftswand meteor winds

Three groups. of total reflection drift measurements
may be distinguished on the basié of the radio frequencies
employed, and thus'the heights investigated. The firsf,
emp1oy1ng frequehcies below 300 kHi,'inc1udes'the work of
Sprengér and his collaborators (Sprenger and Schminder, 1968;
Sprenger, Lysenko, Greisiger and Orljanski, 1971 Lysenko,
Poktﬁyagin, Sprenger, Gresiger.and Schmihder, 19723 Sprenger
and Lysenko, 1972). The heights of reflection were estimated
t§ 1ie in.a relatively restricted range, 95-100 km; and data
were available only for night hours, due to day-time absorption.
First comparisons (Sprenger~éndr$phm1nder,.1968) were between
L.F. measurements:based=on-Kuhlungsborn (54N),: and. meteor-radayr . ;
measurementsaai:ﬂoﬁrelifBank:iﬁ?N)iKB?eehhowwahdﬁNeuieﬂd;%&96l)gi;?;e!
for which the: separation was-3900 ‘km.: Comparisons:of=mean =...
values over years between 1956-65 (for ﬁhé drifts) and 1953-55
(for the meteor wihds) gave good agreement. "Obviously,; there
can:be no longer any doubt that in this height rangé, the mean
drﬁft motion of the fonospheric’1rregu1aritiés as observed by
the L.F. drift meésurement, even though here1y evaluated by
the simple similar fade method, would not be nearly-identica1>
wifh-the mean wind flow of the neutral gas as ﬁndicéted'by the
meteor results." (Sprenger, et al., 1968). Later compéfisons
with meteor data from the Sheffield radar (Miller, 1968) for

four nights showed "fairly close agreement" especially for. the
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amplitude and phase of.the.12Lhour1y,tiaa1_component.

Data from the same L.F. winds systems. were compared

. with;radar”meteor data obtained at Obninsk, 1600 km distant.

(Sprenger and Lysenko, 1972).° The agreement between mean
monthly "prevailing” winds, for three yearé, is within about
20% on average; the data sets showing no consistent differencé.
In a further coﬁpérison, a meteor installation was arranged so

that one of ‘the two collecting areas (southeast) was coincident

| with the mid-point of a 185 kHz drifts path. (Lysenko, et al.,

1972). If'may:be noted that the northeast collecting area, Wwhich
contributed data for.the second component of meteor drift, was
100-300 km distant from the coincidence region; and that a]ternafe
sampling, over half hour periods, was utilized, 'For*25 selected
nights, the two sets of values show reasonable agreement; with |

no systematicﬂtrend;iowardsuiarger;values-from the meteor systems,

' as'is:evidentfih-the Adelaide partial - reflection=meteor- comparison— ==

(see below). When tidal components were compared, it was:evident: -~
that over Timited durations, consistent differences were present

in both the 6- and the 12-hourly components. This suggested

differences of a systematic nature in the motion in respective

pakts‘of the total bbserving area.

‘The second grodp of compéfisons involved total
reflection in E-region, by day; the heights of reflection being
derived by means of an ionosonde. Muller (1968) compafed
Sheffie]d meteor data with drifts measured at Aberystwyth; whose
lTocation coincided with the southwest collecting area for the

meteor system. The dominant meteor height was assumed to be
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95 km, while the mean drift height was 103 km. For a comparison
period of 24 hours duration, the meteor data were found to

include a trend, which tended to invalidate a mean-wind éomparison.

A displacement in time, of.some three hours, appears between the

two sets of data in respect to the 12-hour component. There
were also higher velocities in the drifts data, for 103 km, than
in the "95 km" meteor data. By contrast, some additional L.F.

drift data from the Kuhlungsborn measurements showed relatively

' good agreement with the meteor data. The discrepancies appeared

consistent with an increase of the velocity of the 12-hour
compohent with altitude over the 8 km height‘intérva1; 95-103 km,
in accord with éstimates from a standard atmoSpheré.A

Felgate, Hunter, KingsTey and Miller (1975), have also
made a comparison betweenmE%regibn drifts. and meteor winds; in
which oneﬁmeinor~co¥lectﬁng;megimnaﬁgaﬁm.coﬁmcidedﬁwith;the, .

drifts measuring:area, over Lancasterf;.HowevergLinuthis»cbmparjsoma-*,ﬁ

“the heigﬁt'd1$ference was reduced:to ®1. km on average, for. .. ..

heights around 97-98 km, but occasionally extending to 102 or i
106 km. The comparisons were essentially between groups of 3-5 3
days of .drift data, and single days of meteor daté,'cenfraTIy ~

within these days. The drift values refer to 3-5 minute "runé";

and meteor values to 10-30 minute intervals. Some 50% of days

“showed good agreement. -In the remainder, there appeared strong.

discrepancies attributable to sudden changes in E-region height;
Since data from separated collecting volumes also agreed well,
it -was concﬂuded*that~tﬁe—ﬂsca]e"mofnthewwindswmusimbemgpnsjderab1e;n

possibly exceeding several hundred kilometres. " This was
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considered difficult to explain on the basis of drift velocities
which should be ascribed to wave motions; "driftsAare‘repreSentative
of the flow of the neutral air masses (to 120 km)".

The third group of total réfTection:drift measurements
was made on sporadic-E reflections, in order that local comparigons
might be with a chemi¢a1,re1ease trail. MWright (1968) employed
a VariabTe\f¥equéncy drifts equipment, and was thus able to make
measurements at frequencies above and below fhe b1ankef1ng
frequency, fb. Heights of reflection‘were determined to better
than 1 km, The chemical trails were’re]ea;ed at Barbados, Yuma
(Arizona)- and Eg1inf(F]orida),:and winds at the timé_of drifts
measurements were interpolated frbm»a.time-bro;s—seqtidn built i
up from a series of trails. The comparisons were grouped |
according as the working frequency,'f,-was greater or less than
fb’ the b]anketing-frequency«; The resu]ts;showedrsubstanfﬁa]
scatter;fbut*agreementfmaSZbetteyathan-#%thg (total:reflection). .- :
than when f > fb (partia1 refTection). 'For f < fb’ the comparison
tended to favour the relationship U (neutral winds) =V (drifts
velocity), rather than the expected U = V/2, Teading Wright to
suggest that the pointfsburce effect was invalid.

A separate investigation of the validity.of the point
source effect was carried out by'FeTgate (1970); using the
facilities afforded for antenna_switching and pattern sampling
byhthe Buckland Park array. His findings showed, with'littie
ambiguity, thaf for total reflection in E region, the pdint
source effect was valid. Wright (1972) later came to the same

conclusion; and in respect to the drifts technique, he stated
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that "we believe we haveldgmonstrated that the radio spaced-
receive¥ method does indeed succeed in detecting neutral air
motions at the radio ref1ecti9n 1eve1-in fhe-E;region".

An 1nvestigationAdeéigned‘to‘test the measure of
agreement between drift results obtajned dt a separation of
50 km for reflection "points" was carried out by Kokourov,
Kazimirovsky, Jakharov'and Jovty (1971). Vertical and oblique

squndings.were made at 2.2 MHz; with "lower ionosphere™ data .

thus relevant to E and E-s regions. Some 2000 useable soundings -

were obtained for 4 one-monthly periods representative of the

"seasons. In deneral, this body of data agreed well with earlier,

extensive data. In respect to the effect of separation, by
50 km horizontally and 3—10.km vertically (depending on

jonospheric conditions) it was found that a measure of shear,

2 + sz) /d where»u~andnv;aﬁe¢wind‘components,zand

1

S = (Au
d is Separatjbngzwas_of;ordewaTOZ%se%' 5=+ The bulk of:the: =
distribution of S was within 3-m/sec/km;"Angu]ar-ag¥eement

was generally within 30°; the bulk of the distribution being

contained within i§0°; These discrepancies were attributed to

the vertical and horizontal separations.

" Meteor winds and partial reflection drifts.

At Adelaide, S.Australia, a series of comparisons

between meteor trail velocities and partial reflection drifts

have been made since 1967. The locations of the two experimental

systems'are-such<thaf,drifts are-measured within the collecting

area for meteors, of 200 km fadius; but the majority of meteors
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are detected outside the zone of drift measurements, which is
~30 km in radius at the same height 90 km.. Since the meteor

system determined only .the 1ine‘of sight component of trail

drift, it WaS'necessary to use two trails, at the same altitude,

but differing in location, and usually in time, to determine
a single wind velocity. The components so combined might be
derived anywhere'fn the collecting area. In respect to height
agreement, individual meteor échoes were considered to be
known td within + 2 km; while the drifts were determined by
grouping data within inteYvaIs initially 10 km, e.g. 80-90 kmj;
and Tater within 5 km. In respect-to times offmeasurement, a _;
basic comparison interval of 3 hours, for averaging of velocities, -
was.adopted. Within that interval, "the on]y-(meteor) echoes
may occur early, -—-r.jwhéreas-ianospheric“conditqns may.
dictate:that -drdfts<can. be=determined:only sin:thesrlast hour' ..
(Stubbsy31973)5% |

 MWithin this framework, the work at Adelaide has
included a series of adjustments designed to +improve the
conditions for cohpa?ison studiés. Thu5‘£he earTy work of
Rossiter (1970)‘showed poor agreement between the results of
the two methods, the drifts velocities tending to be less. than
meteor values, | In this work, the comparisons were
between a drifts velocity, and a velocity derived frbm_the‘
application of Groves' (1959) analysis to‘a set of meteor
va1ues, some of which wou]d_ﬁave occurred outside the time
period for a comparison. A]ternative]y, a comparison was

made between a Tine-of-sight meteor trail component,'and a
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drift velocity resolved along that Tine. The height increment
for.drifts was 10 km. Each procedure has evident disadvantages.
Further, the'reqeiving.triang1e used by Rossiter was right-
angled, and of side 91 mj; a distance which was acknowledged to’
be less than desirable.
Further investigations were conducted by Stubbs, _

(1973, 1975), and by Stubbs'aﬁd Vincent (1973);”.In this work,
the size of triangle was increased to 182 and 204 km (twb
adjacent triangles being emp1oyed;‘ehab11ng'a check for internal
consistency of drift values); the shape of triangTe’was chénged~
fo more nearly equilateral (Barber, 1957), and a nérrowér beam
width employed, using four parallel dipoles at the vertices of
the triangle. Héfght increments were decreased to 5 -km; and
transmitter power increased. In respect to. the meteor data,
Groves' .analysis was-dispensed-with, and comparisons:made -only
with -line-of=sight=velocities:averaged over threezhours,czr..

| The Timitations:of épaceﬁand~time sampling, noted-- -
abové,Aremained; and for the drifts, it was found that 50%
of observations were not suitable for the derivation of "true"
ve]ocities by the full correlation analysis. The data
accumulated for this work cbvered all months of 1972, for 3-6
days per month at 10-20 minute interva1s, as wé11_as special
observations, made in July of 1070-72; o comparison with
earlier observatioﬁs'in the same month of the year, The data
available for these comparisons vary in quantity according to

a]tftude range, being most frequent around 85-90 km,
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An example of the results of the comparison studies

'is given in Figure 2.7 other similar figures appear in the

works quoted. In summary, it is evident that there is sub-

stantial agreement between the two techniques.. It is also

“evident that the drift values tend not to reach the peak values

evident in meteor data by some 10%; énd further, that the meteor
data tend to be the more variable. “With regard to the lesser

velocities of drift, Stubbs suggests that effect of size of

‘triangle has not been bomb]ete]y.e]iminatedg and that the

Targer scales in the diffraction pattern have iended to produce
lower ve]ocifies.  Later work by M.J. Burke (private cqmmunication)
suggests that if these 1érger scé]és are associated with 1ongef
fading periods, then the "true" velocity may be substantially
underestimated. The variability of the meteor data is ascribed

to the size of£c011ecting.are§§ anafmone~spec1fica11y, fo—the

fact that .when internal:-gravity-waves are:present;:zvelocities - -
at the same heights, but at points-:separated by ~100 km, may
differ'dué to the é1ope of phase fronts. A.seasoha] change 1in

the vafiabi1ity of the meteor results lends credence to this
possibility. One of the conc]usidns reached by Rossiter (1970),
that winds were mainly eastWard.during midfday“hburs, is
adequately substantiated by the 24-hour observations. For the

month of July in years 1971 and 1972, the correlation coefficients

of values from the two techniqUes-for regions 85-90, and 90-95 km,

were significant at better than 0-5% level, for zonal components;
and at 10% level for meridional. |

Stubbs' conclusion in respect to these comparisons is
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"If the meteor technique measures the neutral wind (and it is
widely agreed that it does) then it must be concluded that for
much of the time so does the drift technique®™. In review, this
conclusion appears justified; but it must be held with the
recognition.that by virtue of the differing sampling pfocesses,
in time and space, each. technique determines a distinctive
ve]oﬁity which ﬁs.mere1y'representat1Ve‘of the actual velocity
field. The latter remains the'hypothésiéed true velocity; but
in rea]ity;-there-iS available only a meteor technique velocity,

or a drifts technique velocity.
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Figures for Chapter 2

CAPTIONS

Horizontal ‘structure functions, from Justus
and Woodrum, (1972), for horizontal winds,
50-65 km, (top) and 80-140 km (bottom).

Horizontal structure function for vertical
winds,--from Justus -and- Woodrum, (1972);---

Vertical structure functions for single day
differences (solid dots), and for 10-12 day
di fferences (open circles), from Justus and

Woodrum (1972).

Irregular wind components, obtained by
subtracting a median for one hour from
individual (5-minute) winds, from Gregory

‘and Manson, (1974).

Irregular.wind amplitudes-, - for single day-
differences;ifrom Justus::and Woodrum;._ - . ..
(1972) ..

Wind profile, from rocket head (D)),

chaff (A), drifts on E-S layer (6 8),

and chemical release trails (c)); reported
by Andreeva et al, (1973). Solid points
show U-component; dpen points, V-component.

Comparison of meteor and partial reflection
drift measurements for one month (July, 1972)

at Adelaide. From Stubbs and Vincent (1973).:
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Chapter 3. Analysis by sample technique. .

3.1 Introduction

| The sample method attempts to obtain an apparent
drift velocity by analysing ré1at1ve1y-short'"féding"
sequences (10-20 sec) from a longer record of 3-5 minutes.
Ideally, fading sequences at the three antennas should
define the passage of a single maximum (called an 'irregularity')
in the ground amplitude pattern. Difficulties arise when an
irregularity cannot be uniquely defined on the three spaced
antennas, either because the shapes of the three amplitude
peaks are quite different, or because the irregularity éizé
is smaller than the spatial separétion of7the*antennas. -
Included in the latter are cases when bne irregularity is not

clear-of- the  antenna:array=before:-thesnext one.arrives..-=«.

3.2 Lines of -maxima - -

A Tine of maximum is defined as the locus of.maximum
amplitude ('ridge') in the ground pattern of an irregularity.
In cases where this is ambiguous (e.g. a perfectly circular
pattern) it will be defined as a line tkave11ing with the
pattern, which crosses each antenna as the maximﬁm amp]itudé
occurs.- - For exampley—the line of maximum for. a éjrquar.pattern

would be a straight line perpendicu1ar to the drift-motion.

3.3 Normalized time discrepancy

A general criterion.for determining whether the cal-
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‘culated time delays of the pattern bétween a pair of antennas

represents the passage of one irregularity is the normalizgd
time discrepancy, denoted N.T.D. This will now be defined.
Figure 3.1 shows a Tine of maximum crossing- the

Figure 3.3
antenna array. The accompanying amplitude sequence plot, shows

A
the instants of maximum amplitude in the three antennas. The
interestiﬁg fact fs that, as long as the line crosses each
antenna only once, and the’timé of crossing can be measUYed,
the equation (T1—T2)=(T3-T2)+(T]#T3) holds, regard]éSs of the
shape of the 1ine or its motion. This is true for any three
times, one in.each sequence._. If the definition T{j=Tj-Tj is

made, where Tij is the'time taken for the Tine of maximum to’

move from antenna i to antenna j, then; for these conditions,

Top = Tog* Tgy

or: Ty, KT,k Top =000 o (3.1)

‘However, in practice, the sum of the three time delays in this -

equation is rarely found to equéT zero. The value of the sum
will be called the time discrepancy. A normalized value which"

does not depend on the pattern speed is defined as follows:
N.T.D. = [ TyptTpgtTaq [/ (Tl Togl+]Tge 1) (3.2)

This has values in the interval [0,1], and essentially indicates

whether the three time delays are self consistent.
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0f course, a Tow N.T.D. could occur sometimes if the
'tihe dé]ays wére entirely unrelated, i.e. not due to the
passage of a sfng1e irregularity. For the situation in which
the time delays are independent random:va1ues~compfising a
unifprm distribution centered on zero de]ay;the probability
denéity and distribution functions for the N.T.D. have been
calculated. These are shown in Figure 3.2. A uniform
distribution is reasonable because usually the time delays are
ée]ected from a finite time 1nterva1,«gi§en by the maximum lag
of a cross—correlation sequence. These curves will be used
" later in comparisons with experimentally determined distributions

of N.T.D.

3.4 Goodness of data criteria -

The NoT:D.. is"the basic.criterion of.-self-consisteney. --
in thé;time deiaysz3hGWeQeT3:concepiﬁaﬂﬂy&;ﬁi;ﬁoes'npiégﬁyeﬂan%f‘**
indicatibn'of~the expected:errors~1n"magn1tude:andvdirectidn of
a deduced"wjnd vector. The latter ar%se‘ during the—attempt to
select a Wind vector which agrees with the measured time de]&yé;

It can be shown that, when the N.T.D. is zero, there
is-an equivalent straight Tine of maximum moving perpendicular
to its lTength which would give the same time delays as those
measured. The following equations, which refer to Figure 3.4,
define the time delays in térms of the magnitude (V) énd

direction (¢) of the motion of this Tine.
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T21 = % COS -0
T.. = 3 cos (60°-a)
23 v -
T ='Q:cos (i20°;a) . ' (3.3)
13 7V -

where d is the antenna separation,

Using equation 3.3, a least squares fit to the three
times can be made; and the standard error in V, expressed as
a percentage, can be determined. This is available as a
criterion of consistency of times. It is used~for example, at.
C.R.C. (M.Jg. Burke,~private communicatjon).’ An alternative
criterion is the comparisonmofuthe angles between the .three
vectors-(one'Of.which is not independeht, in thedf&);Athese
being taken in pairs from equation 3.3. This criterion has
been used at.University of Saskatchewan.

‘These two-criteria may-be.:compared:with: the;N;TﬁDn,. -

as indicators=of-datd qualitys-ZRandom~sets:-of .timéesyvas=zused -

-in- compiling Figure 3.2, have been employed. The comparisons

with the N.T.D. are shown in Figures 3.5 and 3.6. The relation-
ships are not unique because in the first case errors in angle,

and in the second, errors in speed, are ignored.

3.5 Reasons for non—iero N.T.D.

If the three peaks 1in amp]itude‘due‘to qﬁe irregularity
can be identified in the fading sequences, e.g. through similarity
in shape, then a non-zero N.T.D. will be the resu1t'of computafiona]

problems ~in" finding the de]ays.' The maximum cross—correlation
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will Tdentify some sort of faverage'.deTay between antennas
rathér'than"the’de1ayndue4to an unambiguous Tine of maximum,
The time discrepancy would be expebted‘to:be'proportiona]‘both
to the width of the peaks - in the cross—correlation and to the
dissim11arj£y 1n.the shapes of the peaks. Hence 1afge N.T.D.fs
could be génerated if the time de1ay5'themse1vesiweré sma11.

If the fhreé'fading péaks are very dissimilar in

shapejsuch as might be due to irregularity size much less than

. antenna spacing, it may happen that a higher cross-correlation

is found between the sequences due to different lines of maximum
at two antennas than due to the same line. If more than. one

peak in a fading sequence is involved, there exi;ts the possibility

of incorrect pairing of peaks. For example, in Figure 3.7, good

.corre1étion might be obtained<beﬁween peakstblfand b3, al and b2, .

and‘bzﬁand;a3,31eadingftosthreeaindépehdent;time delays. . How-

‘ever,ftheavelocity;so;deducedgwouldwdifﬁefGGOnsiderabmy:from T

“that based on correct identification.

3.6 Conversion of time delays to drift when N.T.D.~ .0
As stated previous1y,'the deduced velocity when the

N.T.D..ié zero is just the motion of the equivalent line of

maximum perpendicular to its length. The assumption is often

made that the actual line of maximum is straight and perpendicular
tO'the'drift, as would apply if the_ikregu1ar1ties were circular.
Briggs and Page (1955) derived the distribution of angles of

Tines of maxima for irregularity patterns basica11y'circu1ar

but with random deviations. It appears that the distribution
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will be very dependent on the choice of model. Their:probability

density function f was given as

: _ 2 "
Q0.74w

where vy is the ang1é deviation ffom‘perpéndicu]arity to drift.

f(tan §)>=

This distribution does not appear to have been verified with
éxperimenta1 data;

Ratcliffe (1954) héS'compared'an assumed uniform
distribution of angles with experimental distribution of time

delays between a pair of antennae for single irregularities in

‘the E region. Some of his. data shows fairly good agreement

with this assumption. Other data indicate that the line of
maximum was perpendicular to the drift less often than predicted
by the‘unfform“assumption;~*Stii] other- data show skewed
distributions which-he-suggests=are:probably-duerto:a change in-
the inft:ﬁurﬁngﬁihesrecﬂrdjm95§0rﬁt03iheipYesense;of:a:non;’:::

perpendicular preferred direction,

Some possible effects on the dedﬁced velocity of.particu1ar

lines-of maxima will now be discussed. It will be .assumed that
the line is f1ixed with respect to the drift mofion; i.e. there

is no time change in shape, or non-translational motion.

3.6.1 Straight line of maximum

Figure 3.8(6) i11ustfatesxthe case of a straight Tine
of maxjmum whdse perpendicular is at an angle B with the drift.
The deduced velocity is just the motion of the line perpendicular

to its length, viz. the component of the actual drift along the
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perpendicular to the line. It can be seen that, given a constant

actual drift, and variab1e‘ang1gs of the line, the deduced
velocities for each line will lie on'a circle passing through

the origin whose diameter is the actual drift vector.

"3.6.2 Curved line of maximum, with notion along an antenha'pair.

Figure 3.8(b) shows an irregular line travelling along

- the direction defined by a pair of antennas, It can be seen

that this irregular line is equivalent to the straight 1line
. > :
shown, and that the‘conclusion%/baragraph'3;6;1 apply.

3.6.3 Curved 1ine, with drift not a1on§‘an antenna pair.

No general conclusions can be drawn in this case.
(See for.examp1e,Figure‘3.8(c), for which the .deduced velocity
cou]d;bESineihemﬁpposiiexdimectionztaf$he;actualxdtift);waoWr
eVer,:if”théé1fﬁe-HdeaEtargeinadiuSgaﬁ4sunvhtUﬁei£ixe:faﬂmostir$::
straight) the'differénCe in dédﬁced-speeds between ‘the actual

curved and the approximating straight line is rather small,

‘being -of the order of As/d, where As is the departure from

lTinearity over the antenna spacing d. (See Figure 3.8(d))

A particular calculation for a circular line with radius of

curvature(3/2)d gave a maximum difference in deduced speed of
about 10%. |
The conclusion to be drawn from the above three cases

is that, for relatively straight lines, the deduced sample

-vector should 1ie on a circle whose diameter is the actual drift

vector.
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3.7 ‘Combination of sample vectors.

The vector derived frpmithét portion of a data Sequence

- which corresponds to thé péésage of an irregu]arity over an

antenna system will be teﬁmed a sample vector, In practice, it
may‘hot be possib]e”to‘idbntify thishﬁftuationg'but the term
sample will still be appﬁied to a short portion of a longer, or
total, record. Some meﬁhods for'combining:samplé’vectors will

now.be considered.

3.7.1 Mean vector'meﬁhod

"This method,averageS'the vectors (considered acceptable
on the basis of the N.T.D. of'o#heriequiValent'criteria) obtained
from all samples in a record. The difficulty with this procedure
is that the angular distributiohvbf"1ine5"of3maxima must be known,

and-a»largewnumbergofxsamp1esﬁ(irneQu]arities)Jmust.be included. _. _

in the«averagewto:#educenstatistiealiscatten;azmhis,~if~thef1ihe5u:~L¢

are7aSSUmed‘symmétrica1]ytdjétributed'about the -perpendicular. to
the drift, fhe direction of the mean vector will be é good
approximatidn-toithatAofmtﬁe_actua1 drift, but the magnitude
will beAlower than the actual drift By a factor which depends

on the angular distribution of Tines. If'a]] 1ine$ are assumed
to be’perpendicu1ar‘to~tﬁe‘drift, the required factor is 1. If
a uniform distribution of angles is assumed if can be shown that
the factor is 0.5. Von P. St. Pitter (1955), (a reference
suggested by M.J. Burke) assumes‘a probability density'proportiqnai
to cos(B) (B is defined in Figuré 3.8(a)), and finds a\factor’of
2/3. The distribution used by Briggs and Page~(1955)
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" (Reference Equation 3.4) can be integrated numerically. It yields

‘a factor of 0.8.

3.7.2 Straight Tine fit to inverted sample vectors.

~Since the sample vectors -Vs Tie on'a circle, the
Veqfors % “VS (where the hat represéntS'a'unit vector) lie on
s 15 o e

a straight line, illustrated in Figure 3.9. The perpendicular

- to the straight line has the.direction of the actual driﬁt;vgg,r,,

and a magnitude of ]/VD. ,
- The main difficulty with this procedure is that the

: ~f1t Wik -be: “Very.sensd tiwve=to- Tow.magnitude sample- Vectors - The ,-...

advantage is that only two samp]es (W1th differently or1ented

“Tines)are needed to define the actual drift.

3.7.37 Mean times -°
This mean was=firstiiised .by- Ratc]iffe 2(1954) - and

'”**1ater:bnyvﬂggswand»sPencerw(1955)3t0~determ1ne-apparen&udnmft::=nnr,;»

velocities. Basically the same assumptions are made as in the

mean Vector method, viz. a symmetrical distribution of Tlines

“about the perpendicular: to the'drift,-but in this case the -- - . --..

form of the distribution is not required. The method averages

the three separate time delays for the three pairs of‘antennas

-and-caltulates the drift: from=the resulting three mean times.-: -

" Again, a large number of samples is required, but rejection of

samples ‘on the basis of the N.T.D. may not be necessary because

‘pnTy*one'Of-thé time delays may be in error. ‘Rejection of-- -:-

individual delays on the basis of the value of maximum cross-
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correlation found might be a better procedure. The N.T.D.

criferion iS'épp]ied>to the .final mean times to gauge the

~ consistency of the data,

3.7.4 Mean cross~correlation method

This method averages the cross—correlation function

for-a pair of antennas over all samples, and then uses the

time delays determined by the positions of the maximum cross-

~correlation to determine the drift. 'Essehtia11y, the result

should closely approximate the results obtained with'Tohgef
squenées which will be discussed in the next chépter. The
N.T.D. is still uéed as a criterion of goodness bufltheéjust-
ification is no longer simple. This topic. will be developed

further in later chapters.
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1

2

.8(a)

.8(b)

.8(c)

. 8(d)

Figures for Chapter 3

CAPTIONS

Line of maximum crossing, antennas 1-3.

Probability distribution and density function-
for N.T.D. o

Sequence of amplitudes at antennas 1-3.

Time delays for equivalent perpendicular
Tine of maxXximum.

ReTation between N.T.D. and % standard error
of [V|, computed from random times.

Relation between N;T.D. and maximum ang1e
between vectors determined by_pairs of

Equation 3.3.

Sequence of amplitudes permitting alternative
grouping of peaks.

Stratight Tine of maximum, with perpendicular
at angle-B-to drift vector.

Curved line of maximum, and equivalent
straight: Tine.

Hypotheficai curved line, with deduced dri ft
opposite to actual drift.

~ Approximation of curved Tine to straight line.

Straight line fit to inverted sample vectors.
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Chapter 4. Analysis of long data‘sequences.

4,1 Introduction
The-term 'long sequence methods' will be used to

denote analyses where data sequences consisting of many 1 fades’

:or- irregularities are used as -a whole., A typical sequence

duration is five minutes. Of course, these terms have no

absolute definition since irregularities may simply be aspects

of a larger pattern. | |
The methods. to be.discussed here would work equally

well on samples except that they would. then be rather expensive

“iﬁ“tbmputbr:time;‘fThe-usﬂaﬂﬂmroceduke”iS“to calculate the-cross-

correlation between pairs of sequences, and to calculate time

delays based on these functions. Once the time delays are

“determinedjcalculation:of drift-vectors-parallels-that -for-:-- -

samples:

The N.T..D: -isusti#ll-used as-a eriterionsof-data - -

'ztohs?stendyﬁ It ts-difficult -to see‘Why-Tt should:be- a--good

criterion,-since strong evidence will be presented later that

Tines of maximum for samples are not all perpendicular to the

- drift.  However, inspection of wind values indicates ‘that; when

the N.T.D.x 0, wind vectors from sequences are very similar on
reeords which are adjacent in height and”time, and_in fact are
more consistent than any of the samp1e methods tried (Ref. |
Chapter 3).

| Plots of N.T.D. to be shown in Chapter 5 will indicate
that the long sequence method.fai1s; i.e. shows a high N.T.D.,

when the fading rate is fast. Whether this is just due to
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difficulty in identifying fﬁe 'correct' peak from among many iﬁ
a crossfcorre1ation sequencelor'wﬁether it is a.basic flaw in
the method is not c]eér. '

Several methods have been developed at U.of S..to obtain
the "apparent" Veiocity.- (Ref. Section 1.2) The fina1.judge-
ment of any particular method, or combination of.methods, must

be based on the séatter in vectors between adjacent records.

4,2 Median angle method .

This method has been used extensively at U.of S.
Effectively the choice of a vector is based on‘the'N.T.D. and!
the magnitude of drift. Thé actual criteria are'aé follows.
g], Vz’ 73 are ‘the three depehdentvvectdrs calculated with
pairs .of time delays according to equation_3;3; Data are
rejected -i-f any -one-vector -has magnitude :greater-than 250 -m/s;:
or 5T€the%thmeefdofnot¢1%efin:a half-plane; ior=if-the-angle~rv-=- -
between any-two is -greater than 145°, -Then the median vector
inlang1e; Vﬁ, 1s_se1ected; If the diffefence jn magnitudé
between~7$»and either of the .other two vectors is greatér than
200”m/s, or if both differences are greater than 150 m/s, then
the datd are rejected. VOtherwise, the V; is used as the drift
vector. These criteria are empirical, and are essentially

based on know]édge of wind velocities as revea]éd by alternative

techniques of measurement.

4;3=wLeastwsquares~fit-to~timesv(LSFIT)“¥

"This method is used by M.J. Burke (private communication)
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in.a different formulatioh to determine sample vector velocity, and
assumes that the three determinations of time delay are equally
accurate. The fit minimizes the mean squared error, Ze?/B,'in

the time of the computed drift vector; From equation 3.3:

. d ‘ ) . : -

| pX e? = (T21:— v cosa)2 + (T23 - % cos (60°-oc))2

# (T,a - & cos (120°-0))2 (4.1)
13~V , .
For minimum error:
9 2 _
'5'62 e1. =.0

5 o 2 _ I

and 35-2 ey = o , : _ | (4.2)

where Q = d/V;

The solution of. these equations. is:.

o = tan~1: (Tag

2T2.| + T

1o (Tyg Ty g) Vo35

- T

23 13

o
]
wro

(T21 cos o + T,q cosu(60°~a):+ xTT3‘cos<(]ZQ9-u)), ,
- | (4.3)
where the guadrant of o is. taken from the signs of the numerator

and denominator, and V is the pattern speed.

4.4 " Weighted least squares fit to times (WLSFIT)

A better method is to weight the errors in time

‘according to the confidence placed in each time delay. Some

function of the maximum cross-correlation appears to be the
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best weight, since one would have most confidence in the time
delay associated with the greatest1maximum cross~correlation,

- In this case the weighted error is

Lowsey = X(Tz] - %"cos u)z + Y(T23‘; Tcl]_icos'(60°—oc))2
- d | o 2 .
+ Z(T13 - v cos (120°-a)) _ (4.4)

where X is the weight associated with T,, etc.

The solution of

9 2 _
ECI R
.9 2 _ . oL '

is given by the equations:

vV 3

cos o Lp2  (XVT,y = XZT,y = YITyg = VIT,y - 2XYT,, - 2XIT;q)
+ sin~a;%“(x2123i,:Y2713i¢4xxT21;+‘x2T21);Kﬁd.
5 . XTZ]';;,f _
+.cos” asinzor 5= —2X =Y. Z) —=700, 2(4.6) -
and _ _ i , ‘
C2(4x+Y+Z)+ 35%(y+z) + 2/ 3-¢cs(v-z) -,
| (4.7)
where S = sin o and C = cos o.

Equation 4.6 is a cubic in sin® . Selection of

the right value for o is based on. the value of error calculated

by equation 4.4,
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4.5 Method of least N.T.D.

Sometimes there are several almost equally significant
peaks in a cross correlation sequeﬁce.< This_method identifies
several peaks in each sequence and selects that combination of
peaks one from each of the three sequénces, which gives the

least N.T.D. As will appear later this method has been discarded.

4.6 Method of zero N.T.D.

This method is similar in intent to the method of
Teast N.T.D. except that a reversé'procedure~is_used. The time
discrebancy'is sét equal to zero, and the set of times, one in
each of the three seéquences, for which the sum of the cross;
correlation values is a maximum, is found. This is done by a

search .over all possible values of two of the time delays. The

' third is determined by N.T.D. = 0. Figure 4.1 shows a contour

plot-o$~¢he-sum~ofathescwossacorrelétions vérsuSathe;two time . .-
delays. The 'corners' of ‘this plot aYé‘missTng'becaqse'here“
the third value of time defined'by'N.T.D. =0 is beyond the set
value of maximum lag for the cross-correlation sequences. When
the maximum has been found, a paraboloid fit is used to defermjne
the exact times.

" In U. of S. data, there are usually more peaks than

shown in Figure 4.1.
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Figure No.
4.1

Figure‘fOr.Chépter 4

CAPTION

~ Computer plot of sum of values.of cross-
'corré]atibn»cbéTFiciénts which OCCUF.\V

“throughout the correlogram. Refer tovi_'
_text, Section 4.6. | .




SuS NG O AN N NI S am u 68 am . Sy G R S AN am s

T12'(sec)

...18' ’ R V1] PR PPN VEL L VWLt
IR T . ‘ '

w——=eull

Ll llmmmmmmemrmama—ae

DL emecenUlul ] lugm e mm— e e e e

-q-----uJQI1]00---.------;----a--a-

Jluv 111 1uoul L luu===udluuy====r===i ol ludu
. Livutlallul 1l lou===Guuvuus=======lce ] Jyuuu
1111 U‘]azll]ldUU“"UUUU"""'““'lsnlIUUUDU
e, 11011122t vume==LLuul==m~====U iz ] JULuul]
o 111 ullallllIUu-----UUUu--------f-lzclluuuuulu
o OVLIUI1L11L] Ju=————- R Ly P23 § L LV VIY]

SeL T =0LILLLZI L lLlu=m=———yyy=———= —===uleellU==~uiuu=~
o | ==uulllezleell —pum——— ulzel lou==vuuu=~~
==Uulzeceelienly*====dugu~=v==== 133 LeluvLul luvu=-
e==Uulldlzlucl] l===~==uyy=—======1idcc luuvul luLu==-

Lt bl PARKYPPPeR S B LD Ll eV wm—e==uzddel JUuu] jJuu====
=====Jdlecacgeel lu===m=mn=a e mme i3l ol Juym———— -
mmwmemmyleddera] lUymmm—=r-=—= memmemny2ddde ] luvul Jummmm——-

1}
1
1}
1

wewemmee(j oo lUr e nacmmnnmean= ] 22 2 JUOVULLU == ——— -
““"*‘-"-Uchclu 2 - - vleeial lbLUUUU= === -

===~ulZczlu uu - vlZeizlllovlupyss=mm=cm== -
UU'T--*---UUldﬁlU"’“UUU'"" ----- U‘LBZLUUII!‘lU“"""“‘“'—-‘
Uouf'“-----ullllUU‘“UUUUﬁ ------- ~ulede ‘LU‘I‘IU‘-"“'--—--—-A

0~ Y00U==~0-2=-UulUUU==OuyU===mm===ee 1232 auubu ] ] HUYmmmmme e |

QUU=mUemm === UYuU==Udyye = mmn=ne PP RAVNIVIVE B TUVEL L Dl )
[THTHAY) Uuuwu Uskezuuuull ]l Ju-mmmnsccnanns i
QU IYgUU s == me Ul U= mmnmemye izl luul ] Tluuu-
(T R R IVVIUVIL S L LSO B I S Lt S LUV PP RN [P B B B IVIVL Lol

&1 1uly= ===y 1 loy=======mfrgic ] ) 1 } 112 luugummmmmmmaan
12211 umse===0ll luy=mm=m==afiilil F 1 H Loy mmm e
2Lzl lUde=m=c=yl Jyy====r==u izl U1} 112} JUULY=~em==aem=
g1 10um=m====J luym=mm——= dlellluvublel Juuy=mmmmsonaan

1111 1ummmm e ymymm mmmmU L2 Iy k-~ uud ] fugmm e mm
T PP Ve g R
UL IUmmmmmommm e mm e ce ey [ g Jum = e = YU o e e e
UUUmmmmmmmmmmmammmmmc e ] | [Umm =S mmmam e S e e

00---—:-.---—--—-.------.-— --gylel l""“"--“"-"""""--"" - -

C DUUUUU = mmm =23 440901111 Jubbuuus====LUuU
V1ZL ] lmmmmmmmn et oD qaddggdde ] luuuuu-uviuull .
lecceuy=s===rus 53533s43cl Hluuuuull bt o w
- 222elUmmmmmm= 13 AP E 208501 1 1ud-=uul L 1 1] '
L2LNUmmmmmm = V40D 33838352 L JUum===uu L 1 11
LlIUememmme= [ 3adaddeiadde  1umma===gUul I
| ~Ueddlbcieencal lumm==" ==Ludu
semmemncean i lalzcl lealuyymmmmmoa==my
smsmnesaesyuulull 121 luvym=mmmmm e

L ittt TV TR 8 B IVEL DL DLt bl

P P NIVE B [T Lt e e

B it VIV VL L R R D L L

+1f54- ,
a8 .. 0 . . 8

rabad VIV LV ]

"'-UW"’;"‘“""UUUU""'"‘--?"_"‘".""' B

T23 (SQC)_

Figure 4.1

[

- - l lZ?—ZZE.hJU"'T"' ------------ u“"‘:‘"_"_ luUUUIUU"‘"""""_- .

et 11 ¥ T

------- =ulbvu lyy==semcmanncaccnenany

wmmsereneayy lym————- e m———— emmacee -=uu
wmemumscenyylugmmmememe e mmnataaaa] (U

mm—m==yU luy=mm==— D t L B V1Y)

T et - QUU==u=ubluul luu=====> V= mm————— =ullll~
OREEEE . . OuuVLUUULULUL L Tum——=" Uuy=====r====y {1l luu

Ummmmoeam R cmem]gh] JUmm e ————— e m oo e e . e
i e e D) Ulgeeuuymmymmrmmmne s mma e - —
memmmmnme————ee ~1e3deel 1 lUUuUU=mmmemmm e e L '



S NG BN A N S iy AN by N AU B AN B0 N D e S s

Chapter.5. Equipment_ and Data Comparison, C.R.C. & U. of S.

5.1 Introduction
Comparisons of data sequences obtained at the above

locations will now be considefedf -The most striking differences

in the data from the two lTocations are the higher cross-correlations

and the preponderance of low N.T.D. values obtained at C.R.C.,
as compared with U; of S., using long sequence (5 minute) methods
of analysis. These may be due to equipment differences or

geomagnetic/geographic location,

. 5.2 Equipment and preliminary processing.

Diagrams of the antehna arrays at the two locations

‘are shown in Figure 5.1. One difference is in the size of

triangle, in terms of wavelength. However, orientation may be

one of .the factors influencing-maximum:cross-correlation value ..

- %mXQ;;sjnce;=with=a7prevaiiingfE%wqdriﬁtgethe patternswidl =40

be travelling more near1y~a10ng'the~diréction of two antennas
in the C.R.C. array-than in the U. of S. array. This would

tend to reduce variations between amplitude sequences due to
spatial differences in the pattern, and give a high value of

pmax

in Chapter 7 which illustrates this effect.

between these two antennas. Some data will be presented

‘Table 5.1 compares the usual arrangements for

observation and analysis at the two locations. Important

differences in Table 5.1 appear to be sequential vs. simultaneous

"measurement at-the three antennas, and time spacing- of measure-

ments. These will be discussed at the end of the chapter.
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“o=1Initial data
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Comparison of Equipment and Preliminary Processing.

C.R.C. U. of S.

2.66 MHz 2.219 MHz

0-mode Tinear (N-S)

- - : 16 dipd1e'(4x4 square)
- - beamwidth 45°

. : 3 of 4-dipole squares

i} o 40 kw |

50 usec 20 usec

44-98 km 52-118 km

(Noise value placed (No noise measurement)

in 42 km ht. gate)

Simultaneous at three Sequential among 3
antennas, 1 sec spacing antennas at 15 Hz, 192
with point skipped every sec/file (960 pts. per
60th sec for time info. sequence averaged in
filled in by inter- 3's to give 0.6 sec
polation. - 40 minutes . % _spacing) comprising 8
continuous. records :(with .60 msec

, inter-record zgap - :not
corrected =for:): TF=file
every-5=min., -

Based on depth of fading
(standard deviation of
a sequence) and fading
rate (reject if mean
auto-correlation <0,61
at 0.6 sec Tag)

strength ( < 5uV)
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Figure 5.2 compares N.T.D. distributjonsAfor C.R.C.
and U. of S. data and includes those from Figure 3.2, based
on random time‘distribution.' Here, 5 minute segments of C.R.C.
data were used, and the. N.T.D. were calculated from the times of

P

na X between pairs of antennas. Thg few cases in wh1ch qmax<0.1

or p., occurred at maximum lag (18 sec) -are inc]uded; these

were rejected 1in U. of S. data.

If the criterion, N.T.D. 0.1, is adopted, 60% of the
C.R.C. values are 'good' .as.compared to only 20% of .the U. of S.
values. This disparity éuggested'further~observations at
Saskatoon. .Several sets of observations were made, utilizing
different arrangements of transmitter and arkays. THéAcorresponding
N.T.D. distributions are shown in Figure 5.3.. Fof these observations,
thevsequénce‘of data was_rejected if -the mean auto-correlation
coefficient was .less than 0.4: The s1ightfincfease:in~]ow N.T+D.
values—-compared-with Eiguré:5;2515‘probably;duevtacincheased~care SRR
in monitoring the observations, e.g. in-setting receiver gain.

Figure 5.4 compares values of Ppax 2t C+R.C. and U..of S.
These may be somewhat dependent on the barticu]ar data used, as
opposed to the N.T.D. distributiohs which appear to be characteristié
of the equipment and/or location. It can be seen that the median

value of %ﬁa for U. of S. is about 0.25 whereas that for C.R.C.

X
data is 0.4; - quite a large difference. As noted before, the
difference may be due to antenna spacing orientation but factors

dependent on location may also be involved.
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5.3 Data comparison using N.T.D. and Fha*

~ As stated previously, the N.T.D. is a measure of the
.difficu1ty in defihing.aAdrift‘vector, and;in addition appears
to be a criterion for consistency of-drift Vaiués at different

~heights or time intervals.

.. 5.4 Comparison of fading rates.

' A parameter- which may be used to compare data
“independently of equipment is ﬁhé fading rate. This can be
defined frpm"the meah'auto-corre1ation function over the three
antennas if the function is.assumed to have a gaﬁssian shape.
‘The mean fading period (MFP) is defined-as 3.620 (M.J. Burke,

private communication). o is -found from

p(t) =€ 7% - B (5.1) -
where =p:is the -mean. auto-correlation at-lag: .-

_Hisfograms of the MFP, as defined by pat unit lag,
are shown in Figure 5.5. Again;'these are probably relevant
only to the particular déta used, but the difference is very
.prdnounced.. This could be partly due to aliasing in the C.R.C.
data because of the time spacing which gives a Nyquist frequency
"of 0.5 Hz., U, of S. data effectively has a Nyquist frequency
of 2.5 Hz, 50 that a11asing'1s probab]y*not important. The
sharp cutoff in U, of S. data at 1ow-MFP's is due to the .
rejection criterion on p(T). Rough1y‘speak1ng, the higher fading
. rate and lower cross correlations of U. of .S. data probably

combine to give a poor N.T.D. distribution'in'the following way.
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" The 'high fading rate means that there are more peaks within a

given maximum lag in the cross correlations, and the lower

cross ‘correlation values mean that the 'real' peak will be
chosen less often. |

Some support'forvthis explanation is given in Figures
5.6, 5.7, 5.8,wh1ch show respectively the N.T.D., MFP, and
signal strength vs. height profiles for unsmoothed C.R.C. data.
The band of high N.T.D. values (day 35, 78-86 km) roughly
corresponds to a drop in MFP at‘these~heights, and also to the
"upper-part’ of an echo structure. 'In'this case, fast fading
is probably due to interference of db1ique rays'from the stnohg
reflector. Note that the effective pulse width of‘the C.R.C.

equipment is 7.5 km; i.e. a measurement of amplitude at a given

“nominal height includes contributions from a range of 7.5 km

about this height. _. -
The same results—have been noted—in=U.-of: S.~data,~viz.
faster fading occurs on the 'upper"part';of a'réf1ecting~strup1ure.m

Possible reasons for a greater. fad1ng rate . at U. of S.

are more rapid time changes in the pattern or smaller irregularity

size. The dynamical origins of the processes involved are unknown,

5.5 Comparison of data consistency

In the following chapters combarisons of anaTysis
methods will use unsmoothed C.R.C. data exclusively. Hence

comparisons of the consistency of U. of S. drift values with

those from smoqfhed C.R.C. data, and also with the Method of. . .



NS N BN R bE B AN A SN B0 By e An aE E B ar s e

46,

least N.T.D. will be made here.

The smoothed C.R.C. data was produced with 4 passes

of a 3-point binomia1'fi1ter"oni54minute segments of data.

" This filter has an attenuation of about 3 dB at 0.1 Hz, and

roughly approximates the filter used at C.R.C. for analysis by

- the sample method. The N.T.D. distribution for this data is

shown in Figure 5.2. | _
In the case of the method of least N.T.D.s the two
most significant peaks with Prax > 0.1 were chosen in each of

the three cross-correlation sequences, and the set of time

delays with minimum N.T.D. were used through the ‘LSFIT method

to give a drift vector. The medﬁan“veqtor method was chosen
for comparison in both U. of S. and C.R.C. data as the best
available., In this method, the worst data are rejected:(whereas

in the-other methods.all .data are accepted.)

Figureé=539:-showszthe.distribution~ofuanglexdifferences: _._.

between drift -vectors for:adjacent-rgcordsmin:height*and.time
for the foregoing analyses. The distribution would be expected
to be .better in adjacent heights, because in the C.R.C. data
the height increment is 2 km,with an effective pulse length of
7.5 km, while in the U. ofVS. data, the height increment was

T 1/2 km with an effective pulse length of 3 km. ' .Thus the

“records for adjacent heights are not independent.  However, in

the C.R.C. data, the distribution for adjacent times is actually
a 1ittle better. 1In Figure 5.9, the number of 'cases possible'
is jUst the number of instances when data irn-accord with the

rejection criteria in Table 5.1 could be found adjacent in height
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or time records,  The 'cases~accepted' were those for data remaining

ma X

‘values were required to be >0.1 for both. this and the method of

least N.T.D. Also shown in Figure 5.9 is the expected distribution
if the drift ang]es-are‘indepéndent,‘uniform1y'distribufed, |
random. values.

| It can Be seen that the consisténcy of smoothed data
is worée than fhat of the unsmoothed,_as would have beeh expected

by the_tomparison.ofiN.T.D..distributions._ The same results

were obtained for all the other methods (samp1e~ahd 10ng sequence),

except for the mean times SampTe method‘(Ref.'S.?.S) in which,
as Wi]] be shown in the hext‘Chapter, the distribution of angles
was close to random. | | |

Apart from magniﬁude criteria, the median vector method
rejects=data with NyTwD« $.0.8, as well as.requiring-that Prgx e-
shouldsnotzoccurzat=zthermaximumz:lags - This “@xplains sthes large:=—==
number~of’va1ues'rejectedvineu. of ‘S.~data, "and aisd;the-disparity
between U..bf S. and C.R.C. disﬁribﬂtions, since, after rejection
of data, there is still a.gréater fraction of high N.T.ﬁ._va]ues
in U. of S. data than in that of C.R.C. | |

Figure 5.9 proVides'the.justification for discontinuing

use of the method of lTeast N.T.D.'

5.6 Simultaneous vs.®sequential antenna sampling.

Examination of C.R.C. data showed that when the signal

f3stréngth-wa5»sma1] (<:58. km)--there-was usually a very high cross

correlation at zero lag in 5-minute sequences, and that sometimes
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at other heights individual sémp]e'speeds were very high.

These "can be explained as'a result of the sjmu]tanebus
heasurement of‘ahp1itudes. Any interferihg signal'or'sferic;
will occur at the same_t{mé’invthe three amp]ifude sequences,
»ahd,if_ionospheric echdes are not sufficient1y\strong by

comparison,. p._., will occur at zero lag. Thus the time delays,

maXx
which are foUnd'by curve fitting around ;%éx,wi11 be small,
Probab]y the N.T.D. distributipn.such'a'case would be close to
the random. "It is difficult to estimate the effect on~the drift
vecfors in genera],except to say ﬁhat 1n:¢ases where noise and
interference is a problem, then the speeds will tend to bé highs
i.e. the peak of the cross+corre1ation‘sequence will be distorted
towardé zero lag. | | |

Examination of the analyses indicates that this effect

is probably ~important -in-the--5.min:methods -only when thessignal. -

some caSes#ofthigh»speed»which:may;berattributed~to~atmd$pherics;
Plots of the amplitude sequenées were'nof made, so that verification
of this'suggestion is not possible. Figure 5.10 shows a partial
p]of of the cross‘corre]ation'sequences for a case in which
atmosphericﬁ are thought.to be_fmportant. If the measurement 1is
sequential, atmospherics would have very Tittle effect because

o ' ' ~ however,
the peaks would not all l1ine up at one lag value; Athe possibility
of noise or interference which synchronizes with'fhe aﬁtenna

: sampling frequency of the equipment may not be overilooked.
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5.7 Effect of antenna sampling réte.

For the purposes of this séction, it will be assumed

that the cross-correlation sequence gives the correct vé]Ues

of p, and that an approximation. to the. true cross-correlation
function may be made by curvé'fitting; ‘These assumpfiphs will
ho]d‘if'the‘antehné sampling rate is muéh:greater than the_u
fadﬁné rate, -i.e. there afe“no aliasing problems. Whether they

continue to hold approximately when the fading rate approaches

- the samp]ing'rate*wou1d be.a study in itself, and so will not

be discussed further in this report. "The question is not
merely academic, because in both U. of S. and C.R.C. data there

aré instances when the fading. interval appears to be close to

'the»1dg unit used to determine the'cross-corre}ation‘sequences.

"The choice of unit of time between sampling at

_antennas:determines;theaapproxﬁmateylocationwof;pma* -in the .

cross=correlationssequences s==A=Targe-unit-will -mean that,=for. ..

a reasonabjefrahgerof»wind valuess Prax will often occur-in:the

first lag. In the case of C.R;C. equipment (1 sec.spacing),

assuming that the 1ine of maximum is perpendicular to the drift,

, values of drift > 71.5 m/s wi11mpause the threevva1ues of Bhax

to occur in the first 1ag. The corresponding value fdr'U. of S.
equipment is 202 m/s. If these condiﬁibnS'occur, it is reasonable
to ask whether the calculated value of drift depends on the
curve fitting hroceddre used to Toﬁate pméx'

In order to give a partial answer to this question,

2

twb types ‘of curve, parabo]i¢>(p'= at® +.bt + ¢), and,Gaussién.

(p=a exp (b(t-c)z)),,were chosen, and the pattern was assumed
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to be travelling along the line of two antennas. The two cases
(A and B) when the maximum is. ‘expected to occur.in theAffrst
‘lag are shown 'in Figure\5.11. For case 'A', the"expectéd
maxihum fa115'between*1/2'and 1 lag, andﬁﬁn.case 'B' between 0
and 1/2 1ag. | - |
"The position of the max1mum for the Gauss1an .curve,

re]at1ve to the 1ag at wh1ch Pna (shown as C in Figure 5.11)
‘occurs, is given by: ‘ _

S Mg = - 1n(R1/R2)/(2“1n(R]R2)), " (5.1)
and for‘thé:parabq1ic curve jt is |
e wp o= (RyeRy)/(2(Ry+R,e2)) o (5.2)

where Ry and R, are as defined"in Figure 5.11.

- S s i N B B = .

~

The contour plots give the percentage difference (relative to
-the:&aUSsian)«inipredictedsiimewde1ay‘forf;%ax-fqr these icurve L. - -
types:.In case *A'; the.maximum;diffenencerisEabothZO%;:éhdé~;aw:

occurs:wheh_G?!D51C3ALILZC211uTheseifast dhangesainapfdd OCCUrszT

s e saan=wWheno 4 e $aﬁingJ%at@r$$nhigh;-uFor;a'low fading rate,.the. + ;e -

difference is negligible.
In case 'B', larger differences can occur; however,
P waprédic%ed @iﬁés:ﬂess-than=444zlag are rejected as dindicating ... .
too high a drift épeed (330 m/s on C.R;C.~equ{pmeht); then the
differenées are of about the same magnitude as in caée ‘AT,
e 2 This may»b@*seGWH1n~Figure"5)ﬂ1,~'1h that area of the: plot.-
between the 1/4 lag 11ne, plotted for the parabo]a f1t, and
the 1/2 1ag Tine.
In: summary,f1t appears ‘that, for most of the - U of_Ss>

and C.R. C data examined, the above cons1derat1ons are not
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important; but-a larger.unit of .sampling time would not be

recommended.

5T1.
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Figures for Chapter 5

CAPTIONS

Comparison offantenna geometrfes, C.R.C.
and U. of S.

Comparison of N.T.D. distribution, from
C.R.C., U. of S., and random times as .in

Figure 3.2.

Probability distributions of N.T.D.'s,
for data taken at U. of S. under the
equipment -arrangements shown.

Probability distributions of maximum
cross-correlation values, for C.R.C.
and U. of S. data. o
Probabi11ty'ﬁi$tri50tibns of mean fading
periods (M.F.P.) at C.R.C. and U. of S.

‘Profides Of-N.T}D«fVQPSUSTheight; C.R.C.

datai

Profiles of M. F.P. ver#us-height; C.R.C.

‘»data

Prof11es of s1gna1 strength versus he1ght,
C. R C data ‘

Probability distribution of ang]e‘dfffekences;
C.R.C. and U. of S. data. '(NOTE: "Method #1"

is the method of 1east N T D., (Reference ‘
Sect1on 4. 5)) .

Plot of correlograms in which 1nterféfencé is
believed responsible for the peak at zero Tag.

Combarison ofAinterpolation methods for pmax;
Reference Section 5.7.
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"~ Chapter 6., Comparison of analysis methods.

6.1 Introduction
This chapter will discuss the practical details involved

in the application~of the analysis methods outlined in Chapters‘

-3 and 4,1and'wi11icbmpare'the consistency of the drift values

produced by the various methods. Comparison of dajly averages

will be made at the end of the chapter.

6.2 Choice of maximum lag used in the analyses.

The value of maximum 1ég must be based on the expected
value of maximum delay between any two antennas. The long
sequence methods appear fo give the correct drift velocity, which
is the same as the deduced velocity of an irregularity for which
the line of_maxﬁmum.is#perpehdicu1ar»to;ihe;drift«(Ref..Chapter 7).
Henderihe:required;maxﬁmumudelay~is a direct function of-the . -
minimUmfdriftxspGEdrxart'cénrbeushawnfthat;ﬂfovpanwequiiatera1

_ min)’
where d-is the antenna spacing, must be measured for drift speeds

triangle array, delays up to a maximum value of t = d/(2 V

greater than Vmin'

This relation does not apply to single irregularities

~for which the 1ihe of maximum is not perpendicular to the drift,

since time delays could then have any value. However, if the

lines are assumed to have Timited angular distribution about the

perpendicular to the drift, then the maximum delay required is

min cos B), where B is the largest angle with the

perpendicular,
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For the purposes of comparing C.R.C. with U. of S.

~data, a maximum lag of 18 seconds was used on both long sequence

and sample methods. Because of.the smaller C.R.C. antenna -
spacing;ithis should have been scaled down to 11 sec; but in
the long seguence methods, Piax
least in the case of slow fading, so that the difference 1is not

“is usually well defined, at

important.

For the sample methods, excepting perhaps the mean-

.cross—correlation method, the maximum lag is very important,

since it sets a 1imit . of measurement on the deduced ve]ocity of
separate samples. . The.deduced velocity of an irregularity

could be smaller than this limit, even with a reasonable drift

“speed, if the line of maximum made a large angle B with the

drfft direction.

Figure:6.1-i1lustrates-some of.the difficulties.in

finding. p_:: er;afsamp]eaasfcompafedawith the ease of locating: ~: =

"ma
it in the long sequence methods. It can be seen that the chosen

values of time delay wii]. in some cases, depend ‘on the maximum

lag utilized; so that for a larger maximum lag,; the deduced

sample velocities will tend towards Tower values.

6.3 Parameters for long sequence methods

Five-minute.segments (299 points) of data were used

to calculate the cross-correlation sequences for the three pairs

of antennas, and maximum lag was set at 18 sec. .
Three methods areVCOmpared;-median vector, method of -

zero N.T.D.; and weighted least squares fit (WLSFIT2).
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The median vector method required that the three values
» max'not:ocqur at maximum
lag. A parabolic fit around ﬁ%éi was used to find the time delay.

"The method of zero N.T.D. required that the.separate
values of p which gave'the;maiimum‘sum'for N.T.D..= 0 should
each be greater than 0.1. _

The method’of»]east squares uéed the'va1ues of Qmaxz
for purposes of;weightfng.»AA11 data, including those cases where
0 <f0.1,'or‘where pmax_occured at“maximum lag, were used.
6.4. Sample methods.

Detailed comparison of these methods is based on a

~sample program which was written at U. of S. for this purpose.

However,‘M.J. Burke has supplied daily averages for the C.R.C.
method,. the. parameters-of -which:will be briefly describedfat;the
end of this section. = |
The U. of S. program uSed:13‘eqUa1:samp1é 1éngths per
5?minute segment of data. .This number was chosen so that, on
smoothed data, a maximum lag of 18 seconds could be used without
any overlapping. As it turned out, the unsmoothed data was- |
found to be more consistent, so that the maximum lag actually
used was 20 sec.

all va1Ues of

.. Samples were. accepted if o .o were greater than 0.3,

and did not occur at maximum 1ag.. This criterion rejected about

20-30% of the samples on the average.
a) Mean vector method

This method used a least squares fit to the
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the vectors over the 5-min record. No additional

“rejection criterim1(e.g. N.T.D.)was used.

Mean times
The time de]ays for each pair of antennas wekevaVeraged
over all accepted samples, and the least squares fit

applied to the mean time values to give a drift velocity.

. Mean cross-correlation

The cross-correlation sequences for each pair of
antennas were averaged over all accepted samples, then

the maximum average cross-correlations, (p...), were

N Pmax ,
found. A least squares fit to the resulting time delays

gqvé a drift vector. A1l the values Of-zhax were accepted
(i.e. no rejection Tf Boax
" There .was -an-:error--in:the computor:program:-which..

~<.1-or'2%ax at maximum lag).

resulted-:in~the :inclusion:ofzsome cross=correlations=am.
from'rejected«sampTes%in:the%avehage,-but:this is not-
expebted to influence the results. In fact, ft would
have been more satisfactory to have averaged over all

samples.

Straight line fit to inverted sample vectors

This method was developed after the data had been
anaiysed, so that statistical comparisons are difficult.
It is felt that because of its strong dependence on

Tow velocity vectors, a very stringent rejettion
criterion (e.g. N.T.D.< 0.1) should be used. Some
examples of its application to.da11y drifts will be

shown in the following chapter.
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e)  C.R.C. method |
The method used at.C.R.C. is' a mean vector method,
but the data.aré smoothed before analysis, and the
sémp]etiengthsAchosen.50'that én‘amp1itude peak .
‘occurs in-at least one of them. More samples are
made'avai1ab1e'5y choos%ng three sets of samples
based ‘on inspecfion of the “three fading sequences.

‘Maximum lag is 10 seconds,

6.5 Comparison of consistency between methods.
Figure 6.2 shows the distribution of N.T.D..for the

sample methods. "It can be seen that the distribution for the

" mean times is close to the random one, indicating that the mean
times are probably random.

Two types-of-comparison.were.made.=-The first-compares

the distrﬁbut?dn%ofﬁang1e?difﬁereﬁcessbetweenz&niﬁtéyeetonst:e*
ca]cu1ated'at~adjacgnt:recordé inhhgightuand:time, as ‘was .done
fn the previous chapter, and provides a very well defined, as

well aé‘conceptua11y useful, ihdication.of the differences

between methods. The second uses the average % difference from

the mean ‘of the two adjacent vectors, defined as

IV, -V, |
—:,—1'—-_';2——-X 100%

A

Figure 6.3 shows the distribution of angle differences
for the various methods used.on.C.R.C. data (unsmoothed, Day 35,

383 58-98 km). The number of cases of adjacént vectors for all
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- methods "except median vector and method of zero N.T.D., are

320 and 294 for heights and times respective]y.l These include

~all the data. The corresponding values for the median vector

and method of zero N.T.D., which reject some data, aré~(246, 210)
and (288, 263) respectively. |

A ~ Figure 6.4 shows the distribution of the % average
vec£or difference from the mean for just the best and worst

(below the 50 percentile) methods. It appears that this

distributioh is very insensitive to method.

6.6 Discussion

Figure 6.3 shows that the median vector method gives
the most consistent drifts, and that all the long sequence
methods are better in this sense than the sample methods-used.

It is:possible.-that there would.be some improvementi..:

‘in the=mean ‘vectorzsamplezmethodzifs&bad' ~ (highiN;TwDs)Zvéctors_ =

were rejected.,fHOWevéry%gjven»that;thereﬁmayfbe scatter in the:

sample angles due to orientation of the irregU]aritfes, many

vectors would have to be averaged to give the correct drift |

: d1rect1on, and these are not available. after rejection.

There seems to be no possibility of improving the mean
tfmes method because large values of time delay have a strong
influence on-the méan time which is usually small for expected
driff speeds. Figure 6.5 shows rough histograms (abouf 80 values

in each plot) of'samp1e times for one height and day, for. which

- the drift, according. to_the_long.sequence-methods, was relatively

constant towards east. In
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“this "direction (T13) the time deélays are seen to bealmost -

- constant, as would be expected no matter what the orientation

of the. irregularities relative to the drift.. In the other

- directions there are.delays scattered"across the available lag

interval. Whether this is just due to accidentally high.

correlations between different lines of maximum because of

spatial variation in the pattefn, or to differently oriented Tines,

- will be discussed in the next chapter. The important point is

that these large delays occur sufficiently often independently
of maximum lag interval, to make the mean times method worthless
for 5-minute segments of data and also for daily averages. This

will be shown in the next section.

6.7 Comparison of daily averages
| Daily averages:for:theranalyses:used are. shown.in=: -
Appendix=:bss-ralong=with the=CiReCi_valuessii-=_.
AT long sequence*hethodssagnee:we11 Tnfdikectﬁon3'«w=
but thé method of zero N.T.D. gives slightly higher magnitudes.

The meantimes method gives apparent1y random values. The mean

- vector method'égrees roughly in direction with the long sequence

methods but the magnitude is much smaller. This is also the
éasé with the C.R.C. mean vector values (the table gives pattern
velocity instead of drift) but the magnitudes are higher, being
of the order of 0.5 or Tess with respect to the 5-min. methods.
The difference between the two mean vector methods is probably
due‘tomchoice'ofjmaxihum lag. The mean cross-correlation method

agrees fairly well in magnitude and direction with the long
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sequence methods..
‘The following chapter will discuss reasons for the

difference between mean .vector and 5 min. methods.
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Figures for Chapter 6

CAPTIONS

Data séquehces for sample method and_]dng- 
sequence method, illustrating the uncer-
tainty in position of ppax.

Distribution of-N.T.D.'s for sample
‘methods, C.R.C. data.

Distributidn of‘dffférences in‘angles of

~vectors for .sequences..adjacent in.height.

and time, C.R.C.-data."(NOTE: ~"Method #2"

“refers to the method of zero N.T.D.).

'Distribution of pércehtage»average vector -
- difference- for mean, for sequences adjacent

in height and time as for Figure 6.3

DistributibnSaofssampﬂextime5v%$0rfone

height*andudayfaswshown3i#*J'
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Chapter 7. Relation between mean sample’Vectoffand'1ong sequence
o “vector. : .

7.1- Introduction.
The major differénce Letween the -mean vector method
and long sequence methdds for Tong tefm‘averages‘is the magnitude
of drift obtained. This has also been noted by M.J. Burke (private
communication). |
| Evidence to be présented‘indicates that the long sequence

methods give‘the'correct magnitude of apparent drift velocity.

‘Some reasons for the Tow magnitudes given by the mean vector

method will be discussed. Since sample vectors are not available

for the C.R.C., method, all sample vectors presented are selected

- -from the equal length samples by the criterion N.T.D. < 0.2.
 This ensures ‘that a Targe proportion of the vectors represent

the passage@ofﬁsingTeriineSVOfvmaximum;aaithoughgsqmeflowyN;T;D;

values:zcould=be:Tactcidentaltvz="" .

7.2 Determination of the correct magnitude

5-minute records were selected for which the sample

- times between one pair of antennas were almost constant, and.

for which the long sequence methods had a low N.T.D. The

constancy of the sample times almost certainly means that the

pattern is travelling along the direction of the antenna pair

‘since neither off-perpendicular Tines nor spatial pattern

differences would affect the values of delay. _
. "Table 7.1 shows the sample times, .vectors, -and N.T:D.'s.. .

for three such records. There is some small scatter in times,
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~apart from obviously spurious va1ue§ which could be due to

J

several causes. ‘These include time'changés”in the pattern, a

dfkegtion of travel not quite along the antenna pair, with the
differences in delay caused by differently oriented 11ne§}\and
scatter in calculation of the‘cross correlation at fixed lag

: in de]ays
values. This scatter arises because of the different shapes:

A
of cross corre1at]0n sequences obtained for each sample; i.e.
the péak value, Which would be unity if no differences occurred
in the pattern between antennas, will -occur between lags, and

so the calculated position.of the peak will depend on values

adjacent to the peak. . The scatter*in'times'is only of the order

of + 0.2 lag.
Table 7.2 gives the median7times (neglecting the spurious
va]des) and,expected;drift-components;a1ong the cbrre&ponding

antenna-pair ——--

iable.J,zﬂ Median. times and calculated drift components.,
(day 35, unsmoothed data)

Height Median time B Drift com onent
(km) (sec) _ (m/sg
60. T]3 = 1.10 : 75
70 1T2] =-1,27 ' 65
92 T32 ==1,55 53
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Table 7.3 shows the corresponding“hagnitude'and’direction given

by the long sequence methods, along with those for the mean

q

cross-correlation sample method.

....Table-7.3 . Vectors. (mag(m/s) and. direction. (deg E of N) for. 5- min

methods (day 35, unsmoothed data)

Height ‘Median- WLSFITZ Method of LSFIT N.T.D. Mean-xcorrel

(km)  vector zero N.T.D. S N.T.D.
60 ~ 76,66° 74,68° 76,66° 74 ,67° 0.02 68,63° 0.01
70 57,37° 63,33° 66,35° : 62,38° 0.06  62,36° 0.06

92 41,117° 53,116° 56,120° - 48,113° 0.14  48,112° 0.12

In these.cases, the LSFIT method was also used on the three time
delays.producedcby=the v5=min segments of-data. -...
 Figure:7.1-shows :plotss of =thessamples vectors;-the LSFET:=7 - 0
vector,’and‘a‘superposedgwnumbered,ﬁantenna;diagram;' Also
shown are the values of p | fof~the 5-min, methods. As would

max

be expeéted, the values of p -are highest in the direction

max
of drift because spatial differences in pattern-are not involved.
Comparison of Tables 7.2 and 7.3 show that in these

cases the correct magnitude of drift is given by the 5-min methods.

. Inspection. of the sample vegctors in Figure 7.1 shows why the

mean sample vectors would give a low magnitude. These 10W'va1ues

of 'sample drift are usually prevalent on all the records, even

_ after rejection.of those.with high N.T.D. values, and.will.be . .= .. ..

discussed in the next section.
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7.3 Reasons for Tow magnitude in the mean sample vector method.

Preliminary inspection’of the data indicated that. quite
often. the "sample vector. with maximum maghitude~agrees fairly
well 1nAmagnitude and direction with thé 5-min, value. This would
be éxpected if the‘11ne5'of hax,had“different orientation, Since
the maximum deduced velocity of an irregu1arity wou]d’be équa]
to the drift.

FigureA7.2(a)Ashows a plot of all sample vectors

(N.T.D. < 0.2) for.one height over a 40 minute time period. This

particular record was chosen because the 5-min, méthods gave

-relatively constant vectors and the N.T.D.'s were lTow. The mean

5 min, drift (median vector) is shown with bars indicating the
standard deviation in North'and'East components. The‘C.R.C.
vector is taken from Appendix ..l.. VATso.indicated is the
vector:produced:by:=a -straight-line fita(WhiChTminTmiZed-,’
perpendicwtwﬁsde9¢atians)st&;thesinyﬁmﬁedwsampieavgcton&;::Phe
equations5f0r“thﬁs type of -“fit thave been derived by~Kenny (1947).

" The sample vectors apparently. fall on a circle whose

. diameter is the mean 5 min drift vector, as would be expected

from the discussion in Chapter 3. There is also an abundance
of low values. However, the distribution of Tines of maximum
does hot'appear‘to‘be3random, which might have been predicted
from the factor of “ 1/2 between méan.vector (C.R.C.) method

and 5-min. methods.

s En =) = = e

Plotted in Figure 7.2ais the density of off-perpendicular
ang]eSz(assuming:that the;cprrecteang1e@isfgiven*by-thejmgan1§;min_;

‘vector). There appears to be a decrease in number with increasing
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off- perpend1cu1ar angle, but the number of samples is not high

oenough for a conclusive statement. Also, the true pattern

drift wou1d'have1to'be assumed constant.

There are also some 'impossible' (> 90°) angles.

These are thougﬁt'to be due to errors arising from\a‘non-zero'

N.T. D., or 'accidenta11y' Tow N.T.D.'s, i.e. more than one
1rregu1ar1ty is’ 1nvo]ved in the samp]e 1enoth

Exp]anat1on of the angu1ar d1str1but10n by a variable
drift angle does not appear reasonable because separate plots

of 5-min.data segments a]so'showed the same features, viz., a

.. scattering of angles of sample vectors with large magnitude,

and a disproportionate number of low values. In each'case,/the
sample vectors appeared to be scattered around a circle whose

diameter was the 5-min. vector.

Figures=7.2(b):and_7.2(c) _show three:otherzsimilarzsets ...

of data.=Thesei$how much more scattersin-sanmpleuvectorssand=.s -

many of the 1ow:va1ues=do~not'séem to 1ie on the circle.

In these.aé'We1n as Figure 7.2(a)lthere are a few

1arge‘magh1tude samplé vectors which are thought to be due to

effects of simultaneous measurement of,amp1itudes,
. ‘An important question is whether these low vectors

are just due to the choice of a large maximum lag. Since these

_samp]e vectors are all 'good' (low N.T.D.), and are assumed to

be due to approx1mate1y straight Tines of maximum, the maXimum

t1me delay, for a particular irregularity with speed. > Vm1n is

min
outside a circ1e radius 8.3 m/s in Figure 7.2(a), (b), (c)

- )= . Thus,. sample vectgrstang‘vvg,,W.“_,
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would still apply if a maximum lag of 10 seconds had'been used,

instead of 20 sec. 0f course, some of the samples inside the

circle, as well as those which had been rejected‘because of

high'N.TfD., might produce godd vectors under.the reduced

maximum lag. - The main point is that there are still many

remaining low values, and it appears that even if a smaller

maximum lag had been used, a similar quantity of low values

would occur. The minimum magnitﬁde ofAthese wdu]d be gfeater,of course
Somé of'these'low;va1ues are certainly ‘accidental',

and do not represent a single irregularity. As shown in

Figure 3.2, even if the timés-Weré random, there woqu still

)

max

where tma is the maximum of the three time delays, most of

X
these would produce low velocities. However, it is difficult,
if not impossible, .to. tell what fraction:of.the plotted:.vectors.

could-be-asecribed:to+='randomk:timesi—--

7.4 Conclusions

The discussion in this chapter lTeads to the following
conclusions. | |

There is some evidence to indicate that the irregularities
have some sort of distribution of Tines of maximum about the
perpendicu]ar to the drift. Thére are not enough samples to
draw conclusions about the form of the distribution, excépt thaf
it is probably symmetriéa] about the perpendicular to the drift,
since sample and 5-min. methods tend to agree'ih direction.

The sample method produces many low velocity vectors,
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»

.which may partially be due to uhke1atéd‘vélues of time delays

-  ac§idehta11y giving a low N.T.D., but this is expected to

occur with any set value of maximum lag.

An avefage~of sample vectors.gives a ‘reasonable
approximétion to direction (at least over a iarge number of
samp1es) because the random vectors cancel, as;do the

components perpendicular to the drift direction of 'good'

vectors.

The magnitude of the mean sample vector is less

than the actual drift, because of the many low magnitude
vectors obtained. It wou]dvbe'léss, even:if all vectoré
represented deduced irregularity ve]pcities,’becauSe of the
angular distribution of lines. |

| " There appears to be n0‘evidence for a preferred
directfow;aﬁglin&s,rxeag. -—along ;he;magnﬁtjnmfjeﬂﬁ,?ﬁjnceizw;;f
this wUUﬂﬁ:shOWLupﬁastavconcentratiohﬁpfﬁsampﬂewvéctorsxaﬂnng':':f:
the perpendicular to the.preferved-diréction.‘ (The perpendicular -
is about 108° or 288° east of north, in the case of the magnetic
field, whichever is within 90° of the drift direction).

| These conc]ﬁsions wefe formed purely with the-equai

sample method. However, given that the C.R.C. method gives

lower magnitudes than the long sequence methods by a factor of

' one-half or less, the same considerations discussed above

would 1ikely apply.
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Figures for Chapter 7

CAPTIONS
Figure No.

7.1 SampTe vectors (solid dots), Teast squares
-fit mean (arrow) vector, and antenna '
geometry, for three sets of observations.

7.2(a)  Plot of all sample vectors (solid dots),
over 40-minute period, with mean vectors
(arrows). ‘ o

7.2(b) ~ Further plot. as. in. (a), at different

' height and time. :

7.2(c) Further pTotS»as.ih_(a).

Table 7.1 - - Sample times and velocities.. Reference

Section 7.2.
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Appendix 1. Dai1y.averages of drift values.

| The following tables give the daily average drift
velocity for unsmoothed C.R.C. data (day 35, 38). Given for

the 5 min methods js.the'number'df values (maximum of 8) used

in the average after.rejection criteria, if any, had been
applied; the staﬁdard deviation; the standard error in the mean;

and the % standard error in the mean, for north and east

~components, The vector formed,with the mean components is At

the left-hand side of the table. Al1 magnitudes are in m/s, and
angles are in degrees East of North.
- The mean.cross correlation-(titled AVG X-CORREL)

sample method rejected sample VectorS'with N.T.D. > 0.7 in the

~average to approximate the median vector criteria.

. The mean vector method averaged the vectors of all

acceptedﬁsampleSﬂovenvﬁher405m1nutefperﬁodff&Nowre&ectﬁonhgﬁ%h:J

“criterion-based on=N:T.:D:._was . .used, =~

oo o -._The format of the tables are the same for all of the
above mentioned methods.

The mean times sample method has averaged the sample

.-times over the 40wminute,periad,flaiven.ih the table are. the. ..

number of samples used, the N.T.D. of the final three mean times,

the drift vector defined by a least sqguares fit,'to:the‘three times

~the north and:. east.components, and the values of the mean times. . ..

The C.R.C. va1ues give pattern velocity, not drift,

so that they should be divided by 2 for comparison with the

vrothe*-tabies,~VXais the:- easty- and:VY the north, compamenn;amﬂqu
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Appendix T
LIST OF TABULATIONS

Median,véctor,Amethod of zero N.T.D.

~(Me£hod #2), weighted least squares fit,

average cross-correlation, mean vector,
and mean times; each for days 35 and 38.
Listing of-CiR.C: winds, days 35 and 38.
Average valuesfrom the 40-minute -

~sequence.- (NOTE: Velocities are for

pattern: winds are half the magnitude
shown). ’ )
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